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Covering Bunker Silos
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I ntroduction

Bunker silos and drive-over piles offer
severd advantagesfor largedary fams. Lowinitid
cost, low maintenance, high storage capacity, and
rapidfilling are common advantages over upright
slosor silobags. However, proper management
of these structures is key to optimizing forage
preservation and animal productivity.

Covering the bunker or drive-over pile
shortly after filling thesiloisan essential step to
proper preservation. Bolsenet al. (1993) reported
that dry matter |lossesinthetop 1 to 3 ft can exceed
50% whenthesloisnot properly covered. Plastic
film and tires are the most common method of
covering most large silos. However, thismethod
has several disadvantages. First, severa people
arerequired to cover most largesiloswith plastic
andtires. Labor isasorequiredtoremovetheplastic
andtires. Secondly, proper disposal of theplastic
isared concerninmany states. Splittiresareoften
required because whol e tires make an excellent
breeding ground for mosquitoes, thusincreasing the
risk of West Nilesvirus. Finally, deer, raccoons,
and vermin can tear the plastic, allowing air to
penetrateincreasing localized spoilage. Holthaus
et a. (1995) reported that organic matter lossesin
thetop 18 inchesof siloscovered with plastic and
tiresaveraged approximately 25%.

Because of these challenges, there are
producerswho have decided not to cover their silos.

Kansas State researchers have estimated that the
value of the silagelost from not covering bunker
slosintheHigh Plainsregionswas between 5 and
10 milliondollarsper year. Therearemany factors
that can affect thereturn oninvestment for plastic
andtires. Bolsen (1997) estimated that the value
of thelost slageaveraged about four timesthe cost
of the plastic and tires, and labor to apply and
remove both.

Some producers are tempted to feed the
spoiled silage, with the assumption that it will be
diluted to the point of not affecting the animals.
However, feeding silage contaminated with
mycotoxins can cause reduced milk production,
missed breeding cycles, abortions, increased
veterinary fees, and requirethefeeding of additives
to bind the mycotoxins. Theexact cost of feeding
mycotoxin-contaminated silage is difficult to
determine, but Thomaset a. (1998) estimated that
it cost the Vermont dairy industry between 4.5 and
9 million dollars per year. Kansas State data
showed that feeding a75:25 normal :spoiled corn
slagemixturereduced organic matter, crudeprotein,
NDF, and ADF digestibilitiesby 5.0,4.1, 7.2, and
9.9 percentage units, respectively (Bolsen, 2004).
These researchers reported that feeding 25%
spoiled silagepartidly or totally destroyed the mat
phaseintherumen.
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PreviousEdible Coverings

Because of the challengesassociated with
using plastic and tires, there have been several
attemptsto devel op an edible covering for bunker
silos. Bolton and Holmes (2004) summarized the
dataevauating dternative coversfor bunker silos.
Theseincludelime, earth, aroof, candy, molasses
and molasses-based products (Cargill Liqui-
Sed)™, smdl grains, sod, Nutri-Shield™, sawdust,
chopped straw, and composted manure solids.
Savoieet d. (2003) eva uated gpple pul p and peanut
butter asaternative coversfor laboratory slos. The
bottom lineisthat of al thealternative coverings
tested, nonewere as effective asthe conventional
plastic covering.

Criteriaof aPlastic Replacement

Thefollowing criteriahavebeenusedin
developing our dternative bunker cover: 1) provide
effective protection, 2) be edible, 3) provide
essentid nutrients, 4) be paatable, 5) easy to apply,
and 6) cost effective. For an alternative covering
to be successful, it must be equal or superior to
plagticinitsahility to protect theslageand minimize
surface spoilage. Theproduct should beedibleor
sgnificant cost will beincurredintheremoval and
disposal of an inedible covering. If the product
provides essential nutrients, then aportion of the
costisoffset by itsfeeding value. The product must
be pdatableso that whenincludedin thetotal mixed
ration (TMR) intake is not impaired. Ease of
gpplicationiscritica to acceptance by theend user.
Finally, thetotal benefitsmust be greater than the
cost.

Theoriginal ideafor thisproduct resulted
from my wifewho made home-made play dough
for our kids. After observingthephysica properties
and ingredient composition, the first series of
experimentswereto eva uateitspotentia to protect
large hay bales. Wefound that it shed water well
and was consumed by the cattle when salt was

removed fromtheir diet. Thisleadto aseriesof
experimentswith bunker slos.

Initial Bunker Silo Experiments

The objective of thefirst experiment was
to determinewhether the starch-salt matrix could
serve as an edible covering for bunker silosthat
would s multaneoudly reduce spoilageand serveas
anutrient source. Whole plant corn silage (40%
DM) was chopped and packed into six side-by-
side mini-bunkers (12 ft long x 6 ft wide X 6 ft
deep). Equal amounts (3,455 Ib of DM) of
chopped whole-plant corn wereweighed into each
bunker, leveled, and packed with asmall tractor.
Thethreetreatmentswere uncovered, covered with
six-mil plastic, or covered with the starch-salt
matrix. Thestarch-sat matrix wasmixedinamotar
mixer with boiling water added to gelatinize the
starch. Thematrix wasapplied by hand to achieve
a0.5-0.75inch thick layer using acement trowel.
After 3daysof curing, paraffin wax was melted
and athin layer applied with apaint roller. The
forage was allowed to ensilefor 92 days. Hand
separation was used to sort the spoiled and good
silageprior tofeeding. A woodenframe(1ftby 5
ft) was used to measure the spoilage under afixed
area. Themeasurementsweremadeat 3 locations
on each silo. Surface spoilage under the frame
averaged 31.5, 36.0, and 2.6 Ib of DM (P < 0.05)
for theuncovered, plastic, and starch-salt covering,
respectively. Forty-eight Angusheiferswered|otted
by weight to 12 pens. Two pensof heiferswere
randomly assigned to each mini-bunker. SilageDM
fed was 1549, 1951, and 2684 |b (P < 0.05) for
the uncovered, plastic, and starch-salt covering,
respectively. Thesearerddively low recovery rates
because of thesmall sizesiloswithalargesurface
areato volume ratio. In addition, the forage at
harvest was drier than optimum for bunker silos.
Animal days per bunker were 140, 152, and 212,
respectively (P <0.05). During thefeeding study,
thestarch-salt matrix wasremoved fromthesilage
prior tofeeding. For thelast 6-days, heifersfedthe
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starch-salt matrix silagewerefed the covering at
therateof 2.01b/day (as-fed). After collecting the
orts, it was determined that heifers consumed
approximately 91% of the covering offered.

Theash content of the pre-ensiled forage
was 5.8%, and for the spoilage from uncovered,
plastic, and starch-salt matrix treatments, if
averaged, 11.4, 8.7, and 18.3% (P < 0.05),
respectively. Thesedatasuggest that aportion of
thesalt diffused into the silageimmediately under
thecovering. Cal et a. (1997) showed that some
strains of lactic acid bacteriaare salt tolerant. A
combination of the air-tight covering and
preservative effects of the salt helped to minimize
surfacespoilage. Also, thesalt containing silage
did not inhibit intake when it was mixed with the
norma silagebelow it.

Thisinitial research showed promise, but
therewereseverd significant huddlesto overcome.
Firg, thisproduct required boiling weter togelatinize
thestarch, acostly and awkward requirement ona
largescade. Secondly, wheat flour wasused asthe
starch source. A cheaper more easily obtained
source of starch was needed. Finally, a more
practical meansof application wasneeded.

Several of theseissueswere addressedin
thelaboratory involving thetesting of approximeately
40 different formulations. All of themodifications
still allowed usto meet the original criteria. We
found that finely ground wheat could replacethe
flour. By adding additional feed-gradeingredients,
wecoulddiminatetheboilingwater and il achieve
astarch-sat matrix that was adhesiveand flexible.
Achieving aproduct that was ableto be sprayed
on and not crack upon drying required additional
reformulations.

AlternativeApplication M ethodology

Thegod of thisresearchwastodevelop a
commercidly feasibleapplication method to cover
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bunker sloswith anediblecovering. Theprevious
formulation had abread-dough consistency and had
to bemodified sothat it could be sprayed. After
evauaing severd piecesof equipment, acommercid
CEJCO concrete pump (Model CSS 2489; Carl
E. Johnson, Inc., 2171 Tucker Industrial Road,
Tucker, GA 30084) with avertica shaft mixer and
screw pump wasused. A 50 ft x 3inch diameter
hosewas used to apply the product. Ontheend of
the hose, a spray nozzle was connected to a 110
CFM Ingersoll-Rand industrial air compressor
(Ingersoll-Rand, PO. Box 0445, 155 Chestnut
RidgeRd., Montvale, NJ07645) for atomizing the
product asit was applied. Approximately 7001b
of dry ingredientswere added to themixing chamber
and water was added to bring thefinal product to
approximately 30% moisture. Thisunitwaschosen
because it could be powered by the hydraulic
system of afarm tractor. Thisapproach wasused
to cover mini-bunkersand small drive-over piles.
Thewax was applied as described above. When
thesiloswere opened, surface spoilagewassimilar
to what had been observed in the original
experiment.

Protective Coatingsfor the Edible Covering

The objective of this research was to
develop aprotective covering for theediblestarch-
salt matrix that waseasier to gpply than the paraffin
wax. A control 6-mil black plastic covered with 2
to 3inchesof soil wascompared to the starch-salt
metrix coated with agorayablewax emulson, molten
paraffin applied with apaint roller, or wax paper.
Thewax paper ismade by Georgia-Pacific Paper
Company (Clatskanine, OR) andisfood grade so
that it can befed to animals. The sprayable wax
emulsion hastheadvantage of diminatingtheneed
for equipment andfud tomdt theparaffinwax. The
wax paper could be applied directly behind the
spraying apparatus and bound to the starch-salt
matrix by running small presswheelsontop of the
paper. Thewax paper hasthe potentia advantage
of holding the starch-salt matrix in place on steep
dopesof bunkersor drive-over piles.
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Eight 7 ft wide X 24 ft long by 4 ft deep
mini-bunker silos were filled with 21,330 Ib of
chopped wholecorn plant (39.1%DM). Theslos
were sealed on September 11, 2003 and opened
after 117 daysof ensiling. Thesilagewas packed
withatricycle International Harvestor (1H) farm
tractor. Lessweight ontherear wheelsresultedin
lesscompaction next to thewallsand more spoilage
adongthewalls. Spoiled and good silagewerehand
separated. The DM fed for the plastic control,
sprayable wax, paraffin wax, and wax paper
treatmentswere: 4759, 4378, 5861, and 5493 b,
respectively. LessDM wasfed fromthe sprayable
wax silos than the plastic controls
(P<0.05). TheDM fed fromthe paraffin and wax
paper treatments was 23 and 15% greater,
respectively, than what wasfed from the plastic
control slos. Again, low DM recoveriesaredueto
thehigh surfaceto volumeratiofor thesesllos.

Current research is aimed at the
development of alow-prafilevehiclethat could drive
over the pilesand apply the starch-salt matrix in
swaths. A feeder hosewould be hooked to the unit
from a screw-type concrete pump. Researchis
being doneto determineif thedry ingredientsand
water could bemixed inatypical feed mixing unit
and unloaded into the screw pump powered by its
own hydraulic pump.

Summary

Therearethreereasonswhy the starch-sat
matrix sealed with wax is superior to plastic in
reducing surface spoilage. First, the starch-salt
matrix formsanair-tight sed. Thestarch-sdt matrix
doesn’t just lay on top of theforage like plastic,
rather it bondsto theforage particleswithout air-
layer interface. Inaddition, thesdt diffusesintothe
top 10 to 15 inches of silage and acts as a
presarvativeto prevent mold growth. Thesequdlities
alow thestarch-sat matrix tomeet our first criteria
of providing effective protection.

All theingredientsintheformulation are
Generally Recognized as Safe (GRAS) and feed
grade, makingittotaly safetofeed. Theingredients
in the starch-salt matrix also provide essential
nutrientsthat would normally be added to the diet.
Thecoveringwill blendwiththeother ingredientsin
adietinanormd feed mixer. At subzerotemperature,
there may beafew clodsthat don’t immediately
breskdown. But when combined withthe“warmer”
ingredients, they will break apart and not beeasily
sorted by the cattle. We havefed the covering at
2.5% of thediet (DM basis) and not observed any
reductioninintake. Seldomwill the covering be at
ahigher proportion of thediet becauseweareonly
applyingitat 0.5t00.75inches. If thesilageisover
threefeet deep, the coveringwill belessthan 2.5%
of themixture. Inaddition, usualy thesilagedoes
not make up thetotal diet.

Ease of applicationisthefocusof much of
our current research. We seethisbeing doneona
custom basis where the same equipment can be
used on numerous silos per year. The dry
ingredientswould beddiveredin bulk and loaded
into afeed mixing truck. Water would be added to
achievethedesired cons stency and then unloaded
into ascrew pump that would deliver themixtureto
the spraying machine.

Obvioudly, the technology will only be
adopted if it iscost effective. Weare optimistic
because most of the cost of the original ingredients
will be recovered when they are fed. Thus,
application cost isthe mainitem that needsto be
paidfor by the reduced spoilage and avoidance of
plastic disposal and tire handling problems.
Althoughtherearesignificant applicationissuesthat
need to be solved, we have madereal progressin
addressing theseissuesand are optimistic that this
product hasafuturein helping largedairy farms
and feedlotsmanagethear slagemoreeffectively.
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