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Ashbell, G. and Weinberg, Z.G. 1992. Top silage losses in horizon
tal silos. Can. Agric. Eng. 34:171-175. Top losses are a crucial
problem in horizontal silos. In some cases these losses determine the
value of the whole bunker. The conventional method in Israel of

protecting the top layer is to cover it with plastic sheeting and anchor
it with tires. Several silage covering systems were tested and com
pared under farm conditions in three separate experiments. The
quality of the sealing was assessed by temperature and gas exchange
measurements. Top losses in the silages were also determined by
chemical and microbiological analyses. The major covering parame
ters that were tested were: double layer of plastic sheeting anchored
with sand bags (corn silage, experiment 1), sand layer over the
sheeting (wheat silage, experiment 2), and various layers over the
plastic sheeting (soil plus silage residues, cotton fibre, conveyer
belts, wheat silage, experiment 3). High losses were associated with
decreased DM (dry matter) content, increased pH and ash content,
and high counts of molds. Higher tire density and sand bags along
the shoulders resulted in lower losses in experiment 1. The sand layer
over the sheeting was effective in the center parts but not along the
shoulders in experiment 2. In experiment 3, all overlayers tested were
effective. The addition of urea at 0.75 kg/m had a detrimental effect
on the top layer, regardless of the overlayer. The results indicate that
the weight of the layer protecting the plastic sheeting is not impor
tant. For minimal top losses only the integrity of the plastic sheet to
prevent air penetration must be ensured.

Les pertes a la partie superieure representent un probleme crucial
dans les silos horizontaux. Dans certains cas, ces pertes determinent
la valeur de tout le silo bunker. La methode classique, utilisee en
Israel pour proteger la couche superieure, consiste a la recouvrir
d'une feuille de plastique et a la retenir avec des pneus. Un grand
nombre de systemes de couverture d'ensilage ont ete soumis a trois
essais separes, et compares dans des conditions d'exploitation
agricole. La qualite de ce systeme a ete evaluee par mesure des
temperatures et des echanges gazeux. Les pertes au sommet des
ensilages ont egalement ete determinees par des analyses chimiques
et microbiologiques. Les principaux parametres de couverture testes
etaient les suivants: 1) double epaisseur de feuilles de plastique
ancrees avec des sacs de sable (experience 1 - ensilage de mai's),
couche de sable par-dessus les feuilles de plastique (experience 2 -
ensilage de ble), et diverses couches par-dessus les feuilles de plas
tique (experience 3 - residus de sol et cTensilage, fibre de coton,
courroies de convoyeurs, ensilage de ble). Les pertes elevees etaient
associees a la reduction des matieres seches, a Taugmentation du pH
et de cendres, et a une haute teneur en moisissure. Une augmentation
de la densite des pneus et des sacs de sable, aux extremites, a permis
d'obtenir des pertes moindres dans Texperience 1. La couche de
sable sur la feuille de plastique a ete efficace dans les parties cen
trales, mais pas aux extremites, dans l'experience 2. En ce qui
conceme Inexperience 3, tous les revetements ont ete efficaces.
L'ajout d'uree dans une proportion de 0,75 kg/m a eu un effet
nuisible sur la couche superieure, quel que fut le revetement. Les
resultats indiquent que le poids de la couche protegeant la feuille de
plastique n'a aucune importance. Pour obtenir des pertes minimales
au sommet, il suffit de s'assurer que la feuille de plastique est intacte,
afin d'empecher la penetration de Tair.

INTRODUCTION

Air (oxygen) is the major cause of spoilage in silage. The
presence of oxygen enables undesirable chemical and micro
biological activities in the silage. Chopping, compaction and
sealing of the silage are done to exclude air and prevent its
penetration. The many stages of the ensiling operation (cut
ting, chopping, compaction) are done by machines except for
the top sealing (and uncovering), which is still done by hand.
Sealing of the top and shoulders of a horizontal silo is a still
unsolved problem, and requires much attention and labor.
The conventional method of protecting the top layer is by
covering with black plastic sheeting (one or double layers)
and anchoring it with used tires.

In bunker silos, top losses are to some extent inevitable,
even with an efficient seal being applied, since this can be
punctured by operators or damaged by rodents or birds.
Sealing benefits mainly the surface layer (Weise et al. 1980),
but also affects very deep layers. McLaughlin et al. (1978)
showed that in the top 240 mm, silage losses were 59.7% and
5.4% in uncovered and covered bunkers, respectively, while
from 240 to 500 mm the losses were 22.1% and 3.1%, respec
tively. At depths greater than 500 mm, losses were
considerably less and unaffected by the presence or absence
of a cover. Savoie (1987) calculated the economics of poly
ethylene (PE) thickness recommended according to the
storage period of the silage. Kaiser and Zimmer (1990) stud
ied the silage quality and losses of a covered bunker with
polyethylene in comparison with an uncovered one.

In the huge silage bunkers in the high plains of Kansas,
many farmers stopped using plastic covers (due to the poor
protection affected by them) and are ready to absorb high top
losses of the uncovered bunkers (Personal communication:
K.K. Bolsen, Kansas State University, Manhattan, KS).
Dickerson et al. (1991b) developed a laboratory model to
study the rate and extent of top losses in bunker silos. Dicker-
son et al. (1991a) calculated the percent oforganic matter lost
from the top layer as:

L =

where:

L

AF

[1 - (AF x OMS)/(AS x OMF)] x 100 (1)

= percent of organic matter lost,
= percent of ash at face (face represents

undeteriorated silage),
OMF = percent of organic matter at the face,
AS = percent of ash in top sample, and
OMS = percent of organic matter in top sample.

All percents are based on the dry matter content (ash plus
organic matter).
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The objective of this work was to study the effectiveness
of several covering methods used in Israel on the reduction
of top silage losses.

MATERIALS AND METHODS

The experiments were performed on three commercial hori
zontal bunker silos.

Experiment 1 - Corn silage

The silo was covered with a single layer of 0.1 mm thick
black PE sheeting. The sheeting was continuous over the
entire bunker and was anchored with used tires, two per
square meter. The silo was divided into three equal sections,
4.5 x 4.5 m each. Section 1 was covered as described above.
Section 2 was covered with an additional layer of sheeting.
Section 3 had the additional sheeting (as Section 2), addi
tional tires to make three tires per square meter, and
additional anchoring along the shoulders (next to the walls of
the bunker) made up of bags filled with sand.

At the time of filling the silo, ten plastic net bags (contain
ing 5 kg each of fresh whole chopped corn like the rest of the
crop) were buried directly under the plastic cover at two
general locations within every section, five in the center of
the silage and five along the shoulders. The material in the
buried bags represented the top 300 mm of the silo. Thermo
couples and 2-mm diameter plastic tubes were connected to
the center of the middle (third) bag of each site for routine
temperature measurements and gas analyses.

All bags were removed from the bunkerat the same time,
eight months subsequent to ensiling. Chemical and microbi
ological analyses were carried out to determine losses.

Experiment 2 - Wheat silage

A farm bunker silo (38 x 5 m) was covered with a single
black PE sheet (0.1 mm thick ) with the addition of 100
mm of soil to anchor the sheet. The length of the bunker
was divided intotwoequal parts. Ten plastic netbags were
buried in each part, five in the center of the bunker and five
along the shoulder, all approximately 500 mm under the
PEsheet. Thermocouples and tubes forgas sampling were
connected to each site as described in Experiment 1. The
bags were removed from the bunker after 60days inpart 1
and 90 days in part 2.

Experiment 3 - Wheat silage

This experiment was performed in a large farm bunker silo
(40 x 17 m) that was divided into seven sections according to
the method of covering. All sections were covered with a
single continuous PE sheet (0.1 mm thick ), but differed in
themethods used toanchor theplastic sheeting to thesilage.
The various anchoring methods were:

1. A mixture of soil and silage residues, 50-100 mm thick.
2. Cotton fibre residues, 50-100 mm thick.
3. Used tires, two per square meter.
4. Used conveyor belts, 15 mm thick, cut to 17 x 1m.
5. Same as treatment 3, with the addition of 0.75 kg

urea/m spread on the top silage.
6. Same as treatment 4, with the addition of 0.75 kg

urea/m spread on the top silage.
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7. Shoulders secured with sleeves filled with cotton fibre
residues.

Section 1 covered approximately 40% of the surface area
of the entire bunker. Sections 2, (3+5), and (4+6) each cov
ered approximately 20% of the top surface area. In sections
5 and 6, the width of the area treated with urea was 1.5 m.
Two random samples were taken for analysis from a depth of
150 mmfrom each section 60,90 and 135days subsequentto
ensiling. The samples were taken by cutting the plastic sheet.
The sheet was glued immediately after the samples were
taken.

Chemical and microbiological analyses

Drymatter (DM)was determined by oven drying the samples
at60°C for 48 h. Dry matter losses inthe bags inExperiments
1 and 2 were determined from the difference in DM content
between the fresh material and the end product.

Ashcontentwas determined by ashing the dry samples in
a muffle oven at 550°C for 2 h. Duplicate samples agreed to
within 0.1 percent.

pH was measured on the filtrate from 10 g of wet material
blended for 5 min in a Stomacher blender with 90 mL of
distilled water.

Gasanalysiswasdoneon gas samplesthat were takenwith
a syringe, and the composition was determined with a Tracor
565 gas-chromatograph equipped with a thermal conductiv
ity detector fitted with a dual column, Poropak Q, and
molecular sieve5Amaintained at 50°C. Thegases measured
by thismethod were carbon dioxide, oxygen, andnitrogen.

Microbiological tests included the enumeration of lactic
acid bacteria (LAB), yeasts (Y), molds (M), enterobacteria
(E), andClostridia spores (CL) The methods employed have
been described fully by Ashbell et al. (1987).

RESULTS AND DISCUSSION

Experiment 1 - Corn silage

On the day of removal of the bags from the bunker (after
eight months) visible holes in the three sections of the cover
ing sheets were counted. The average numberof holeswere
6.4, 4.4 and 1.2 holes per m2 for Sections 1, 2, and 3,
respectively. The holes probably were made by rodents and
wildbirds. Thebetterthecovering was,the lessthesheetwas
damaged. Undoubtedly air penetrated readily through these
holes, and enhanced silage deterioration.

The temperature along the shoulders was 3-4°C higher
than inthe center. Seasonal changes in the ambient tempera
ture were reflected in the temperature of the silage, and
ranged from 37-42°C inAugust to 18-22°C inJanuary.

Changes in the CO2 concentration were similar in the
different sections and locations (center and shoulder of the
silo).Thedifference in the coveringsystemdid notaffect the
CO2 concentration in the silage. Changes in the mean CO2
concentration in thetoplayer of all tested locations aregiven
in Fig. 1. A high initial CO2 concentration in the silage
indicated good sealing. Oxygen, nitrogen andcarbon dioxide
penetrate into thesilage at thesame concentrations that they
are in theair. The highinitialCO2 in the silageis a resultof
the O2 used in the respiration and deterioration processes.
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Fig. 1. Mean CO2 concentration in top layer of corn silage (Experiment 1).

Therefore, O2 always appears in the silage at a very low
concentration. A high percent of nitrogen can serve as an
indicator of air penetration too. With time, CO2 should dif
fuse out and air in. The oxygen in the incoming air will be
respired to CO2 so that the CO2 levels in the silo after long
storage periods should be similar to atmospheric levels of
CO2, which was observed. It seems that even the smaller
number of holes was sufficient to enable air to penetrate.
Chemical composition and DM losses at the different sites
are given in Table I. The pH of the bags in sections 1 and 2
was high (7.7 - 8.5), which may indicate deterioration. The

DM losses were between 67% and 78%, and the remaining
material was not suitable as feed. The low DM content ob

served in the top layer of the silage is due to large DM losses.
That means therefore, an almost total loss of the top layer of
the silage. The pH of the silage in section 3 was 4.3 in the
center, and 6.7 along the shoulders. The more careful cover
ing resulted in lower losses and a better quality of silage.

The results of the microbiological tests are given in Table
II. With the more careful covering (sections 2 and 3), more
LAB were found. The numbers of the other microbial popu
lations tested were similar in the three sections.

Table I: Chemical analysis and DM losses of the top layer of corn silage

Treatment %DM (±SD) Ash* pH Losses* (1SD) Remarks

Fresh material 38.4+1.3 6.2 5.8 - -

Part 1. middle 14.010.7 - 8.4 73.311.7 poor silage

Part 1. shoulder 15.1±1.2 - 7.7 78.110.9 poor silage

Part 2. middle 14.4±0.5 20.7 8.2 75.511.3 poor silage

Part 2. shoulder 16.2±3.9 21.1 8.5 67.414.1 poor silage

Part 3. middle 31.612.4 - 4.3 12.416.4 good silage

Part 3. shoulder 18.415.0 14.6 6.7 55.012.8 fair silage

* % in dry matter.

2
Table II: Microbiological analysis of the top layer of corn silage (Experiment 1)

Treatment

Fresh material

Part 1. middle

Part 1.

Pari 2.

shoulder

middle

Part 2. shoulder

Part 3. middle

Part 3. shoulder

LAB

6.0

6.3

6.5

8.3

8.9

9.0

9.3

5.9

7.6

6.9

8.7

7.8

8.9

7.7

M

0.9

7.6

6.9

NF

NF

7.9

NF

7.2

8.8

8.5

8.5

8.7

8.8

8.8

CL

1.0

5.2

5.2

5.2

5.2

4.9

4.9

Log CFU g"1 DM. LAB, lactic acid bacteria; Y, yeasts; M, molds; E, enterobacterial CL, clostridial spores. NF = notfound.
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Experiment 2 - Wheat silage

Although there was a 100 mm layer of soil on the PE sheet
ing, the latter was damaged in many places. During the
storage period the soil was washed off to the lower parts of
the cover. (It is important that the silage under the plastic is
flat and smooth.) The folded areas from which soil was
washed were weaker and more susceptible to holes. The
addition of soil has to be done in such a way that the sheet is
protected for as long as the storage continues.

Temperature profiles in the wheat silage were similar to
those of the corn silageand ranged from 28-34°C in April to
12-16°C in December. Percent CO2 in the top layer of the
wheat silage was higher in the center than near the wall
during the initial 2 weeks of storage (Fig. 2). CO2 concentra
tions in the two halves were similar. Chemical composition
and DM losses are recorded in Table III. The longer the
storage period, the greater were the losses. This was accom

100 j

90 ••

80 -

70 -

60 ••

%co
2

50 --

40 ••

30 -

20 -

10 ••

0 +l

panied by increases in pH and ash content. This agrees with
Savoie (1987), who recommends a heavier seal for longer stor
age periods. The microbiological analysis (Table IV) indicates
a higher number of molds with a longer storage period.

Experiment 3 - Wheat silage

Chemical analyses of the top silage in the different sections
are given in Table V. Organoleptic assessment of the wheat
silage top layer revealed that the addition of urea (sections 5
and 6) enhanced the deterioration of the silage, as confirmed
by temperature measurements (39°Cvs 31°Cafter90 daysin
sections 3 and 5, respectively). Urea at the concentration
applied in this experiment resulted in pH increase but was not
sufficient to inhibit yeasts and molds. Shoulders (section 7),
as usual, were susceptible to rapid deterioration, as indicated
by much higher pH and ash content, and higher mold counts
(Table VI). After 60 days of storage, all top parts of the silage
contained high numbers of LAB. High counts of molds (sec-

H Middle

H Shoulder

Fig. 2. Mean CO2concentration in top layer of wheat silage(Experiment 2).

Table III: Chemical analysis and DM losses of the top layer of wheat silage (Experiment 2)

Duration

(months)

Location %DM PH Ash %DM losses Remarks

Fresh material

2

2

3

3

middle

shoulder

middle

shoulder

34.7

34.6

37.0

34.4

39.5

6.9

3.9

4.9

4.1

8.4

8.2

9.4

16.3

14.6

10.410.4

44.1110.4

14.611.5

54.817.3

good silage

poor silage

good silage

poor silage

Table IV: Microbiological analysis of the top layer of wheat silage (Experiment 2)1

Duration

(months)

Location LAB M CL

2 middle 5.7 4.9 3.0 0 3.9
2 shoulder 8.4 6.0 3.3 0 3.8

3 middle 3.5 5.0 6.1 1.7 3.8

3 shoulder 4.7 4.7 4.4 5.8 4.8

Log CFU g" DM. LAB, lactic acidbacteria; Y, yeasts; M, molds; E, enterobacterial CL, clostridial spores.
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Table V: Chemical analysis of the top layer of wheat silage at various times after ensiling (Experiment 3)

Treatment After 60 days After 90 days After 135 days

no.

%DM %Ash pH %Dm %Ash pH %DM %Ash pH

1 37.6 12.9 3.5 37.5 13.1 3.6 38.0 15.1 3.7

2 31.0 15.1 7.3 34.5 11.9 3.8 34.0 11.1 3.9

3 39.2 9.2 3.8 41.7 9.4 4.0 46.3 10.5 3.9

4 42.6 9.1 4.1 45.2 10.1 3.9 - - -

5 30.1 10.6 4.3 16.5 12.8 8.7 23.4 12.0 53

6 34.6 10.2 4.2 20.3 12.9 8.4 - - -

7 28.6 23.8 7.7 24.8 22.0 8.0 38.9 27.4 8.0

2 Fresh material contained 43.7% DM and 9.5% ash in theDM. pH= 4.5.
Values in treatment 4 and 6 on day135 are missing becausesilage in thesesectionshad alreadybeen unloaded.

2
Table VI: Microbiological analysis of the top layer of wheat silageat various times after ensiling (Experiment 3)

Treatment After 60 days After 90 days After 135 days

no.

M Y LAB M Y LAB M Y LAB

1 3.1 3.6 5.2 3.2 2.1 4.7 2.0 0 2.4

2 3.5 5.1 6.8 2.9 0 5.3 0 5.4 6.9

3 2.4 0 7.5 2.4 3.6 -
3.2 0 4.0

4 2.7 0 7.1 2.0 2.7 - - - -

5 3.1 4.8 8.8 3.8 3.5 -
3.8 0 7.1

6 2.5 3.0 7.8 3.7 3.7 - - - -

7 9.3 0 5.6 7.2 5.3 0 6.7 0 3.2

2Log CFU g"1 DM. LAB, lactic acid bacteria; Y, yeasts; M, molds. Fresh material had: M=8.6; Y=8.1; LAB =8.4.

tion 7) were associated with a reduction in the numbers of
LAB. The microbiological counts did not change consis
tently after 90 and 135 days.

CONCLUSIONS

In this work various silage covering systems were tested.
From the results several principles can be inferred. For effec
tive protection of the top layer it is necessary to insure the
integrity and anchoring of the plastic sheeting to prevent air
penetration. The weight of the layer protecting the sheeting
is not important. However, it is necessary to make sure that
this layer does not slide away or be washed off. Wrinkles in
the plastic sheeting are susceptible to rain accumulation and
tearing.
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