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ABSTRACT

The objective of this study was to evaluate the bromatological composition and
production cost of corn silage (Zea mays L.) harvested at different maturity stages.
The research was conducted in the district of San Pedro de Ycuamandyyu between
January and July 2023. A completely randomized design was used with three
treatments corresponding to different maturity stages of the crop at harvest and
ensiling (T1 = % milk line (ML), T2 = 2 ML, T3 = 34 ML), with five replications
each. Each replication consisted of a polyethylene microsilo with a capacity of 70
kg. Data were subjected to ANOVA using Fisher’s test (a = 0,05), and means
with significant differences were compared using Tukey’s test (a = 0,05). The
3% ML treatment showed superior values for DM (31,10%), TDN (70,55%), NFC
(37,63%), and IVDMD (69,33%), and excellent CP content (7,67%). Likewise, this
treatment recorded lower levels of NDF (44,92%), ADF (25,12%), LIG (1,69%),
and ADIN (6,16% CP), in addition to the lowest production cost per kilogram of FM
(329 Gs) and DM (1.059 Gs). Based on these results, it is recommended to harvest
and ensile when the corn crop reaches the 34 ML stage to optimize nutritional value
and production cost.

Keywords: Zea mays L., conserved forage, nutritional quality, cost.
RESUMEN

El objetivo del estudio fue evaluar la composicion bromatoldgica y el costo de
produccion del ensilaje de maiz (Zea mays L.) cosechado en diferentes estadios de
madurez. La investigacion se realizd en el distrito de San Pedro de Ycuamandyydu,
entre enero y julio de 2023. Se utilizé un disefio completamente al azar con tres
tratamientos correspondientes a distintos estadios de madurez del cultivo al
momento de la cosecha y ensilado (T1= % de linea de leche (LL), T2= 2 LL, T3=
34 LL), con cinco repeticiones cada uno. Cada repeticidon consistié en un microsilo de
polietileno con capacidad de 70 kg. Los datos fueron sometidos a ANAVA por el test
de Fisher (a = 0,05) y las medias con diferencias significativas fueron comparadas
por el test de Tuckey (a = 0,05). El tratamiento con 34 LL presentd valores superiores
de MS (31,10%), NDT (70,55%), CNF (37,63%) y DIVMS (69,33%), y excelente
contenido de PB (7,67%). Asimismo, este tratamiento registré6 menores niveles
de FDN (44,92%), FDA (25,12%), LIG (1,69%) y PIDA (6,16% PB), ademas del
menor costo de produccion por kilogramo de MV (329 Gs) y de MS (1.059 Gs).
Conforme a estos resultados, se recomienda cosechar y ensilar cuando el cultivo
de maiz alcance el estadio de 34 LL para optimizar el valor nutritivo y el costo de
produccién.

Palabras claves: Zea mays L., forraje conservado, calidad nutricional, costo.
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INTRODUCTION

Forage conservation is key to addressing forage scarcity
in livestock systems during critical periods, while also
allowing for increased stocking rates in pastures and
improved productivity. Among the available techniques,
silage stands out as the most effective, preserving the
nutritional value of forage and improving its digestibility
(Macedo, Neto, Silva, & Santos, 2019; Motta et al., 2020;
Kung et al., 2018).

Among the species used for this purpose, whole-plant corn
stands out for its high biomass production, energy value,
and ease of use in total mixed rations (Jiang et al., 2022),
combined with a favorable fermentative profile due to its
high soluble carbohydrate content, low buffering capacity,
and balanced epiphytic flora (Grolli Carvalho, Martin,
Santos, Mdller, & Piran Filho, 2016; Neumann, Poczynek,
Ledo, Figueira, & Souza, 2018).

A determining factor in corn silage quality is the maturity
stage of the plant at harvest, as it directly influences forage
yield as well as biochemical processes during storage,
affecting both fermentative and nutritional quality (Nazli,
Halim, Abdullah, Hussin, & Samsudin, 2019).

In this regard, harvesting at immature stages, when the
plant has high moisture content, often causes greater
nutrient losses through effluents. Conversely, harvesting
at overly advanced stages reduces starch and fiber
digestibility, which can negatively affect voluntary intake
by animals (Liu et al., 2023; Nazli et al., 2019).

Unlike other forages, the nutritional value of corn does
not decrease linearly with maturity, due to the dilution of
fiber present in leaves and stems by grain development
(Souza et al.,, 2022; Silva-Filho et al., 2022). However,
discrepancies persist regarding the optimal harvest timing.

Various authors have proposed different criteria to define
this optimal point. For example, Weirich Neto, Garbuio,
Souza, Delalibera, and Leitdao (2013) recommend
harvesting when the plant reaches between 30 and 35%
dry matter. Others, such as Vilela et al. (2008), Souza
et al. (2019), and Souza et al. (2022), suggest that the
ideal moment occurs when the milk line reaches half of the
grain (2 ML), while Marafon et al. (2015) and Nazli et al.
(2019) extend this range between %2 and 3 ML.

In addition to nutritional quality, another essential aspect
in silage production is its cost, as evaluating associated
expenses allows for improved resource management
and maximization of system profitability (Rocha, Drewry,
Willett, & Luck, 2022).

In this context, the present work aimed to evaluate the
nutritional quality and cost of whole-plant corn silage
harvested at different maturity stages.

MATERIALS AND METHODS

The study was conducted on a farm located in the district

of San Pedro de Ycuamandyyul, San Pedro department,
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Paraguay (23°44°S; 56°46 W), between January and
July 2023. During crop development, average climatic
conditions were: mean temperature of 22,34 °C, relative
humidity of 78,32%, and accumulated precipitation of 129
mm (Figure 1).

The soil where the crop was established corresponds to
an Alfisol, classified as Mollic Paleudalf with sandy loam
texture and weak structure (Lopez et al., 1995). In January
2023, sampling was performed for physicochemical soil
analysis (Table 1).

Based on the analysis results, 500 kg ha-* of dolomitic
lime (ECCE = 95%) was applied using a lime spreader,
with the objective of raising base saturation to 60%. One
month after liming, soil preparation was performed with a
16-disc heavy harrow, and then four subplots of 2.500 m?2
were delimited for each treatment.

Planting was performed with a mechanical planter
equipped with an external fluted rotor seed metering
system and a roller-type fertilizer metering system. It was
adjusted for planting with 20 cm spacing between plants
and 45 cm between rows, resulting in a density of 111.111
plants ha-1, using 20 kg ha! of seed from a short-cycle
commercial hybrid.

Simultaneously, 130 kg ha™t of formulated NPK fertilizer
(15-15-15) was applied according to soil analysis
recommendations. Pest and weed control was performed
with 0,35 L hat of an insecticide mixture (Thiamethoxam,
Bifenthrin, and Lufenuron) and 1,5 L hat of glyphosate.

At 90 days after planting, 10 ears per treatment were
randomly extracted and split longitudinally in half to
determine the milk line stage and optimal harvest timing.

Harvesting was performed at 15 cm above ground level
and chopping into particles between 1 and 2 cm using a
single-row pull-type forage harvester with a 12-knife rotor
chopping system, hydraulically driven feed roller collection
system, and 50 HP power requirement.
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Figure 1. Record of minimum, mean, and maximum
temperatures, relative humidity, and accumulated
precipitation during crop development. San Pedro de
Ycuamandyyu, 2023.
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Table 1. Soil analysis results corresponding to the plot where the corn crop was established. San Pedro de Ycuamandyyu,

2023.
pH M.O. P S Ca+* Mg** K* Na* Al+++ H + Al CIC \
H,0 % --mg dm?3--  —mmmmmmmmmeeeeeoeeee cmol dm3---------mmmmmmmoo oo %
593 1,11 6,11 3,10 1,93 0,34 0,14 0 1,89 4,30 56,02

CIC: cation exchange capacity; V: base saturation percentage.

The harvested forage was inoculated with Lactobacillus
spp. (1 x 101° CFU g1) at a rate of 2 g t* of fresh
forage, then loaded and compacted in black polyethylene
microsilos with 70 kg capacity and hermetically sealed to
maintain an anaerobic environment.

The microsilos were opened 28 days after sealing, 1 kg
samples were taken from each treatment with their
respective replications and sent to a laboratory for
nutritional quality analyses.

Hydrogen potential (pH) and dry matter (DM) were
evaluated according to Silva and Queiroz (2002); in
vitro dry matter digestibility (IVDMD) according to
Di Marco (2011); crude protein (CP), ash (Ash), and
ether extract (EE) according to Association of Official
Analytical Chemists (2007); neutral detergent fiber
(NDF), acid detergent fiber (ADF), and lignin (LIG)
according to Van Soest et al. (1991); neutral detergent
insoluble protein (NDIP) and acid detergent insoluble
protein (ADIP) according to Licitra et al. (1996); total
digestible nutrients (TDN) according to Weiss (1993),
and non-fiber carbohydrates (NFC) according to Sniffen
et al. (1992).

The production cost (PC) of silage from 1 ha of corn crop
surface was determined in dollars (1 USD = 7.286 Gs)
following the methodology proposed by Duran and Scoponi
(2005) and Arce (1999), considering:

° Direct costs (DC): land preparation (soil analysis,
liming, and harrowing), planting and fertilization (inputs
and labor), phytosanitary management (insecticides
and herbicides), and harvesting and ensiling activities,
calculated according to rates from a specialized company.

° Indirect costs (IC): machinery depreciation
(tractor, planter, and sprayer) and property tax.

The cost per kg of fresh matter (FM) and dry matter
(DM) was obtained by dividing the total PC by yields.
Fresh matter yield was estimated with 1 m2 samples at
four sites per treatment, extrapolated to hectare. Dry
matter yield was calculated by multiplying FM by the DM
percentage.

Results were subjected to analysis of variance (ANOVA)
using Fisher’s test (a = 0,05). When significant differences
were detected, means were compared using Tukey’s test
at 5%. All analyses were performed using InfoStat®
statistical software.

Investig. Agrar. 2025; 27(1):e2701838

RESULTS AND DISCUSSION

The DM content showed significant variations (p<0,05)
as a function of corn maturity stage. When ensiling the
crop at 2 and 3 ML stages, adequate DM values were
obtained for optimal fermentation (Table 2), falling within
the recommended range of 30 to 35% as reported by
Marafon et al. (2015). In contrast, at the 4 ML stage,
DM content was below this threshold, which could favor
undesirable fermentations and consequently compromise
silage quality (Liu et al., 2023).

The pH value in the % ML treatment was significantly
lower (p<0,05) compared to the others. This is due to
the higher concentration of soluble carbohydrates present
in the plant at this maturity stage, which generate more
intense fermentation that in turn produces a rapid pH
decline (Behling Neto et al., 2017).

On the other hand, Santos et al. (2010) maintain that
forages with higher DM contents tend to stabilize at
higher pH values, which would also explain the behavior
observed in the present study. Despite differences between
treatments, all pH values remained within the optimal
range established (3,80 to 4,20) according to McDonald,
Henderson, and Heron (1991).

Regarding MM and CP content, a significant decrease
(p<0,05) was recorded with advancing maturity stage,
being higher in the %4 ML treatment (Table 2). In contrast,
NFC and TDN values increased as the plant matured, with
the 34 ML treatment standing out. In the case of EE, no
significant differences were observed (p>0,05).

These decreases in MM and CP can be attributed to a dilution
effect, caused by the increase in DM content (Vilela et al.,
2008; Dahmardeh et al., 2009). Nevertheless, CP levels
still exceed the minimum required by ruminal microbiota
(7%) for its maintenance (Lazzarini et al., 2009). Similar
trends were reported by Marafon et al. (2015) in relation
to MM and by Vilela et al. (2008) regarding CP.

Regarding the increase in NFC and TDN in the > ML and
3% ML treatments, this is due to the higher proportion of
grains in the plant structure (Diniz Buso, Machado, Ribeiro,
& Silva, 2018; Souza et al., 2022). Similarly, Souza et al.
(2022) and Nazli et al. (2019) also observed increases
in NFC and TDN contents in corn silages harvested at
different maturity stages.

The values of NDF, ADF, LIG, and ADIP decreased
significantly (p<0,05) with advancing maturity stage,
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Table 2. Dry matter (DM), hydrogen potential (pH), mineral matter (MM), crude protein (CP), non-fiber carbohydrates
(NFC), ether extract (EE), and total digestible nutrients (TDN) of corn silage harvested at different maturity stages. San

Pedro de Ycuamandyyu, 2023.

Maturity stage

Variables Ya ML Va2 ML 3% ML CV (%)
DM (%FM) 20,50 ¢ 29,39 b 31,10 a 1,70
pH 3,87b 4,19 a 4,19 a 1,58
MM (%DM) 7,30 a 5,90 b 5,07 ¢ 5,14
CP (%DM) 8,77 a 7,95b 7,67 c 1,00
NFC (%DM) 19,67 ¢ 34,03 b 37,63 a 3,82
EE (%MS) 4,11 4,69 4,72 9,60
TDN (%DM) 57,51 ¢ 67,24 b 70,55 a 2,14

Means in rows followed by the same letter do not differ statistically (P>0,05).

CV: Coefficient of variation.
ML: Milk line in the grain.

with higher values observed in %2 ML and the lowest in
3% ML, with the 2 ML stage being intermediate (Table 3).
In contrast, IVDMD increased with maturity, with superior
values in the 34 ML treatment. However, no statistical
differences were found in NDIP content (p>0,05).

The decrease in fibrous components is due to the increase
in ear proportion in the plant structure, as well as the
higher starch content in grains as maturation advances
(Dahmardeh et al., 2009; Souza et al., 2022). This aspect
is important, since fiber negatively affects digestibility and
energy value of forage (Yu et al., 2003).

Similar behaviors have been reported by Marafon et al.
(2015) and Nazli et al. (2019), who also found reductions in
NDF and ADF values in corn silages at different maturation
stages, although without significant variations in lignin
content.

Regarding the decrease in ADIP, this can also be explained
by a dilution effect. This is relevant, since this protein
fraction is not utilizable by the animal, as it is bound to ADF
(Detmann et al., 2012; Gaviria Rivera & Barahona, 2015).
This suggests that, with greater maturity, the proportion of
available and utilizable protein is higher.

Regarding the increase in IVDMD at more advanced
maturity stages, this is associated with lower ADF content
(Table 3) and higher NFC content (Table 2), as indicated
by Van Soest (1994) and Kramer-Schmid, Lund, and
Weisbjerg (2016). Similarly, Souza et al. (2019) reported
improvements in DM digestibility in corn ensiled at more
advanced maturation stages.

The total cost values for silage production from a corn
crop on one hectare surface (Table 4) increase as the
crop maturity stage advances. Specifically, harvesting
and ensiling at the 2 ML maturity stage implied a 2,5%
increase compared to the a4 ML stage; while at the 34 ML
stage, the increase was 5%.

These increases are mainly attributed to the higher cost
of the ensiling process, which is directly related to the
volume of ensiled forage, that is, the greater the volume,
the higher the associated cost. In this regard, the 2
ML and 34 ML maturity stages recorded higher biomass
productions (Table 4). Paniagua-Alcaraz et al. (2022) also
reported higher total costs of sorghum silage when higher
yields are recorded.

Conversely, when analyzing production costs per kilogram

Table 3. Neutral detergent fiber (NDF), acid detergent fiber (ADF), lignin (LIG), neutral detergent insoluble protein
(NDIP), acid detergent insoluble protein (ADIP), and in vitro dry matter digestibility (IVDMD) of corn silage harvested
at different maturity stages. San Pedro de Ycuamandyyu, 2023.

Maturity stage

Variables Ya ML 2 ML 3% ML CV (%)
NDF (%DM) 60,15 a 47,43 b 44,92 ¢ 2,00
ADF (%DM) 36,79 a 26,97 b 25,12 ¢ 1,54
LIG (%DM) 4,39 a 2,28 b 1,69 ¢ 10,81
NDIP (%CP) 12,66 11,56 11,31 14,56
ADIP (%CP) 8,30 a 7,09 b 6,16 C 3,85
IVDMD (%) 60,24 ¢ 67,89 b 69,33 a 0,54

Means in rows followed by the same letter do not differ statistically (P>0,05).

CV: Coefficient of variation.
ML: Milk line in the grain.
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Table 4. Production cost (USD) per hectare of corn silage, per kg of FM, and per kg of DM according to maturity stages.

San Pedro de Ycuamandyyu, 2023.

Maturity stage

Concepts Ya ML 2 ML 3 ML
Direct cost (DC) 1.618,85 1.660,03 1.701,21

Land preparation 113,94 113,94 113,94

Planting and fertilization 102,96 102,96 102,96

Phytosanitary control 33,33 33,33 33,33

Weed control 16,47 16,47 16,47

Chopping/cutting 116,68 116,68 116,68
Ensiling? 1.235,47 1.276,65 1.317,83

Indirect cost (IC) 34,64 34,64 34,64

Property tax 20,59 20,59 20,59

Depreciation (machinery) 14,05 14,05 14,05
Total cost (DC + IC) 1.653,49 1.694,67 1.735,86

Yield (kg-FM-ha-1) 36.000 37.200 38.400

Yield (kg:DM-ha-1) 7.380 11.119 11.942

Cost per kg produced (FM) 0,046 0,045 0,045

Cost per kg produced (DM) 0,224 0,152 0,145

1 Ensiling cost already includes silo bag price and inoculant.

of silage in FM, a decreasing trend is observed. In the 2
ML treatment, the reduction was 0,9%, while in 34 ML it
reached 1,82%. Although the differences are not markedly
significant, they do reflect a slight improvement in process
efficiency.

However, when analyzing the cost per kg of ensiled DM,
the reductions were 31,98% at the - ML stage and
35,11% at 32 ML, due to the higher productivities obtained
in corn cultivation at these stages, compensating for the
investment made, where the 34 ML stage resulted most
economical. Souza et al. (2022) also reported a reduction
in PC per kg of DM of ensiled corn harvested at more
advanced maturity stages.

CONCLUSION

Based on the results obtained under the conditions in
which the present study was developed, it is concluded
that DM, NFC, TDN, and IVDMD increased significantly,
while NDF, ADF, LIG, and ADIP decreased as maturation
advanced (from s ML to 3 ML), obtaining better values
at the 3 ML maturation stage. Similarly, CP content
decreased significantly with maturity, but remained above
the threshold required by ruminal microbiota. The 34
ML stage presented higher production cost; however, to
produce 1 kg of FM and DM, these costs were compensated
by the high productivity obtained, resulting in the most
economical among treatments. Consequently, the 32 ML
stage is the most appropriate time to harvest and ensile
whole-plant corn, due to its better forage nutritional quality
and greater cost efficiency.
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