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Abstract: Southern Europe’s mutating weather conditions and the European environmental agenda
have suggested the cropping of maize (Zea mays L.) after winter cereal cultivation, even if shortening
the growing period could result in an immature harvesting stage, limiting its silage quality. The
experimental design investigated the effects of four harvesting dry matter (DM) classes (DMvl,
23.9%; DML, 25.3%; DMm, 26.2%; DMh, 30.4%) in two inoculant types (heterofermentative (HE)
vs. homofermentative (HOM) on fermentative quality, DM losses, and aerobic stability. The early
harvested DMvl and DMI classes had the lowest silage density (<130 kg m~3) and resulted in
an organic acids profile lowering the fermentative quality and increasing the DM losses, while
no differences were detected following the use of the inoculants. The aerobic stability was more
susceptible to further adverse fermentation via opportunistic microorganisms in the DMm and DMh
classes, probably due to the lower moisture content, but the use of both HE and HOM lactic acid
bacteria seemed to contain this silage surface damage. In summary, a shortening of the maize growing
period might limit the achievement of the maturity stage ideal for high-quality silage, hampering the
positive effects of both HOM and HE inoculants in the ensiling process of early harvested maize.

Keywords: second-crop maize; harvesting dry matter; microbiological inoculant; ensiling process;
maize silage; fermentative quality profile; dry matter losses; aerobic stability

1. Introduction

The projection for the Mediterranean basin, specifically the climate of northeastern
Italy, suggests a potential decrease in rainfall, especially in the warm season, and, conse-
quently, lower water availability for agricultural irrigation [1]. In the case of the Po River
Delta area (a surface of approximately 34,000 km?, northern Italy), comprising 70% low-
lands mainly devoted to the cultivation of cereals and legumes, in recent years (2020-2022)
across the summer season (June to August), a 31% reduction in rainfall has been reported
compared with the average of the preceding 25 years [2]. In this flat portion of the Po
Valley, maize (Zea mays L.) represents the main forage crop due to its productive yield as
a warm-climate plant with high temperature and water supply requirements during the
growing season [3]. However, due to the risk of extreme drought events, it may be sown as
a second crop in late June both to maximize the allocation of the agronomic inputs (e.g.,
fertilizers, herbicides, and pest control) and to mitigate the use of non-renewable resources
such as irrigation water and fossil fuels [4]. Moreover, according to the suggestions to
preserve the potential of fertile soil, a change of crop at least once a year at the land parcel
level is recommended instead of continuous cropping; thus, maize can be conveniently
sown after a preceding winter—spring cereal crop like barley or wheat, also lowering the
risk of natural hazards (i.e., early frosts, chlorosis parasitic disease, and mycotoxins) and
the related stress to the plant. However, a delay in maize cultivation could result in early
plant and ear maturity stages, even using hybrids with a short growing season (e.g., FAO
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maturity group lower than the FAO 400 class) and postponing the harvest to the end of
the potential growing season (e.g., middle of October in northeastern Italy). Moreover,
the ensiling process requires a specific maturity stage in terms of dry matter (DM) content
(e.g., around 35%) of the harvested whole plant when it is used to produce maize silage [5].
There is extended evidence that the choice of the maturity stage at harvest affects the
DM losses (DMloss) across the silage-making process, since they seem to be correlated
with the chemical composition of green chopped whole-plant maize (WPM) [6,7], either
alone or in interaction with the use of microbial additives [8,9]. The inoculation of bacteria
could improve silage quality and aerobic stability, limiting the activity of opportunistic
microorganisms (i.e., yeast, molds, and acetic acid bacteria) [10,11], even though the use of
homofermentative (HOM) or heterofermentative (HE) lactic acid bacteria populations is
still debated [8,12].

Indeed, the fermentative quality of WPM silage is a key factor in feeding lactating
dairy cows [13] and beef cattle [14]; thus, there is a need to verify whether maize grown
as a double cropping would be suitable to produce ensiled forage of high fermentative
quality and nutritive value for intensive ruminant farming. To test this hypothesis, after
a late-spring maize cultivation and harvesting under different DM contents of the whole
plant, the ensiling process was evaluated in terms of fermentative profile, DM loss, and
aerobic stability according to the use of HOM or HE bacterial inoculations. This focus was
based on the increasing temperature and drought conditions in southern Europe, covering
the limited knowledge of the impact of varying ensiling conditions of maize as a second
sowing in a sustainable double-cropping system in arable land systems.

2. Materials and Methods
2.1. Experimental Design and Ensiling Methods

After wheat, on 7 June 2022, the maize (class FAO 200) was sown in a single trial
field located on a commercial farm in the Veneto Region (45°33' lat. N; 11°47’ long. E)
at a sown density of 11 seeds/m?. The whole-plant maize (WPM) was harvested at the
following four scheduled times: 1, 9, and 19 of September and 6 of October, corresponding
to a harvesting pre-ensiled forage dry matter (DM) of 23.9% (DMvl), 25.3% (DMI), 26.2%
(DMm), and 30.4% (DMh), respectively. Freshly harvested WPM was inoculated in a large,
sterile container with a heterofermentative (HE) or a mixture of homofermentative (HOM)
lactic acid bacteria (LAB) populations (Agravis Raiffeisen AG, Miinster, Germany) at a
concentration of 2 x 10° or 3 x 10° colony-forming units (CFU)/g of WPM, respectively.
The first one was a population of Lentilactobacillus buchneri strain CCM 1819, and the
second one was composed of Lactiplantibacillus plantarum strain NCIMB 30083-1k207736
(1.5 x 10° CFU/g), Enterococcus faecium strain 22502-1k20602 (0.9 x 10° CFU/g), L. plan-
tarum strain NCIMB 30084-1k207737 (0.2 x 10° CFU/ g), Peditococcus pentosaceus strain DSM
23688-1k1010 (0.2 x 10° CFU/ g), and Peditococcus pentosaceus strain DSM 23689-1k1019
(0.2 x 10° CFU/g). The control group (C group) was treated with the same volume of pure
water. The HE, HOM, and C groups were ensiled after 4 h of air exposure; thus, a total of
12 experimental combinations (4 harvesting DM classes x 3 inoculant types) were tested as
ensiled WPM second yearly crops.

At each cropping time (DMvl, DMI, DMm, and DMh), an average of 20 maize plants
were randomly sampled and harvested manually at a stubble height of approximately
2 cm, then chopped and harvested by a self-propelled forage harvester (cutting length of
approximately 2 cm). The green, chopped WPM samples were prepared and inoculated for
ensiling in triplicate (4 harvesting DM contents x 3 inoculant types x 3 repetitions = 36).
For each of the n = 36 green chopped WPM samples, approximately 1 kg was suddenly
vacuum-packed and refrigerated (4 °C) until it was analyzed (within the same day) for the
chemical traits of the pre-ensiled samples. On day of the harvesting (T0), samples (1 = 36)
of green chopped WPM were ensiled in a 20-L truncated conic plastic bucket. The buckets
were shielded using a 150 pm SealPlus film permeable to oxygen at a rate of 48 cm® m—2
24 h~! at 23 °C and 65% RH (Gamma, Mondovi, Italy) and sealed with robust tape and
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10 kg of gravel used as a compressor. The sealed buckets were stored for 60 days (T60). To
ensile the samples into 20-L, a 1-ton hydraulic press (141 kg cm~2) was used. All buckets
were kept in a darkroom at a stable temperature of approximately 23 & 2 °C before opening
and submitting the sample to analysis.

On T60, the 20-L silages were opened, and a 15 cm thick layer of silage was removed
to discharge the eventually spoiled silage, which was not further considered for quality
analysis. Then, 1 kg of silage was promptly submitted to analysis. The remaining portion
was stored loose in a 20-L open and square polystyrene pan (495 mm x 295 mm X 140 mm),
and after three days (T63), sample weights were recorded, and 1 kg of silage was promptly
submitted to analysis. A data logger was positioned 7 cm under the silage surface of the
20-L buckets of the first repetition for all samples, then, at T60, repositioned 5 cm under
the silage surface of the 20-L polystyrene pan, recording the temperature every 30 min
with a precision of 0.1 °C. A single RC-5 data logger (Elitech Datalogger, London, UK)
was used to record the room temperature throughout the period. In the survival analysis,
the endpoint of interest was defined as the occurrence of aerobic instability. The outcome
variable was the time (hours) elapsed until the first instance of aerobic stability failure
(aerobic deterioration), which was operationalized as the moment the silage temperature
exceeded the ambient room temperature of 2 °C [9].

2.2. Chemical and NIR Determination, Density, Porosity, and Dry Matter Losses

The following chemical traits (% of the DM or other specific measurement units) were
instrumentally determined: DM, crude ash (CA), crude protein (CP), ether extract (EE),
alpha-amylase neutral detergent (aNDF) and acid detergent (ADF) fiber fractions, sulfuric
acid lignin (sa-lignin), water-soluble carbohydrates (WSC), starch, ammonia (NH3-N, % of
total N), lactic acid, acetic acid, propionic acid and butyric acid, and ethanol. These chemical
variables were estimated via near-infrared (NIR) spectroscopy, scanning in triplicate before
the average, using a FOSS NIRSystem 5000 scanning monochromator (FOSS NIRSystem,
Silver Pring, MD, USA). The NIR calibration performances were reported in previous
studies [3,15]. The reference methods used to calibrate the NIR instrument were detailed
and described in previous studies [16,17] and further reported together with those for
the fermentative profile. The AOAC methods [18,19] were used according to #934.01
and #942.05 for DM and CA and #2001.11, #2003.05, and #996.11 for CP, EE, and starch,
respectively. aNDF and ADF were determined using an AnkomFiber analyzer (Ankom
Technology Corporation, Fairport, NY, USA); aNDF was identified with sodium sulfite,
heat-stable alpha-amylase, and F57 bags with a 25 um pore size and included residual
ash [20,21], while non-sequential ADF and sa-lignin were evaluated according to Vogel et al.
1999 [22]. Lactic, acetic, propionic, and butyric acids were extracted in an acid solution
(0.6 N sulfuric acid) and analyzed using high-performance liquid chromatography [17],
while NH3-N (ammonia) and pH were determined as detailed in a previous study [5].
The WSC, ethanol, and mannitol were also determined using high-performance liquid
chromatography after extraction in an aqueous solution. The density was calculated as the
ratio of the amount of pre-ensiled fresh WPM, corrected for DM content, to the volume
of the 20-L bucket and expressed as kg of DM per 1 m? (DM density, DMd as kg m~3).
The silage fermentative quality index (FQI) was determined as suggested in our previous
research trial [15]. Porosity (®) and DM losses (DMloss) of WPM silage were calculated
according to the formula reported in the following equations [23]:

O =1- pwb x {[(1 — DM)/pw] + [(DM x OM)/pOM] + [(DM x (1 — OM))/pash]} (1)

DMloss = [(DM of pre-ensiled — DM of post-ensiled)/DM of pre- ensiled] x 100  (2)

where pwb is bulk density wet basis (g cm™3); pw is water density (1 g cm~3); DM and OM
are dry and organic matter, respectively (g g~!); pPOM is organic matter density (1.6 g cm~3);
and pash is ash density (2.5 g cm~3).
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2.3. Data Analysis

The twelve (12) experimental levels (theses) consisted of four harvesting DM classes
(DMvl, DMI, DMm, and DMh) per three inoculants (C, HE, and HOM) and per three
replicates (1 = 36). The normal distribution for continuous variables was assessed using
the Shapiro-Wilk test and visual inspection. Pre-ensiled chemical traits, density, and
porosity for the harvested WPM were submitted to ANOVA, considering the fixed effect
of harvesting DM class. FQI, DMloss, post-ensiled DM, and fermentative traits were
submitted to an ANOVA considering the fixed effects of harvesting DM class and inoculant
type, as well as their interactions both at the end of the 60 days of the ensiling process
(T60) and after 3 days of silage air exposure (T63). Post hoc pairwise comparisons were
run between factor levels using Bonferroni correction. The assumptions of the linearity of
the model were graphically tested on the residuals. A Cox proportional hazard regression
tested the effect on the event for each covariate separately (univariable approach) for pre-
ensiled composition. Furthermore, a Cox proportional hazard regression for a multivariable
Akaike’s information criterion in the backwards (Cox-AIC-backward) model was estimated
for the chemical traits of pre-ensiled maize to estimate the aerobic stability, starting from
the variables selected as significative by the univariable Cox models. The proportional
hazard assumption was evaluated using a visual approach (Schoenfeld, Martingala, beta,
and score residuals) and Grambsch and Therneau test [24,25].

To perform these statistical analyses, the R programming language, version 4.0.2 (The
R Foundation, Vienna, Austria), was used, along with Remdr package version 2.6-2 and
RStudio version 1.2.1578 (Posit, PBC, Boston, MA, USA). Statistically significant effects
were indicated if p < 0.05.

3. Results

The effects of the harvesting DM class on the chemical composition of the pre-ensiled
WPM are reported in Table 1.

Table 1. Effect of the harvesting dry matter (DM) class on the chemical traits, bulk and DM density,
and porosity of the pre-ensiled whole-plant maize (WPM).

Harvesting Dry Matter Class !

Item SEM P
DMvli DMl DMm DMh

Dry matter (%) 23.9¢ 25.3b 26.2° 3044 0.3 <0.001
Crude protein (% DM) 9412 9083  g7gb  gi3be 0.1 <0.001
Ether extract (% DM) 1.84P 1.88P 1.66 P 2122 0.1 <0.001
Crude ash (% DM) 5.572 5.12b 518b  4.86P 0.1 <0.001
aNDF 2 (% DM) 4632  432b  444b  4371P 0.42 <0.001
ADF 3 (% DM) 2592  241bc  246b 235¢ 0.3 <0.001
sa-lignin (% DM) 2372 2.28b 230" 220°¢ 0.01 <0.001
WSC ® (% DM) 9.27b 11.22 1132 958P 0.30 0.003
Starch (% DM) 238b 2662 2682 2762 0.68 <0.001
Bulk density (kg WPM m~—3) 5702 512P 487°b 479b 8.4 <0.001
DM density (kg DM m~3) 137 @b 130 b 128 b 1462 2.9 <0.001
Porosity (decimals) 0.51°¢ 056 0582 0602 0.01 <0.001

1 DMvl, DMI, DMm, and DMh correspond to very low, low, medium, and high DM values, respectively. 2 Alfa-
amylase neutral detergent fiber. 3 Acid detergent fiber. # Sulfuric acid lignin. > Water-soluble carbohydrates.
b within a row indicate statistical difference (p < 0.05).

The harvest of WPM at an early stage of maturity, such as the very-low DM (DMvl,
23.9% of DM) class resulted in the highest (p < 0.05) CP, CA, aNDF, ADEF, and sulfuric
acid lignin (sa-lignin) contents, while in the later harvesting period, the highest EE was
observed. Starch content was higher at during the low-DM harvesting stage (DM, 25.3% of
DM), while the water-soluble carbohydrates (WSC) decreased under the high-DM (DMh,
30.4% of DM) stage. The DM density (DMd) and porosity of pre-ensiled WPM are also
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presented in Table 1. The harvesting DM classes with lower contents of DM had lower
DMd and porosity compared to those harvested later, especially in the case of high DM
(DMh, 30.4% of DM). The effects of the harvesting DM class and inoculant type on pH,
fermentative profile, fermentative quality index (FQI), and DMloss of the maize silage are
reported in Tables 2 and 3, respectively.

Table 2. Effects of the harvesting dry matter (DM) class on pH, fermentative profile, FQI, and dry
matter losses (DMloss) of ensiled whole-plant maize (WPM) (60 d of ensiling process).

Harvesting Dry Matter Class !

Item SEM P
DMvl DMl DMm DMh

pH 3862 3892  380P  378P 0.02 <0.001

Dry matter (%) 19.7 ¢ 23.6P 242b 28.32 0.4 <0.001
Lactic acid (% DM) 8.182 7.00b 7643 745D 0.24 0.021
Acetic acid (% DM) 3412 276> 240 200° 0.15 <0.001
Propionic acid (% DM) 1.662 1.32b 1.11° 0.83°¢ 0.06 <0.001
Butyric acid (% DM) 0142  011®  011®  o0.10° 0.01 <0.001
Ethanol (% DM) 1.87 1.67 2.05 2.19 0.14 0.089
Mannitol (% DM) 1133 1362  1.033  0.60P 0.15 0.007
Ammonia (% of total N) 6.81 6.65 6.45 6.77 0.25 0.151
FQI 2 51.0bc  493¢ 5592 5792 14 <0.001
DMloss (%) 19.02 8.8P 95b 96b 1.6 <0.001

1 DMv], DM], DMm, and DMh correspond to very low, low, medium, and high DM values, respectively. 2 Fer-
mentative quality index (score 0-100). ab¢ within a row indicate statistical difference (p < 0.05). The interaction of
harvesting DM class x inoculant type was significant (p < 0.05) for lactic acid and butyric acid.

Table 3. Effects of the inoculant type (heterofermentative (HE) vs. homofermentative (HOM)) on pH,
fermentative profile, FQIL, and dry matter losses (DMloss) of ensiled whole-plant maize (WPM) (60 d
of ensiling process).

Inoculant Type
Item SEM p
Control HE HOM

Dry matter (%) 24.0 242 23.7 0.4 0.586
pH 3.84 3.83 3.82 0.01 0.245
Lactic acid (% DM) 7.07b 7.712b 7.932 0.22 0.023
Acetic acid (% DM) 2.70 257 2.65 0.13 0.785
Propionic acid (% DM) 1.24 1.21 1.24 0.05 0.889
Butyric acid (% DM) 0.12 0.12 0.12 0.01 0.342
Ammonia (% of total N) 6.55 6.66 6.81 0.21 0.696
Ethanol (% DM) 1.82 1.88 2.14 0.12 0.174
Mannitol (% DM) 1.08 0.95 1.06 0.13 0.755
FQI! 53.2 54.1 53.3 1.1 0.827
DMiloss (%) 12.3 11.2 11.6 1.4 0.869

! Fermentative quality index (score 0~100). *® within row indicate statistical difference (p < 0.05). The interaction
between harvesting DM class and inoculant type was never significant, except for lactic acid and butyric acid
(p < 0.05).

The delay of the harvesting stage led to a significant increase in the silage DM content
and decreased pH, while the percentages of the acids were higher in early harvested
classes, especially for lactic acid and acetic acid. In the silage of the DMh class, the lowest
value of all organic acids, as well as mannitol, was recorded (Table 2). Harvesting earlier
mature WPM caused a lower value of the FQI, and in silage of the DMvl class, a relevant
percentage of DM losses was detected (Table 2). The use of inoculant had a limited influence
on the fermentative profile of the WPM silage, except for a significantly higher incidence of
lactic acid in the HOM group compared to the control thesis (Table 3). The interactions of
harvesting DM class per inoculant type also affected the percentages of lactate and butyrate.
Lactic acid contents were highest for the HOM group in the DMvl class and the highest for
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HE in the DMm class, while no differences were detected within the DMI and DMh classes
(Figure S1). Butyric acid content tended to be higher in the HOM than in the HE group
for the DMvl and DMI classes, and the opposite was true for the DMm and DMh classes
(Figure S1). The effects of harvesting DM class and inoculant type on pH, organic acids,
and ammonia in maize silage exposed to air for three days (T63), starting from the day the
silo was opened, are presented in Table 4.

Table 4. Effects of the harvesting dry matter (DM) class and type of inoculant on pH, acids (% DM),
and ammonia (% of total N) of maize silage after three days of air exposure (T63).

Experimental Combinations pH Lactic Acid Acetic Acid Propionic Acid Butyric Acid Ammonia
DMvl ! 3.83 6.162 3.022 1.682 0.122 5.872
DMl ! 3.88 5.14 ab 1.41° 1.12° 0.09b 5.38 ab
DMm ! 3.81 5.63 ab 1.50 b 0.93 be 0.09b 5.112b
DMh ! 3.88 3.76° 0.94b 0.72¢ 0.08 ¢ 436"
c? 391 4420 1.13P 1.01 0.08° 4.42°
HE?2 3.81 5422 1912 1.14 0.112 5422
HOM 2 3.82 5.702 2114 1.19 0.11¢@ 5.704
SEM 0.03 0.46 0.18 0.05 0.01 0.23
Significance (p)
Harvesting class 0.441 0.016 <0.001 <0.001 <0.001 0.003
Inoculant 0.081 0.019 0.001 0.053 <0.001 0.001
Harvesting class x inoculant 0.463 0.341 0.046 0.338 0.086 0.076

1 DMv], DM], DMm, and DMh correspond to very low, low, medium, and high DM values, respectively. 2 C = control;
HE = heterofermentative; HOM = homofermentative. **¢ within harvesting DM class and /or inoculant group
indicate statistical difference (p < 0.05).

The higher the DM content of the harvesting DM class, the lower the percentages (%
on DM) of acids and ammonia tended to be. During the three days of air exposure, HE
and HOM inoculants significantly limited the losses of lactic acid, acetic acid, butyric acid,
and ammonia. The harvesting DM class per type of inoculant interaction was significant
only with respect to acetic acid, which showed the lowest value in the C group and a more
marked decrease from DMvl to DMh in the HOM group (Figure 1).

5.0
a
4.0 me
— a m HE
>
a HOM
2 3.0
s
& ab
g bc
< bc bc
) I C C I
0'0 I I
DMvl DMI1 DMm DMh

Figure 1. The effect of the interaction between harvesting dry matter (DM) class per inoculant type
on acetic acid (% DM) of maize silage after three days of air exposure (T63). DMvl = very low DM;
DMI = low DM; DMm = medium DM; DMh = high DM; C = control; HE = heterofermentative;
HOM = homofermentative. *< indicate statistical difference at p < 0.05.
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The univariable hazard ratio (HR) of the pre-ensiled chemical traits predicting the
aerobic stability are reported in Table 5; the main outcomes are that both EE (HR = 5.23)
and DM density (HR = 1.05) resulted markedly and slightly, respectively, in predisposition
to an event of aerobic deterioration (e.g., silage temperature exceeded the ambient room
temperature of 2 °C), while WSC (HR = 0.69) appeared to be protective. Using the Cox-
univariable significant traits as initial predictors, a Cox-AIC-backward test was performed,
and, as a result, only the density was confirmed as significant. Somer’s Dxy concordance
index was 0.61, the likelihood ratio test had p = 0.03, and the Schoenfeld residuals were
graphically evaluated to ensure the proportional hazard assumption.

Table 5. The effects on the aerobic stability of chemical composition, density, and porosity
(average =+ standard deviation) of pre-ensiled whole-plant maize (WPM) and the use of inoculants.

Variable Dataset (n = 36) Univariable HR (95% C.I) !
Pre-ensiled traits
Dry matter (%) 26.5 4+ 2.6 1.01 (0.85-1.19)
Crude protein (% DM) 89+ 0.6 1.34 (0.66-2.27)
Ether extract (% DM) 1.9 +0.2 5.23 (1.12-24.77)
Crude ash (% DM) 52+0.3 1.21 (0.40-3.69)
aNDF (% DM) 442417 0.99 (0.81-1.23)
ADF (% DM) 245+ 1.2 0.99 (0.72-1.37)
sa-lignin (% DM) 2 23+0.1 0.01 (0.01-2.49)
Water-soluble carbohydrates (% DM) 103+ 1.3 0.69 (0.48-0.99)
Starch (% DM) 262 +24 0.93 (0.81-1.08)
Density (kg DM m~3) 135+ 11 1.05 (1.00-1.09)
Porosity (decimals) 0.56 + 0.04 0.01 (0.01-2.40)
Use of inoculants (frequency of sampling size)
Control 12 -
Heterofermentative 12 0.67 (0.29-1.56)
Homofermentative 12 0.61 (0.25-1.51)

1 Univariable hazard ratio with 95% confidence interval in brackets. 2 Sulfuric acid lignin.

4. Discussion

Recently, an increasing interest in dairy farmers sowing maize in late spring or even
early summer has been reported to limit the adverse impact of warmer and drier summers
and to meet the sustainability targets of the climate and environmental schemes (e.g.,
crop rotation, winter cover cropping, etc.) of the European common policy. Multiple
cropping, which involves harvesting more than once a year (e.g., maize after winter cereals
or legume cover crop), is an increasingly widespread land management approach aiming
at to intensify agricultural production and diversify crop cultivation. As already described
in the Introduction, even though yearly agricultural production could rise by up to 30%,
in southern Europe, the main advantage of this strategy seems to be the promotion of
agronomic sustainability related to better pest regulation, improved plant resistance to
adverse climate events (e.g., crop failure due to drought), and reduced fertilizer use in
association with Fabaceae [26]. However, a postponement of the growing season (so-called
second crop) implies the use of maize hybrids of the FAO class with a shortened growing
season and, as a consequence, a reduction in the yield in fresh maize forage [27]. Despite
that, in years with unfavorable climatic and environmental conditions, the timing of the
harvesting processes could be inappropriate compared with the optimal maize maturity
stage, especially for those used as ensiled forage as a main source of dietary roughage in
feeding highly producing dairy cows. To cover the limited knowledge on the adaptability
to the ensiling process of maize cultivated as a second crop in southern Europe conditions,
this trial was designed to assess the effects of the three harvesting periods and the use of
inoculant on the fermentative quality, DM loss, and aerobic stability of WPM silage.

As expected, the chemical composition of green chopped, pre-ensiled WPM forage
highlighted a low DM content, even in the DMh class, and a relevant amount of WSC
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(higher than 8% on DM basis) underlined a proximate composition of early harvested
maize [5]. The progressive delays in harvest changed the chemical composition of the WPM
samples. Based on the literature, the later-harvest DM classes exhibited a reduced amount
of CP, while the starch content increased [28]. In contrast, conflicting trends were reported
for the aNDF content in maize at 1/3 milk line to black layer, with reports indicating an
increase [29] or decrease [28]. However, contrary to the literature [28,29], this study also
detected a decrease in sa-lignin in the later-harvest WPM samples, likely attributed to the
shorter growing season of the cultivated FAO hybrid. Notably, the fiber fractions decreased,
likely due to the effect of dilution of the stem caused by the growing relevance of ears in the
WPM plants. Lignin consistency changes with WPM maturity, but the observed trend was
uncertain, and differences, although statistically significant, had no physiological influence
on the nutritional value of this ensiled forage. Indeed, lignin is closely associated with cell
wall polysaccharides [30], whose matrix results in the distribution of polymers around the
cellulose microfibrils and plays a relevant role in animal feeding, as it is known to likely
impair fiber digestibility [31]. Finally, WSC showed increasing content up to 11.3% in DM,
confirming an intense vegetable growing rate up to the end of the trial (i.e., harvesting of
maize of the DMh thesis).

In our trial, the low DM level did not allow for reliable measurement of DM density
in silos compared with the minimum values of 240 kg DM m 2 suggested to limit juice
losses during WPM compression, and the recorded DM losses were much higher than those
reported in the literature [7,32]; however, the literature reports a considerable variation
related to silo type [7]. The DM losses achieved very high levels across the investigated
harvested WPM classes, even with an extreme value (19%) for the DMvlI class. This severe
DM loss was probably due to relevant effluent loss during silo preparation and silage
conservation, as confirmed by the shallow levels of DM of the ensiled WPM. The DM
of maize at harvest should be above 30% to avoid effluents [33,34], even though in this
experimental trial, sewage decreased with increasing DM concentration (with densities
lower than 150 kg DM m~2). DM content plays a crucial role in silage fermentation,
impacting the composition of bacterial communities with and without inoculants [35].
High DM content at harvest can hinder the growth of native lactic acid bacteria (LAB),
potentially limiting efficient fermentation. Exogenous inoculants can address this limitation,
leading to faster and improved ensiling outcomes [36,37]. The low post-ensiled DM content
(<30%) observed across all groups, including the control, points towards an environment
conducive to the proliferation of endogenous LAB, potentially resulting in rapid and
efficient fermentation without the need for exogenous inoculants. This finding aligns with
previous research on wheat silage, highlighting the potential influence of DM content on
the efficacy of inoculants [29].

During the ensiling process, there was intense fermentative activity of the endogenous
bacteria, as confirmed by the highest butyric acid content in DMvl silage. The latter allowed
for the achievement of satisfactory levels of pH (<3.90) for well-fermented maize silage,
with minimal although statistically significant differences among the theses. Lactic, acetic,
propionic, and butyric acids showed a decreasing value for later harvests. However, despite
the more intense fermentation in the wetter DMvl and DMI harvesting groups, the silage
FQI significantly increased with higher DM levels at harvest (DMm and DMh classes),
indicating a better composition of volatile fatty acids (VFAs) [28]. Ammonia and ethanol
were unaffected by the harvesting DM classes. Finally, mannitol showed higher values
in the theses with a lower pre-ensiling DM content. Mannitol is produced in secondary
fermentations by yeasts or by endogenous heterofermentative LAB bacteria [38], which
ferment glucose and fructose to produce mannitol [39].

The use of inoculant had a limited effect on the fermentative pattern. The increased
percentage of lactic acid observed all over in HOM, even depending on the harvesting DM
class, and the absence of effects on acetic acid content did not suggest a positive effect of
either HE or HOM on silage FQI. However, the interaction between DM at harvest and the
use of inoculants suggests complex trends. The interaction seemed to highlight a moderate
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role of both in the fermentative pattern and the silage quality of very early harvested maize.
Besides this, the use of the HOM inoculant also did not reduce DM losses compared with
the control thesis. These findings confirm the results of a meta-analysis that concluded
that the use of combined LAB did not affect DM loss [40]. However, the inoculants’ role in
enhancing forage fermentation has yielded inconsistent results, as documented in various
studies [9,41]. This variability has prompted the suggestion that developing inoculant
formulations tailored to specific forage types could lead to more reliable improvements in
fermentation efficiency and final silage quality [40].

The chemical traits of WPM silage after three days of exposure (T63) were compatible
with well-preserved silage [42]. As expected, during the three days of air exposure, there
was a reduction in VFA concentration, especially for lactic acid content, and there were
slightly marked effects for the DMh class. However, acetic acid content increased in the
DMl class, confirming that silages harvested at lower DM contents might be more sus-
ceptible to a further fermentative process. Several reasons can be found for the reduced
aerobic stability of silages. Opportunistic microorganisms such as yeast (e.g., Saccharomyces,
Candida, Cryptococcus, and Pichia), molds, bacilli, and acetic acid bacteria become metaboli-
cally active, producing heat, consuming nutrients, and spoiling the silage quality [33,43,44].
Under certain conditions, inoculation with bacteria is recommended to avoid undesirable
effects on silage and aerobic stability [11,43,45]. Inoculation can, in fact, increase the feeding
intake, milk yield, dietary digestibility [13], and milk protein and fat concentrations [46].
However, the stability of silages against aerobic deterioration varies dramatically with the
use of HE or HOM bacteria [47]. In addition, well-fermented silage from HOM may spoil
faster because they result in a greater level of WSC and lactic acid used as a growth substrate
for yeast and molds [48,49]. In contrast, the HE silages fermented by lactic bacteria (Lb)
could improve the stability of silages via the anaerobic degradation of lactic acid to acetic
acid [50], and Lb are commonly suggested to partially prevent aerobic deterioration at the
farm level [51]. However, Lb are also associated with increased DM losses during anaerobic
conservation of the silage and lower losses during the first fourteen days of air exposure in
maize and sorghum silages [12]. The role of air exposure during the feed-out phase in the
spoiling process of the mass is increased by the activity of lactate-assimilating yeasts, which
metabolize WSC and fermentative end products into carbon dioxide and water, increasing
the temperature and pH. Lactate-assimilating yeasts also decrease the silage quality and
digestibility [44]. In addition, when aerobic activity begins, the temperature rises rapidly
and may reach more than 20 °C above room temperature. This evidence occurs due to air
infiltration into the mass, which could reach up to 1-2 m from the silage surface [52]. The
application of the Cox model to predict aerobic stability showed that both the EE content
at harvest and DM density at the beginning of the silage process might be predictive of
aerobic instability. However, these suggestions from survival analysis should be accounted
for with caution, especially for DM density. EE is also likely due also to the specific content
of unsaturated fatty acids (FAs), which can promote different levels of FA oxidation and
peroxidation, with adverse effects on silage aerobic stability [53]. Regarding DM density,
this finding appears to contradict the literature [23,32]. However, in our study, minimal
differences were observed in bulk density; meanwhile, a significant increase in porosity was
detected in the harvesting DM classes with the higher values of DM, which corresponded
to higher DM densities. Thus, it can be hypothesized that the positive relationship between
porosity and DM density could be a predisposing factor for aerobic instability, as suggested
by an HR value of 1.05 for DM density. WSC can constitute a protective chemical trait,
since they promote a favorable fermentative pattern. Confirming the literature [5,23], this
study found that with higher DM content, DM density and porosity increased, allowing for
greater air circulation within the silage, which can promote the activity of yeasts and molds
in silage [54]. This can be attributed to increasing difficulties in compacting the fresh maize
forage, as evidenced by consistently higher porosity approaching the proposed limit of
0.40 and a bulk density of approximately 450 kg m 3, which is far below the recommended
threshold of 700 kg m~3 [55]. The HE inoculant, primarily Lentilactobacillus buchneri, was
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recognized to produce a higher concentration of acetic acid [56] that has the potential to
inhibit yeasts, which are responsible for initiating aerobic spoilage [57]. In this study, the
HE and HOM reasonably protected against aerobic instability, an outcome probably due to
the low DM content as a determinant of fermentability. Therefore, despite the suggestions
of survival analysis (HR of 0.67 and 0.61 for HE and HOM, respectively), their role in
enhancing aerobic stability might be considered a tendency, as already observed in the
literature [58].

Finally, it should be noted that the outcomes from ensiling processes based on maize
hybrids with a short growing season (e.g., sown in late spring—early summer) must be
analyzed cautiously, since the prediction relies on the effective achievement of an optimal
ensiling phenological maturity stage rather than on the application of the best ensiling
procedure. Therefore, further studies should test the effectiveness of the fermentative
biochemical pathways due to the harvesting variability to decipher the optimal agronomic
and ensiling conditions involved in the production of maize silage from second-crop culti-
vation. A potential focus might include economic parameters such as assessing production
costs, inoculant efficacy, and related livestock performance in terms of feed efficiency. By
examining these economic factors, farmers and stakeholders can make informed decisions
regarding harvesting period and inoculant applications to optimize second-crop maize
silage production and profitability.

5. Conclusions

This study evaluated the hypothesis that maize grown as a second crop in southern Eu-
ropean conditions can reach a maturity stage suitable for ensiling as high-quality fermented
forage, exhibiting resistance to aerobic deterioration upon exposure to air after silo opening
and during the feeding period. The main outcomes of the experimental trial suggested that
a threshold of 25% of DM of the harvested green, chopped maize ensures a minimal density
to fill air pores, thus avoiding relevant effluent losses with plant juice during silage fermen-
tation. However, the harvesting DM content of whole-plant maize should be approximately
30% to drive an optimal anaerobic biochemical pattern, increasing both the fermentative
quality index and the nutritive value of the silage, which remains a challenge. Furthermore,
the results highlight that to allow for a suitable ensiling process of second-crop maize, the
use of lactic acid bacteria-based inoculants had a limited positive effect, mainly related
to a significant increase in lactic acid concentration. Moreover, the addition of inoculants
was found to play a limited role in promoting aerobic stability in the fill-out phase, since
the positive increase in lactic acid was mitigated by increases in both butyric acid and
ammonia, with negligible differences between hetero- and homofermentative populations.
The presence of these biochemicals likely hinders the reduction of favorable volatile fatty
acids, particularly in groups with lower initial dry matter content. This could be attributed
to the active fermentation process facilitated by the readily available sugars in freshly
harvested plants. Since ensiling is a hard-to-control fermentation process, depending on
multiple parameters, the ability to ensure an optimal chemical composition at harvest,
especially in terms of high sugar content, and an appropriate silage density in the silo, hold
promise for improvements in silage quality.
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