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ABSTRACT

Although the concept of ensiling large-round or
large-square bales dates back to the late 1970s, many
refinements have been made to both equipment and
management since that time, resulting in much greater
acceptance by small or mid-sized dairy or beef produc-
ers. This silage preservation technique is attractive to
producers for several reasons, but the primary advan-
tage is a reduced risk of weather damage to valuable
forage crops compared with preservation as dry hay.
Most core principles for making high-quality precision-
chopped silages also apply to baled silages; among these,
establishing and subsequently maintaining anaerobiosis
are priorities. For baled silages, these priorities are
critical, in part because recommended moisture con-
centrations (45 to 55%) are drier, and particle length is
much longer. These factors act to restrict the rate and
extent of silage fermentation, often resulting in less pro-
duction of desirable fermentation acids and a greater
(less acidic) final pH. Within this context, preservation
of baled silages can be improved by applying polyeth-
ylene (PE) film wraps promptly, using an appropriate
number of PE film layers (6 to 8), selecting a storage
site free of sharp objects or other debris, and by moni-
toring wrapped bales closely for evidence of puncture,
particularly by birds or vermin. Under certain condi-
tions, such as those in which the bale moisture of highly
buffered forages exceeds the recommended range, the
heterogeneous nature of baled silages coupled with a
restricted rate and extent of fermentation may increase
susceptibility to clostridial activity compared with pre-
cision-chopped forages ensiled at comparable moisture
concentrations. To date, research evaluating inoculants
or other additives designed to improve the fermenta-
tion of challenging forages or aerobic stability has been
limited, but should not be discontinued. Development
of PE film embedded with an oxygen-limiting barrier
has yielded positive results in some trials; however,
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most differences between these novel formulations and
reputable commercial PE film have been related to de-
creases in yeast and mold counts at the surface layer.
Related assessments of fermentation or nutritive value
determined on a whole-bale basis have been less con-
clusive. Baled silages can be produced successfully by
adhering to straightforward management principles; as
such, this form of silage production is likely to remain
popular for the foreseeable future.
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silage, fermentation, polyethylene silage wrap

baled

INTRODUCTION
General Comments

Brief Historical Perspective. Although the con-
cept of ensiling large-round or large-square bales dates
back to the late 1970s (Savoie and Jofriet, 2003), many
refinements have been made to the process since that
time with respect to both equipment and management,
resulting in much greater acceptance by forage produc-
ers, especially for use on small and mid-sized dairy or
beef operations. Most core principles for making, and
then preserving, high-quality precision-chopped silages
also apply to baled silages. Most prominent among these
are the establishment and subsequent maintenance of
anaerobiosis within the silo or silage bale. Originally,
this critical management requirement was the Achilles
heel of the baled silage preservation method as produc-
ers often struggled with preformed silage bags that fit
over the bale, and needed to be tied by hand to establish
a seal that initiated oxygen depletion. McDonald et al.
(1991) summarized some early history of baled silages,
noting that an increased incidence of listeriosis was
observed in sheep that coincided with the introduction
of baled silage in Europe. Continuing that discussion,
it also was noted that a slow infusion of oxygen into
the silage bale, potentially facilitated by hand-tying a
preformed bag, created favorable conditions for Listeria
to proliferate. In addition, any holes made in preformed
bags by birds or vermin caused the bag to billow in the
wind, thereby flushing the silage bale with oxygen. Over
time, producers have migrated away from preformed
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silage bags, and now use mechanized wrapping systems
that apply multiple layers of stretch polyethylene (PE)
film to seal each bale; however, these changes were not
without problems, particularly those related to films
of poor quality that often compromised the integrity
of the anaerobic silo environment, resulting in large
DM and nutritional quality losses (Savoie and Jofriet,
2003). Today, most of these issues have been resolved,
and baled silage has gained wide acceptance with dairy
and beef producers. Currently, bale-wrapping systems
generally are of 2 types: (1) individual, in which each
bale is wrapped as a completely sealed, stand-alone unit
or silo; or (2) in-line, where bales are positioned end to
end with PE-film wrap applied around the circumfer-
ential surface of large-round bales. Individual wrapping
systems offer advantages with respect to flexibility, and
potential for marketing because the PE film does not
need to be removed to transport the silage bales. In-line
systems offer advantages of increased efficiency, less
film usage per bale, and essentially limitless capacity
because a row of silage bales can be extended to virtu-
ally any length. In-line systems generally work better
when feeding occurs on the same farm where bales are
stored because the PE-film wrap needs to be cut to
free bales for feeding, thereby flushing the exposed bale
with oxygen and complicating the potential for market-
ing the forage as a cash crop.

Advantages and Disadvantages. Almost a
quarter-century ago, numerous potential advantages
of baled silage preservation techniques compared with
conventional dry hay or precision-chopped silages were
recognized (Vough and Glick, 1993). These advantages
largely remain relevant today, and include (1) reduced
risks of weather damage compared with a dry hay sys-
tem; (2) increased management flexibility because the
same equipment can be used for both dry hay or baled
silage; (3) lower fixed and operating costs because less
specialized equipment and no storage structures are
required; (4) reduced field losses (especially legume
leaves) compared with dry hay; (5) theoretically lim-
itless storage capacity without additional investment,
provided the integrity of plastic wraps is maintained;
(6) little potential for effluent compared with chopped
silages; and (7) increased flexibility with respect to
feeding options. Concurrently, several disadvantages
are associated with baled silages, also noted by Vough
and Glick (1993), that can be condensed to about 3
major themes: (1) fermentation is inherently restricted,
resulting in a less stable final silage product, often con-
taining greater concentrations of unfermented sugars;
(2) as a result of restricted fermentation, an acceptable
final silage product is critically dependent on maintain-
ing the integrity of the PE film and the anaerobic envi-
ronment within the sealed bale; and (3) silage PE films
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represent additional cost, and they continue to present
a disposal problem for producers after feeding. The
objectives of this review are to discuss comprehensively
the improvements to our understanding of baled silage
management occurring over the last 2 decades, and
then hypothesize what specific unresolved problems are
worthy of continued present and future research.

Comparisons of Baled Silages with Dry Hay

One of the most compelling advantages of making
baled silages compared with dry hay is that less wilting
time is required before baling, thereby reducing risks of
damage from inclement weather. However, there have
been relatively few direct comparisons of hay and baled
silage produced from the same forage source. Two fac-
tors related to hay storage further complicate interpre-
tation; hay stored outdoors has potential for weathering
(Collins et al., 1995), and moist hay packages are prone
to heat spontaneously (Rotz and Muck, 1994). Both of
these factors might further erode the nutritive value
of hays beyond the simple risk of rain damage during
the (pre-baling) wilting period. Hancock and Collins
(2006) conducted 2 trials comparing alfalfa (Medicago
sativa L.) forage preserved as baled silage with dry
hay that was stored outdoors for approximately 5 mo.
These trials not only illustrate advantages of baled
silages over hays (Figure 1), but also the confounding
issues associated with any direct comparison of the 2
preservation types. Dry hays produced from both trials
incurred about 5 mo of weathering, and also at least
modest spontaneous heating, resulting in internal bale
temperatures in both trials that exceeded 45°C. In ad-
dition, multiple rainfall events occurred in trial 2 before
the alfalfa forage was wilted adequately to bale as dry
hay; in contrast, baled silages were not affected because
they were baled and wrapped before the rainfall events
occurred. The additional rain damage incurred during
production of dry hay during trial 2 resulted in greater
concentrations of NDF and ADL on a pre-storage basis
for dry hay compared with baled silages. In contrast
to dry hays, changes in concentrations of NDF and
ADL during storage for baled silages were relatively
minor, and likely reflected only modest and largely
unavoidable respiratory losses that occurred as oxygen
was depleted from the bale following application of the
PE-film wrap.

Similar results were observed by Han et al. (2004);
in vitro DM disappearance was lower for dry hays
compared with baled silages (mean = 55.3% moisture)
on both a prestorage (53.7 vs. 61.8%) and poststorage
(51.3 vs. 65.5%) basis. This was largely attributed to
leaf shatter caused by the low-moisture concentration
of the hay at baling (9.8%). Furthermore, after offering
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these conserved forages to 340-kg Angus steers, greater
voluntary DMI were observed for the baled silages com-
pared with dry hay (2.07 vs. 1.75% BW). A similar
response was observed for total-tract DM digestibility
(62.9 vs. 59.2%), but intakes of digestible DM and
NDF, as well as total-tract digestibility of NDF, did
not differ statistically between conservation types.

A similar study (Burns and Fisher, 2012) that com-
pared big bluestem (Andropogon gerardi Vitman) hay
and baled silages (direct cut or wilted) found no dif-
ferences between preserved forage types with respect
to poststorage concentrations of in vitro true digest-
ibility, CP, and fiber components. However, when these
preserved forages were offered to Angus steers (256 +
18 kg), voluntary DMI tended to be greater for baled
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Figure 1. Concentrations of NDF (top) and ADL (bottom) for 2
trials in which alfalfa forage from the same source was preserved as
baled silage wrapped in 4 or 6 layers of polyethylene film or dry hay.
For trial 2, multiple rainfall events occurred before alfalfa forage could
be baled as dry hay. Data are averaged over several treatment factors
and adapted from Hancock and Collins (2006).
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silages (1.72 vs. 1.52% BW), but total-tract digestibili-
ties of DM and fiber components were greater for the
dry hays, thereby resulting in no differences between
conservation types with respect to digestible intakes of
DM and fiber.

Beck et al. (2009) evaluated wheat forages harvested
at either the boot or dough stage of maturity and pre-
served as either hay or baled silage when offered in a
series of trials to Angus beef steers (~200 kg). Forage
maturity and preservation method did not affect ADG
when wheat forages comprised either 20 or 40% of diet.
Voluntary intakes of DM by steers were greater for hay
compared with baled-silage diets when wheat forage
comprised 40% of the total diet (3.10 vs. 2.77% of BW),
and a similar relationship between conservation treat-
ments was observed for total-tract digestibility of NDF
(71.9 vs. 67.3% of NDF), as well as a tendency for
greater total-tract digestibility of DM (73.5 vs. 71.1%
of DM). When wheat forage comprised 40% of the diet,
steers offered baled silage tended to exhibit greater feed
efficiency than those offered hay (0.27 vs. 0.24 kg/kg;
gain/feed).

Other studies (McCormick et al., 1998; Borreani et
al., 2007) compared lactation responses for baled si-
lages and dry hays, but neither attempted simultane-
ous conservation because weather (wilting) conditions
were deemed too erratic for baling dry hay. As a result,
production of dry hay was delayed several weeks until
weather conditions were more reliable, resulting in dry
hays of poorer nutritive value, as well as greater reli-
ance on concentrates to meet the energy requirements
of lactating cows. McCormick et al. (1998) compared
annual ryegrass (Lolium multiflorum 1.) forage har-
vested as either hay, precision-cut silage, or baled silage
and found poorer forage intakes for lactating cows of-
fered baled silage (7.9 kg of DM) or hay (7.8 kg of DM)
compared with precision-cut silage (9.2 kg of DM).
These differences were attributed to the longer particle
length of baled silage and dry hay, thereby reducing
the rate of passage and restricting voluntary intake.
No significant differences in milk yield or composition
were observed in comparisons of baled silage and hay,
but cows offered hay consumed an additional 1.5 kg/d
of concentrate. For cows receiving hay, the concentrate
mix also was fortified with a greater concentration of
CP to compensate for the lower nutritive value of the
hay. As a result, feed efficiencies were greater for cows
consuming baled silages (1.61 vs. 1.43 kg of FCM /kg of
DMI). In a similar comparison, Borreani et al. (2007)
offered grass from permanent alpine meadows preserved
as dry hay or baled silage to lactating cows in Italy.
Because dry hay was harvested later at poorer quality,
cows fed baled silage produced greater milk yield, while
consuming 1.6 kg/d less concentrate than cows fed the
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dry-hay diet. These studies illustrate a primary ad-
vantage of baled silages over dry hay in regions where
wilting conditions are unreliable, particularly during
spring or early summer. Normally, baled silages can
be harvested at less mature growth stages that require
shorter wilting times, potentially resulting in better
nutritive value, and less reliance on concentrate feeds
to meet the energy requirements of livestock. A recent
economic and risk analysis of bale-wrapping technolo-
gies concluded that economic benefits of baled silages
are most discernable for high-quality forages produced
during seasons or time intervals when weather risks or
weather-related harvest delays have the greatest nega-
tive effects on forage quality (Lacy et al., 2015).

Comparisons of Baled and Precision-
Chopped Silages

Although suggested moisture concentrations for
baled silages vary somewhat by source, they generally
fall within close proximity to the 45 to 55% target
suggested by Shinners (2003). This target contrasts
sharply with moisture concentrations recommended for
precision-chopped silages with high buffering capac-
ity and relatively low concentrations of sugar, such as
alfalfa (<70% DM; Muck et al., 2003). Furthermore,
precision-chopped silages with <50% moisture are usu-
ally discouraged because of increased risks of respira-
tion (plant-cell or microbial), spontaneous heating, high
DM losses, and reductions in nutritive value (Muck,
1988). Because baled silages are usually considerably
drier than precision-chopped silages, fermentation is
inherently restricted (McDonald and Edwards, 1976).
In part, these contrasting moisture recommendations
between silage types are related to mechanical issues,
where balers generally handle low-moisture forages bet-
ter than high-moisture forages, and the additional bale
weight associated with high-moisture bales poses le-
gitimate safety concerns during handling and transport
(Shinners, 2003). In addition, the long-stemmed nature
of most baled silages requires diffusion of plant sugars
from inside the plant to reach lactic-acid-producing
bacteria that are adhered to the outside surface of
forage plants, further reducing the rate and extent of
fermentation (Nicholson et al., 1991; Muck et al., 2003;
Savoie and Jofriet, 2003). Relatively few comparisons
are available of baled and precision-chopped silages,
and fewer still compare these silage systems at common
moisture concentrations. Early research by Nicholson et
al. (1991) provides clear contrasting responses between
baled and chopped alfalfa-grass forages (70% alfalfa)
ensiled at 61% moisture (Figure 2). The pH decline
for chopped silages was both more rapid and more
extensive compared with the baled silages, and this
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Figure 2. Comparison of fermentation rate and extent for baled
and precision-chopped alfalfa-grass forages (70% alfalfa) ensiled at
61% moisture as illustrated by pH change over time (top) and pro-
duction of total fermentation acids (bottom). Data are adapted from
Nicholson et al. (1991).

was facilitated through greater production of fermenta-
tion acids. After 60 d of fermentation, concentrations
of lactic acid were almost 3-fold greater for chopped
compared with baled silages (5.0 vs. 1.9%), whereas
residual water-soluble carbohydrates (WSC) were 50%
greater for baled silages (6.6 vs. 4.4%), indicating less
extensive use of substrate for fermentation in the baled
silage.

McCormick et al. (1998) ensiled annual ryegrass in
both baled and chopped forms at about 65% moisture;
the final pH for chopped silage tended to be the most
acidic (pH = 4.5 vs. 4.8), but final concentrations of in-
dividual fermentation acids did not differ statistically.
In addition, typical measures of nutritive value, includ-
ing CP, NDF, ADF, and in vitro true digestibility of
DM, did not differ statistically across silage types. Al-
though this contrast between baled and chopped silages
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was less distinctive than that described by Nicholson
et al. (1991), the buffering capacity and concentrations
of WSC in annual ryegrass forages usually are much
more favorable for fermentation than those observed
for alfalfa.

Although interpretation was confounded by dif-
ferences in moisture concentrations between silage
types, a survey study conducted in Ireland (McEniry
et al.,, 2006) found that baled silages (mean = 64%
moisture) produced less lactic, acetic, propionic acids,
but more butyric acid than chopped silages (mean =
78% moisture); in addition, greater concentrations of
residual WSC were observed within the baled silages
following fermentation. As observed previously, NDF,
ADF, and in vitro DM digestibility did not differ across
silage types. Both Petit et al. (1993) and McCormick et
al. (1998) observed reduced forage intakes from baled
compared with precision-chopped silages, which might
be related to the long-stemmed nature of baled silages
(McCormick et al., 1998). However, the effects on sub-
sequent milk production and feed efficiencies within
these studies have been inconsistent. Overall, compari-
sons of feeding baled and precision-cut silages of similar
nutritive value suggest the potential for forage intake
is reduced for baled silages, particularly when offered
in a component feeding system in which forages are fed
separately from concentrates. From a silage fermenta-
tion perspective, research results suggest that the slow-
er and less extensive fermentation patterns observed
for baled silages are more closely linked to restricted
availability of sugars to lactic-acid-producing bacteria,
rather than interfering effects of oxygen within the bale
that are facilitated by increased porosities and lower
silage densities created by the drier, long-stemmed na-
ture of baled silages (Muck et al., 2003).

Management Considerations for Baled Silages

Moisture. Moisture is known widely to encourage
more aggressive silage fermentation through greater
production of fermentation acids (McDonald and
Edwards, 1976; McDonald et al., 1991); however, wet
silages, such as chopped alfalfa >70% moisture (Muck
et al., 2003), or direct-cut grasses in northern Europe,
are also subject to problematic secondary clostridial
fermentations. Because of the slower fermentation rate
and less acidic final pH (Figure 2), some baled silages
might be more problematic in this regard. As such,
management of bale moisture is critical during produc-
tion of successfully preserved baled silages, and many
experiments have included bale moisture within the
treatment structure because of its profound effects on
fermentation. Regardless of forage species, the within-
experiment effects of bale moisture are quite consistent
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(Table 1). As bale moisture declines via field-wilting,
subsequent production of desirable fermentation acids
is reduced, thereby resulting in a less acidic final pH.
Similar responses have been associated with advancing
plant maturity, which often coincides with drier baled
silages (Han et al., 2014). When lactic-acid-dominated
baled silages are very wet, such as the grasses ensiled
at >73.7% and reported by Keles et al. (2009), con-
centrations of butyric acid (>0.96%) exceed target
goals of <0.1% (Mahanna and Chase, 2003) for stable
silages. Similar concentrations of butyric acid (0.99%)
have been observed in baled alfalfa silages made at
59.6% moisture (Coblentz et al., 2016a); this observa-
tion was accompanied by elevated concentrations of
NH3-N (19.0% of total N) that exceed typical targets
for legume silages (10 to 15% of N; Kung and Shaver,
2001), further indicating that some clostridial activity
occurred. Based on these results, additional wilting to
55% moisture before baling or use of a homofermen-
tative inoculant (or both) have been recommended
for baled alfalfa silages approaching a 60% moisture
threshold (Coblentz et al., 2016a).

While these concerns with high-moisture baled silages
are legitimate, production of high-moisture baled silag-
es throughout the United States is much less common
than the contrasting situation of baled silages produced
at moisture concentrations falling below the range sug-
gested by Shinners (2003; 45 to 55%). There are likely
several reasons for this observation, and they might
include (1) the inability to consistently measure or esti-
mate forage moisture accurately; (2) lingering concerns
about weight and associated safety issues related to
producing and handling wet (heavy) silage bales; (3)
baler design that is primarily, or co-equally, oriented
toward dry hay, and therefore handles dry forages much
better than wet forages; (4) producer inexperience with
producing baled silage, leading to the habitual mowing
of more forage than can be baled and wrapped before it
becomes excessively dry; (5) additional security against
clostridial fermentations; and (6) relatively limited con-
sequences of excessive wilting, provided the integrity of
the PE wrap is maintained. As described previously,
the production of desirable fermentation products is re-
stricted within low-moisture baled silages, which leads
to limited pH depression. Huhnke et al. (1997) exam-
ined legume-grass baled silages produced at 4 locations
in Oklahoma, and reported that total fermentation
products increased with bale moisture, but concentra-
tions were generally limited to <2% of DM, and <1%
of DM at 2 specific locations, when bale moisture was
<40%. For alfalfa baled silages, Coblentz et al. (2014)
found that lactic acid was essentially undetectable (0.02
+ 0.057%; n = 22 bales) for forage obtained from the
second cutting when bale moisture was <45% (Figure
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3), but increased at bale moistures ranging from 45 to
60%. Other studies with alfalfa have been corrobora-
tive; Shinners et al. (2009) reported concentrations of
lactic acid ranging from 0.10 to 0.58% of DM in 2 trials
with initial bale moistures ranging from 33.7 to 38.1%.
Similarly, Coblentz et al. (2016¢) reported a mean lac-
tic acid concentration of 0.11% of DM across 36 round
bales of alfalfa-mixed grass silage (82% alfalfa) made at
40.2% moisture. Similar responses to low bale moisture
have been observed for baled silages comprised of other
forage types (Huhnke et al., 1997; Burns and Fisher,
2012).

Given the low-moisture concentration of these baled
silages, the likelihood of achieving a final pH of 4.2
described by McDonald et al. (1991) as sufficient to
provide stability against secondary clostridial fermenta-
tions is remote. However, low forage moisture has an
inhibitory effect on clostridial activity (Leibensperger
and Pitt, 1987), and achievement of a low final pH
is relatively unimportant in preserving dry (<45%
moisture) silages (Muck, 1988). Models of clostridial
dominance, such as the one described by Leibensperger
and Pitt (1987), suggest that the actual pH at which
the growth of Clostridium tyrobutyricum ceases is fluid,
and dependent on a variety of factors that include
moisture concentration, forage species, WSC, and buff-
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ering capacity; however, those modeling efforts largely
predate baled silages and the unique nature of their
fermentations (see Figure 2). The major risk associated
with low-moisture baled silages is aerobic deteriora-
tion initiated by loss of integrity by the PE-film bale
wrap. Silage fermentations restricted by field-wilting
have long been associated with greater residual con-
centrations of WSC (McDonald and Edwards, 1976),
and this has been observed specifically for baled alfalfa
silages (Coblentz et al., 2014, 2016¢). After ensiling 36
large-round bales of alfalfa-grass at 40.2% moisture, a
mean loss of only 0.4 percentage units of WSC was
observed after fermentation was complete (Coblentz
et al., 2016¢). Silages particularly prone to aerobic
deterioration include those generally rich in carbohy-
drates, as well as those with fermentations restricted
by additives or extensive field-wilting (McDonald et
al., 1991). Muck et al. (2003) concluded that although
a low-moisture concentration inhibits growth rates of
yeasts and molds responsible for initiating aerobic de-
terioration, it also increases porosity of the silage to
oxygen and lowers the specific heat of the silage. Thus,
poorly sealed baled silages are subject to deterioration
through larger pools of residual WSC, as well as in-
creased porosity of the bale to oxygen. Despite these
risks, Huhnke et al. (1997) reported that DM losses

Table 1. Effects of within-experiment bale moisture (arranged in descending order) on final silage pH and concentrations of various fermentation

products’
Bale Lactic Acetic  Propionic  Butyric
moisture, acid, % acid, %  acid, %  acid, %  Ethanol, NH,-N,
Reference Bale type % pH of DM of DM of DM of DM % of DM % of N
Alfalfa trials
Shinners et al. (2009) Round 55.5 4.79 3.79 0.83 0.37
Rectangular 48.8 4.86 3.83 0.81 — — 0.58 —
Round 38.7 5.46 0.47 0.33 0.13
Rectangular 374 5.46 0.40 0.37 — — 0.24 —
Shinners et al. (2009) Round 50.4 5.34 1.40 0.45 0.29
Rectangular 46.0 5.47 0.72 0.33 — — 0.27 —
Round 34.0 5.63 0.08 0.24 0.19
Rectangular 35.5 5.60 0.18 0.25 — — 0.25 —
Borreani and Tabacco (2006) Round 62.7 5.10 4.82 1.83 0.01 0.04
Round 50.6 5.65 1.01 0.63 0.02 0.02 — —
Hancock and Collins (2006) Round 50.2 4.91 1.82 0.52 0.06 0.06
Round 37.4 4.79 1.51 0.58 0.08 0.07 — —
Nicholson et al. (1991) Round 62.3 4.84 3.80 1.78 — — — —
Round 51.5 5.29 2.84 1.16
Grass trials
Miiller et al. (2007) Rectangular 69.4 4.65 3.83 1.13 0.14 0.08 2.69 11.2
Rectangular 43.5 5.55 0.20 0.20 <0.01 <0.01 1.38 3.2
Rectangular 32.8 5.72 0.04 0.07 <0.01 <0.01 0.86 1.6
Keles et al. (2009)2 Round 77.1 4.35 7.50 3.16 0.21 0.98 — 12.8
Round 73.7 4.45 6.83 2.29 0.10 0.96 14.0
Round 60.8 4.58 4.55 0.38 0.01 0.12 — 9.8
Burns and Fisher (2012) Round 62.7 5.2 0.50 0.87 0.03 0.03 1.16
Round 46.4 5.6 0.11 0.35 0.05 0.01 0.28 —

'For many references, values represent means averaged over other treatment factors.
*Bales wrapped with 2 layers of polyethylene film generally were preserved poorly and were excluded from the means.
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Figure 3. Concentrations of lactic acid in baled alfalfa silages made between 25 and 60% moisture and obtained from the second (gray circles)
and third (black circles) cuttings of the same alfalfa field in 2012 at Marshfield, Wisconsin. For the second cutting (gray circles), lactic acid was
essentially undetectable (0.02 £ 0.057%; n = 22 bales) when initial bale moisture was <45%, but concentrations were greater (0.57 £ 0.578%)

in wetter silages. Data are adapted from Coblentz et al. (2014).

from legume-grass baled silages were not related to
initial bale moisture. Other studies with relatively dry
baled alfalfa silages have reported acceptable (>96%)
recoveries of DM (Shinners et al., 2009; Coblentz et
al., 2014, 2016¢). One of these studies (Coblentz et al.,
2016¢) reported a mean loss of 1.2 percentage units of
TDN after an extended storage period (127 d), which
is minor in scope, and suggests unavoidable respiratory
losses during initial depletion of trapped oxygen, rather
than prolonged aerobic deterioration from question-
able integrity of the PE-film wrap. Despite the limited
production of fermentation acids, low-moisture baled
silages can be well-preserved provided producers use
a well-maintained storage area (Jennings, 2011), and
monitor wrapped bales closely for any damage during
handling, or from birds or vermin during storage.

AM vs. PM Mowing. Because the rate and extent
of fermentation for field-wilted, baled silages are inher-
ently restricted, enhancement of fermentation through
creative management strategies is encouraged. Hun-
tington and Burns (2007) and Sauvé et al. (2010) have
evaluated the concept of harvesting perennial warm-
season (C4) grasses during late afternoon versus early
morning, partially attempting to improve WSC con-
centrations within pre-baled silages, which potentially
may improve the substrate pool for silage fermentation,
as well as provide some synchronization of energy with

the release of ruminally degraded protein in steers con-
suming these silages. Although a PM harvest increased
concentrations of nonstructural carbohydrates in both
studies relative to AM-harvested switchgrass (Panicum
virgatum L.), eastern gamagrass | Tripsacum dactyloides
(L.) L.], or both, the composition of fermentation prod-
ucts within direct-cut baled silages was not consistently
improved. Excessive production of ethanol, ranging up
to 2.88% of DM, confounded attempts to detect consis-
tent effects on silage fermentation, although voluntary
intakes and improved use of dietary N were reported
for PM-harvested baled silages offered to beef steers
(Huntington and Burns, 2007). In another study, alfalfa
forages harvested during early evening compared with
the following morning, and then ensiled in large rectan-
gular bales at a mean moisture concentration of 47.0%,
resulted in improved fermentation characteristics, as
well as reduced concentrations of most fiber compo-
nents for the evening-harvested baled silage (Brito et
al., 2008). Furthermore, when offered to late-lactation
dairy cows without supplemental concentrate, DMI
and production of milk, 4% FCM, milk fat, and milk
protein, as well as N utilization, were greater for the
evening-harvested silage.

Bale Density. For precision-chopped silages, Holmes
and Muck (2008) have suggested management targets
of 243 kg of DM/m® (15 1b of DM/ft*), further refined
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Table 2. Effects of within-experiment bale density on final silage pH and concentrations of various fermentation products'

DM density, Lactic Acetic Propionic Butyric
Moisture, kg of acid, % acid, % acid, % acid, %  NHs-N,
Reference Forage % DM/m* pH of DM of DM of DM of DM % of N
Han et al. (2004) Alfalfa 58.7 207 4.7 7.00 2.39 0.17 ND? —
58.7 175 4.9 6.46 3.80 0.08 0.04 —
52.4 199 4.8 7.14 3.26 0.04 0.02 —
52.4 167 5.1 6.28 1.99 0.07 0.05 —
Han et al. (2006) Pearl millet 76.5 139 4.75 5.24 1.36 0.05 0.03 —
78.3 87 5.31 3.19 1.39 0.08 0.11 —
Han et al. (2006) Pearl millet 55.8 191 4.13 6.00 0.71 0.05 <0.01 —
59.4 144 4.16 6.83 0.82 0.04 ND —
Keles et al. (2009) Grass 76.8 149 4.35 7.65 3.14 0.20 0.91 124
774 118 4.35 7.35 3.18 0.22 1.06 13.3
73.2 151 4.50 6.65 2.12 0.10 0.96 14.0
74.3 123 4.40 7.00 2.46 0.11 0.97 14.0
60.2 162 4.50 4.40 0.37 0.01 0.11 9.9
61.4 137 4.65 4.70 0.39 ND 0.13 9.8

1
For some references, values represent means averaged over other treatment factors.

’ND = not detected.

*Bales wrapped with 2 layers of polyethylene film generally were preserved poorly and were excluded from the means.

to 712 kg (wet weight)/m® (44 1b/ft?) to account for
varying porosity. In contrast, a recommended target
for baled silages of 162 kg of DM/m” (10 b of DM/ft*)
has been suggested (Jennings, 2011), but this can be
exceeded by experienced round-bale operators who are
attentive to baler adjustments (bale chamber pressure),
swath density, and baler ground speed. For instance,
Rhein et al. (2005) reported mean DM densities of
177 and 218 kg of DM/m® (10.9 and 13.5 1b of DM/
ft*) for wheat (Triticum aestivum L.) and orchardgrass
(Dactylis glomerata 1..) baled silages, respectively. More
recent research (Tabacco et al., 2013) has reported si-
lage densities for large-round bales that are comparable
with some chopped silages (225 to 247 kg of DM/m?).
Several studies have investigated density effects on
fermentation characteristics of baled silages (Table 2).
Generally, these studies have shown a modest improve-
ment in production of lactic acid with increased bale
density, as well as attainment of a more acidic final
pH in studies with alfalfa (Han et al., 2004) and pearl
millet [Pennisetum americanum (L.) Leake] (Han et al.,
2006). For pearl millet, improvement in final pH (4.75
vs. 5.31) associated with greater initial bale density
was particularly noteworthy when initial densities were
both relatively low (139 and 87 kg of DM/m®, respec-
tively; Han et al., 2006). In another study conducted
in Ireland (Keles et al., 2009), improvements in silage
fermentation in response to increased density were less
clear when baled grasses were relatively wet (>60.2%),
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leading the authors to conclude that the effects of bale
density were minimal, once sufficient wrapping layers
(4 or 6) were used to establish anaerobiosis.

Bale Chopping Systems. It is accepted widely that
the long-particle lengths common to most baled silages
limit the rate and extent of silage fermentation (Muck
et al., 2003). Irish scientists evaluated this premise in a
model system by ensiling grass in laboratory silos under
factorial sets of treatments, one of which was a compar-
ison of chopped versus unchopped forage (McEniry et
al., 2007a,b). In one experiment, the action of chopping
in the absence of any additives improved fermentation
by increasing lactic acid, as well as its proportion of all
fermentation products; concentrations of butyric acid,
ethanol, and NH;-N also were reduced (McEniry et al.,
2007a). In a second study, chopping reduced final pH,
and depressed concentrations of ethanol, butyric acid,
and NH3;-N modestly, but had little effect on most other
silage-related response variables. In that study, a trend
toward a greater proportion of lactic acid relative to
other fermentation products in chopped forages may
have been partially responsible for the pH response
(McEniry et al., 2007b). Currently, some balers are
designed with pre-cutting systems that can reduce
particle length during the baling process, thereby im-
proving bale density by about 15% (Shinners, 2003).
Potential benefits of this concept include (1) improved
ease of mixing when baled silages are included in diets
blended within TMR mixers; (2) easier removal of si-
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lage by livestock from bales offered in ring-type feeders;
and (3) increased bale density that could facilitate the
release of sugars from forage plants, thereby improving
fermentation (Shinners, 2003). Borreani and Tabacco
(2006) examined these concepts in 3 trials with baled
alfalfa silages conducted in Italy, concluding that pre-
cutting alfalfa within the baler improved DM density
by about 4%, but silage fermentation was not substan-
tially improved relative to long-stem (unchopped) baled
silages. Additional research is needed to fully assess the
potential of pre-cutting systems to improve the fermen-
tation characteristics of baled silages.

Wrapping Delays. Silage producers often inquire
about how silage fermentation and quality are compro-
mised when prompt application of PE film after baling
is delayed. Current extension recommendations and
research results addressing this question include the
following recommendations for acceptable time delays
before wrapping: (1) within 2 h of baling (Jennings,
2011); (2) the same day as forage is baled (Hersom and
Kunkle, 2014); (3) <10 h (Moshtaghi Nia and Witten-
burg, 2000); (4) <24 h (Coblentz et al., 2016a); or with-
in 48 h (Garces-Yépez et al., 2001). It is widely known
that respiratory processes occurring within moist hays
cause marked increases in internal bale temperatures,
which become more severe as bale diameter increases
(Coblentz and Hoffman, 2009). The subsequent effects
of spontaneous heating in hays or silages are widely
known to impair protein bioavailability (Goering et al.,
1973; Van Soest, 1982; Rotz and Muck, 1994), and to re-
duce energy density (Coblentz and Hoffman, 2010) due
(in part) to oxidation of nonstructural carbohydrates
(Rotz and Muck, 1994). A limited number of studies
have evaluated fermentation characteristics follow-
ing time delays between baling and wrapping. Two of
these (Moshtaghi Nia and Wittenburg, 2000; Coblentz
et al., 2016a) indicate that wrapping delays can lead
to reduced production of lactic and total fermentation
acids, as well as an elevated final pH (Table 3). Muck
et al. (2003) has suggested that silages compromised
initially by access to oxygen might be susceptible to
clostridial activity because of the effects on subsequent
silage acidity, provided anaerobic conditions have been
established. However, there was no solid evidence of this
in the 2 studies described in Table 3, although greater
concentrations of NH4-N were observed following a 3-d
delay in wrapping alfalfa bales compared with a 2-d
delay (16.2 vs. 12.4% of N; Coblentz et al., 2016a),
and following a 19-h delay in wrapping forage barley
(Hordeum vulgare L..) compared with a 10-h delay (8.6
vs. 5.0% of N; Moshtaghi Nia and Wittenburg, 2000).
Strong linear relationships between concentrations of
WSC [Y (% of DM) = —0.039x + 6.5; R* = 0.634] or
buffering capacity [Y (mEq/kg of DM) = 2.98x + 316;
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R* = 0.759] and bale temperature at wrapping contrib-
ute further to the difficulties associated with ensiling
forages compromised by wrapping delays (Coblentz et
al., 2016a).

Delays in wrapping also have been associated with
depressed nutritive value, which is generally consistent
with responses observed following spontaneous heating
in hays (Rotz and Muck, 1994). Moshtaghi Nia and
Wittenburg (2000) reported increased concentrations of
ADF, ADIN, and NDIN with time delays as long as 19
h before wrapping barley forage. Similarly, Coblentz et
al. (2016a) reported linear and/or quadratic increases
for NDF, ADF, hemicellulose, ADL, NDIN, and ADIN,
whereas concentrations of TDN were reduced with
similar polynomial effects, as wrapping was delayed
from 0 to 3 d (Figure 4). In contrast to these studies,
Garces-Yépez et al. (2001) reported elevated internal
bale temperatures, but no differences in DM recovery,
pH, in vitro OM disappearance, or ADIN within baled
bermudagrass [Cynodon dactylon (L.) Pers.] silages
wrapped in PE film after delays up to 48 h in a trial
conducted over 2 yr. Inconsistent responses across a
limited number of studies make a straightforward rec-
ommendation challenging. Obviously, bales should be
wrapped as quickly as possible, and ideally within the
same day as the forage is baled. Taken in total, the
negative effects of an approximate 24-h delay observed
across most of these studies appear generally to be mi-
nor; perhaps producers should use that timeframe as a
guide or threshold, while acknowledging that effects on
fermentation and nutritive value might become more
serious with longer delays.

Layers of Polyethylene Film. Numerous studies
(Keller et al., 1998; Hancock and Collins, 2006; Bor-
reani and Tabacco, 2008; Keles et al., 2009; Coblentz
et al., 2016¢) have evaluated the number of 1-mil-thick
(0.025-mm) layers of PE film used to wrap silage bales
as at least a portion of the overall experimental struc-
ture. Unlike some other management variables, results
from these studies are relatively consistent, and form
the basis for solid consensus. Three studies (Hancock
and Collins, 2006; Borreani and Tabacco, 2008; Keles
et al., 2009) evaluated as few as 2 PE film layers for
preserving baled silage crops. Each study found some
combination of less desirable fermentation products,
a higher final pH, and deterioration of nutritive value
compared with 4 or more PE film layers, and thereby
concluded that 2 layers were insufficient for accept-
able fermentation or nutrient preservation (or both).
Keller et al. (1998) conducted a similar evaluation and
concluded that greater numbers of undesirable micro-
organisms were present with 4 PE film layers compared
with 6, 8, or 10 layers, and that a 4-layer wrapping
protocol could not guarantee successful preservation of

Journal of Dairy Science Vol. 101 No. 5, 2018
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Figure 4. Relationships between concentrations of NDF or TDN
(top) and NDIN or ADIN (bottom) with length of wrapping delay (d)
for bales of alfalfa silage (Coblentz et al., 2016a). All response vari-
ables exhibited linear effects of wrapping delay, and NDIN and TDN
also displayed significant quadratic character.

baled alfalfa silages. In part, these responses can be
attributed to internal puncture of the PE film by rigid
alfalfa stems, thereby rendering the wrap permeable to
air. Coblentz et al. (2016¢) reported little difference
in silage fermentation or nutritive value when alfalfa-
mixed grass silages were wrapped with 4, 5, or 6 PE
film layers, but it was noted that the risk of puncture
was noticeably greater along bale edges between the
flat-end and rounded-circumferential surfaces of the
bale. Similar risks of internal puncture have been noted
by Borreani and Tabacco (2008). Given these results,
it seems likely that 4 1-mil (0.025-mm) PE film layers
will establish acceptable anaerobiosis for fermentation,
but this wrapping standard might not be acceptable to
silage producers because of risks of internal or external
puncture by rigid stems, vermin, or during additional
handling and stacking.
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To some degree, these concepts have been illustrated
further in Ireland (O’Brien et al., 2007a); well-managed
grass silages were wrapped with 6 layers of PE film and
stored under controlled conditions for 6 wk, and then
compared with on-farm-produced bales wrapped in 4
PE film layers and stored for 8 mo before sampling.
Visual assessments of fungal contamination were ob-
served on the surface of 15 of 18 on-farm bales, but
none were observed on the well-managed bales. Fur-
thermore, damage to the PE film was observed for 8
of 18 on-farm bales, and yeast and mold counts were
numerically greater for these bales, emphasizing the
practical importance of applying adequate film layers,
not just for optimizing fermentation, but also to main-
tain the integrity of the PE film during handling and
subsequent storage. Similar conclusions were offered
following assessments of on-farm-produced silages (n =
100 bales) offered to livestock during winter months in
Treland, in which 49% of bales exhibited some visual
damage to the PE film, and visual fungal growth was
observed on 90% of all the bales examined (O’Brien et
al., 2007b). In 80% of the 50 farms surveyed, producers
noted they used 4 layers of PE film, suggesting this level
of security may not be adequate for extended storage,
which ranged from 14 to 41 wk throughout this study.

Some manufacturers have offered thicker (1.5-mil;
0.038-mm) PE film for wrapping bales, and this has
been evaluated in a series of studies conducted in Wis-
consin (Undersander et al., 2003). Bales were wrapped
in in 1.0-mil-thick (normal) and 1.5-mil-thick (thicker)
PE films applied in 2, 3, 4, 5, 6, 7, 8, 9, or 10 layers
to large-square (0.9 x 0.8 x 1.5-m) bales of alfalfa.
Conclusions drawn were generally consistent with other
work; a cumulative PE film thickness of at least 6 mil
(0.152 mm) was determined to be adequate for good
silage preservation, regardless of whether it was applied
in six 1-mil-thick layers or four 1.5-mil-thick layers.
Furthermore, to obtain greater security against aerobic
deterioration resulting from puncture or tears in the PE
film, a cumulative total film thickness of 8 mil (0.203
mm) was recommended.

A recent technology has been evaluated by Tabacco
et al. (2013) in which bales were tied with PE tying film
before wrapping and compared with bales tied with a
standard net-type system. Results of that study sug-
gest that the numbers of holes could be reduced, and
anaerobic status of bales generally improved by using
tying film. These benefits were observed with as few as
4 PE film layers, and might offer potential for improved
maintenance of silo integrity without increased cost.

Ozygen-Limiting Barriers. Recently, several stud-
ies have examined the concept of inserting an oxygen-
limiting barrier into PE films to limit the transmission
of oxygen across the layers of film encasing each bale. In
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addition to increasing the impermeability of bale film
to air, this concept potentially offers the opportunity to
reduce film usage, lower costs, and partially alleviate
the disposal problem for used silage plastics. Positive
effects of inserting an oxygen-limited barrier have been
reported by Borreani and Tabacco (2008) in a series of
experiments with baled alfalfa silages in Italy. Gener-
ally, these experiments demonstrated improvements in
final silage pH, DM recovery, surface mold, as well as
surface yeast and mold counts (30-mm depth) when
bales were wrapped with PE film containing an oxygen
barrier compared with no oxygen barrier (Figure 5).
Additional studies by the same research group (Bor-
reani and Tabacco, 2010) compared 2 oxygen-barrier
films against standard film, demonstrating consistent
reductions in surface mold, mold spots, as well as lower
yeast and mold counts in the 120-mm surface layer for
bales wrapped with oxygen-limiting barrier films. In
the same set of experiments, reduced yeast counts were
observed in the bale core (121-480 mm depth) in 2
of 3 trials, and reduced mold counts in all 3 trials,
suggesting improvements were obtained consistently,
even at the bale core, by insertion of an oxygen-limiting
barrier. A meta-analysis (Wilkinson and Fenlon, 2013)
that included studies with various silo types concluded
that PE films with an oxygen-limiting barrier reduced
losses from the outer layers of the silo and from bales,
and improved aerobic stability during feed-out.

Other studies evaluating the benefits of oxygen-
limiting barriers embedded within PE films have been
less conclusive. Although an oxygen-limiting barrier
had little effect on the preservation or nutritive value
of alfalfa-mixed grass silages, Coblentz et al. (2016c¢)
observed that whenever yeast and mold counts were
elevated, this infrequent occurrence usually was associ-
ated with silages preserved without an oxygen-limiting
barrier. Taken in total, oxygen-limiting barriers in-
serted into PE films have shown positive benefits on
the preservation of baled silages in several experiments,
but mixed or inconclusive results in others; however,
this should not preclude continued investigations of
potential benefits of oxygen barriers, and under what
conditions the best effects on silage preservation might
be obtained.

Length of Storage. The most obvious inherent
difference between baled and chopped silages is the re-
duced rate and extent of fermentation in long-stemmed
baled forages (Nicholson et al., 1991; Figure 2); how-
ever, this comprehensive early research evaluated
only a relatively short (<60-d) postbaling and wrap-
ping period. Studies including longer storage periods
are summarized in Table 4. Research by Miller et al.
(2007) with baled cool-season grasses indicated that
significant fermentation occurred between 2 and 14 mo

Journal of Dairy Science Vol. 101 No. 5, 2018
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Figure 5. Summary of pH (top), as well as mold (middle) and
yeast (bottom) counts for alfalfa baled silages wrapped with 2, 4, 6,
or 8 layers of polyethylene film that contained an oxygen-limiting bar-
rier (OB) or no barrier. Data are adapted from Borreani and Tabacco
(2008) and represent the 0- to 30-mm surface layer of each bale.
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of storage. A unique study was conducted in Puerto
Rico (Gonzélez and Rodriguez, 2003) with warm-season
grasses in which concentrations of WSC were low at en-
siling (0.18%), but increased significantly over the 111
d of storage concomitantly with reduced concentrations
of NDF and hemicellulose. Moreover, the fermentation
of warm-season grasses was extremely slow, with in-
creased concentrations of acetic acid observed between
53 and 111 d postensiling.

Another unique long-term response was observed
by Coblentz et al. (2016b) for fall-grown oat (Avena
sativa L.) harvested at the boot stage of growth in mid-
November in Wisconsin. Initial concentrations of WSC
were very high (22.6%), while baling and wrapping
with PE film immediately preceded the onset of freez-
ing ambient temperatures that maintained internal bale
temperatures below freezing until mid-April. Under
these conditions, 3 unique responses occurred: (1) si-
lage fermentation was essentially nil until internal bale
temperatures warmed to greater than freezing in the
spring; (2) once internal bale temperatures exceeded
freezing, fermentation occurred extensively; and (3)
silage fermentation included significant production of
ethanol (5.82% of DM), likely due to high concentra-
tions of WSC that were subject to anaerobic action by
yeasts, thereby resulting in increased concentrations of
fiber components, as well as losses of DM and TDN. A
companion experiment with fall oat harvested at the
early heading stage of growth yielded similar responses
that included a similar final ethanol concentration of
4.85% of DM on May 15. Under these circumstances,
recommendations were made for feeding fall-oat silage
before spring when fermentation was fully initiated. In
general, fermentation of baled silages is likely to occur
at a slower rate with continuing production of fermen-
tation products at time intervals from wrapping and
sealing that may extend longer than those typically
observed for chopped silages.

Listeria

Listeria monocytogenes is a microorganism that
causes listeriosis, a serious disease affecting both ani-
mals and humans. The presence of this microorganism
has been reported widely in raw milk, and its pres-
ence may occur via fecal contamination of teat ends
during milking (Vissers et al., 2007). This problem is
a particular concern in the production of certain soft
cheeses, often in Europe, that are made without pas-
teurization (Lundén et al., 2004). Historically, listeriosis
in livestock, especially sheep, has been associated with
both the feeding of poor-quality silages, as well as the
use of human sewage sludge or livestock slurry as soil
amendments, and has been summarized by McDonald



Table 4. Effects of storage or fermentation time on final silage pH and concentrations of various fermentation products (see also Figure 2)

NH,-N,
% of N

DM

Wsc,!
% of

Ethanol,
% of
DM

Butyric
acid, %
of DM

Acetic
acid, %
of DM

Lactic
acid, %
of DM

pH

Fermentation
time or date

Moisture,
%

Forage

Reference

4.95
5.69
0.32
1.87
2.91
2.98
3.53
3.01
3.70

5.5
3.3

1.19
2.10

0.03
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.05

0.29
0.64
0.00
0.00
0.00
0.01
0.11
0.27
0.44

1.21
1.49
0.01
0.02
0.05
0.05
0.09
0.12
0.13

5.24
4.91
6.41
6.06
6.18
6.04
5.20
5.00
5.25
6.90

2 (mo)
14

47.9

2

Cool-season grasses

Miiller et al. (2007)

49.3

0.18
0.48
0.41
0.37
0.49
0.80
0.90

22.6

63.0

3
Warm-season grasses

Gonzdlez and Rodriguez (2003)

1

53.1

54.2

11
25

54.1

53.1

53
111

54.1

49.5

0 (mo)

67.6

4

Fall-grown oat

Coblentz et al. (2016b)
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23.6
22.7
22.0
22.1
21.8
17.8

0.36
0.31
0.37
0.66
0.60
5.82

0.16
0.31
0.26
0.28
0.24
0.63

0.16
0.75
0.27
0.13
0.90
4.82

7.01
6.85
6.46
6.83
6.35
4.61
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Cool-season grasses were composed of 50% timothy (Phleum pratense L.), 40% meadow fescue (Festuca pratensis Huds.), and 10% quackgrass [Elytrigia repens (L.) Nevski]. Data

represent the means of forages ensiled at 64.8, 45.3, and 32.3% moisture.

*Warm-season grasses were composed of 70% guineagrass ( Panicum mazimum Jacq.) and 30% Johnsongrass [Sorghum halepense (L.) Pers.].

‘Oat was planted on August 16 and harvested at the boot stage of growth as baled silage on November 15.

'WSC = water-soluble carbohydrate.
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et al. (1991). Within that discussion, it was noted that
increased incidence of listeriosis, mostly in Europe,
might be correlated with the development of baled-
silage techniques, and that early use of pre-formed bags
to create anaerobiosis might have facilitated prolifera-
tion of Listeria by allowing low levels of oxygen into
the sealed bale, particularly through the tied end of the
bag. Furthermore, the slow fermentation rate known to
occur in baled silages (Nicholson et al., 1991) might add
to a favorable environment for growth of Listeria (Nu-
cera et al., 2016). While acknowledging that preformed
silage bags are now rarely used, recent research (Nucera
et al., 2016) suggests that Listeria are a fairly common
component of the pre-ensiled microflora adhered to for-
ages, and that their survival and proliferation is likely
associated with aerobically compromised silages that
exhibit visual areas of fungal contamination, elevated
counts of aerobic yeasts or molds (or both), and an
elevated pH. Furthermore, modeling efforts by Ruxton
and Gibson (1995) suggest that the fraction of the
bale that is hazardous for Listeria increases rapidly
with puncture size, but even small punctures could
be problematic because of the potential time interval
between puncture and feeding. One remedy suggested
to partially alleviate this risk is strict attention to loss
of anaerobiosis via damage to PE film, which would be
less likely by using more wrapping layers (Nucera et
al., 2016).

Inoculants and Additives

Temperate Forages. Although efforts to improve
the fermentation and aerobic stability of baled silages
have been limited compared with precision-chopped
silages, a few studies have investigated the potential
of various inoculants and additives for this purpose.
Keller et al. (1998) evaluated a cocktail of bacterial
inoculants (Lactobacillus plantarum and Enterococcus
faecium) coupled with an enzyme preparation con-
taining endoglucanase, (3-glucosidase, and xylanase
activities on the fermentation of alfalfa silages baled
at 64.0% moisture that were either pre-chopped in the
baler or were baled without particle-size reduction. The
cocktail mixture improved production of lactic acid,
limited yeast counts, and reduced the final pH for the
unchopped baled silage after 150 d of storage; however,
the pre-chopped silages were not affected by additive
treatment. However, in an associated trial conducted
at a lower moisture concentration (53.0%), the final
pH of chopped silages was made more acidic by using
the cocktail additive. Research in Ireland (McEniry
et al., 2007a) showed that the addition of sucrose to
unchopped grass ensiled in laboratory-scale silos did
not improve silage fermentation, but inoculation with
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lactic-acid-producing bacteria reduced final silage pH.
Furthermore, when sucrose was combined with the lac-
tic-acid-producing inoculant, the combination of these
additives further improved fermentation by reducing
final silage pH, as well as concentrations of butyric
acid. However, the aerobic stability of these silages
was poorer, primarily due to a predominantly lactic-
acid fermentation, and greater activity of yeasts when
laboratory silos were exposed to air. Generally, benefits
to fermentation observed with additions of lactic-acid-
producing bacteria alone or lactic-acid-producing bac-
teria plus sucrose were not observed whenever grasses
were chopped before ensiling. Other research conducted
in South Africa (Meeske et al., 2002) found that inocu-
lation with a cocktail containing lactic-acid-producing
bacteria, cellulase, hemicellulase, and amylase did not
affect the final pH, or lactic, acetic, and propionic acid
concentrations of oat silages, but it did reduce the con-
centration of butyric acid and improve DMI, as well as
milk production by Jersey cows.

Bermudagrass. FEnsiling perennial warm-season
grasses, such as bermudagrass, often presents unique
challenges, in part because of limited concentrations
of fermentable carbohydrate to support silage fer-
mentation, as well as a tendency for greater buffering
capacities compared with many other grasses (Buxton
and O’Kiely, 2003). Research with bermudagrass baled
silages in Florida (Arriola et al., 2015) found that
several bacterial inoculants improved fermentation
by reducing final silage pH (4.57 to 4.89) compared
with an untreated control (5.37). Furthermore, in-
oculants tended to reduce mold counts, and improved
aerobic stability after bale opening, but had no effect
on the fiber composition or fiber digestibility of baled
bermudagrass silages. Other research (Vendramini et
al., 2016) with silage additives (molasses or bacterial
inoculants) applied to bermudagrass forages ensiled in
laboratory-scale silos found that addition of molasses
reduced pH when silage was wet (77.5% moisture),
but had little effect at a recommended moisture con-
centration for baled silages (47.4%). The addition of
molasses to drier silages increased mold counts (2.7 vs.
1.3 log cfu/g), and affected aerobic stability negatively
compared with control silages receiving no additives or
inoculants. These responses were attributed to greater
residual WSC following addition of molasses without a
concurrent increase in production of antifungal acids.
In a companion experiment with 340-kg beef heifers,
addition of molasses to “Jiggs” bermudagrass packaged
in large-round bales reduced final silage pH (4.1 vs.
4.7), increased final concentrations of lactic acid (2.0
vs. 0.6%), improved voluntary DMI (1.7 vs. 1.4% BW),
and increased apparent DM digestibility.
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Storage Site Selection and Management

General recommendations for appropriate selection
of storage sites have been described frequently within
extension and other published resources (Savoie and
Jofriet, 2003; Jennings, 2011; Hersom and Kunkle,
2014); most are logical and have changed little over
time. The primary objective is to select a well-drained
site that is free of debris, sharp objects, and is not
conducive for harboring rodents or other vermin that
could puncture the PE-film wrap encasing the bales.
One unique study (McNamara et al., 2002) examined
this concern, specifically for damage by birds; the PE-
film wrap surrounding bales of cool-season grass was
intentionally punctured with 0, 1, 10, or 50 small holes
(3 mm diameter), or 1 large hole (21.2 mm diameter)
and stored for 155 d. Conclusions drawn from this
study were that holes, such as those simulating damage
made by rooks, can cause potentially serious quantita-
tive and qualitative forage losses (Figure 6), and that
these losses are likely exacerbated in drier silages. Some
resources recommend that bales be positioned with
a north-south orientation or on a north-facing slope
(Garthe and Hall, 1992; Jennings, 2011) to avoid tem-
perature fluctuations, and possible migration of water
within the bales. Commonly, extension recommenda-
tions include suggestions for storage in shady areas or
stacking of individually wrapped bales to avoid some
of these problems, but a study conducted in Puerto
Rico (Gonzédlez and Rodriguez, 2003) with baled warm-
season grasses found no differences in nutritive value
or fermentation characteristics between storage in the
shade compared with direct sunlight. Another project
(Han et al., 2014) examined the effects of bale order
within in-line wrapped bales, and concluded that bale
location within the row had little effect on the preserva-
tion of annual ryegrass silages in Louisiana.

Aerobic Stability

Producers often ask questions about the expected
aerobic stability of baled silages after exposure to air.
This is particularly relevant when bales are wrapped
with an in-line wrapper, and the producer must feed
livestock at a distant location, or wants to market the
baled silage. Under those conditions, a significant num-
ber of bales might be exposed at one time, resulting in
questions concerning a projected time interval for use
before significant aerobic deterioration occurs. In many
production systems, such as beef cow-calf, marketing
or feeding baled silages would most likely occur during
winter months when temperatures are cooler. This par-
adigm was investigated by Rhein et al. (2005); 21 bales
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of fermented orchardgrass and wheat silages ensiled
with an in-line wrapper were exposed to air simultane-
ously in mid-December in Arkansas, and then sampled
after 0, 2, 4, 8, 16, 24, or 32 d. The ambient tem-
perature range during the 32-d exposure interval was
0.6 to 19.4°C. Generally, the nutritive value, pH, and
concentrations of fermentation products changed only
minimally during this time period, suggesting there is
considerable flexibility during winter months for mar-
keting and feeding exposed baled silages. Contrasting
climatic conditions in Puerto Rico were evaluated by
Gonzélez and Rodriguez (2003) for baled warm-season
grasses that were fermented for 53 or 111 d in either
direct sunlight or shade, and then exposed to air for 3
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Figure 6. Contrasts of pH (top) and total fermentation acids (bot-
tom) from edible and inedible (visually aerobically deteriorated) por-
tions of baled grass silages in Ireland. Bales were intentionally punc-
tured with 0, 1, 10, or 50 small (3-mm) holes, or 1 large (21.2-mm) hole
to simulate bird damage, and then stored for 155 d. Data are adapted
from McNamara et al. (2002).
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d to evaluate aerobic stability. After exposure to air,
no differences were observed between direct sunlight or
shaded storage at 53 d postensiling, but bales stored
in direct sunlight exhibited greater pH (7.25 vs. 4.76),
internal bale temperature 48.2 vs. 27.0°C), and yeast
and mold counts (6.61 vs. 1.50 logy, cfu/g) at 111 d
postensiling compared with bales stored in the shade.
The opportunity window for use of baled silages is
likely to be highly dependent on ambient temperature,
with a more favorable climate for silage stability during
the winter months throughout most of the continental
United States compared with Puerto Rico.

Other Considerations

Manured Forages. Questions often are asked about
the risks of applying dairy slurry to growing alfalfa or
other forages. A recent study (Coblentz et al., 2014)
compared counts of Clostridium cluster 1 after applica-
tions of dairy slurry to the second and third cuttings of
alfalfa in Wisconsin. Dairy slurry was applied at a rate
of about 42,000 L/ha immediately after the previous
harvest was removed (stubble), or after 1 or 2 wk of
regrowth (Figure 7). Clostridial counts were increased
with any timing of slurry application compared with
no slurry, but counts also increased as application of
slurry was delayed, thereby decreasing the time inter-
val between application and the subsequent harvest.
Clostridial counts were always greater on a postensiled
compared with a preensiled basis. Although none of
these baled silages had elevated concentrations of
butyric acid or NH3-N, the elevated counts associated
with slurry application indicate increased risk, and use
of a homofermentative lactic-acid-producing inoculant
or additional wilting before baling was advised as a
routine precaution.

Ergot Alkaloids/Ergovaline in Tall Fescue
Silages. Although tall fescue [Lolium arundina-
ceum (Schreb.) Darbysh. = Schedonorus arundinaceus
(Schreb.) Dumort.] is observed commonly throughout
the United States, it is known to host a fungal endo-
phyte, Neotyphodium coenophialum [(Morgan Jones and
Gams) Glenn, Bacon, and Hanlin comb. Nov.; Glenn
et al., 1996], that produces compounds toxic to live-
stock. Historically, the relative toxicity of these forages
has been assessed by quantifying either ergovaline (an
ergopeptine alkaloid) or total ergot alkaloids; however,
there have been only a limited number of assessments
of tall fescue silages in this respect. Recently, Roberts
et al. (2015) evaluated tall fescue silages baled at high
(65 to 68%) and low (34 to 40%) bale moistures at loca-
tions in northern and southern Missouri. Concentra-
tions of ergovaline decreased by 24 to 58% as a result
of ensiling, regardless of bale moisture or location; how-
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Figure 7. Counts of Clostridium cluster 1 for pre- and postensiled
baled alfalfa silages following applications of dairy slurry directly to
stubble, or after 1 or 2 wk of regrowth. Counts were determined by
quantitative PCR techniques, and Clostridium tyrobutyricum was not
found in any baled silage before or after fermentation. Data repre-
sent means of 2 harvests, taken after 40 and 32 d of growth, and are
adapted from Coblentz et al. (2014).

ever, total ergot alkaloids increased in high-moisture
silages at both locations, but there was no change in
concentrations within low-moisture baled silages. These
results suggested that markers of potential fescue toxic-
ity were affected by both analyte and silage moisture
concentration, and that livestock producers should be
wary of toxicity assessments for silages based solely on
ergovaline. Ensiling low-moisture fescue forages might
offer some potential for reducing concentrations of er-
govaline without concomitant increases in total ergot
alkaloids.

CONCLUSIONS

The option of preserving forages as baled silage has
increased rapidly in popularity over the last 2 decades,
particularly for small and mid-sized dairy and beef
producers. There are several reasons for this trend,
and the most prominent is a reduced risk of weather
damage to valuable forage crops compared with
preservation as dry hay. Although most management
principles for baled silages remain similar to those for
precision-chopped silages, there are some notable differ-
ences between silage types. Typical recommendations
for forage moisture (45 to 55%) within baled silages
are somewhat drier than those for precision-chopped
silages. Additional wilting, coupled with the long-
stemmed nature of most baled silages, acts to restrict
the rate and extent of fermentation for baled silages,
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thereby suggesting emphasis should be continued on
maintaining anaerobiosis through: (1) applying PE-film
wraps promptly; (2) using an appropriate number of
PE-film layers (6 to 8); (3) selecting a storage site free
of sharp objects or other debris; and (4) monitoring
wrapped bales closely for evidence of puncture, par-
ticularly by birds or vermin. Because of the inherently
restricted nature of fermentation within many baled
silages, it is questionable whether small improvements
in fermentation facilitated through inoculants or other
additives will improve silage preservation, or the sub-
sequent performance by livestock consuming these
silages. As such, future research with inoculants and
additives might best be directed at particularly chal-
lenging forages or harvest situations. Potentially, these
might include forages with very low WSC concentra-
tions, high buffering capacity, high (>60%) moisture
concentrations, or forages otherwise compromised by
rain damage or clostridial loads following manure ap-
plication. The restricted nature of fermentation within
baled silages also will likely increase residual WSC
relative to precision-chopped silages; therefore, inocu-
lants or inoculant cocktails designed to improve aerobic
stability might be especially beneficial, particularly
if feeding may occur during summer months. Recent
efforts to develop PE-film wraps embedded with an
oxygen-limiting barrier have often yielded positive
results, but most differences between these novel film
formulations and reputable commercial PE-film wraps
have been limited to more desirable counts of yeasts
and molds at the surface layer, rather than improved
fermentation or nutritive value on a whole-bale basis.
Baled silages can be produced successfully by adhering
to straightforward management principles, often using
much of the same equipment necessary for making dry
hay. As such, this form of silage production is likely
to remain popular, especially with small and mid-sized
producers, for the foreseeable future.
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