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Qualitative monitoring of corn silage stored in commercial bunker
silos and used as feed for dairy cattle in the western region of Santa

Catarina State, Brazil

Monitoramento da composicao bromatologica de silagens de milho
ensiladas em silos do tipo trincheira e utilizadas na alimentacao de

rebanhos leiteiros no Oeste Catarinense
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Claiton André Zotti*; Ana Luiza Bachmann Schogor®*

Abstract

Corn ensiling is a feed preservation practice used for ruminant production. During the process of making
and opening the silos, the quality of the silage may change due to the entrance of air, which can cause
damage and decrease the voluntary intake of the animals. The objective of this work was to evaluate the
chemical composition of corn silages during their use in commercial bunker silos, as well as to correlate
this with qualitative and quantitative characteristics related to the silage making process. Technical data
on silage making and samples were collected from 14 bunker silos, with five samples collected along
each silo (at 10, 30, 50, 70 and 90% of their lengths); additionally, two sampling methodologies were
compared (“W” vs. layer collections in silo panels: top, middle and bottom). The values for the pH and
titratable acidity (TA) were significant (p < 0.05) in relation to the sampling method, where the pH of the
top was higher (3.8+0.5) than that of the middle and the bottom layers (3.6+0.3 and 3.5+0.3); therefore,
the TA was lower in the top of the silos. The dry matter, ashes, crude protein, neutral detergent fiber, acid
detergent fiber, pH, TA, as well as the silo sampling method during the unloading of commercial bunker
silos did not differ for any of the variables (p < 0.05). Also, the particle size did not differ during the
unloading of the commercial bunker silos (p > 0.05). According to the collected technical data, 78.57%
of the bunker silos were built directly on the ground, the harvesting equipment was mostly borrowed
from municipalities or farmers’ associations (for 35.7 and 28.5% of the farms, respectively), and in only
64.2% of the farms, the harvester was sharpened before silage cutting. Good practices were applied
during the corn silage process and throughout the use of the silos, homogeneous quality was detected in
the western region of Santa Catarina. Either “W” or layer collections can be used to sample corn silage.
Key words: Ensiling. Management practices. Penn state particle size separator. Principal component
analysis.
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Resumo

A ensilagem de milho ¢ uma pratica de conservagdo de alimento utilizada na producdo de ruminantes.
Durante o processo de confeccao e abertura do silo, a silagem pode ter alteragdes em sua qualidade em
fungao da entrada de ar, que pode causar prejuizos e diminuir o consumo dos animais. Objetivou-se avaliar
a composicao bromatologica das silagens de milho ao longo da utilizago, de silos comerciais do tipo
trincheira, bem como correlaciona-las com as caracteristicas qualitativas e quantitativas, relacionadas
ao processo de confec¢do das silagens. Os dados técnicos sobre a confeccdo da silagem, bem como
amostras foram coletas a campo em 14 propriedades, em que foram coletadas cinco amostras ao longo
de cada silo (relativos a 10, 30, 50, 70 e 90% do seu comprimento), e adicionalmente duas metodologias
de amostragem foram comparadas (coletas em “W” vs. coletas em estratos do painel do silo: topo, meio
e base). Os valores de pH e AT (p < 0,05), foram significativos em relagdo ao método de amostragem,
em que o pH do topo foi maior (3,8+0,5) que o do meio e o da base (3,6+0,3 e 3,5+0,3); portanto, a AT
foi menor no topo dos silos. Os resultados encontrados para MS, MM, PB, FDN e FDA, pH e AT, assim
como comparado ao método de amostragem do silo ndo diferiram entre si para nenhuma das variaveis
(p <0,05). Além disso, o tamanho das particulas nao diferiu ao longo da utilizagao dos silos comerciais
tipo trincheira (p > 0.05). O levantamento técnico mostrou que 78,57% dos silos trincheira avaliados
foram construidos diretamente no solo, que os equipamentos de colheita utilizados foram emprestados
de prefeituras ou associagdes de agricultores (para 35,7% e 28,5% das fazendas), ou que em somente
64,2% das fazendas o equipamento de colheita foi afiado antes da colheita. Foram observadas boas
praticas de ensilagem de milho e homogénea qualidade ao longo do silo. Ambos métodos de coleta, em
“W” como em estratos do painel podem ser usados durante amostragem de silagem de milho.

Palavras-chave: Analise de componentes principais. Ensilagem. Penn state particle size separator.

Praticas de manejo.

Introduction

In Brazil, corn silage is the main roughage
source used to feed high milk-producing cows
(BERNARDES; REGO, 2014). Corn is frequently
used due to the ease of the crop preparation and the
silage-making process (NUSSIO et al., 2001). In
addition, corn has the flexibility to be used to make
silages of grains and whole plants (BERNARDES;
CHIZZOTTI, 2012). The whole corn plant, with a
dry matter (DM) content between 30 and 35%, has
a large amount of soluble sugars and, thus, it can
provide good microbial fermentation (DEMINICIS
et al., 2009). Additionally, the nutritive value of
corn silage depends on a set of factors: the choice
of the hybrid for planting, the crop density, growth
conditions, the degree of maturity, the moisture of
the crop when harvested, and the silage conditions
themselves (SATTER; REIS, 2012). However,
among the factors that can decrease the quality of
cornsilage, is the aerobic deterioration, which occurs
when the silage is exposed to the environment,
which has the largest effect; at this time, the process

of degradation begins, especially in hot climates
(BERNARDES; ADESOGAN, 2012), as can occur
in the western region of Santa Catarina state.

Because the silage process has several crucial
steps, process failures are not rare, both in the
production and in the fermentation of the material.
This can impair the quality of the silage and increase
the amount of fermentation losses, due to the fact that
good fermentation is the result of the conversion of
soluble carbohydrates to organic acids, through the
action ofanaerobic microorganisms (BERNARDES;
WEINBERG, 2013). As in the process of opening
the silo, losses can be high due to the entrance
of air, which leads to degradation by aerobic
microorganisms (JUNGES, 2010). These failures
are linked to factors ranging from the characteristics
of the plant, the operational management of the
harvesting and the compaction of the silage material,
to the silo shortage, which influences the silage
fermentation process, and can alter its chemical-
physical composition (NEUMANN et al., 2007).
This deterioration during the unloading of the silo
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can alter the chemical composition of the silage.
Therefore, research that seeks to evaluate the effect
of the changes throughout the use of silos should be
conducted, such that control tools can be improved
and better guidance can be offered to producers and
technicians. The objectives of this work were to
analyze the physicochemical quality of corn silages
in western Santa Catarina during the unloading of
commercial bunker silos, as well as their variability,
associated with the qualitative and quantitative
characteristics of the silage making process. The
second objective was to analyze whether sampling
methods are representative and equivalent for the
evaluation of silage quality.

Material and Methods

This study was conducted in western Santa
Catarina (SC) on 14 dairy farms (562.8 = 102.69
m altitude) that produced corn silage in 2016/2017,
the first corn harvest period, and stored this corn
silage in bunker silos. There was variation in the
structure of the silos with respect to their size and
the silo coating material (i.e., coated with plastic
film, uncoated - directly on the ground, or concrete).
Quantitative and qualitative data were collected
directly on the farms, ranging from data about corn
planting to silo unloading (all collected data are
shown in Table 1).

Table 1. Descriptive statistics for qualitative variables of corn silage management practices from 14 commercial
bunker silos in the western region of Santa Catarina state, Brazil, during the 2016/2017 crop production season.

<5 ha 5-10 ha 10-15 ha >15 ha
Area of corn crop (%)
64.29 7.14 21.43 7.14
Farmers follow technical assistance for Yes No
hybrid planting (%) 85.71 14.29
. . Dent Semi dent Flint
Variety of corn for silage (%)
14.29 64.29 21.43
Method of assessment of the maturity Milkline Whole plant Corn cob
stage (%) 50 35.71 14.29
. 20-35 cm 35-50cm >50cm
Harvest height (%)
71.43 21.43 7.14
. . >50t 50-150 t 150-250 t >250t
Silo capacity (%)
14.29 50 21.43 14.29
Coated with plastic ~ Uncoated (directly
. Concrete
Bunker silo type (%) film on the ground)
7.14 78.57 14.29
Owner of the harvesting Farmer’s association Municipality Particular
equipment (%) 35.71 28.57 35.71
. . . Before h . Before and after the Before and during the
Frquency of k'nlfe sharpening during efore harvesting harvesting harvesting
the silage making process (%)
64.29 7.14 28.57
Farmer follows some technical Yes No
recommendations for silage making (%) 64.29 35.71
The tractor had wheels with ballasts at Yes No
the time of silage compaction (%) 57.14 42.86
The tractor used extra weight at the time Yes No
of silage compaction (%) 64.29 35.71
continue
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continuation
Frequency of plastic Yes No
film covering the silo (%) 92.86 7.14
. . <12 h 24 h 48 h >48 h

Delay time to cover silo (%)
14.28 71.43 7.14 7.14

Frequency of silage removal per 1 2 3

day (number per day) 14.28 78.57 7.14

Slice size/day from the silo (%) 5-10 cm 10-15cm 15-20 cm >20 cm
7.14 21.43 57.14 14.28

The silage was sampled at five points along each
silo, according to the use of silage, per the routine of
the dairy farms. Since the length of each silo varied
among farms, the collection points were defined
as follows: from the total silo size, 10% of the
silo outset and 10% of the silo end were excluded,
totaling 20% of the silo that was disregarded; the
remaining 80% of each silo was then divided into
four portions (corresponding to 20% each), which
resulted in five collection points, and these points
were delimited by the use of pegs. In other words,
five samples were collected along each silo at 10,
30, 50, 70 and 90% of its length.

Samples were taken in two sample forms. The
“W” type consisted of collecting samples at five
points from an imaginary “W” designed on the silo
panel, referring to the ends of the W, as described
in Figure 1. Secondly, separate “strata” collections
were taken, representing the top, middle and bottom
of the silo (where the top samples, corresponding to

20-25 cm from the silo surface, were disregarded due
to the presence of mold on some farms); the center
sample was removed from the geometric center
of the silo, and the base sample was taken 20 cm
from the silo base. All samples (approximately 500
g each) were collected in duplicate (for strata, they
were collected side by side, with a space of about
20 cm between samples), and immediately frozen
(-4 to -10 °C). The project team followed up at least
once after the first sample collection, and trained
the farmers or managers for subsequent collections.
Therefore, the samples were accumulated on each
dairy farm, and collected at the end of the collection
period. Due to some dairy farmers not annotating
the date of collection, it was not possible to calculate
the silage use rate (or the withdrawal rate per day
of the silo panel). The samples were sent to the
Laboratory of Animal Nutrition of Santa Catarina
State University (UDESC) for further analysis.

Figure 1. Schematic illustration of the silage sampling strategy using the “W” method.

Legend: points 1, 2, 4 and 5 are opposites and symmetric; point 3 is situated in the geometric center of the silo panel. The figure is

not drawn to scale.

Semina: Ciéncias Agrdrias, Londrina, v. 40, n. 4, p. 1695-1708, jul./ago. 2019



Qualitative monitoring of corn silage stored in commercial bunker silos and used as feed for dairy cattle in the western...

The pH and titratable acidity (TA) analyses were
performed according to the methodologies described
by Silva and Queiroz (2002). Particle size analysis
was performed according to the methodology of
the Penn State Particle Size Separator (LAMMERS
et al., 1996) adapted by Mari and Nussio (2002).
After this analysis, the samples were homogenized
according to the type of collection (“W” or “strata’)
and by collection point (1 to 5). The chemical
analysis of dry matter was determined at 105 °C,
and analyses of ash (AOAC, 2000), and crude
protein (AOAC, 1990) were performed. Organic
matter (OM) was obtained mathematically (OM =
DM - ash). Neutral detergent fiber (NDF) and acid
detergent fiber (ADF) analyses were performed
as described by AOAC (1997), in polyester bags
(KOMAREK, 1993), in which the samples were
submitted to an autoclave at 110 °C for 40 min
(SENGER et al., 2008) in a sequential method.
For concentrate samples, a-amilase was added
(MERTENS, 2002).

Qualitative data are presented as descriptive
statistics (Table 1). For quantitative data (chemical
quality of the corn silages), an analysis of variance
was performed to determine the effect of the
collection point (1 to 5) along the silo. To determine
the effect of collection type (W, or top, middle,
base and composite), a Student’s t-test or Wilcoxon
test were performed according to the Shapiro-
Wilk normality test. Specifically, Student t-tests
were performed for OM, NDF, ADF and CP, and
Wilcoxon tests were performed for pH, TA, DM
and ash. For the qualitative variables (shown in
Table 1), a sample size reduction was performed
through principal components analysis, in which the
variables with collinearity were removed from the
sample. For the analysis of the mean particle size,
an analysis of variance was also performed. For all
analyses, the statistical software R was used, with
a significance level of 5% (R DEVELOPMENT
CORE TEAM, 2018).

Results and Discussion
Silage management practices

The management practices related to the ensiling
processes and corn silage utilization of the 14 dairy
farms are described in Table 1. Most of the dairy
farms had up to 5 ha of corn crop destined for silage.
In a study that had an objective of characterizing the
properties of the southern region of Santa Catarina,
Werncke et al. (2016) showed that the majority of
the properties used family labor, and had on average
30 ha; for those who worked with dairy cattle,
about 15.1 ha was destined for this activity, with an
average of 3 ha for planted corn or sorghum for the
production of silage.

In the choice of hybrid, most farmers decided to
use dent kernel corn (64.29%; Table 1). The dent
texture of the corn grain negatively influences the
digestibility of the starch present in the grain when
consumed by the animal (CORREA et al., 2002).
According to Hoffmann and Shaver (2011), the
starch in the vitreous endosperm is more extensively
encapsulated by prolamin-zein proteins; this leads
to a poor attachment and slow potential degradation
of the corn by rumen bacteria (ROMAGNOLO et
al., 1994). One of the reasons for the lower use of
softer texture hybrids (flint) is its low availability
in the Brazilian market, together with the lack of
information for producers regarding the differences
in the availability of starch to the animals (SANTOS
et al., 2016). For 50% of the farmers, the crop
harvesting point was decided by analyzing the
milkline. Changes in the amount of dry matter in the
corn production cycle will influence the qualitative
aspects of silage in relation to the amount of silage
fiber and the energy density of the food (OLIVEIRA
etal., 2007).

For the corn harvest, 35.71 and 28.57% of the
farmers used harvest machines from farmer’s
associations and municipalities, respectively, and
35.71% had their own equipment; all the harvesters
were pulled by tractors (Table 1). According to
Bernardes et al. (2012), the use of this machinery
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1s due to its lower cost; however, it can lead to a
wide range in the size of the silage particles, and
can increase the number of large particles, which
can hamper the mass compaction process and
lead to an increase of air entrainment in the silage
material; when the silo is opened, this may result
in molds entering the silage. As a cutting height,
the highest percentage of farms were between 20-
35cm. The frequency of knife sharpening was
twice per day (before and after cutting) (Table 1),
which may have contributed to a uniform particle
size, since no differences in particle size were
observed during the unloading of the silos (p>0.05,
data not shown). According to Shinners (2003),
not sharpening the knives causes lacerations of
the plant, and ideally, the plant should be chopped.
The silos were of the bunker model type, dug in the
soil, and most were without any kind of revetment,
with the silage deposited directly in the soil. This
practice reduces costs in the construction of the
silo. However, depositing silage directly on the
soil can increase contamination by aerobic spore-
formers, such as Clostridium spp. and Bacillus spp.
(SLAGHUIS et al., 1997). Spores are unaffected by
their passage through the gastrointestinal tract of
the cow and are excreted in the feces (TE GIFFEL
et al., 2002), which may be transferred to the milk
via fecal contamination of the udder, making silage
an important source of spores in milk (COOK;
SANDEMAN, 2000). The silage ensiling and
fermentation processes need to be controlled, and
bunker silos without concrete should be avoided
(BERNARDES; WEINBERG, 2013).

During silage compaction, the highest percentage
of the producers sought to increase the weight of
the tractors with the use of extra weights, and used
ballasts in the wheels of the tractors (Table 1).
One of the reasons for this is that, in addition to its
dependence on particle size, a high silage density
depends on factors such as the time of compaction
with the tractor and the weight of the tractor at the
time of compaction; the tractor’s weight must be
around 40% of the amount of the silage transported
from the field to the silo per hour, so management

need to be carried out adequately (MUCK;
HOLMES, 2000).

To cover the silos, 13 dairy farmers used
double-sided plastic films and only one used black
plastic film. Double-sided plastic film has been
recommended to maintain the fully anaerobic
environment (AMARAL et al., 2014). Additionally,
studies have recommended the use of oxygen
barrier (OB) film to cover silos, once it was noted
that it reduced oxygen permeability compared to
standard film (BORREANI; TABACCO, 2008),
resulting in lower counts of molds in the top layer
of the silo (OROSZ et al., 2013), higher aerobic
stability (more 2.5 days) and a 42% reduction
in DM losses (WILKINSON; FENLON, 2013).
According to Bernardes and Adesogan (2012),
during the unloading of the silo, one of the ways
to reduce aerobic deterioration is to ensure that the
rate of silage removal is adequate for the production
regions, at rates of 1.5 to 2.0 m/week. Most farmers
(57.14%) removed between 15-20 cm/day. This
amount was divided over two removals per day; that
is, they took one part in the morning and another in
the afternoon. In this case, the farmers were above
the recommended range. A recent study (OLIVEIRA
et al., 2018) proposed a new methodology to assess
the silo feed-out rate based on the daily amount of
silage per square meter. According to the authors, a
removal rate between 250—375 kg of silage/m?/day
reduces the risk of spoilage of maize silages.

Chemical and physical composition

The total averages for the chemical and physical
composition and particle size analyses for the two
sampling methods, the “W” and the “composite”
types (the mean of the top, middle and bottom), are
shown in Table 2. The mean DM values, independent
of the sampling method, were between 30.30 and
30.35%; this is within the 30 to 37% ideal range for
good fermentation of the silage and will result in a
high-quality roughage, according to Nussio (1991)
and Deminicis et al. (2009).
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Table 2. Mean values of the physical and chemical compositions of the corn silage from 14 dairy farms, evaluated
during the unloading of commercial bunker silos, according to the sampling method (imaginary “W” in the silo panel,
with 5 collection points corresponding to the points of the W vs. “combined”, referring to the pool of samples made

from the top, middle and bottom of the silo).

Physical and chemical composition Mean = SD Minimum Maximum Median
Dry matter (DM), %
w 30.30 + 3.89 20.83 37.18 30.89
Combined 30.35+4.03 17.61 38.98 30.15
Ash, % of DM
w 4.92 +1.23 2.60 7.36 4.85
Combined 4.64 £1.19 2.13 9.96 4.66
Organic matter, % of DM
W 25.37+4.22 15.73 34.38 26.12
Combined 25.70 £ 4.13 12.70 35.50 26.06
Crude protein, % of DM
W 7.90+ 1.12 4.48 10.58 8.04
Combined 7.98 £1.40 3.75 14.44 7.91
Neutral detergent fiber, % of DM
w 45.4+9.89 27.54 81.01 43.65
Combined 45.1+£10.41 24.15 73.85 42.90
Acid detergent fiber, % of DM
w 26.7+12.13 11.77 81.68 23.64
Combined 24.2+7.56 11.08 58.19 22.70
pH
\Y 3.74+0.40 3.08 6.03 3.63
Combined 3.68+0.41 3.07 6.48 3.60
Titratable acidity (mL NaOH to reach pH 7)
W 24.21 +£9.13 4.0 48.00 25.65
Combined 25.60 £9.16 3.0 49.35 26.88
Particle size distribution
w
>38 mm 1.3+£1.77 0.0 6.7 0
38-19 mm 45+3.74 0.0 17.9 4.6
19-8 mm 61.1 £10.53 40.4 86.0 62
Bottom <8 mm 33.2+£10.03 12.8 53.8 31.1
Combined
>38 mm 1.5+0.30 0.0 5.4 0.3
38-19 mm 4.0+£3.22 0.0 9.9 43
19-8 mm 61.1+9.97 42.8 86.2 61.0
Bottom <8 mm 33.7+£9.47 11.9 52.6 32.8

The mean values for ashes had lower results
compared to those of Possenti et al. (2005), who
found values of 5.8% in corn silages. For the pH
values, the results were similar to those of Oliveira
et al. (2010), who found a pH of 3.8. According
to Wilkinson et al. (2003), pH 4 describes a well-
preserved silage. In terms of the neutral detergent

fiber (NDF) and acid detergent fiber (ADF), mean
values were similar to those of Jobim et al. (2010),
who found values of 45.9% and 27.5% of NDF
and ADF, respectively, as were the values of crude
protein (7.5%), which fit within the ideal values for
corn silage (7 to 8%).
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The mean values of the particles, according
to Tables 2 and 3, are different from those
recommended by Lammers et al. (1996), who noted
that the percentage of the material with diameters
greater than 19 mm (sieve 1), intermediate diameters
of 8 mm (sieve 2) and 1.18 mm (sieve 3), and
diameters less than 1.18 mm should be 3-8%, 45-
65%, 30-40% and less than 5%, respectively. This
demonstrates that the values found in this study

encompassed a larger amount of smaller particles
than is recommended. When particle size is reduced,
the cellular rupture in the forage increases, and
consequently, cellular content extravasation occurs
(KRAUS et al., 1997). According to McDonald et
al. (1991), particle sizes less than 20-30 mm relative
to the silage may favor a greater amount of soluble
carbohydrates in the silage, and thereby increase
lactic acid bacteria growth.

Table 3. Mean values (%) for the particle size of the corn silage of commercial bunker silos, according to the different
sampling types (imaginary “W” in the silo panel, with 5 collection points corresponding to the points of the W; “strata”
and “combined” refer to the pool of samples made from the top, middle and bottom of the silo).

Sample collection location on the silo panel

Particle size W Top Middle Bottom Combined
Sieve 1 (>38mm) 1.241.87 1.3%1.77 1.1:£1.73 1.1%1.71 1.12£1.57
Sieve 2 (38-19 mm) 4.4°+3 98 4.6°+4.07 3.7%43.74 3.8243 .87 2.6"+2.91
Sieve 3 (19-8mm) 61.62£10.50 60.12£11.15 60.92+9.95 62.0:£10.81 61.2%49.87
Sieve 4 (<8mm) 32.7%9.97 33.9°+10.74 34.2%+9.47 32.9%410.62 33.4%£9.29

In relation to the silage sampling method on
the silo panel, there were no significant differences
in relation to DM, ash, OM, CP, NDF, and ADF
(p>0.05) (Table 4). For the analysis of pH and TA, the
type of collection in the silo panel showed statistical
differences (p<0.05). The pH in the top collection
was the highest (3.8), although it still remained
within the level that is considered ideal. Winckler
(2015) also found a difference in pH values between
the top and middle of the silo, and verified that the
pH at the top was superior to that of the middle.
Oxygen deposition in the silo affects the quality of

the silage, because during silage storage, the upper
layer stays in contact with oxygen for a longer time,
resulting in a greater difficulty in lowering the pH
(SAVOIE; JOFRIET, 2003). Accordingly, the TA
was higher in samples collected at the silo base
(p<0.05), with values of 28.6. Jobim et al. (2007)
cite that TA is a more adequate concept to explain
the silage quality than the pH, because the TA is
related to the production of lactic acid produced in
the silage, whereas the pH is related to all the acids
that are produced.
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Table 4. Dry matter (DM), ash, organic matter (OM), crude protein (CP), neutral detergent fiber (NDF), acid detergent
fiber (ADF), pH and titratable acidity (TA) of the corn silage from the different types of sampling, according to the
sampling method (imaginary “W” in the silo panel, with 5 collection points corresponding to the points of the W;

“strata” and “combined”, referring to the pool of samples made from the top, middle and bottom of the silo).

Sample collection location on the silo panel

Content w Top Middle Bottom Combined
DM, % 30.2°+ 3.88 30.9°+4.20 30.4°+4.11 29.6+3.71 30.3%+3.65
Ash! 4.9 1.23 4.7%+ 1.32 4.5+1.14 4.6*+1.09 4.6*+1.03
OoM! 25.3%+ 421 26.1°+4.52 25.9%+4.07 25.0°+3.75 25.7°+3.73
CP! 7.9°+1.11 8.0°+ 1.52 7.9%£1.23 7.9:£1.43 7.9:+£1.00
NDF! 45.4:+9.97 46.2°+10.30 44.5°+£10.89 44.6°+10.17 45.15*+7.78
ADF! 26.7°+12.25 25.32£8.01 24.2®+8.11 23.1°+6.46 24.2%+4.76
pH 3.7°+£0.40 3.8°£0.52 3.6'+0.30 3.540.32 3.6°+3.60
TA? 24.2*+9.13 22.2:+9.21 25.9°+8.36 28.6°+8.85 25.6*+7.31

% of DM; >mL of NaOH 0.1 N to reach a pH of 7.0.

Means followed by different lowercase letters within a line differ by Tukey’s test (p<0.05).

Table 5 shows the chemical and physical analysis
results of the corn silages during the unloading of
the commercial bunker silos. The levels of DM,
ash, OM, CP, NDF, ADF, pH and TA did not differ
statistically between the sampling points (p>0.05),
demonstrating a stable composition during the silage
usage. Neumann etal. (2007) verified that, during the

unloading of silos, no variable influenced the DM,
CP or NDF contents of corn silage. The authors also
emphasized the existence of a few studies that took
the changes due to the management of the unloading
of the silo into account, such as the air intake that
occurs in the silo, which leads to oxidation resulting
from the activity of the microorganisms.

Table 5. Dry matter (DM), ash, organic matter (OM), crude protein (CP), neutral detergent fiber (NDF), acid detergent
fiber (ADF), pH and titratable acidity (TA) of the corn silage according to the different sampling types (imaginary “W”
in the silo panel, with 5 collection points corresponding to the points of the W; “strata” and “combined”, referring to
the pool of samples made from the top, middle and bottom of the silo) and during the unloading of bunker silos (5

collection points).

Collection Sample collection location on the silo panel .

Content point AW Top Middle Bottom Combined
1 31.6"+2.89 31.4°£3.54 31.4°+3.30 30.2%+3.23 31.0°+3.01

2 30.5°+3.15 31.32+3.03 31.3*+3.31 19.8°+2.87 30.8°+3.11
3 31.2°+4.02 32.4°+4.47 30.9°+3.93 30.8°+3.88 31.7°+£3.47
4 31.0%42.22 31.3*+3.00 30.7°£3.08 29.4°£3.08 30.1°4£3.26
DM! 5 29.17+4.39 28.87+4.48 29.5+4.37 27.4°43.59 28.5°+4.37
1 4.8°+1.17 4.6’+1.04 4.5*+0.96 4.2°+0.94 4.6°+0.98

2 5.0a+1.45 4.7°+1.14 4.2°+1.09 4.2°+1.13 4.4°+1.11

3 4.7°+1.09 4.4°£1.16 4.3°+1.05 4.4°+0.71 4.62°+1.01

4 4.9°+1.09 4.7°41.18 4.4°+1.19 4.1*+1.21 4.5°+0.92

Ash? 5 5.2%£1.15 4.5*+0.89 4.6 +1.12 5.0£0.93 4.5°+0.74

continue
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continuation

1 26.6°+3.07 25.6°+3.20
2 25.6°+3.64 27.5%42.95
3 26.9°+3.31 27.7°43.72
4 25.5%4+3.62 25.4°43.13
OoM? 5 23.4*+4.16 25.1°43.48
1 8.3°+1.08 7.9°£1.35
2 7.9°+0.97 8.5%1.41
3 7.8*+1.08 7.6'+0.94
4 7.7°+0.97 7.4°+1.27
Cp? 5 7.8*+1.14 7.97+0.89
1 44.5°+8.23 46.8£10.13
2 46.6°t11.44 43.9a+9.90
3 40.8°+5.33 47.6a+11.74
4 47.3%11.31 44.5a+10.5
NDF? 5 47.8*+11.72 48.5+9.87
1 28.5+18.42 26.3£10.55
2 27.8*+11.74 22.1%45.73
3 21.8%+4.33 26.1%+6.57
4 28.5%14.22 25.0%+9.47
ADF? 5 26.8°+7.78 26.9°46.95
1 3.9°+0.64 3.8%+0.18
2 3.7%+0.45 3.7%+0.37
pH 3 3.6"+0.23 3.7a+0.17
4 3.6%+0.23 3.8%+0.16
5 3.6°+0.24 3.8°+0.20
1 18.1°+8.36 20.4*+8.28
2 25.8%+7.17 24.7°4+8.38
TA? 3 25.8%+9.33 20.5*+8.27
4 27.2°45.73 23.8%£10.10
5 20.2%+8.47 21.6+9.14

26.9°+3.30 25.8°+3.28 26.1°+3.04
26.1°£3.21 25.6°+3.34 25.9°+3.00
25.6*+2.94 27.3*42.61 26.2°+3.27
25.4*42.70 24.9°+3.45 24.3°+2.84
24.1°43.93 23.1£3.65 23.6°+4.37
8.0°+1.15 8.0°£0.95 8.1*+0.98
7.7°+0.81 7.6*+0.96 8.1°+1.12
8.2°+1.04 7.5*+0.97 7.9°+0.84
7.9°+0.89 7.6'+0.70 7.9°+0.88
7.7*+1.20 7.8°+0.88 7.7°+0.93
45.7°49.33 44.3°+10.66 45.6°+8.03
45.3+£10.64 47.7°£10.92 45.6°+6.99
43.5£12.27 45.3%+12.30 45.5*+8.79
42.1%+8.27 40.5°+7.94 42.4*+6.97
45.9°+14.07 45.348.51 46.5*+8.42
25.2*+5.40 21.8*+3.70 24.5%£5.39
21.1%3.11 27.8*+11.01 23.7°+4.56
23.5%+10.25 22.3%5.16 24.0°+4.32
25.7%+9.51 21.2%£3.55 24.0°+4.98
25.4*49.93 22.6°+4.09 25.0°+5.08
3.7*+0.24 3.6°+0.23 3.7°+0.46
3.5a+0.32 3.5%+0.16 3.6"+0.79
3.5%+0.22 3.5%+0.17 3.6+0.54
3.6°+0.19 3.6*+0.19 3.6"+0.62
3.6+0.19 3.4*+0.16 3.5%+0.63
25.5*48.75 27.5+7.80 25.0°+7.24
28.6*4+4.82 29.0°£8.91 27.4*+5.92
28.4°+6.49 29.8*+8.63 25.3*+6.51
29.1°45.84 28.7°45.23 26.8°+5.74
21.8%48.72 29.9°+7.85 25.1°46.25

1% 2% of DM; *mL of NaOH 0.1 N to reach pH 7.0.

Means followed by different lowercase letters in the same column differ by Tukey’s test (p<0.05).

Junges (2014) evaluated silo unloading times,
comparing the digestibility of the top and bottom
silage for dairy cows, and found significant
differences in the digestibility of DM and NDF
(p<0.01), with DM values of 70.42 and 73.40% for
the top and bottom, and NDF values of 47.78 and
54.97% for the top and bottom, respectively; the
other variables did not have significant differences.

The same author also verified that diets with the
silage from the base had a higher (p<0.01) nutritive
value than diets with the top silage, due to the supply
from the base having higher levels of carbohydrates;
however, Junges concluded that the silo discharge
did not affect the quality of the silage, although the
sample sites had differences in the composition of
the silage.
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Principal components analysis

The 11 representative variables, arranged in
the Cartesian plane with their influence on the
two major dimensions, are presented in Figure 2.
Principal Component 1 corresponds to 29.1% of the
variability, and Principal Component 2, to 25.5%
of the variability in the data. That is, the analysis
of the main components represented by the two
dimensions is responsible for 54.6% of the variance
in the analyzed data. The variables corn variety
(15.49%), frequency of silage removal (14.65%),
and the harvester owner (12.58%) were those that
presented the greatest influence on the variability
of the data belonging to Principal Component 1.
The variables that had the greatest influence on the
variability of the data in Principal Component 2
were the use of double-sided plastic film (20.09%),
silo capacity (17.88%) and whether the farmer
followed any hybrid technical recommendations
(17.35%). It is worth mentioning that the variables
that had an influence on each main component are a

result of the dimensional reduction of all variables;
that is, only 11 remained in the data file.

According to the data analysis, the hybrid
(corn variety) was the factor that had the greatest
effect on the variability of the quality of corn
silage (Figure 2). We hypothesize that good silage
management practices may have been conducted
on all farms, which resulted in greater variation
due to the corn hybrid. Another qualitative variable
that had relevance was whether the farm followed
the planting recommendations of the hybrid; thus,
this was still related to the hybrid itself. On the
other hand, in Principal Component 2, the greatest
influence on quality was the use of double-sided
plastic film, which is related to silage storage.
Double sealing did not affect the silage nutritional
composition, but increased dry matter recovery
(88.79% vs. 85.64%) and in vitro neutral detergent
fiber digestibility (33.04% vs. 24.6%), when
compared to the conventional version (NEUMANN
etal., 2017).

Figure 2. Projection of the effects of each variable on each of the first and second main components related to the
qualitative monitoring of corn silage during the unloading of commercial bunker silos.

AreaCrop
05-

Principal component 2

05

0.0

HarvestHeight

with extra weight

0.5

\Principal component 1

Legend: AreaCrop: area (ha) used for crop; TechAssistHybrid: whether the farmer follows technical assistance for hybrid planting;
FrequencySilageRemoval: the frequency of silage removal on the dairy farms (1 to 3 times per day); Hybrid (dent, soft or
flint); PlasticFilm (presence or absence of plastic film on the silo); SiloCapacity (strata: >50 t, 50-150 t, 150-250 t and >250 t);
HarvesterOwner (owner of the harvester: farmer’s association, municipality or particular).
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Conclusions

Dairy farmers appeared to apply good practices
in the process of making corn silage in the western
region of Santa Catarina. As a consequence, the corn
silage presented a homogeneous quality throughout
the silos. Either “W” or layer collections can be
used to sample corn silage.
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