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Highlights

Legume exclusive silage shows losses in the fermentative process.
Mixed silage with legumes is a alternative to increase the CP content of silage maize.

Abstract

The partial substitution of maize by tropical legumes for the production of silage has aroused interest, for
bringing benefits of increasing the crude protein content of corn-only silage, constituting an important
alternative for the production of food. In this context, the objective of this study was to evaluate the effect
of addition 30% tropical legumes on the fermentative characteristics and nutritive value of maize silage.
The experimental design was entirely randomized with three replications. The treatments consisted of
silages: Maize; Stylosanthes cv. Campo Grande (80% S. capitata and 20% S. macrocephala), Stylosanthes
cv. Bela; Pigeon pea (Cajanus cajan cv. BRS Mandarim); maize + 30% Campo Grande; maize + 30% Bela
and maize + 30% Pigeon pea. The results show that exclusive legume silage without preservatives
present fermentative losses that compromise the silage quality. Addition of 30% legumes to maize silage
improves the nutritional quality of the silage without compromising its fermentation profile. Stylosanthes
cv. Campo Grande and Bela are the most recommended locations for maize silage. Thus, a mixed silage
of maize and legumes is an alternative to improve the crude protein content of exclusive maize exclusive
silage and reduce fermentative losses of legume silage.
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Resumo

A substituicdo parcial do milho por leguminosas tropicais para a producao de silagem tem despertado
interesse, por trazer beneficio de aumentar o teor de proteina bruta da silagem exclusiva de milho,
constituindo importante alternativa para a producédo de alimento. Neste contexto, objetivou-se avaliar
o efeito da inclusdo de 30% de leguminosas tropicais sobre as caracteristicas fermentativas e o valor
nutritivo da silagem de milho. O delineamento experimental foi inteiramente casualizado com trés
repeticoes. Os tratamentos consistiram das silagens: Milho; Stylosanthes cv. Campo Grande (80% S.
capitata e 20% S. macrocephala), Stylosanthes cv. Bela; Feijao Guandu (Cajanus cajan cv. BRS Mandarim);
milho + 30% Campo Grande; milho + 30% Bela e milho + 30% Feijao Guandu. Os resultados mostram que a
silagem exclusiva de leguminosas sem conservantes apresenta perdas fermentativas que comprometem
aqualidade dasilagem. Aadicdo de 30% de leguminosas a silagem de milho melhora a qualidade nutricional
da silagem sem comprometer o seu perfil fermentativo. O Stylosanthes cv. Campo Grande e Bela sdo os
mais recomendados para a ensilagem com milho. Desta forma, silagem mista de milho e leguminosas é
uma alternativa para melhorar o teor de proteina bruta da silagem exclusiva de milho e reduzir as perdas
fermentativas da silagem de leguminosas.

Palavras-chave: Cajanus cajan cv. BRS Mandarim. Conservacao de forragem. Stylosanthes guianensis
cv. Campo Grande. Stylosanthes guianensis cv. Bela. Zea mays L.

of the zootechnical indices of the herd (Souza
etal., 2019).

Introduction

The seasonality of forage production

in the tropics, throughout the year, has Maize (Zea mays L.) is generally used

compromised the animal production systems
based onthe exclusive exploitation of pasture,
resulting in high supply of animal products
in summer and decreased production in dry
season (Rufino et al., 2022), mainly due to
the reduction in nutritional quality of forage
that negatively affects animal feed and
consequently their performance (Barreto et
al., 2020).

Alternatives must be sought to
supplement the forage deficit, as the
requirements of animals remain constant
throughout the vyear. In this regard, the
production of high-quality silage is a viable
alternative to the maintenance of forage
systems by restricting the feed shortage
period and contributing to the improvement
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for silage production because it exhibits
ease of cultivation, good green matter yield,
good fermentative patterns, maintenance of
the nutritive value of the ensiled mass, and
good palatability (Guan et al., 2020). However,
maize silage has a protein content between
70 and 90 g kg and cannot meet the protein
requirements of ruminants (Paludo et al,
2020). In addition, the high cost of maize
silage production (Edson et al., 2018) has
made its production difficult on a large scale,
which may compromise the quantity offered
to animals.

In this context, the partial replacement
of maize silage with tropical forage crop
silages has sparked interest in recent years
and has shown positive results for cattle feed
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(Paludo et al., 2020; Rufino et al.,, 2022). In
addition, the presence of legumes improves
the soil-plant-animal system, mainly in terms
of forage quality and atmospheric nitrogen
fixation (Boddey et al, 2020), maintaining
greater sustainability for food production
(Epifanio et al., 2019b).

The introduction of legumes in silage
of annual crops, can add benefits such as,
balancing the nutritive value, presenting
better qualitative characteristics in the dry
matter (Pereiraetal., 2019;Ligoskietal., 2020),
thereby providing higher nutrient production
per unit area (S. S. Oliveira et al., 2020),
besides its flexibility of use, constituting an
important alternative in the period of low
forage production (N. C. Oliveira et al., 2021).

Among tropical legumes,
Stylosanthes cv. Campo Grande stands out
as a promising crop with a great potential for
silage production, as it is a suitable source
of ruminant nutrition (Bao et al., 2022; Silva
et al., 2022). Stylosanthes cv. Bela, on the
other hand, was recently released and has
shown positive results due to its high crude
protein content (Assis et al., 2018; Braga
et al., 2020; Prado et al., 2023), making it a
viable alternative for ruminant feed. Another
legume that has been highlighted for silage
production is the Pigeon pea (Cajanus cajan),
which is an excellent source of protein in
animal feed (Ludkiewickz et al., 2022).

Consideringthe scarcity ofinformation
on maize silage with the addition of cultivars of
Stylosanthes and Pigeon pea, there is a need
for more information, especially regarding the
bestlegume to be added to silage, to improve
its nutritional value. Thus, we hypothesized
that the addition of 30% tropical legumes
to maize silage would positively influence
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the bromatological characteristics of the
silage without compromising its fermentation
process. Thus, the objective of this study was
to evaluate the effect of addition 30% tropical
legumes on the fermentative characteristics
and nutritive value of maize silage.

Materials and Methods

This experiment was conducted in a
field (17°48' S, 50°55' W at 748 m altitude) in
the municipality of Rio Verde, Goias in central
Brazil during the second crop season of 2021
in a Latossolo Vermelho Acriférrico (Santos
etal., 2018).

The experimental design was entirely
randomized with three repetitions. The
treatments consisted of silages: maize
(hybrid B 2800 PWU); Stylosanthes cv.
Campo Grande (80% S. capitata and 20% S.
macrocephala), Stylosanthes cv. Bela: Pigeon
pea (Cajanus cajan cv. BRS Mandarim), maize
+ 30% Campo Grande; maize + 30% Bela and
maize + 30% Pigeon pea.

The crops were then sown separately.
The plots consisted of eight rows, three
meters long, each row spaced at 0.50 m.
Maize and Pigeon pea were sown at a depth
of 3 cm, and Stylosanthes at a depth of 2 cm.
At seeding, 150 kg ha™' of P,O, was applied
as a simple superphosphate, and 30 kg ha™ of
FTE BR 12. For maize, nitrogen and potassium
fertilization was performed when the plants
had three to six fully developed leaves, and
180 and 120 kg ha™ of N and K,O in urea and
potassium chloride, respectively. In legumes,
30 and 60 days after sowing (DAS), covering
fertilization was performed with 60 kg ha™ of
K,O (potassium chloride).
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Two manual weeding campaigns were
performed to control weeds in both the crops.
Maize crop was provided with phytosanitary
controlthroughoutthe development,including
two applications of the insecticide Lannate
(methomyl active ingredient) in the proportion
of 0.4 L ha' of commercial product.

The maize was harvested for silage
when it presented 340.2 g kg' DM (dry
matter), the legumes in the development
cycle of 100 days with 260.3 g kg™ DM for
Stylosanthes cv. Campo Grande, 266.1 g
kg’ DM for Stylosanthes cv. Bela, and 278.5
g kg DM for Pigeon pea. The crops were
harvested 20 cm from the soil. Subsequently,
the components were separately chopped in
a stationary forage grinder into particle size
of approximately 10 mm.

Soon after, the maize was
homogenized withlegumes for the treatments
with the addition of 30% legumes, calculated
based on natural matter. No chemical additive
(preservative) was applied to improve silages
fermentation. The material was stored in
PVC experimental silos measuring 10 cm in
diameter and 40 cm in length. Subsequently,
the silos were compacted with a pendulum,
closed with PVC lids, and sealed with
adhesive tape to prevent air from entering.
The silos were stored in the laboratory at
room temperature and were protected from
rain and sunlight.

Before ensiling, analyses were
performed on the raw materials (Maize,
Stylosanthes cv. Campo Grande, Bela, and
Pigeon pea) to determine the dry matter (DM),
crude protein (CP), lignin, and ether extract
(EE) according to the method described by
the Association Official Analytical Chemists
[AOAC] (1990), neutral detergent fiber (NDF),
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and acid detergent fiber (ADF) using the
method described by Mertens, (2002). The
total digestible nutrients (TDN) were obtained
using the equation proposed by Chandler
(1990) and the in vitro dry matter digestibility
(IVDMD) was determined by the technique
of Tilley and Terry, (1963), adapted to the
artificial rumen, developed by ANKON®, using
the "Daisy incubator” instrument of Ankom
Technology (in vitro true digestibility [IVTD]).

The silos were opened after 50
days of fermentation, and the upper and
lower portions were discarded. The central
portion was homogenized and placed in a
plastic tray. The analysis of the fermentative
parameters, including buffering capacity, pH,
and ammoniacal nitrogen per total nitrogen
(N-NH_/NT) was performed following the
methodology of Bolsen et al. (1992).

The pH and buffering capacity were
determined when the silos were opened, so
as to avoid changes in the expected values
due to heat and humidity. To determine
ammoniacal nitrogen, the silage was frozen to
inactivate the activity of anaerobic bacteria,
thus avoiding nitrogen volatilization, and the
samples were later thawed for juice extraction
(Bolsen et al., 1992).

The total dry matter (DM) loss and
effluentproductionwere determinedusingthe
methodology of Jobim et al. (2007). Organic
acids (lactic, acetic, butyric, and propionic
acids) were determined using a Shimadzu
SPD-10A VP liquid chromatograph (HPLC)
coupled with an ultraviolet (UV) detector at
210 nm wavelength (Kung & Shaver, 2001).

The remaining portion of the material
(approximately 0.5 kg) was weighed and dried
in a forced ventilation oven at 55°C until a
constant weight was obtained. The samples
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were then ground in a knife mill, cleared
using a 1T mm sieve, and stored in plastic
containers. The chemical and bromatological

Table 1

characteristics of the silage were analyzed
using the methodology described for fresh
material.

Chemical-bromatological composition of Maize, Stylosanthes cv. Bela, Stylosanthes cv. Campo Grande

and Pigeon pea, before silage

Chemical composition Maize Campo Grande Bela Pigeon pea
DM (g kg™) 340.1 260.2 266.1 278.5
CP (g kg DM) 78.0 162.1 150.5 161.5
NDF (g kg™' DM) 554.0 566.4 574.7 615.2
ADF (g kg™’ DM) 281.8 338.6 340.7 372.1
Lignin (g kg™ DM) 26.6 30.8 295.4 43.9
EE (g kg™’ DM) 46.8 22.2 223.6 21.3
IVDMD (g kg DM) 668.8 657.1 653.5 556.2
TDN (g kg™ DM) 623.5 527.5 523.6 550.3

DM, dry matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; EE, ether extract; IVDMD, in

vitro dry matter digestibility; TDN, total digestible nutrients.

The data were subjected to analysis of
variance using the R program version R-3,1,1
(2014) and the ExpDes package. Means
were compared using Tukey's test, with a
significance level of 5% probability.

Multivariate factor analysis was
performed considering the means of the
variables for each treatment using the MVar.
pt computational package of the R computer
program. Subsequently, a regression analysis
of the scores of the first factor was performed
as a function of dosage.

Results and Discussion

Fermentative characteristics (pH,
buffering capacity, DM, N-NH,, total losses
DM, effluent production, lactic acid,and acetic
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acid) were influenced (p<0.05) by the use of
different silages. For butyric and propionic
acids, there was no significant difference
(p>0.05) between the silages.

Maize silage showed the lowest pH
value (3.69), and Pigeon pea silage had the
highestvalue (4.57), followed by Stylosanthes
cv. Bela (4.23), and Campo Grande (4.25)
silage (Figure 1a). The higher pH values in
silage exclusive of legumes can be explained
by the higher buffering capacity. Legumes,
in general, present resistance to lowering
of pH, because of the presence of buffering
substances such as potassium (K*), calcium
(Ca?*),and magnesium (Mg?*), which neutralize
the organic acids formed by fermentation,
preventing the reduction of pH (Smith, 1962),
inadditiontothelow contentof DMandsoluble
carbohydrates (Hawu et al., 2022). Kung et al.

1913



SEMINA ———

Silva, L. M. et al.

(2018) reported pH values between 4.2 and
4.7 for legume silages, however, it is worth
noting that because of these values, the final
quality of the silage can be compromised due
to the growth of undesirable microorganisms
in the fermentative process.

The production of mixed maize silage
with legumes lowered the pH value (Figure
1a). This reduction occurred because of the
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presence of 70% maize in the composition
of the silage, which ensured an adequate
fermentation process owing to favorable
fermentative characteristics of the crop
(Bolson et al., 2022). For good-quality silage,
the appropriate pH range is between 3.7 and
4.2 (Mcdonald et al., 1991), indicating that the
mixed silages showed an adequate pH.
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Figure 1. Values of pH (a), buffering capacity (b), dry matter (DM) (c), NH,-NT (d), total dry matter
losses (e), effluent production (f), lactic (g) and acetic (h) acid contents of maize, legume and mixed
silage.

Means followed by different letters differ by Tukey test at 5% probability. Vertical bars represent
standard error of mean of each point.

Exclusive legume silages have high during fermentation as result of the high
buffering capacity, as shown in Figure (1b), buffering capacity (Baghdadi et al., 2016).
making them susceptible to proteolysis In contrast, mixed silages contributed to
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a 35.2% reduction in buffering capacity
compared to exclusive legume silages. For
mixed and maize silages, the values obtained
were below 20 eq.mg HCI/100 g DM (Ferrari &
Lavesso, 2001), indicating that fermentation
occurred adequately, ensuring high-
quality silage. These results showed that
fermentation occurred adequately, ensuring
the production of good quality silage. Thus,
it is possible to verify the importance of
producing mixed silages to reduce the pH
and buffering capacity of exclusive legume
silages, ensuring adequate preservation of
ensiled material.

The maize silage showed a higher DM
content (344.4 g kg™") (Figure 1c), similar to
the mixed maize silage with Pigeon pea (320.6
g kg). These results are within the range
considered ideal for proper fermentation of
ensiled material, which is 270-380 g kg’ DM
(Mcdonald et al., 1991).

In contrast, silages exclusively from
Stylosanthes showed lower levels of DM,
with an average of 260 g kg', which is
below the appropriate range. The lower DM
content obtained in case of Stylosanthes
can be explained by the large proportion of
leaves that are found in legumes (Epifanio
et al, 2019a). Stylosanthes show a high
moisture content, which is undesirable in the
ensiling process and can result in inadequate
fermentative characteristics, thereby
compromising the final quality of the feed
(Hawu et al., 2022). Thus, determining the DM
content of the material before ensiling is a
primary factor in the fermentative process, as
it directly affects the final quality of the silage
produced (Borreani et al., 2018).

1916

Analysis of N-NH, revealed that the
silages of exclusive legumes showed higher
N-NH, values (72.67; 69.61; 68.98, for the
Pigeon pea silage, Stylosanthes cv. Campo
Grande, and Bela (Figure 1d). The mixed
silages led to a reduction in the values of
N-NH, compared to the exclusive legume
silages that presented the highest values.
The higher proportion of maize (70%) in
mixed silages explains this result because
maize presents an adequate concentration
of soluble carbohydrates, the main substrate
used by lacticacidbacteriainthe fermentative
process which ensures a rapid fermentation
and reduced loss of nutrients (Li et al., 2022).

The results observed in the present
study are in agreement with Kung et al. (2018),
who cited levels below 100 g kg™ of N-NH,,
for the classification of good quality silage,
demonstrating that there was an action
of bacteria from the genus Lactobacillus,
allowing the efficient production of lactic
acid and inhibiting the growth of undesirable
microorganisms in the fermentative process,
preserving the nutritional value of the ensiled
material (N. C. Oliveira et al., 2021).

The silages of exclusive legumes
showed the highest total DM losses (Figure
Te), which was due to lower DM content of
legumes at the time of cutting for ensiling
(Table 1) compared to that of maize. Legumes
exhibit a higher buffering capacity, high
moisture, low concentration of soluble
carbohydrates, expressive water activity,
and undesirable characteristics at the time
of ensiling, which results in a prolonged
fermentative process with high consumption
of fermentable substrates, resulting in higher
DM losses (Borreani et al., 2018; Castro-
Montoya & Dickhoefer, 2020).
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Mixed silages expressed the ability
to reduce the total DM loss, exclusively in
legume silages (Figure 1e). This result was
possibly due to the higher proportion of
maize (70%) and adequate DM content at the
time of ensiling (340.1 g kg™). These results
corroborate those of Parra et al. (2019),
who observed lower DM losses when maize
represented the largest proportion of the
maize-soybean silage.

The exclusive legume silages also
showed higher effluent production (Figure
1f). The lower DM content of legumes in
the silage (Table 1) was positively related to
this result. High effluent production entails
nutrient losses by leaching, compromising
the nutritive value of the silage and negatively
impacting the natural soil microbiota, thereby
leading to the emission of greenhouse gases,
such as nitrous oxide (Araujo et al., 2020).

Mixed silage production has been
efficient in reducing the effluent production
of legume silage. As shown earlier, the higher
proportion of maize in the composition of
mixed silages and its adequate DM content
during ensiling contributed to the reductionin
effluent production and DM losses. Amorim
et al. (2020) confirmed that the DM losses
in the form of effluents is directly related to
the characteristics of the ensiled material.
Given these results, it is worth emphasizing
the importance of producing mixed silages to
improve the fermentative process of exclusive
legume silages, thus allowing an adequate
conservation of the ensiled material.

Analyzing the organic acids, it was
possible to observe that maize silage showed
the highest values of lactic acid, followed by
mixed silages that showed an increase of
48,98% in lactic acid production compared
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to silage of exclusive legumes (Figure 1g).
Similar results were observed by Hawu et al.
(2022), who evaluated the sustainable use of
legumes in maize straw silage and observed
an increase in lactic acid production in
maize-legume silages. Under proper silage
fermentation conditions, lactic acid is the
main product, which contributes to the rapid
stabilization of pH and preservation of the
ensiled material (Carvalho et al., 2016; S. S.
Oliveira et al., 2020).

The Stylosanthes cv. Campo Grande
and Pigeon pea silages presented the highest
values of acetic acid (Figure 1h), followed by
Stylosanthes cv.Belasilage. Thisresultmaybe
duetothelower DM contentinlegumes. Mixed
silages showed similar results to maize silage,
showing once again the positive contribution
of mixed silage in providing adequate silage
fermentation. Even with these results, the
acetic acid production of all silages was within
the appropriate range of classification, below
20 g kg’ DM, indicating that the fermentative
process was efficient in preserving ensiled
material (Kung et al., 2018). These results
demonstrate that during fermentation, there
was greater activity of bacteria of the genus
Lactobacillus, co-producers of lactic acid,
ensuring a rapid pH drop, and consequently
adequate preservation of the ensiled material
(Ni et al., 2018).

There was a significant effect (p<0.05)
on the nutritive values (CP, NDF, ADF, lignin,
IVDMD, EE, and TDN) of the different silages.
The exclusive legume silages showed higher
CP values, whereas maize silage showed the
lowest value (75.4 g kg’ DM). The addition
of 30% legumes to maize silage resulted in
an increase of 38.1%, 50.12%, and 49.9% in
the CP content of the mixed maize silages
with Stylosanthes cv. Bela, Campo Grande,
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and Pigeon pea, respectively (Figure 2a). As
legumes present higher CP content when
added to maize silage, which does not present
great prominence in this value (Souza et al.,
2019), it will be possible to make a forage
material of better nutritional quality.

Increases in the CP content of mixed
silage containing legumes were also obtained
in the studies of Epifanio et al. (2016),
Pereira et al. (2019), Ligoski et al. (2020) and
Ludkiewickzetal.(2022), showing the benefits
and relevance of mixed silage production by
increasing the protein value of silages, which
can contribute to the reduction in cost of
purchasing protein salts and/or concentrates,
aiming at protein supply. In addition, exclusive
maize silage presents a high production cost
(Edson et al., 2018), and mixed maize silage
with legumes is a viable alternative to reduce
the cost of silage production, since forage
legumes (Stylosanthes and Pigeon pea) are
of low requirement in soil fertility (Epifanio
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et al., 2019a; Costa et al.,, 2021) and adds to
the improvement of fertility through nitrogen
fixation (Epifanio et al., 2019b).

The exclusive Pigeon pea silage,
followed by the mixed maize with Pigeon pea
silage, had a higher content of NDF (Figure
2b) and lignin (Figure 2d). This result is due
to the larger diameter of the stalk in this
legume, concentrating a greater amount of
fiber (Pereira et al.,, 2019). Shrub legumes,
such as Pigeon pea, have a higher lignin
content than herbaceous legumes, such as
Stylosanthes. Moreover, high lignin content
of shrub legumes has a negative relationship
with digestibility and thus, is considered as
a limiting factor for use as an exclusive food
resource for animals (Castro-Montoya &
Dickhoefer, 2020). In contrast, the maize and
Stylosanthes cv. Bela and Campo Grande
silages, both exclusive and mixed, showed
similar results for NDF and lignin content.
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Figure 2. Crude protein (CP) (a), neutral detergent fiber (NDF) (b), acid detergent fiber (ADF) (c),
lignin (d), In vitro digestibility contents of dry matter (IVDMD) (e), ether extract (EE) (f) and total
digestible nutrients (TDN) (g) contents of maize, legume and mixed silage.
Means followed by different letters differ by Tukey test at 5% probability. Vertical bars represent
standard error of mean of each point.
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Regarding the levels of ADF, it was
possible to verify that the maize silage had the
lowest content, followed by the mixed silages
with Stylosanthes, once again showing the
contribution of mixed silage to decrease the
levels of ADF in exclusive legume silages
(Figure 2c). It is worth noting that though the
exclusivelegumessilagesshowedhigherlevels
of ADF, these valueswere below400gkg' DM,
which, according to Van Soest (1994), results
in the unavailability of degradable structural
carbohydrates, due to the lignin presentin the
cell wall, which hinders the adherence of the
rumen microbiota and consequent enzymatic
hydrolysis of some components such as
cellulose and hemicellulose, reducing fiber
digestibility.

Maize, Stylosanthes cv. Bela and
Campo Grande silages-exclusive and mixed
provided higher levels of IVDMD, differing
from the Pigeon pea exclusive silage (Figure
2e). The lower digestibility of this legume can
be explained by the higher concentration
of fibrous material and lignin polymers in its
components, which can result in its reduced
digestibility (Pereira et al, 2019). When
this material is provided exclusively for the
consumption of small and large ruminants, it
is likely to preclude maximum performance in
the production system (Rufino et al., 2022).

Maize silage showed the highest
EE content, differentiating it from the other
silages (Figure 2f). The mixed maize and
legume silages contributed to a 12.02%
increase in the EE content of the exclusive
legume silages. Tropical forages have a low
EE, which measures the amount of fat in
food and is very important for maintaining
an adequate TDN content (S. S. Oliveira et al.,
2020).

1920

The TDN represents the energy
content of food (Marques et al.,, 2019) and
results showed (Figure 2g) that maize silage
showed the highest values of TDN followed
by mixed silages which showed no difference
in the values. Legume silages showed the
lowest values, which can be explained by the
lowest levels of EE. Thus, the benefits of using
mixed silages are evident as they increase
the energy of exclusive legume silages. In
addition, it is worth noting that TDN and
protein are essential variables for ruminants,
and may be the most limiting (Souza et al,,
2019).

The definition of the number of factors
that explain the variation in the data is based
on the eigenvalue. A factor contributes to
explaining the data variation when it has a
value greater than or equal to one. Value less
than one indicates that the factor contributes
little to explain the data variation. In this work,
it was verified that only the first and second
factors had eigenvalues greater than 1. The
first factor was responsible for 79.51% and
the second for 16.58%, explaining 96.09% of
the total data variation (Figure 3).

Considering the value of fermentation
and nutritive variables, all variables showed
high correlation (Ir>0.70]) with the first
factor, except for lignin, NDF, and IVDMD,
which showed high correlation with the
second factor (|r>0.70l), thus demonstrating
that factors | and Il are relevant to explain
the behavior of variables and subjected
treatments. It was also observed that the
communality was greater than 0.98 for all
variables, indicating that the factors explain
the variables.
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Figure 3. Two-dimensional scatter plot of the factorial loading matrix and scores of the 15 variables
of fermentative characteristics and nutritive value of maize, legume and mixed silage.

M, Maize; BS, Stylosanthes cv. Bela, CGS, Stylosanthes cv. Campo Grande, PP, Pigeon pea;
M+30%BS, Maize + 30% Bela; M+30%CGS, Maize + 30% Campo Grande; M+30%PP, Maize + 30%
Pigeon pea; DM, dry matter; TLDM, total losses of DM; Effluent, effluent production; pH; N. NH3,
ammoniacal nitrogen; Buffering, buffering capacity; Lactic, lactic acid; Acetic, acetic acid; CP; NDF;

ADF; Lignin; EE; IVDMD; and TDN.

Using multivariate factor analysis
(Figure 3), it was possible to classify the
variables into two groups, one including the
variables that were to the left and the other
to the right on the horizontal axis. From the
angle between the arrows, it can be seen that,
within the groups of variables, there is a high
positive correlation observed between them.
For the variables in different groups, there
was a high negative correlation.

Factor | is represented horizontally
in the scatterplot, whereas Factor Il is

Semina: Ciénc. Agrar. Londrina, v. 44, n. 5, p. 1909-1926, set./out. 2023

represented vertically (Figure 3). It can be
observed that the variables were able to
separate the treatments in a coherent way,
thus facilitating the understanding of the
results, with the discrimination of five groups
of treatments forming the following groups:1:
PP; 2: CGS and BS; 3: M+30PP; 4: M+30%BS
and M+30%CGS and 5: M

The production of mixed maize silages
with the inclusion of 30% legumes (Groups 3
and 4) was shown to be efficient in improving
the DM, TDN, EE, lactic acid production, and
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digestibility and reducing the pH, N-NH3,
lignin NDF, ADF, buffering capacity, acetic
acid, DM losses, and effluent production of
exclusive legume silage (Groups 1 and 2),
in addition to improving the crude protein
content of the exclusive maize silage.

Conclusions

Exclusive legume silage without
preservatives present fermentative losses
that compromise silage quality. Addition
of 30% legumes in maize silage improves
the nutritional value of the silage without
compromising its fermentative profile.

Stylosanthes cv. Campo Grande and
Bela are the mostrecommended locations for
maize silage. Thus, mixed silages of maize and
legumes can be a good alternative to improve
the nutritional profile of maize exclusive silage
and reduce fermentative losses of exclusive
legume silage.
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