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Listen closely the next time you walk past your silage pile, can you hear the warring armies.
The Dark Lords, Imperial Forces and Stormtroopers screaming as the Jedi LAB open their
vast supplies of lactic acid to flood and kill the would-be usurpers of the Silage Republic.
OK, so it is not quite as exciting as Star Wars, but the ensiling fermentation really is a battle
between different microbes, “good” and “bad” and the outcome of that battle will determine
how much of the quality of the crop you so diligently harvested will be retained through the
initial ensiling period and also how stable it will be during prolonged storage and feedout.
The major determinant of the overall quality of the silage that is produced is without any
doubt the quality of the material at harvest. Once the material is cut, it is dead, which
initiates the enzymatic processes in the plant that strive to break the material down, to
return it to the soil to feed the next generation. That is exacerbated by the presence of
aerobic micro-organisms, like bacilli, yeasts, and molds, which will seek to feast on the on
the plant material. As the crop passes through the chopper, these aerobic microbes are
distributed through the material and air (oxygen) is drawn into the mass. This process
gives the microbes a favorable environment, with plenty of nutrients being exuded from the
chopped plant mass and the necessary oxygen available. This explains why delayed filling
is bad, as shown in figure 1.
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Figure 1: the effect of delayed filling on levels of sugars (WSC – water soluble
carbohydrates), yeast and mold populations and dry matter (DM) loss in silage
(Kung, 2000).
So, we need to get our, hopefully, high quality, stress-free, disease-free, insect and weather
damage-free corn crop cut at the right stage of maturity (½ – 2/3 milk line), chopped,
processed and inoculated properly and get it into the pile as quickly as possible, without
stinting on the packing effort and using the right techniques. When we are finished, cover
and seal as quickly as possible. At harvest, the microbial population on the plant can vary
significantly (Table 1).

Table 1: Typical plant microbial populations at ensiling (Pahlow et al., 2003)
What we need, to ensure a good, strong, successful initial fermentation is rapid production
of lactic acid, the strongest of the fermentation acids, to bring the pH down below 5, and
the on to a stable end-point, as quickly as possible. What this means at the microbial level
is that we need the fermentation to be dominated by lactic acid (producing) bacteria (LAB),
and specifically by homolactic LAB, as these elite forces produce only lactic acid from
glucose (the major plant sugar) and fructose, when they are fermenting. They take the 6carbon sugars, split them in half and add an acid residue to each half to create two
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molecules of the 3-carbon lactic acid for each molecule of sugar used. So from 5 molecules
of a mixture of glucose and fructose, they produce 10 molecules of lactic acid. Nothing else
is produced and there is 100% DM recovery (Table2).

Table 2: Fermentation end products and DM recovery for major silage fermentation
pathways.
The issues are that, as shown in table 1, the numbers of LAB can be very low, and that
population may be 90% heterolactic. These are less efficient fermenters, averaging 87.5%
DM recovery but, from the same 5 molecules of sugar, producing only 3 lactic acid
molecules and one of acetic acid (Table 2). This would mean a significantly slower pH drop,
potentially allowing pH sensitive spoilage bacteria like clostridia, from soil, which can cause
DM losses of up to 50% and render material unfeedable due to butyric acid levels produced,
and listeria and E. coli, from fecal matter applied as fertilizer, to grow and dominate.
But all of this is fermentation, an anaerobic process. As you can see in table 1, there is
going to be a high population of aerobic bacteria (e.g. bacilli) and the aerobic yeasts and
molds. These latter groups can actually be present in much higher numbers than those
shown in table 1. These organisms are saprophytes that exist on the outside of the plant
material until a way into the plant is opened up, e.g. hail damage, insect damage, drought
stress. Then they “invade” the plant and the population explodes at these localized
“disease” spots, to be distributed though the material at chopping! And so the desire to get
the crop in, filled and packed effectively and then covered and sealed as quickly as possible!
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Figure 2: Phases of the ensiling process

While there is still oxygen around, the ensiled corn is in Phase 1 of the ensiling process, as
shown in figure 2. The plant material continues to respire, and aerobic bacteria grow by
respiration, generating heat. One added bonus of having a high level of LAB present is that
they can grow in the presence of oxygen, helping to create anaerobic conditions and
producing some lactic acid. Then, as soon as the oxygen is all gone, the homolactic LAB
can switch immediately to fermentation, and the efficient production of lactic acid as
previously discussed. In a well-managed silage, including use of a proven inoculant, the
mass should quickly transition through Phase II and into Phase III, when the bulk of the
lactic acid is produced, bringing the pH to a stable end-point. If all has gone well, the
temperature of the silage should not increase more than about 20°F above the ambient
temperature at harvest. In independent trials we have shown that by properly controlling
the fermentation we can reduce the initial ensiling DM loss by an average of 4.23 points
compared to untreated corn silage.
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Figure 3: Chemical changes during the active ensiling period (Phases I-III)
During this most active stage of the ensiling, the chemical composition of the material
changes dramatically as the crop is transformed into silage (Figure 3). The level of
fermentable sugars decreases, with the concomitant rise in lactic acid and acetic acid levels,
and possibly some ethanol and propionic and butyric acid production, driven by the
fermentation processes, and will end up likely in the ranges indicated in table 3. There will
also be an increase in ammonia, as some proteolysis will occur, though this should be
limited (ideally <10% of the crude protein level). Table 3 also shows the expected end
product levels typical in grass silage, alfalfa haylage and high moisture corn, purely for
comparison.

Table 3: Typical pH levels and concentrations of fermentation end products in
various fermented feedstuffs (Kung & Shaver, 2001).
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Once the active fermentation stage is completed, we are then into Phase IV, the
storage period, which may be prolonged. During storage, provided the material remains
well sealed, mostly changes in corn silage are minor, though it is important to
understand that prolonged ensiling increases ruminal starch degradability. This is due to
proteolytic activity in the silage breaking down hydrophobic zein proteins in the starchprotein matrix that directly limit the rate of starch digestion compounded by poor
attachment and slow degradation potential of prolamin-zein proteins by rumen bacteria
(Hoffman & Shaver, 2011). Although there are certain to be varietal differences, for
example between hard and soft endosperm types (Correa et al., 2002) , research by
Newbold et al. (2006) showed that there is a strong argument for storing corn silage for
up to a year to obtain maximum starch digestibility (Figure 4). At the very least the
data shows that in corn silages fed earlier starch digestibility should be checked
regularly (monthly) to allow appropriate ration adjustments to be made.

Figure 4: Effect of time of storage in silo on digestion of starch (Newbold et al., 2006)
So, we now have our preserved corn silage, and we enter Phase V: Feedout. This is
another critical management stage. If the level of yeasts in the material at harvest were
high, or if the yeast population increased because of slow filling, poor packing, etc.
during earlier operations, once the silage is exposed to air at feedout those yeasts may
reactivate, reaching very high numbers (Figure 5) and cause very significant DM losses
(Table 2), heating and initiate mold spoilage and potential toxin production.
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Figure 5: Development of yeasts in corn silage (ID-DLO, unpublished data)
Fora silage to remain stable through feedout yeast levels need to be low. Research at
the University of Delaware showed that to avoid heating in silage being fed at the
minimum recommended rate of 6” per day, assuming an aerobic interface of 30” (i.e. 5
days, or 120 hours), would require yeast levels below 100 colony forming units (CFU)
per g (Figure 6). Feedout rates are generally higher on big beef operations, however.

Figure 6: Effect of yeast level in silage at opening on time for silage to heat, measured
at the point where temperature increased by 2°C as part of a sustained heating event
(Kleinschmit, 2004).
But, if the job is done correctly and best management practices are followed, the return
can be considerable. Queiroz, et al. (2010) produced two commercial scale corn silages
using best management practices. One was treated with an inoculant to improve
aerobic stability and the other untreated. Aerobic DM loss in the untreated material was
a reasonably low 7.8% (compare to potential losses in Table 2) to 3.4% for the treated
material, saving 44 tons of DM per 1000 tons ensiled. Remember also that the material
that these aerobic spoilage organisms consume is all the most highly digestible,
nutritious parts. Silage that is visibly spoiled should always be discarded. Harsh advice,
but if the presence of spoiled silage is ignored, mixed into the ration and fed, the
effects can be far worse than the cost of the silage thrown away. Professor Bolsen’s
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group showed that feeding even low levels of spoiled silage to feedlot steers delivers a
double blow of reduced intake and reduced total ration digestibility (Figure 7).

Figure 7: the effect of feeding spoiled silage on DM intake and NDF-D in feedlot steers
(Whitlock et al., 2000)
Take away messages:











Although the corn silage fermentation seems simple, there are veritable hordes
of bacterial communities on the crop at harvest that can deliver a positive or
negative outcome.
The populations that dominate at harvest are dependent on management
factors, e.g. timing, insect damage, weather, etc., not all of which can be
controlled.
To ensure an efficient initial ensiling fermentation with maximum DM and
nutrient recovery, there has to be a high population of homolactic acid bacteria.
Corn silage should be stored for 12 months if possible prior to feeding, for
maximum starch digestibility.
Keeping the silage stable through feedout requires the application of additional
best management practices.
The microbes that spoil silage use the best parts of the crop first, so “DM losses”
underestimates the damage done.
Feeding spoiled silage is a bad thing.
You can prevail! Using best management practices you can achieve a good
fermentation and produce stable corn silage with high digestibility and high feed
value!
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Introduction
At the Forage Conservation in the ‘80s Conference, Zimmer (1980) concluded that the gaps between
“proven technology” and “real efficiency” of silage programs on the farm were too wide, too often. Over
35 years later, the silage industry is still faced with the challenge of implementing silage technologies,
both old and new. A large segment of this industry is described as the “Silage Triangle”. Persons
responsible for 1) the animals, 2) the forage, and 3) the harvesting process represent the points of the
silage triangle. In some beef cattle operations, one person is responsible for all three points. But in many
instances, growing the silage crop and harvesting the crop are done completely on a contract basis,
creating a situation where a different person is at each point of the triangle. When communication
between the points of the triangle is ineffective, inefficiencies can result that directly affect every phase
of the silage program.
Although a beef cattle operation’s nutritionist, often an outside consultant, is not a direct part of the
triangle, he or she has an obvious vested interest in how well the triangle performs. The nutritionist
might be the key person in assuring effective communication between the triangle’s three points. The
nutritionist’s responsibility is generally to the animal point of the triangle, so among his or her major
responsibilities could be 1) educating the client about proper silage management and 2) fostering
effective communication. Ideally, the nutritionist might moderate an annual meeting between the cattle
manager, the forage grower and silage contractor, making sure that all involved are on the ‘same page’
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regarding expectations and implementation of the silage program. In other cases, a small cattle
producer might be on the wrong end of a tight supply/demand situation and lack the economic power
to make demands on the grower and/or the silage contractor. Then, the nutritionist must focus on the
producer, and make sure things directly under the producer’s control are done right.
From 2012 to 2015 an average of 121.6 million tons of whole-plant corn was harvested annually for
silage in the USA (USDA, 2016). Iowa and Nebraska produced an average of 6.11 and 4.60 million tons of
corn silage, respectively, during that 4-year period. The amount of silage lost each year as a result of
‘shrink’, which is defined as tons of crop dry matter (DM) ensiled minus tons of silage DM fed, is too high
in too many silage programs. It is estimated that between 16 and 18 percent of the corn silage put up in
2015 will be lost. That is about $1.1 to 1.3 billion in feed inventory. If the ‘shrink’ were a single digit, the
loss would only be about $600 million worth of corn silage. All beef cattle operations could make
improvements in their silage program, which would allow them to feed a higher percent of their silage
inventory and improve silage quality.
Two silage management practices, packing and sealing, have the potential to decrease DM loss by 5 to
10 percentage units in bunker silos and drive-over piles. Strategies to reach a high silage DM density and
to achieve an effective oxygen-barrier seal, and related decision-making software are presented.
Few farming operations invite as many different opportunities for injury or fatality as a silage program.
One of these is an avalanche or collapsing silage. It only takes a fraction of a second for part of a silage
face to silently break off and fall, and the result can be deadly for anyone located beneath it. There have
been numerous avalanche fatalities in the United States the past few years, including an 11-year old boy
on a dairy in New Hampshire (WMUR TV, 2010), a 34-year old truck driver on a farm in New Mexico, a
53-year old owner of a feedlot in Nebraska, and a 63-year old employee on a dairy in Pennsylvania
(Bolsen and Bolsen 2014; Bolsen et al., 2015). Although rarely reported, the authors have heard many
stories about someone having a near miss or suffering a serious injury in a silage avalanche. Guidelines
that can decrease the chance of having a serious injury or fatality caused by a silage avalanche are
presented.
Achieving a Higher Silage Density
Silage density and preservation efficiency, measured as DM recovery, are positively related. Higher
densities also increase the storage capacity of existing bunker silos (without over-filling) and decrease
the height of drive-over piles (without reducing storage capacity). However, in surveys on farms, results
show that many producers are not achieving the recommended minimum silage density of about 15 to
16 lbs. per ft3 (44 to 48 lbs. fresh weight bulk density per ft3) (Craig et al., 2009).
Case study beef cattle feedlot: bunker silo. The actual first-year corn silage had a DM density of
approximately 12 to 13 lbs. per cubic foot. The density was measured at 4 feet above the floor of the
bunker, which had an average depth of about 18 to 20 feet. The Holmes-Muck spreadsheet was used to
estimate the second-year corn silage density at two forage delivery rates (140 and 280 fresh tons per
hour) and one, two, or three pack tractors (Holmes and Muck, 2007). Results are shown in Table 1.
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The target density for second-year was 16.0 lbs. of DM per ft3 (48.0 lbs. of fresh weight per ft3). At a
forage delivery rate of 140 tons per hr., two pack tractors would achieve the target (16.9 lbs. of DM and
49.8 lbs. fresh weight). However, the expected forage delivery rate was about 280 tons per hr., and the
estimated density would only be 12.5 lbs. of DM per ft3 (37.6 lbs. fresh weight) with two pack tractors.
By adding a third pack tractor, the estimated density was 17.2 lbs. of DM per ft3 (51.7 lbs. fresh weight),
which would exceed the target. But more importantly, the third tractor would lower the height of the
feedout face by 1 to 2 feet, without compromising storage capacity, and decrease estimated shrink loss
by 3 to 5 percentage points.
Several key considerations to increase silage density, which were first presented by Holmes and Bolsen
(2009) at the 17th International Silage Conference, include:
1. Good communication. For example, if forage delivery rate increases at any time during the day,
producers must be prepared to add an extra pack tractor.
2. Always estimate silage density before the harvest begins by using spreadsheet software (Holmes and
Muck, 2007 and Holmes and Muck, 2008) and be prepared to adjust harvesting, filling and packing
procedures.
3. Employ well trained experienced people, especially those who operate the push-up/blade tractor(s).
Provide training as needed.
4. When pushing up, take forage from the edge of the load after the truck has moved away to a safe
distance.
5. Forage should be spread in uniform layers of 6 inches or less, and packing must be done continuously
during the entire filling process.
6. Form a progressive wedge of forage and maintain a maximum slope of 1 to 3 (one foot of rise for each
three feet of horizontal).
7. The slope can be decreased to 1 to 4, depending on the forage delivery rate and number of pack
tractors.
8. Increase the weight of all push-up and pack tractors
9. Abut the pack tractor tire with the track of the previous tractor pass.
10. There should be at least two pack tractor passes over the surface of each layer of forage.
11. Drive-over piles should be packed from side-to-side, as the progressive wedge advances, and the
sides of the pile should never exceed a slope of 1 to 3.
12. When two or more pack tractors are used, establish a driving procedure.
13. When possible, drive up and back down packing slopes. Do not drive tractors in a circle and avoid
making 180 degrees turns on the floor of a bunker or front apron of a pile.
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14. Increase pack tractor passes near the wall of bunker silos to increase the density of the forage that is
within three feet of the wall.
Achieving a more effective Seal of Bunker Silos and Drive-over Piles
Bunker silos and drive-over piles, by design, allow a large percentage of the ensiled material to be
exposed to the environment. Although polyethylene sheeting, which is typically weighted with discarded
car or truck tires or tire sidewalls, has been the common method used to protect silage near the surface
for decades, the protection provided is highly variable and often changes during storage (Holmes and
Bolsen, 2009). Many cattle producers are quick to point out that putting plastic and tires on bunkers and
piles is not an activity enjoyed by their employees.
At the 12th International Silage Conference, an oxygen barrier (OB) film (www.silostop.com) was
introduced as an alternative to standard white-on-black polyethylene to seal bunkers and piles. The OB
film, which is 45µm in thickness, has dramatically improved the preservation efficiency and nutritional
quality of silage in the outer 1.5 to 3 feet in bunkers and piles (Wilkinson and Fenlon, 2013).
Economics of sealing bunker silos and drive-over piles. Excel spreadsheets to calculate the profitability
of sealing ensiled forage or high moisture grain in bunker silos and drive-over piles were developed from
research at Kansas State University from 1990 to 1995 and equations published by Huck et al. (1997).
Examples are shown in Table 2. In an 80 feet wide x 675 feet long bunker silo of corn silage, which has
an average depth of 16 feet, sealing with OB film would save $59,830 of silage after sealing cost
compared to not covering. Sealing with OB film would save a net $10,910 of corn silage compared to
sealing with standard plastic.
Silage safety: Avalanches
A silage avalanche can occur anywhere, anytime, in any bunker silo or drive-over pile, without warning,
and in any ensiled forage.
At a Pennsylvania State University Forage Focus seminar, several farmers told of close calls while shaving
bunker or pile feedout faces that seemed safe but collapsed quickly (Hay and Forage Grower, 2010). One
told of the death of a worker, while taking samples. “All three workers went up to the face and they
pulled a sample, turned to walk away and the pile just fell away. It hit … two people from the back and
knocked them down. The other guy was walking toward the loader and it completely covered him up.
We are still having a hard time dealing with that.” After the accident, the farm developed a safety plan.
“Our policy is that nobody is allowed closer to the bunker face than the height of the bunker long. No
exceptions. If there is a tire there, we will get it later. If there is a forage sample, you better take it with a
bucket. We thought that it wasn’t an issue, just like everybody else thought it wasn’t an issue. Then it
happened to us. You don’t know what a bunker face is like.”
We cannot stop avalanches from happening, and they are impossible to predict, but we can prevent
people from being under them. Here are guidelines that can decrease the chance of having a fatality or
serious accident caused by a silage avalanche.
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1. Never allow people to approach the feedout face. No exceptions!
2. A rule-of-thumb is never stand closer to the silage face than three times its height.
3. Suffocation is a primary concern and a likely cause of death in any silage avalanche. Follow the “buddy
rule” and never work in or near a bunker or pile alone.
4. Bunker silos and drive-over piles should not be filled higher than the unloading equipment can reach
safely, and typically, a large unloader can reach a height of 12 to 14 feet.
5. Use caution when removing plastic or oxygen-barrier film, tires, tire sidewalls or gravel bags near the
edge of the feedout face.
6. Do not remove surface spoiled silage from bunkers and piles that are filled to an unsafe height.
7. Use proper unloading technique, which includes shaving silage down the feedout face.
8. Never dig the bucket into the bottom of the silage. Undercutting creates an overhang of silage that
can loosen and tumble to the floor.
8. Never drive the unloader parallel to and in close proximity of the feedout face in an over-filled bunker
or pile.
9. When sampling silage, take samples from a front-end loader bucket after it is moved to a safe
distance from the feedout face.
10. Never ride in a front-end loader bucket.
11. Never park vehicles or equipment near the feedout face.
12. A warning sign, ‘Danger! Silage Face Might Collapse’, should be posted around the perimeter of
bunker silos and drive-over piles.
13. Avoid being complacent! Always pay attention to your surroundings and never think that an
avalanche cannot happen!
14. Every farm, feedlot, and beef cattle operation should have safety policies and procedures for their
silage program, and they should schedule regular meetings with all their employees to discuss safety.
Conclusions
Packing forage to higher densities in bunkers and piles will decrease shrink loss and decrease height of
the feedout face without decreasing storage capacity. Sealing bunkers and piles with OB film will
decrease shrink loss by preventing surface spoilage, which eliminates the need to ask employees to
perform a potentially dangerous task. Bottom line. If a silage program is not safe, then nothing else
about it really matters. Send all employees home safe … everyday!
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Table 1. Spreadsheet calculations of silage densities in a bunker silo of corn silage for a case
study cattle feedlot operation.1
1 tractor

2 tractors

2 tractors

3 tractors

140 t/hr.

140 t/hr.

280 t/hr.

280 t/hr.

Bunker silo wall height, ft.

14

14

14

14

Maximum silage height above wall, ft.

3

3

3

3

Forage delivery rate, fresh tons per hr.

140

140

280

280

Forage DM content, %

33.3

33.3

33.3

33.3

9

6

8

5

Tractor #1

60,000 (70)2

60,000 (75)

60,000 (75)

60,000 (75)

Tractor #2

0

60,000 (75)

60,000 (75)

60,000 (75)

Tractor #3

0

0

0

60,000 (90)

Estimated DM density, lbs. per ft3

11.9

16.9

12.5

17.2

Estimated fresh wt. density, lbs. per ft3

35.7

49.8

37.6

51.7

Component

Estimated forage layer thickness, inches

1

Numbers in bold are user inputs. 2Estimated packing time as a % of filling time in parenthesis.
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Table 2. Economics of sealing corn silage in bunker silos with average management practices.1
Bunker 1

Bunker 2

Bunker 3

No cover

Std. plastic

Silostop

50.00

50.00

50.00

Density of silage in top 3 ft., lbs. ‘as-fed’ per ft3

40

40

40

Silage density below top 3 ft., lbs. ‘as-fed’ per ft3

48

48

48

Bunker depth, ft.

16

16

16

Bunker width, ft.

80

80

80

Bunker length, ft.

675

675

676

Silage lost in original top 3 ft., % of crop ensiled

60.0

25.0

15.0

Silage lost below original top 3 ft., % of crop ensiled

10.0

10.0

10.0

0

4.0

12.0

Total silage in the bunker, tons

20,088

20,088

20,088

Value of silage in the bunker, $

1,004,400

1,004,400

1,004,400

3,240

3,240

3,240

162,000

162,000

162,000

18.1

12.4

10.8

97,200

40,500

24,300

Silage saved by sealing, $

---

56,700

72,940

Sealing cost, $

---

7,780

13,070

Net silage saved by sealing, $

---

48,920

59,830

Net benefit from Silostop v. std. plastic, $

---

--

10,910

Inputs and calculations
Silage value, $ per ton ‘as-fed’

Cost of covering materials, ¢ per ft2

Silage in the original top 3 ft., tons
Value of silage in original top 3 ft., $
Total silage lost in the bunker, % of crop ensiled
Silage lost in the original top 3 ft., $

1

Numbers in bold are user inputs.
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Introduction
Silage making is an agricultural practice that dates back approximately 4000
years to the ancient Egyptians, Romans and Greeks; however, it started to become
more popular only in the later part of the 19th century and particularly in the 1950s, due
to the intensification of the dairy and beef industries (McDonald et al., 1991). The main
objective of ensiling forage crops is to maximize dry-matter and nutrient recovery, so
that the maximum amount of high quality material is available to feed.
The ensiling process relies on the anaerobic conversion of soluble sugars from
the plant by the indigenous lactic acid bacterial population to organic acids, mainly lactic
acid, which preserves the forage. The final product, silage, is defined as an acidic,
fermented, stored product from an agricultural crop (Wilkinson et al., 2003).
Compared to other methods of forage preservation, silage retains the largest
amount of nutrients from the original material; it can be made from a wide variety of
crops; and it is less dependent of the weather at harvest (Pahlow et al., 2003).
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However, some nutrient losses and negative changes in quality occur even under the
best management conditions; in particular, losses during storage and feedout from
aerobic spoilage can be substantial (Woolford, 1990).
Forage crops are naturally colonized by many types of microorganisms in the
field, some being beneficial but others are detrimental to the ensiling process.
Therefore, inoculating the fresh forage with fast-growing and effective lactic acid
bacteria is a recommended practice. According to Muck (2008), inoculants can help by:
preventing clostridial fermentation; enhancing aerobic stability; and making a good
fermentation better.
Homolactic acid bacteria
Lactic acid bacteria are naturally found in forage crops in low numbers.
Pediococci and the more acid-tolerant lactobacilli dominate the fermentation after
streptococci and leuconostocs have multiplied and started the process (Langston et al.,
1964).

Therefore, adding an efficient strain of a homolactic bacterium is a

recommended practice to assure good forage fermentation.

These bacteria are

considered a GRAS substance (generally recognized as safe) and have been
established as an environmentally friendly approach to preserve feed.
Microbial additives, regarded as ‘traditional inoculants,’ normally contain strains
of homofermentative lactic acid bacteria such as Pediococcus pentosaceus,
Pediococcus acidilactici and Lactobacillus plantarum. These organisms convert one
molecule of glucose directly to two molecules of lactic acid, resulting in better recoveries
of DM and energy in silages and improved animal performance in some cases (Muck
and Kung, 1997). These authors also reported that bunk life was improved in only 33%
of the cases and worse in virtually the same number of cases. This deterioration could
be partially due to the overwhelming effect of homolactic inoculation over the epiphytic
heterolactic bacterial population during the active phase of fermentation, resulting in
lower production of organic acids (e.g., acetic acid) that have specific antifungal
properties (Weinberg et al. 1993).

Additionally, the lactic acid produced by
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homofermentative bacteria can be readily metabolized by some species of spoilage
yeast upon exposure to oxygen (Kleinschmit et al., 2005).
Several commercial products contain different strains (or even genera and
species) of bacteria in their formulations. The reason for that comes from the potential
synergistic actions between them. For instance, in general Lactobacillus strains are
more acid tolerant than Pediococcus strains, thus combining these two bacteria is
common – the latter is in general most active during early stages of fermentation, and
the former follows to finish the process. Some companies have, however, screened for
and selected specific strains that are effective across a wider range of pH, to cover the
entire ensiling fermentation profile.
Propionibacteria
Propionibacteria are Gram-positive anaerobic bacteria capable of converting
three moles of lactic acid to two moles of propionic acid, one mole of acetic acid, one
mole of water and one mole of carbon dioxide (Piveteau, 1999). Because propionic
acid has powerful antifungal characteristics at low pH, inoculation with propionibacteria
could potentially improve the aerobic stability of silages (Merry and Davies, 1999).
Marginal effects have been reported using propionibacteria for pearl millet
(Weinberg et al., 1995) and corn silages (Higginbotham et al. 1998). On the other hand,
improvements in aerobic stability of wheat silage, which had a slow decline in pH, were
noted by Weinberg et al. (1995).
Overall, inoculation with propionic acid bacteria is generally effective only when
the silage pH rate drops slowly and/or the final pH is between 4.2 and 4.5. Thus, the
inconsistency of the results reported in the literature was attributed mainly to their
relatively poor acid tolerance, slow rate of growth and strict anaerobic requirements
(Kung et al., 2003).
Lactobacillus buchneri
Lactobacillus buchneri deviates significantly from the traditional microbial
inoculants because it is a heterofermentative lactic acid bacterium, while most inoculant
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bacteria are homofermentative and produce exclusively lactic acid during active
fermentation of the ensiling process.
Lactic acid bacteria are recognized by their ability to produce lactic acid although
some species can degrade lactic acid, particularly in the presence of oxygen that is
used as an electron acceptor (Thomas et al., 1985).
Oude Elferink et al. (2001) proposed a metabolic pathway for the anaerobic
utilization of lactic acid by L. buchneri without the requirement of an external electron
acceptor – to relieve from the excess reducing equivalents, 1,2-propanediol is produced
as a co-product. In this pathway, 2 molecules of lactic acid are degraded to form 1
molecule of acetic acid and 1 molecule of 1,2-propanediol, in addition to CO 2 and traces
of ethanol, yielding 1 molecule of ATP. Because this mechanism is strongly influenced
by acidic conditions and the authors did not observe significant growth of microbial
mass in pure culture, it was assumed that its occurrence was a competitive advantage
mechanism for L. buchneri at low pH.
Lactobacillus buchneri was isolated from naturally occurring aerobically stable
silages and its use as a silage inoculant was proposed in 1996 (Weinberg and Muck,
1996). The improvements in aerobic stability of silages inoculated with L. buchneri have
been credited to the higher concentrations of acetic acid in those silages, which were
sufficient to kill yeasts, or at least inhibit or retard the growth of yeasts when they were
exposed to air (Kleinschmit and Kung, 2006).

Acetic acid has good antifungal

properties, which are enhanced by low pH, so increases in this acid in the silage
environment containing lactic acid should effectively inhibit the growth of yeasts (Moon,
1983). Inoculation with L. buchneri has been shown to enhance the aerobic stability
over a varied range of different crops with consistent and positive outcomes.
In 2001, Lactobacillus buchneri strain NCIMB 40788 was approved by the FDA
as a silage additive, and in 2003 it became the first bacterial inoculant allowed by the
FDA to make a claim for improved aerobic stability. Initial research with this organism
established that application rates delivering more than 100,000 CFU/g of silage
appeared to be most effective – with application rates of 400,000 CFU/ g of forage and
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600,000 CFU/g of high moisture corn (Kleinschmit and Kung, 2006) ultimately
established for the FDA review. Furthermore, the combination of L. buchneri with a
homolactic bacterium in a microbial inoculant has been further shown to decrease the
aerobic losses and maximize the efficiency of the anaerobic fermentation, respectively
(Adesogan et al., 2004).
Inoculant management and application
The bacteria in inoculants are live, viable organisms that need to be properly
handled for best maintenance of viability and efficacy. Therefore, exposure to direct
sunlight, moisture and heat must be avoided. Once mixed in water, most reputable
products will remain available for up to 72 h if kept cool. Tanks used for application
should be white to reflect heat, ideally be insulated, and placed away from sources of
heat (e.g. engine, exhaust, cab). The temperature of the water-inoculant mixture should
be kept well below 95 F, or the bacteria may start to die rapidly (Windle et al., 2013).
Inoculants should ideally be applied during forage chopping to start working
immediately and at the chopper box or accelerator to help even distribution. Lim et al.
(2010) showed that the distribution of an inert marker dissolved in water and applied to
chopped forage was significantly more even when applied at the chopper by a
conventional sprayer than by application by a “shower” method; using the latter method
some distribution occurred due to the movement of the silage mass by the packing
tractor. Do not forget to calibrate the applicator according to inoculant manufacturer’s
recommendation, and have it cleaned and sanitized before use.
Summary
When managed correctly, microbial inoculants can help improve the silage
fermentation process and reduce aerobic losses during feed-out. A number of factors
can interfere with the effectiveness of the inoculant; therefore, store and apply it
properly to maximize its efficacy.
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It is easy for someone with a forage background (like me) to relate optimal silage harvest
to the harvest of forage. The age-old balance between increasing yield and decreasing quality
seems to fit because the corn plant is maturing much in the same way that a forage plant matures.
Like many, I was taught that corn silage should be harvested at 35% DM and half to two-thirds
milk-line to optimize the balance between quality and quantity, and to facilitate packing.
However, there are a few key differences that may suggest optimal harvest timing should be
revisited. The most obvious difference between the harvest of corn silage and other forages is
that the proportion of grain in the silage is increasing with later harvest. At the same time,
genetic selection for improved yields may have influenced the forage component of silage.
Finally, the quality of the forage component in silage (i.e. the residue), may be influenced by the
proportion and differences in digestibility of the plant parts (husk, leaf, and stem) that are
harvested. The objective of this paper is to summarize recent data in which corn was serially
harvested for silage and to quantify the changes in yield, the proportion of grain and forage, and
the digestibility of the forage as affected by harvesting date.
Recommendations for silage harvest may be based on a variety of indices, all of which
relate to plant maturity. Plant maturity is driven by growing degree units (GDU), or the average
temperature between 50 and 86 F for each day of the growing period. While temperature is the
critical driver for maturity, I will assume an average daily GDU and focus my discussion on
number of days rather than GDUs. Agronomists break the development of the corn plant into two
stages: vegetative, and reproductive. There may be as many as 24 vegetative stages, including
emergence and tasseling. Fortunately for this discussion, variation in days to corn maturity (i.e.
day-length) affects the vegetative stages and not the reproductive stages and can therefore be
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ignored relative to the timing of silage harvest. There are six reproductive stages from the time
that the silks have emerged until maturity (black-layer formation; Table 1). Black-layer
formation (R6) corresponds well to high-moisture corn harvest. Various recommendations for
silage harvest may be based on days after silking, days before black-layer, whole plant dry
matter (DM), or stage of the milk line. All of these recommendations occur during the R5
reproductive stage. The R5 stage begins when the corn kernels begin to dent and a visible milk
line is formed. This occurs approximately three weeks before black-layer formation and 5-6
weeks after silking. A recommendation to harvest silage 35-45 days after silking targets a 30%
whole-plant DM which roughly corresponds to the first 10-days the plant is in the R5 stage. A
42% whole-plant DM roughly corresponds to black-layer formation, or high-moisture corn
harvest. Therefore, it is important to remember when we discuss/debate optimal corn silage
harvest, we are really discussing a 2-3 week window in which the whole-plant DM is increasing
from 30% to approximately 42%.
Several studies conducted at UNL have serially harvested corn plants to determine how
yield and digestibility are changing from early stages of R5 through harvest and beyond
(evaluating the dry residue). In general, the harvesting procedures included randomly selecting a
row (excluding border rows), and cutting 10 consecutive plants per experimental unit on each
harvest date. At a minimum, the grain was separated from the remainder of the plant and the
plant was chopped through a wood chipper. In some instances, plants were separated into various
corn plant components (e.g. leaf, husk, and stem). Yield for both the corn grain, and corn plant
was measured, as well as NDF content and NDF digestibility (28 hr. in situ) of the residue.
Burken et al. (2013) harvested plants on three dates (September 1, September 15, and
September 29, 2011; Table 2). The three dates were selected to represent an early corn silage
harvest, a late corn silage harvest, and grain harvest. The second harvest (September 15) roughly
corresponds to black layer formation (R6). It could be assumed that the first harvest date
(September 1) corresponds to the late dent stage of R5. In that study, we still believed grain yield
would be constant at 195 bushels/acre for all three harvest dates, which is not a fair assumption
as we (and others) have subsequently measured. However, both the yield and TDN (calculated as
a function of NDF content and NDF digestibility) of the forage component was maximized at the
second harvest date (September 15). The TDN of the silage increased slightly (70.2 to 71.8%)
with increasing corn concentration. However, silage would not be harvested at the third sampling
date, which corresponds to grain harvest. Therefore, we concluded that both the amount and
quality of silage can be increased by delaying harvest closer to black layer formation.
Row et al. (2016) summarized two years of data in which corn plots were harvested
weekly starting four weeks prior to black layer (probably corresponding to the R4 stage) until
three weeks after black layer. Grain yield and silage yield were both maximized at black layer
formation, and the digestibility of DM was maximized one week prior to black layer formation.
The digestibility of the NDF was maximized 1-2 weeks prior to black layer. Similar to the study
of Burken et al. (2013) described above, the harvest of digestible DM was maximized at black
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layer formation, further supporting a benefit of delayed silage harvest. Jones et al. (2015)
focused only on the residue component beginning 18 days before black layer formation, and
observed a decline in the true digestibility (again a function of NDF content and NDF
digestibility) of the cob until black layer formation. Interestingly, Jones et al. (2015) also
observed an increase in the true digestibility of the stem with advancing time. This change was
primarily due to a decrease in NDF content, not an increase in NDF digestibility. A decrease in
NDF content is difficult to reconcile because cell solubles would not logically increase as the
plant matures and dries down. However, we have recently repeated this observation and a decline
in the NDF content of the stem appears to be consistent (data not shown; unpublished). While the
cause of the decline in NDF content is not readily apparent, it does influence our estimates of
true digestibility or TDN because those calculations assume that non-NDF DM (assumed to be
plant solubles) are completely digested. Regardless of any minor changes in digestibility
estimates due to the NDF content of the stem, these data clearly demonstrate that silage which is
harvested close to black layer formation increases the quantity (and perhaps the quality) of
silage.
The best way to determine if silage quality due to harvest date has been optimized is to
feed it in a well replicated study. Hilscher et al. (2016a) fed 88% silage diets to growing steers
(initial BW = 597 lb). Two silages were harvested two weeks prior to black layer formation
(37% DM; ¾ milk layer) and at black layer formation (42% DM). It is important to note that
both of these harvest times were later than traditionally harvested silages. There was no
difference in DMI, but steers consuming the 42% DM silage gained less and had poorer feed
conversions (Table 5). The later harvested silage appeared to be detrimental to animal
performance, perhaps because of increased dietary starch with increased grain content resulting
in negative associative effects on fiber digestion. The study was also conducted with finishing
cattle (Hilscher et al., 2016b) using a factorial approach with 37% and 42% DM silage included
at 15% or 45% of diet DM. The main effects of silage DM are shown in Table 6 and suggest no
impact of silage harvest date on animal performance in finishing diets. The animal performance
data suggest silage quality does not increase from ¾ milk line to black layer, and may hinder
animal performance in high silage growing diets. However, the increase in silage yield may still
benefit later harvest in finishing diets. Subsequent studies evaluating 33% DM silage and 37%
DM silage may further elucidate the optimal time of harvest on silage quality. For now, we can
assume that delaying harvest to two weeks before black layer formation may provide the
optimum balance of silage quality and silage yield.
The decision of when to optimally harvest silage may be more complex than finding the
optimum combination of quality and yield. For example, the silages harvested and fed by
Hilscher et al. (2016a; 2016b) were stored in silage bags. The ramifications of delayed harvest
when using other storage methods, such as a bunker, need to be understood. Additionally, a twoweek delay in harvest may be detrimental to producers who desire to utilize a double crop annual
forage following corn silage for fall grazing because heat units are important to the development
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of the fall forage crop. Nevertheless, there appears to be an opportunity to utilize a delayed corn
silage harvest strategy that may benefit many feedlots in Nebraska.
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Table 1. Relationship of corn reproductive stage to black layer formation, silking, grain
moisture, and whole plant DM.
Reproductive
Stage

Federal
Days per
Days to
Days after Grain
Crop
stage
black layer silk
moisture, %
Insurance
Stage
R1
Silked
4
57
0
Silks brown 5
53
Pre-blister
4
48
R2
Blister
4
44
10-14
85
early Milk
4
40
R3
Milk
4
36
18-22
80
Late milk
4
32
R4
Soft dough
4
28
24-28
70
Early dent
4
24
R5*
Dent
5
20
35-42
55
Late dent
5
15
Nearly
5
10
35-40
mature
R6
Mature
5
0
55-65
30-35
Sources: Nebraska, Iowa State, South Dakota State, Purdue, and Wisconsin Extension
*Milk-line formation

Wholeplant
DM, %

15-20
18-23
15-20
25-30
30-35
35-45
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Table 2. Effect of harvest timing on corn silage characteristics*.
Harvest1
P-value2
Item
1
2
3
SEM
F-test
Lin.
Grain Yield3
195.0
Corn Silage Yield4
11.00a
12.18b
10.25c
0.10
<0.01
<0.01
Grain, %
51.36a
52.40b
62.23c
0.23
<0.01
<0.01
b
a
c
Residue NDF
65.42
62.51
66.65
0.30
<0.01
<0.01
Residue TDN
49.97a
51.05b
42.55c
0.31
<0.01
<0.01
Corn Silage TDN
70.59a
71.46b
72.08c
0.16
<0.01
<0.01
abc
Means with different superscripts differ (P < 0.05)
1
Harvest dates: 1= September 1, 2011; 2=September 15, 2011; 3=September 29, 2011.
2
F-test= P-value for the F-test of all harvest dates. Lin. = P-value for the linear response to
harvest date.
3
Grain yield in bushels per acre.
4
Corn silage yield in DM tons per acre.
*Burken et al., 2013.
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Table 3. Yield and nutrient characteristics of hand harvested whole plants in the fall of 2013 and 2014. Data are
combined for both years*.
Weeks from Blacklayer
P-value
-4
-3
-2
-1
0
1
2
3
Lin.1 Quad.2
Percent Grain, %
48.8
45.2
48.9
50.9
52.3
53.5
55.2
59.4
< 0.01
0.29
Silage Yield, DM tons/ac
10.28
10.49 10.65 11.22
12.59
11.95
10.33
9.07
0.73
0.01
Silage DM, %
33.4
32.2
33.4
38.1
42.2
43.3
49.1
59.0
< 0.01
0.01
Grain Yield, bu/ac
210.8
198.5
218.4
237.8
274.5
266.6
239.8 226.4
0.03
0.02
Stover (entire plant without grain)
Crude Protein, %
5.86
Cell Solubles, %
33.7
NDF, % of DM
66.3
3
NDF digestibility, %
51.9
Digestible DM, %
56.2

7.27
35.3
64.7
62.8
63.6

6.93
34.9
65.1
63.6
63.7

6.39
35.4
64.6
63.7
64.1

5.76
36.7
63.3
61.1
62.5

Silage (entire plant with grain)
Digestible DM, %
72.7
75.8
76.9
77.6
77.4
Dig DM yield, tons/acre
7.47
7.97
8.20
8.74
9.81
1
P-value for linear response to maturity (weeks from blacklayer)
2
P-value for quadratic response to maturity (weeks from blacklayer)
3
28-h in-situ digestibility
*Row et al., 2016.

6.67
36.4
63.6
61.3
62.5

5.26
30.6
69.4
53.0
55.1

5.55
25.6
74.4
38.6
42.2

0.14
0.08
0.08
0.08
0.04

0.84
0.03
0.03
< 0.01
< 0.01

77.7
9.34

74.6
7.71

70.6
6.40

0.50
0.68

0.01
< 0.01
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Table 4. True digestibility of plant parts 1, 4*

3

-18
58.1
51.9
53.4
33.8

-4
56.3
42.3
52.7
34.1

Days from Blacklayer2
10
38
52
55.5 52.3 51.8
37.8 38.1 35.9
52.3 50.8 55.1
37.2 32.8 42.6

P-value
66
49.5
39.8
52.1
45.3

81
50.4
37.7
55.7
38.3

S.E.
1.20
1.20
1.20
1.20

L
<0.01
0.00
0.40
0.01

Q
0.03
<0.01
0.30
0.30

Blade & sheath
Cob3
Husk & shank3
Stem3
1
Values reported as a percent
2
Blacklayer was calculated using planting date, hybrid and weather pattern data from High Plains Regional
Climate Center.
3
Main effect of time and hybrid not significant P > 0.05
4
True digestibility calculated as the sum of the solubles and digestible NDF.
*Jones et al., 2015.
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Table 5. Effects of delayed silage harvest on growing steer performance*
Treatments1
Item

37% DM

43% DM

SEM

P - value

Initial BW, lb

597

597

3.8

0.92

Ending BW, lb

846

826

6.7

0.04

0.3

0.93

0.07

0.01

DMI, lb/d

18.0

ADG, lb

3.19
2

17.9
2.93

Feed:Gain
5.63
6.11
1
Treatments: steers were fed 88% of either 37 or 43% DM corn silage.
2
Analyzed as gain:feed, the reciprocal of F:G.
*Hilscher et al. 2016a.

<0.01

Table 6. Main effects of silage DM on finishing performance and carcass characteristics of
yearling steers*.
Silage DM
Item
37%
43%
SE
P-value
DMI, lb
28.3
29.3
0.8
0.19
ADG, lb
3.75
3.87
0.21
0.55
F:G
7.56
7.59
0.94
HCW, lb
844
854
14
0.79
Dressing %
60.7
60.3
0.6
0.62
th
12 rib fat, in
0.52
0.53
0.04
0.65
Marbling
504
496
21
0.70
* Hilscher et al., 2016b. Silage DM was factorialized with silage concentration (15 and 45%).
Average initial BW = 940 lb.
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Evaluation of silages, and what a feed test means for good vs
bad silage
Dan Loy and Garland Dahlke, Iowa State University
Dan Loy is a Professor of Animal Science at Iowa State University and Director of the
Iowa Beef Center. He has also served as an Extension Beef Specialist for Iowa since
1982, giving leadership to ISU’s program to the cattle feeding industry. His research
interests have focused on applied feedlot nutrition and beef production and
management systems. He is also an instructor for an advanced Beef Systems
Management course and a popular guest lecturer. Dan has a B.S from Western
Illinois University and a Ph.D. from Penn State.

Introduction
Silage quality is important because of its value as source of energy and other nutrients for growing cattle
and as a roughage source for finishing cattle. Certain measures of silage quality are indicative of the
quality of fermentation and storage which impact not only the feeding value but also storage losses.
Measures of silage quality have evolved to the point that a feed analysis report may contain 50 or more
measured and calculated values. This can be daunting without some understanding of the purpose and
value of each measure.
Dry Matter
The first indication of silage quality is dry matter. A good quality corn silage will typically be between 30
and 40 percent dry matter. Many feed quality concerns begin when silage is harvested and stored
either too wet or too dry. Silage dry matter can also change during storage and feeding; therefore,
more frequent testing of dry matter is suggested. Oven dry matter is the standard procedure for forage
testing labs. While less accurate on farm, methods such as using a microwave oven or “Koster” tester
can be used more frequently. Changes in dry matter of high moisture feedstuffs such as corn silage can
significantly change diet formulations. Frequent testing (weekly or even daily) of these feeds and/or the
TMR for dry matter is a good practice.
Chemical Composition
The primary determinant of the nutritional value of silages is chemical analysis. The oldest method of
chemical analysis is the proximate analysis or Weende System. This system was developed in the 1800’s
and is still used to some extent today. Proximate analysis is composed of crude protein, ether extract
(fat), crude fiber, ash, water (dry matter) and nitrogen free extract (NFE, which is determined by
difference after subtracting the measured components). Historically then, digestibility coefficients were
assigned to each component of the proximate analysis for the determination of total digestible nutrients
(TDN).
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The Van Soest method of fiber determination was developed around 1970 and has become the standard
for the evaluation of fiber components of forages. Neutral detergent fiber (NDF) represents the fiber
that is not soluble in a neutral detergent solution. NDF represents the cell wall constituents. Acid
detergent fiber (ADF) is the fiber that is insoluble in an acid detergent solution. ADF is comprised of
cellulose (partially digestible) and lignin (indigestible). This method is more accurate in separating fiber
components of forages than crude fiber and has become the chemical analysis method of choice.
Measures of protein insolubility in acid and neutral detergent are used as indicators of heat damage that
can occur in forages, typically during storage. Equations have been developed for most common
forages, including corn silage, that estimate energy values based on ADF content.

Lignin

Crude Fiber

Dry Matter
Organic Matter
Nitrogen-free Extract

Cellulose
Cell Wall Constituents (Neutral Detergent Fiber)
Non-nutritive
Partially Nutritive Matter
Lignin Insol. Ash
Cellulose
Hemi-cellulose

Ash
Ash

Ether
Crude
Other CHO
Extract Protein
Ash
Cell Contents (Neutral Detergent Solubles)
Nutritive Matter
Nitrogen, Soluble CHO, EE, Soluble Ash

Figure 1. Chemical analysis of feedstuffs

Energy estimation from chemical analysis
As mentioned, equations derived from the ADF content are commonly used by laboratories for energy
estimates of silages. Also some use summative equations that incorporate several protein, fiber and fat
components. An example would be the OARDC equations developed at Ohio State University and
equations developed at the University of Wisconsin.
In vitro digestibility
In vitro digestibility is an anaerobic fermentation in the laboratory using rumen fluid. This procedure
has gone from a research method to evaluate and compare feedstuffs and diets to a commercially
available laboratory method. This method works best to compare feeds within the same submission.
Since it requires the collection of rumen fluid from an animal, factors relating to the diet and recent feed
intake of that animal can affect the results. Also, for some forage labs that offer this test you can choose
the length of fermentation (for example 24, 30 or 48 hours). The standard test appears to be a 30 hour
digestibility test which results in NDF digestibility (NDFD30) and in vitro dry matter digestibility
(IVTDMD30). The 30 hour digestibility is based on the expected rate of passage of a high producing,
lactating dairy cow. For a background beef cattle diet, the longer fermentation (48 hours) may be more
representative.
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Fermentation and organic acid analysis (Kung and Shaver, 2013)
Fermentation analyses are important to assess not only the nutritional value of the silage but also the
quality of the fermentation process. Poor fermentation may contribute to increase storage losses,
reduced palatability and shortened bunk life. The first measure is pH. An acidic pH is as a result of the
anaerobic fermentation process and is what preserves the silage. The target pH for corn silage
approximately 4.0 (higher in grass and legume silages due to their buffering capacity) and a pH in excess
of 4.6 to 4.8 likely is likely due to an incomplete fermentation, a poor fermentation due to being too dry
or improperly packed or spoilage. Lactic acid should be 5-10% in good quality corn silage while acetic
and butyric acid should be less than 1%. Generally lactic acid should be more than 70% of all acids and
the Lactic:Acetic ratio should be more than 3. Silage with a butyric acid concentration above 0.5% is
indicative of a clostridial fermentation. Also, if ammonia concentrations are high (>12-15% of CP), then
protein breakdown has occurred due to clostridial action or a slow drop in pH. Clostridial fermentation
is common in silages that are too wet. Corn silage that contains more than 3% ethanol is consistent with
a yeast fermentation. Since yeast is an aerobic fermentation, these silages may be more at risk for more
rapid spoilage.
Poor fermentation and incomplete fermentation can contribute to anti-quality factors including the
growth of aerobic organisms including molds and aerobic bacteria. Listeria is the most harmful of
aerobic bacteria that can develop in poorly fermented silage. While molds themselves may not be
harmful other than causing reduced palatability, they may or may not produce mycotoxins that can
effect animal performance and health.
Particle size and effective fiber
Conventional wisdom in silage harvest is to chop it fine, pack it well and do so at the right moisture
content. However, if silage is fed primarily as a finishing diet roughage source it may not have enough
effective fiber if chopped too fine. Using the Penn State Particle separator can help evaluate the
effective particle size. Fiber that cannot pass through the 4 mm screen are considered physically
effective (peNDF, National Academies of Sciences, Engineering and Medicine, 2016) and general
guidelines would be to see the majority of the feed larger than 4 mm. While virtually no data exists in
finishing beef cattle, questions have been raised about the potential of shredlage to offer corn silage
with a longer particle size (and potentially more effective fiber) that may have packing characteristics of
finer ground conventional silage.
NIR vs wet chemistry
For the vast majority of common forages like corn silage, alfalfa and common grasses NIR (near-infrared)
offers a rapid low cost method of analysis. The National Forage Testing Association does accreditation of
labs for both NIR and wet chemistry. NIR results are calibrated to wet chemistry results so samples that
are out of the ordinary may not be in the calibration range and can give poor results.
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What a good silage looks like
Examples of silage samples that differ in quality are shown in Table 1. Samples 1 and 2 are examples of
silage that are of good quality but differ in dry matter. The wetter silage (Sample 2) did go through a
more extensive fermentation as evidenced by the lower pH and greater lactic acid production. Sample
1 has generally higher nutritive values than Sample 2. Sample 3 is an example of silage that was
exposed to aerobic conditions for several days prior to feeding and Sample 4 was from the edge of a silo,
also showing evidence of anaerobic conditions during storage and feed out.

Table 1. Sample silage analyses

Dry Matter
pH
CP
ADF
AD-ICP
NDF
Starch
TDN-Calc
Ash
NDF48
Sugar
Lactic
Acetic
Ammonia-CP
Lactic:Acetic

Sample 1
42.28
4.73
7.95
18.75
0.75
34.23
44.43
70.68
3.34
55.59
2.53
1.13
<.01
.34
>34:1

Sample 2
24.72
3.99
7.64
23.26
0.75
38.52
35.95
68.3
4.00
47.14
2.02
4.30
.11
0.46
39:1

Sample 3
35.85
4.57
6.09
24.58
0.69
44.80
36.76
69.51
3.76
55.74
1.96
0.38
0.44
0.18
<1:1

Sample 4
39.08
4.16
7.90
26.19
0.69
39.91
32.36
67.53
4.26
48.96
1.05
2.13
2.43
9.37
<1:1

Backgrounding vs finishing, what’s important?
A good quality fermentation minimizes spoilage and waste. Measures indicative of fermentation quality
are important regardless of the class of cattle that the silage is fed to. For growing cattle, indicators of
energy content (fiber analysis, IVDMD or NDFD) or protein quality are important factors that determine
the ability to convert the feed nutrients to growth. For finishing cattle, particle size and effective fiber
become more important in evaluation of silage.
Corn Silage to Beef
Undersander et. al. (1993) have developed a program for evaluating silage varieties according to both
quality and yield based on an estimated milk production per acre value. This has been updated to the
MILK2006 program available from the University of Wisconsin. We have adapted this concept to a
similar program, “Corn Silage to Beef” designed to specifically apply to growing beef cattle. The results
of this program apply best to backgrounding diets and feeding programs where silage is a major feed
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ingredient. This program will be available from the Iowa Beef Center website (
http://www.iowabeefcenter.org/Software/CornSilageToBeef.xls) and an example output is below.
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Use of Corn Silage in Growing Programs and Protein Considerations
Andrea Watson
Andrea Watson is a Research Assistant Professor in the Animal Science
department at UNL. Areas of research she is involved in include protein
utilization and metabolism as well as nutrient cycling through agriculture
systems. She is the coordinator for an online minor in Beef Cattle
Nutrition through the Master of Applied Science degree program.

The fundamental question for my presentation today is, can corn silage be used
efficiently in growing programs? The answer is yes, corn silage can be an excellent feed
resource for growing cattle, but protein is key. (Economics are an entirely different question, to
be addressed by other presenters.) For ruminant animals, all protein is not created equal. Protein
available for use by microbes in the rumen (rumen degradable protein; RDP) is important, but
fairly easily provided through high quality forage, urea, or other readily degradable sources.
Protein that is utilized by the animal for growth (and thus very important in growing diets) is
composed of feed protein that escapes degradation in the rumen, but is available in the lower
tract (rumen undegradable protein; RUP), and microbes that pass out of the rumen and are a
good source of protein for the growing calf (microbial crude protein; MCP).
In order to formulate a growing ration to meet protein requirements, 2 pieces of
information are critical.
1. The protein supplied by the diet
2. The protein requirement of the calf
The subtleties and details within each of these questions can be complex. To measure (or
estimate) how much protein is supplied by corn silage our first step is to break down the CP
content of corn silage into RDP and RUP. Lab techniques designed to measure RUP are specific
to forages or concentrates. Corn silage is a blend of both. Furthermore, the moisture content of
the silage at harvest and the amount of time the silage has been stored continually impact the
degradability of the protein. The forage portion of the silage has very little RUP, most of this
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protein is rapidly degraded in the rumen, and much of the protein that does escape rumen
degradation is not digestible in the lower tract. At harvest, the forage portion is wetter than the
grain; however, the grain will absorb moisture from the forage during storage. The grain then is
similar to very wet high moisture corn. We have measured the RUP content of high moisture
corn (Benton et al., 2005) and are in the midst of measuring this in corn that is up to 50%
moisture (Table 1). As moisture content increases and the length of the ensiling period
increases, RUP content decreases, or the protein becomes more rumen degradable. The largest
changes occur within the first 30 days of ensiling. Corn silage harvested in drought years
frequently has elevated CP content, but this is likely mostly RDP.
The other component of MP content is protein coming from microbes. Estimating MCP
requires a good knowledge of microbial growth within the rumen, and is dependent on many
interacting factors including passage rate, microbial efficiency, and rumen available energy.
Values for MCP production are primarily based on predictions by the 1996 NRC model. The
2016 NRC (now available) has made a change in how microbial efficiency is calculated. This
change notably lowers microbial efficiency and thus predicted MCP supply for growing diets.
We reported a pooled analysis of 13 growing trials (averaging 35% silage) at the 2015 Husker
Nutrition Conference. Cattle weights and gains were accurately measured in the trials. The RUP
values and digestibility of the RUP in individual ingredients were measured. Therefore, the
protein requirement of the calves is well predicted by the 1996 NRC and the RUP contribution to
the MP supply is well predicted. The question is the supply of MCP. The relationship of MP
supply to ADG is shown in Figure 1. In the 13 trial summary, the 2016 NRC estimated MP
supply to be 16% lower than the 1996 NRC. These changes do not seem realistic and could
create deficiencies when formulating rations. The microbial efficiency value is adjustable in the
2016 model and we would recommend using 11.5% for corn silage growing diets.
Research attempting to measure, model, or calculate nutrient requirements frequently
raises many questions. The protocol we use commonly is to provide increasing levels of
nutrients and measuring cattle response. A series of trials has been performed over the past 15
years measuring cattle response to protein supplementation in corn silage growing diets (Table
2). Distillers grains is an excellent source of RUP and 2 trials with 15.0% DGS in 85% corn
silage diets measured ADG of 3.62 lb (Weber et al., 2011; Hilscher et al., unpublished). This is
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improvement over a 90% corn silage, 10% soybean meal supplement diet which resulted in ADG
of 2.95 lb (Folmer et al., 2001; Felix et al., 2014). Our question then became, what is the MP
requirement of these growing steers and is the protein within the DGS being used only to meet
protein requirements or is the excess being used as energy? So far, we have conducted 2 more
studies looking at graded amounts of RUP supplementation to corn silage based diets, and have
found a linear increase in ADG with increasing supplemental RUP, up to 5.5% of diet DM
(Tables 3 and 4). A linear response with no breakpoint is not what we were expecting.
However, looking at the energetics of protein demonstrates that RUP can be used very efficiently
for energy, making it difficult to find the breakpoint between meeting protein requirements and
being used as an energy source. We have however, measured a fairly dramatic difference in
performance across the growing period, demonstrating the decreasing requirement for protein as
the calf ages (Table 4). The first 30 days of a growing period are a critical time for RUP
supplementation.
Using the 1996 NRC model to estimate supply of and requirement for protein offers some
insight. The diet containing 85% corn silage supplemented with a blend of soypass
(enzymatically browned soybean meal; 50% CP; 75% RUP as a % of CP) and Empyreal (75%
CP; 65% RUP as a % of CP; processed corn gluten meal product from Cargill corn milling,
Blair, NE) to provide 4.2% RUP (diet DM basis, from the supplement) appears to just meet the
metabolizable protein (MP) requirements of approximately 600 lb growing steers. However, we
are still measuring improvements in ADG and feed conversion beyond that level. Going a step
further and looking at individual amino acids shows a very small (less than +3 g/d) amount of
excess lysine at the highest level of RUP supplementation. Lysine is the first limiting amino acid
of corn protein (of importance in diets composed of DGS and corn silage), but a performance
trial is needed to measure the response (or lack of) to lysine supplementation. Good sources of
bypass (not degraded in the rumen) lysine are available commercially or from porcine blood
meal.
Conclusions
Harvesting and storing high quality corn silage is crucial and a main focus of today’s
conference. With high quality corn silage and a little bit of protein calves can grow at a rate
approaching 3 lb/d. Providing bypass protein (in the form of DGS) will increase that gain
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beyond 3.5 lb/d. Optimizing the blend of corn silage and DGS to reach target body weight gains
is both feasible and likely economical (see Terry Klopfenstein’s presentation).
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Table 1. Rumen undegradable protein (RUP) content (as % of CP) of ensiled corn grain at
varying moistures
NE Beef Report,
DRC
24 HMC
28 Recon
30 HMC
35 Recon
20051
0d
65.7
----28 d
-58.4
52.9
31.9
35.1
56 d
-57.0
49.0
30.8
32.4
84 d
-55.5
45.2
29.7
29.8
112 d
-54.1
41.3
28.5
27.1
140 d
-52.7
37.4
27.4
24.5
168 d
-51.3
33.6
26.3
21.8
196 d
-49.8
29.7
25.2
19.1
224 d
-48.4
25.9
24.1
16.5
252 d
-47.0
22.0
22.9
13.8
280 d
-45.5
18.1
21.8
11.2
308 d
-44.1
14.3
20.7
8.5
336 d
-42.7
-19.6
-364 d
-41.3
-18.5
-392 d
---17.3
-1
Adapted from Benton et al. (2005). Treatments include high moisture corn (HMC) and
reconstituted (Recon) corn at 24, 28, 30, and 35% moisture.

Table 2. Summary of trials feeding corn silage diets to growing cattle
% of diet DM
Reference
Silage
CP
RUP1
Initial BW, lb ADG, lb Feed:Gain
2
Folmer, 2002
90
12.4
2.89
619
2.95
6.33
Weber, 20113
85
13.0
3.69
613
3.61
5.75
Hilscher, 20164
88
13.5
5.67
597
3.43
5.35
5
Oney, 2017
85
14.9
6.87
605
3.05
5.56
1
Assuming RUP content of corn silage is 22% of CP
2
101 d trial, 128 steers fed in 16 pens
3
86 d trial, 240 steers fed in 20 pens
4
78 d trial, 60 individually fed steers (data shown are from greatest supplementation level; 12
steers)
5
83 d trial, 60 individually fed steers (data shown are from greatest supplementation level; 12
steers)
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Table 3. Effects of increasing RUP in silage based growing diets on steer performance
Treatments1
P - value
Variable
0%
2.5%
5.0%
7.5%
10%
Lin.
Quad.
Initial BW, lb
595
597
597
596
600
0.98
0.60
Ending BW, lb
791
824
855
842
868
< 0.01
0.88
ADG, lb
2.51
2.91
3.31
3.15
3.43 < 0.01
0.82
Feed:Gain
6.74
6.26
5.71
5.52
5.35 < 0.01
0.57
1
Adapted from Hilscher et al. (2016). All cattle were fed 88% corn silage with a
combination of RDP and RUP supplements to achieve either 0, 2.5, 5.0, 7.5, or 10%
supplemental RUP (% of diet DM). The RUP source was a blend of Soypass + Empyreal
in the final diet.

Table 4. Effects of increasing RUP in silage based growing diets on steer performance
Treatments1
P - value
Variable
0%
3.25%
6.5%
9.75%
13%
Lin.
Quad.
Initial BW, lb
605
606
604
608
604
0.99
0.86
d 1-37
Interim BW, lb
692
707
713
730
729
0.03
0.26
ADG, lb
2.34
2.74
2.96
3.29
3.38 < 0.01
0.06
Feed:Gain
6.45
5.62
5.24
4.83
4.48 < 0.01
0.10
d 38-83
Ending BW, lb
808
833
829
864
857
0.01
0.17
ADG, lb
2.52
2.74
2.51
2.92
2.78
0.10
0.28
Feed:Gain
6.58
6.76
7.30
6.33
6.54
0.64
0.86
1
Adapted from Oney et al. (2017). All cattle were fed 85% corn silage with a
combination of RDP and RUP supplements to achieve either 0, 3.25, 6.5, 9.75, or 13%
supplemental RUP (% of diet DM). The RUP source was a blend of Soypass + Empyreal
in the final diet.
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Metabolizable Protein Supply, g/d

Figure 1. Metabolizable protein supply as predicted by the 1996 NRC and 2016 NRC. The
dataset included 13 growing trials with an average of 35% silage inclusion, midpoint BW of
cattle averaged 253 kg.
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Introduction
Corn prices have been variable the past few years and generally more expensive. As a result, we have
initiated a few different research programs to address these needs. Early on, grain was expensive ($5/bu
or more), distillers grains (wet or modified) were relatively inexpensive as a percentage of grain price (70
to 90% on a dry-to-dry basis), and corn residue (baled stalks) were relatively inexpensive ($50 to
$70/ton). As a result, research focused on how to use more residue and distillers grains and less corn
grain. Our research for finishing cattle has focused on increasing use of corn silage as a method to
decrease corn usage. The questions were if you decrease corn inclusion, will performance be maintained
or will feed conversion get worse? Even with some depression (increase) in F:G, will cost of gain be more
competitive?
More recently, price of corn has moderated compared to historical highs ($4/bu), price of distillers grains
has increased relative to corn (90 to 120% price of corn, depending on location and timing), and residue
has stayed relatively constant in price ($50-$70/ton). As a result, things are different.
Our assessment is that each crop year may be different and appears to impact the optimum approach for
feeders. Having research that “applies” to these various scenarios is helpful for sound decision making.
Of course, the breakeven on cattle is impacted the most by purchase price of incoming feeder cattle for
feedlots. Given current industry statistics, tight cattle supplies will be the economic driver in the near
future. This situation of tight cattle supplies and expensive feeders doesn’t diminish the importance of
feed costs, in fact, the current situation suggests feed costs may be more critical than in the past due to the
large investments now required to buy and finish cattle. These issues will all change again soon.

Corn silage inclusion
With increase price of corn grain, corn silage may be a more economical feed to replace a portion of the
corn grain in beef finishing diets. Research 40 years ago focused on the impact of different corn silage to
corn grain ratios. It was not uncommon in that time period to finish cattle on corn silage-based diets. A
summary done by the University of Minnesota suggested that silage could be fed at 40 to 60% inclusion
and still be economical, although feed conversion was poorer (i.e., elevated).
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With the increased usage of distillers grains, our questions were whether this research area needed to be
revisited. Three feedlot experiments have focused on feeding elevated amounts of corn silage (varying) in
diets with distillers grains (varying). In the first experiment, we fed 15, 30, 45 or 55% corn silage with
diets that contained 40% distillers grains and two additional diets with 45% corn silage and no distillers
and 30% corn silage with 65% MDGS (Burken et al., 2013a). As corn silage increased in the diet within
diets containing 40% MDGS, ADG decreased linearly and F:G increases linearly (Table 1). Within diets
containing 45% silage, feeding 40% MDGS resulted in better ADG and F:G compared to feeding corn as
you would expect. We concluded that feeding more (i.e., 30 to 45%) than traditional amounts of silage
(i.e., 15%) may be economical (Burken et al., 2013b) despite slightly lower ADG and poorer F:G. This
study design does not really answer though whether feeding greater amounts of silage works better today
(with distillers in the diet) compared to historical data.
Two additional experiments were conducted with exactly the same treatment design. The first one was
with fall yearlings that were large when they started and fed during poor weather (cold and wet; Burken et
al., 2014). The second experiment was conducted over the summer with summer-fed yearlings (Burken et
al., 2015). The treatment design was five treatments designed as a 2×2 plus 1 factorial. We fed either 15
or 45% corn silage in diets with either 20 or 40% corn silage along with a control diet that contained 40%
MDGS and 5% corn stalks. In the first experiment, cattle fed the control performed similarly to the 40%
MDGS with 15% corn silage suggesting the roughage source (stalks or silage) did not impact
performance (Table 2). Feeding 45% silage decreased ADG and increased F:G compared to feeding 15%.
However, the change in ADG and F:G was less when diets contained 40% MDGS as compared to 20%
inclusion of MDGS.
In the second experiment with the same design, steers fed the control diet had numerically lower ADG
and greater F:G compared to cattle fed 15% silage along with 40% MDGS suggesting that stalks were not
as good of a roughage source as the corn silage. Steers fed 45% silage ate more than cattle fed 15% silage
(Table 3) regardless of MDGS inclusion. Steers also gained less when fed 45% silage at both inclusions
of MDGS as compared to 15% silage and so F:G was greater or poorer when silage was increased.
However, no interaction was observed between silage inclusion and MDGS inclusion. Feeding 45% corn
silage with 40% MDGS increased F:G by 5.4% compared to 15% silage in diets with 20% MDGS.
Feeding 45% corn silage with 20% MDGS increased F:G by 5.9% compared to 15% silage, or about the
same amount.
Should feeders use more than 15% corn silage to replace expensive grain? The answer to this question
depends on economics. Much of the previous work on feeding silage used incorrect economics, including
some of our own work. How silage is priced relative to corn grain is quite complex and will be discussed
(see Klopfenstein paper below). The data suggest that shrink and applying nutrients back onto silage acres
dramatically affects the economic outcomes for silage. But if manure is accounted for correctly and shrink
is well managed (less than 15%), then feeding elevated amounts of silage (i.e., greater than 15%, perhaps
30 to 40% inclusion) is economical, especially for a farmer feeder.
Corn silage traits
I conducted a literature search for silage hybrid and beef cattle, as well as searches on kernel processing
and silage. Of the first 80 articles that I evaluated (I did not go through the 20,800 results obtained in 0.7
seconds), 3 were focused on beef cattle and over 60 focused on dairy with the rest either agronomic focus,
or nonsensical. Silage is well researched in dairy cattle nutrition, and less researched for beef cattle. This
approach is somewhat logical if evaluating silage for finishing cattle as silage inclusion in diets is
relatively low (traditionally less than 15%). However, for elevated inclusions in finishing diets and for
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growing programs where silages comprise the majority of the diet, research on different silage production
methods, hybrids, kernel processing, storage methods, etc. are warranted and needed.
The dairy nutrition literature may not apply to beef cattle responses in many cases. The dairy cow is
consuming very large amounts of feed (50 lb of DM or more). The passage rate is very high in dairy cows
which can limit ruminal digestibility if particle size or grain processing is not optimized. Beef cattle will
consume 50% or less of DM compared to dairy cows, which leads to much slower passage rates. These
inherent differences may interact with the responses commonly observed in the dairy literature. The best
example is grain processing. Finely ground dry corn has been shown to improve starch digestion in dairy
cows, yet lead to acidosis and no production improvements in finishing beef cattle. The different response
is presumably due to passage rate differences. With that said, here are some general statements related to
corn silage traits.
1. Genetically enhanced hybrids (GMO) for agronomic traits such as herbicide tolerance or Bt
tolerance that have been evaluated show clearly nutritional equivalence and no impact on
performance or digestibility (Folmer et al., 2002, Vander Pol et al., 2005; Erickson et al., 2003;
Grant et al., 2003).
2. Data on kernel processing of silage that has been fed to beef cattle are very limited. Numerous
evaluations, including meta-analyses (Ferraretto and Shaver, 2012), have been conducted with
dairy cattle (Johnson et al., 2002; Ebling and Kung, 2004). In general, kernel processing shows
positive attributes for ruminal starch digestion and digestibility in general, but not greater milk
yield, especially fat corrected (Ferraretto and Shaver, 2012).
3. Harvest maturity has been evaluated for impact in dairy cattle (Wiersma et al., 1993; Filya, 2004;
Der Bedrosian et al.,2011; Johnson et al., 2002; Ferraretto and Shaver, 2012), and some for beef
cattle (Andrae et al., 2001).
4. Hybrids and hybrid trait differences (endosperm traits and bmr traits) have been fairly well
researched in dairy cattle (Ebling and Kung, 2004; numerous others), and some in beef cattle
(Keith et al., 1981; Tjardes et al., 2000).
Harvest timing
Challenges for many producers is targeting the correct harvest window and accurately predicting whole
plant silage DM at harvest. Challenges include equipment and time for the accurate harvest window,
weather conditions at harvest (too wet, or quick drying conditions in the late summer), and custom
harvester availability during silage harvest windows. What may be most critical are the moisture/DM
contents at harvest to ensure optimum feeding. As Jim MacDonald’s paper eludes to, we recently
evaluated ensiling and feeding dryer silage to see if allowing for more grain (i.e., harvesting silage later at
a greater DM) would improve performance when fed to both growing and finishing cattle.
Silage was harvested at either 37 or 43% DM and ensiled in silo bags. Fermentation was good in both
cases based on different organic acids and pH (Table 4). While comparisons cannot be made statistically,
the dryer silage had less NDF/ADF and more starch. The two silages were fed to either growing cattle
(Hilscher et al., 2016a) or to finishing cattle (Hilscher et al., 2016b). Steers fed 88% corn silage-based
growing diets with either DM of silage ate the same, but steers fed 37% DM silage had greater ADG and
lower (better) F:G compared to steers fed dryer silage (Table 5). This was surprising as we hypothesized
that with more starch and less fiber, the dryer silage would improve gain and efficiency. These same
silages were fed to finishing steers at either 15 or 45% of the diet. No interactions were observed between
silage inclusion and silage DM (Table 6). For finishing cattle fed either 15 or 45% silage, the DM of the
silage did not impact DMI, ADG, or F:G (or any carcass characteristics). As expected and presented
earlier, feeding 45% silage decreased ADG and increased F:G compared to feeding 15% silage (on a
carcass-adjusted basis). Harvesting silage later (dryer) improves total yield and does impact nutrient
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characteristics of the silage, but appeared to not impact performance of finishing cattle and actually
resulted in slightly poorer performance of growing steers fed 88% silage-based growing diets. Similar
research has been observed in dairy cattle (Wiersma et al., 1993; Filya, 2004; Der Bedrosian et al.,2011;
Johnson et al., 2002; Ferraretto and Shaver, 2012). Ferraretto and Shaver (2012) concluded from their
meta-analysis that digestibility of corn silage (starch, fiber, and OM) was generally greatest with silages
with DM between 36.1 and 40.0, which also had similar milk yield to silages fed with DM between 32
and 36. Once silage was greater than 40% DM, milk yield was lowered compared to wetter silages,
despite total tract digestibility being greater for dryer silage. Based on the literature and our research with
growing and finishing cattle, we suggest targeting a DM for silage between 36 and 40. Our experience is
that most producers start a bit too wet or are forced to start too early due to weather, equipment
availability, timing, etc. Waiting until silage is a bit dryer than traditional start times appears to enhance
total yield and results in less grain yield “drag” compared to corn grain yield at maturity (i.e., black layer).
The greatest challenge is still predicting whole plant silage DM while the crop is standing in the field.
While grain filling markers are useful (milkline), there is still considerable variation in whole plant DM at
similar milkline. Wiersma et al. (1993) observed up to 7 percentage unit differences in DM concentration
across years and across hybrids at the same kernel milkline. I agree with their conclusion though that no
other useful measures are available yet today as an alternative predictor of silage DM.
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Table 1. Effect of corn silage and MDGS inclusion on cattle performance and carcass characteristics (Burken et al., 2013a).
Treatment1
P-value2
15:40
30:40
45:40
55:40
30:65
45:0
Lin. Quad. 30
45
DMI, lb/day
23.15
22.77
22.70
21.92
21.66
22.26
0.01 0.45
0.01
0.30
3
ADG, lb
4.04
3.92
3.76
3.53
3.62
3.55
<0.01 0.19 <0.01
0.02
Feed:Gain
5.73
5.81
6.03
6.21
5.98
6.28
<0.01 0.33
0.12
0.04
th
12 -rib fat, in
0.55
0.53
0.52
0.43
0.50
0.49
<0.01 0.09
0.29
0.29
Marbling Score4
556
557
543
532
547
539
0.13 0.52
0.55
0.85
1
15:40= 15% Corn Silage, 40% MDGS; 30:40= 30% Corn Silage, 40% MDGS; 45:40= 45% Corn Silage, 40% MDGS; 55:40= 55%
Corn Silage, 40% MDGS; 30:65= 30% Corn Silage, 65% MDGS; 45:0= 45% Corn Silage, 0% MDGS.
2
Lin. = P-value for the linear response to corn silage inclusion, Quad.= P-value for the quadratic response to corn silage inclusion, 30 =
t-test comparison of treatments 30:40 and 30:65, 45 = t-test comparison of treatments 45:40 and 45:0.
3
Calculated from hot carcass weight, adjusted to a common 63% dressing percentage.
4
Marbling Score: 400=Slight00, 500=Small00.

Table 2. Effect of corn silage and MDGS inclusion on cattle performance and carcass characteristics with large yearlings
(Burken et al., 2014).
Treatment1
P-value2
Control
15:20
15:40
45:20
45:40
F-test
Int. Silage MDGS
DMI, lb/day
29.1
29.5
28.7
29.5
29.8
0.48 0.24
0.34
0.47
ADG, lb3
3.70ab
3.95a
3.64b
3.44b
3.62b
0.09 0.08
0.06
0.59
Feed:Gain3
7.87ab
7.46a
7.87ab
8.55c
8.20bc
0.01 0.08 <0.01
0.71
HCW, lb
864
877
858
849
858
0.12 0.09
0.08
0.57
12th-rib fat, in
0.47
0.47
0.50
0.47
0.48
0.65 0.82
0.65
0.20
4
b
a
b
b
b
Marbling Score
540
583
548
554
532
0.03 0.54
0.05
0.02
1
15:20 = 15% Corn Silage, 20% MDGS; 15:40 = 15% Corn Silage, 40% MDGS; 45:20 = 45% Corn Silage, 20% MDGS; 45:40 =
45% Corn Silage, 40% MDGS
2
F-test= P-value for the overall F-test of all diets. Int. = P-value for the interaction of corn silage X MDGS. Silage = P-value for the
main effect of corn silage inclusion. MDGS = P-value for the main effect of MDGS inclusion.
3
Calculated from hot carcass weight, adjusted to a common 62% dressing percentage.
4
Marbling Score: 400=Slight00, 500=Small00.
abcd
Within a row, values lacking common superscripts differ (P < 0.10).
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Table 3. Effect of corn silage and MDGS inclusion on cattle performance and carcass characteristics with summer yearlings
(Burken et al., 2015).
Treatment1
P-value2
Control
15:20
15:40
45:20
45:40
F-test
Int.
Silage MDGS
Performance
DMI, lb/day
27.6
26.5
26.8
27.3
27.1
0.13 0.41
0.08
0.86
ADG, lb3
4.69
4.62
4.79
4.54
4.58
0.11 0.19
0.01
0.06
Feed:Gain3
5.88bc
5.71ab
5.59a
6.02c
5.92c
<0.01 0.63
<0.01
0.09
Carcass Characteristics
HCW, lb
893
887
898
879
882
0.18 0.41
0.02
0.13
2
LM area, in
13.2
13.2
13.1
13.2
12.8
0.62 0.39
0.38
0.16
12th-rib fat, in
0.66
0.64
0.70
0.64
0.64
0.43 0.27
0.24
0.26
Calculated YG
3.83
3.75
3.98
3.71
3.85
0.54 0.66
0.44
0.10
Marbling Score4
450
437
459
454
431
0.74 0.12
0.72
0.98
1
15:20 = 15% Corn Silage, 20% MDGS; 15:40 = 15% Corn Silage, 40% MDGS; 45:20 = 45% Corn Silage, 20% MDGS; 45:40 =
45% Corn Silage, 40% MDGS
2
F-test= P-value for the overall F-test of all diets. Int. = P-value for the interaction of corn silage X MDGS. Silage = P-value for the
main effect of corn silage inclusion. MDGS = P-value for the main effect of MDGS inclusion.
3
Calculated from hot carcass weight, adjusted to a common 63% dressing percentage.
4
Marbling Score: 400=Slight00, 500=Small00.
abcd
Within a row, values lacking common superscripts differ (P < 0.10).
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Table 4. Nutrient and fermentation analysis of 37 and 43 % DM silage
37 DM
Item
DM2
CP
NDF, %
ADF, %
Starch, %
Sugar, %
pH
Lactic acid, %
Acetic acid, %
Propionic acid, %
Butyric acid, %
Total acids, %

Mean
37.3
7.51
31.55
21.38
35.4
2.6
3.88
3.11
3.98
0.51
< 0.01
7.61

43 DM
1

C.V.
(3.2)
(3.6)
(17.5)
(15.8)
(16.7)
(19.6)
(1.3)
(26.9)
(21.5)
(26.8)
(0.0)
(10.5)

Mean
42.7
7.50
28.88
18.63
40.8
2.5
3.85
4.14
2.81
0.28
< 0.01
7.22

C.V.1
(3.9)
(1.2)
(5.7)
(17.9)
(5.0)
(8.7)
(1.5)
(28.1)
(27.1)
(54.3)
(0.0)
(3.3)

1. C.V. = coefficient of variation and is calculated by dividing the standard deviation by the mean and is
expressed as a percentage.
2. DM was calculated using weekly samples and oven dried for 48 h at 600 C.
3. All other samples are based on monthly composites, and analyzed at Dairyland Labs (St. Cloud, MN)
and Ward Labs ( Kearney, NE).

Table 5. Effects of delayed silage harvest on growing steer performance
Treatments1
Item

37% DM

43% DM

SEM

P - value

Initial BW, lb

597

597

3.8

0.92

Ending BW, lb

846

826

6.7

0.04

0.3

0.93
0.01

DMI, lb/d

18.0

ADG, lb
Feed:Gain
1
2

2

17.9

3.19

2.93

0.07

5.63

6.11

-

Treatments: steers were fed 88% of either 37 or 43% DM corn silage.
Analyzed as gain:feed, the reciprocal of F:G.

<0.01
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Table 6. The effects of delayed silage harvest and increased inclusion of silage on feedlot performance and carcass
characteristics of yearling steers
Treatments1
Variable
Feedlot performance
Initial BW, lb
Final BW5, lb
DMI, lb/d
ADG, lb
Feed:Gain6
Live Final BW, lb
Carcass characteristics
HCW, lb
Dressing percentage, %
LM area, in2
12th-rib fat, in
Marbling score7
a,b,c

15 % corn silage
37% DM
43% DM

45% corn silage
37% DM
43% DM

SEM

938
1353
27.8
3.89
7.16
1393

942
1375
29.0
4.05
7.15
1425

938
1325
28.7
3.61
7.96
1387

942
1334
29.6
3.69
8.02
1405

1.1
17.4
0.8
0.21
24.4

853
61.1
13.07
0.52
516

866
60.8
12.81
0.55
498

835
60.2
13.14
0.51
491

841
59.8
12.92
0.51
493

14.5
0.56
0.21
0.04
21.4

P-value
Inclu3

DM4

0.77
0.69
0.77
0.75
0.76
0.75

0.87
0.04
0.17
0.04
<0.01
0.54

< 0.01
0.49
0.19
0.55
0.94
0.41

0.69
0.93
0.86
0.51
0.49

0.04
0.06
0.54
0.28
0.31

0.49
0.62
0.23
0.65
0.70

Int.

2

Means with different superscripts differ (P < 0.05).
Treatments: 15% silage 37 % DM = 15% inclusion of 37% DM silage, 15% silage 43% DM = 15 % inclusion of 43 % DM silage, 45% silage 37% DM = 45 % inclusion of
37% DM silage, 45% silage 43% DM = 45 % inclusion of 43% DM silage; all diets contained 40% MDGS
2.
Silage inclusion X Silage DM interaction
3.
Main effect of silage inclusion comparing 15 and 45% of diet DM
4.
Main effect of silage DM comparing 37 and 43% DM silage
5.
Final BW calculated based on HCW / common dressing percent of 63%
6.
F:G was analyzed as gain to feed.
7.
00
00
Marbling score 400 = small , 500 = modest
1.
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Economics of silage use and proper pricing
Terry Klopfenstein and Henry Hilscher
Introduction
It all depends. I am often frustrated with that answer to a question because it
seems like a hedge (don’t really know the answer). In the case of economics of
silage, it really all depends. Our objective is to try to put some numbers on
some of those “all depends”.
Four trial summary
We have conducted 4 finishing experiments where corn silage was fed at 15%
of diet dry matter to supply roughage (about 7.5%) versus silage fed at 45%. The data are summarized
in table 1. We adjusted the days on feed to achieve the same total gain. The cattle fed 45% silage
gained slower and less efficiently and took more days and more feed. These data are used for the
economic calculations.
Silage price
Silage is priced based on the value of the corn grain in the field (table 2). Corn price increases from
harvest to the following summer and is roughly equivalent to storage costs. For the following
calculations, we are using the fall futures price minus the basis ($3.43/bu). The net in the field is $2.96
which prices the silage at $25.33/ton of 38% dm silage.
Manure value
Typically the value of the plant nutrients in the forage part of the silage is added to the price of the
silage. However, manure nutrients are produced when the silage is fed. Logically, those nutrients are
spread back on the field the silage was removed from. Table 3 shows the amount of N and P in manure
from a finishing diet. The manure amounts are calculated using the summary in table 1 and Erickson et
al (2000).
Finishing economics
Silage is priced at $25.33/ton in the field (table 4). Four scenarios are presented accounting for the
manure credit and storage losses. The price of the silage into the feed trucks varied from 52% the price
of corn to 80.4%. Accounting for the manure nutrients has a large effect on the cost of the silage.
In table 5 we have calculated the breakeven for the 45% silage diet compared to the 15% silage diet.
Corn is priced at $3.67/bu which is the average for the year based on half the $.047 increase from the
fall harvest time period. On the 15% silage diet, the cost for 537 lb. gain was $347. The silage would
need to be priced into the feed truck at 79.7% the price of corn to break even.
Options for manure credit
When credit is given for the manure nutrients, the price of silage is 52 to 55% the price of corn so silage
would be very economical. However, the manure credit includes P at about 4 times the level needed for
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annual plant growth. The three options to accommodate the P are shown in table 6. Rotating fields
each of the 4 years is most economical.
Silage in growing diets
Fewer manure nutrients are produced from the growing diet because most are from the silage (table 7).
Silage priced to the feed truck is 71 to 75% that of corn depending upon the amount of shrink (table 8).
Table 9 reflects the economics using the data from the recent growing experiment by H. Hilscher (table
9). Cost of gain was $.50/lb. with 10% shrink and $0.52 at 15% shrink.
We do not have a control for the growing performance as we do for the finishing 4 trial summary.
Therefore, for comparative purposes we have calculated the cost per lb. of TDN for several feedstuffs
(table 10). Because the DGS has 130% the energy of corn in growing diets (Ahern et al, 2015) It is the
least expensive source of energy when priced equal to corn per lb. dm. Corn silage is 83 to 88% the
price of corn. This suggests corn silage supplemented with DGS is an economical way to grow calves in
the feedlot.
Conclusions
So it all depends. For finishing cattle, there are two important issues. Manure credit and silage shrink.
It seems that silage with DGS is a very economical way to grow cattle in the feedyard and shrink is the
most important issue.
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Initial wt
Final wt
DOF
DMI, lb.
ADG
F:G

Table 1: Four Trial Summary
Corn Silage
15%
866
1403
136
26.68
4.02
6.64

Table 2: Corn Price in Field
●

Corn price ↑ fall to summer= $.47/bu (10 year average)

●

Corn price increase ≈ storage cost

●

Fall basis, Eastern NE ≈ $.39/bu

●

Therefore, current cash for October = $3.43/bu

●

Harvest, haul, dry, loss ≈ $.47/bu

●

Net in field = $2.96

●

225 bu yield = $666/ac, 5.32 tons dm

●

10.64 ton dm silage at 42% dm (black layer)

●

10 ton dm at 38% dm (6% yield drag)

●

$25.33/ton 38% dm silage in field

45%
866
1403
141
27.10
3.81
7.11
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DMI, lb.
OMI, lb.
Forage (silage)OMI
Silage DMI, lb. (ton)
Manure, tons
N excreted, lb.
N manure, lb. (ton sil)
P excreted, lb.
P manure, lb. (ton sil)

Table 3: Manure from 45% Silage Diet1
45% Silage
3821
3608
812
1719 (.86)
1.88 (.879)2
96
48 (21.2)3
16.8
15.1 (6.68)3

1

45% corn silage, 40% DGS, 15% corn
tons/ton 38 dm silage
3
lb/ton 38% dm silage
2

Table 4: Finisher Economics
±Manure
Silage price in field
Residue fertilizer value
Manure fertilizer value
Net Silage Price in field
Manure spread cost
Harvest, haul, pack
Storage
Net Silage price to feedyard
10% Shrink
15% Shrink
10% Shrink, no manure value
15% Shrink, no manure value
1
2

$25.33/ton
$+1.93
$-14.53
$12.73
$2.00
$11.00
$2.00
$27.73
$30.81 (52%)2
$32.62 (55%)2
$44.73 (76%)2
$47.36 (80.4%)2

Replacing plant nutrients in silage with manure 1 year in 4
Percentage of corn prices

Manure1
$25.33
$+1.93
$-3.63
$23.63
$.50
$11.00
$2.00
$37.13
$41.26 (70%)2
$43.68 (74%)2
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Table 5: Finisher Economics
Corn price $3.67/bu (year average)
●

15% silage diet cost = $150/ton dm

●

$2/day plus $.55 yardage and interest

●

$347 cost, 537 lb. gain

●

45% silage diet
Breakeven = $124/ton dm
Breakeven = $47/ton 38% dm
Breakeven = 79.7% corn

Table 6: Options for Manure Credit
●

Rotate silage fields every 4 years to distribute P
Increased hauling distance for silage?
Full credit for manure
Silage cost 52-55% corn price

●

Spread manure 1 year in 4 to only replace silage removal of P
One fourth credit for manure
One fourth hauling expense
Silage cost 70 to 74% corn price

●

Spread manure annually
One fourth credit for manure
Hauling expense ≈ manure credit
Silage cost 76 to 80.4% corn price
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DMI, lb.
OMI, lb.
Forage (silage)OMI
Silage DMI, lb. (ton)
Manure, tons
N excreted, lb.
N manure, lb. (ton sil)
P excreted, lb.
P manure, lb. (ton sil)

Table 7: Manure from 80% Silage Diet1
80% Silage
1611
1510
604
1289 (.644)
0.96 (0.566)2
27
13.5 (8.0)3
4.4
4.2 (2.5)3

1

80% corn silage, 15% DGS, 5% corn base sup
tons/ton 38 dm silage
3
lb./ton 38% dm silage
2

Table 8: Grower Economics
Silage price in field
Residue fertilizer value
Manure fertilizer value
Net Silage Price in field
Manure spread cost
Harvest, haul, pack
Storage
Net Silage price to feedlot
10% Shrink
15% Shrink
1

Percentage of corn price

$25.33/ton
$+1.93
$-5.47
$21.79
$2.83
$11.00
$2.00
$37.62
$41.80 (71%)1
$44.26 (75%)1
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Table 9: Grower Economics
●

275 lb. gain

●

DMI, lb. 1611

●

Diet cost (10% shrink) $119/ton

●

Diet plus yardage plus interest $137.80

●

Cost of gain = $.50/lb.

●

15% shrink, cost of gain = $.52/lb.

Silage, 10% loss
Silage, 15% loss
Corn grain ($3.67/bu (.0776)

DGS (=corn)
Hay ($70/ton)
Hay ($80/ton)

Table 10: Cost/Unit TDN (Grower)
$.0775/lb. TDN
$.0820/lb. TDN
$.0935/lb. TDN
$.0719/lb. TDN
$.0859/lb. TDN
$.0960/lb. TDN
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NOTES
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NOTES

64

NOTES

