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Abstract: The chemical composition of plant components of three maize hybrids harvested at the
beginning of six reproductive stages of maturity was compared. The hybrids evaluated included
Maximus VIP3, Defender VIP and Feroz VIP, which were evaluated at each of following stages: R1
(grain formation), R2 (milky grain), R3 (pasty grain), R4 (floury grain), R5 (hard grain) and R6 (ripe
grain). The advancement in maturation was linearly related to the crude protein (CP) content of
the stem, whole plant, and leaves, and there was a difference among the hybrids. Between R4 and
R5 stages, Maximus and Defender presented the highest CP contents for husk (6.58 and 5.42% for
Maximus; 5.54 and 5.17% for Defender). The neutral detergent fiber (NDF) of the leaves showed a
quadratic relationship with the advancement of maturation but did not differ among the hybrids.
For all the hybrids, the NDF content in the husk and cobs increased linearly during the reproductive
stages (>77 and 78%, respectively, for the three hybrids in R6). Defender had the lowest NDF content
of the cob in R3. The acid detergent lignin contents did not differ among stages in the stems, and
showed a linear decrease throughout the whole plant, though the contents did not differ among
the hybrids. Due to the differences observed, recommendations for harvest based on the maturity
stage for each hybrid should be taken into consideration. There seems to be no important distinction
among hybrids for harvesting and use of straw. Despite the reduction in grain yield, an early harvest
for earlage or snaplage can provide lower lignin content in husk and cob, as well as higher protein
content in the husk, favoring the nutritional value of the vegetative fraction (husk and/or cob).

Keywords: corn silage; earlage; lignin; snaplage; straw

1. Introduction

In addition to whole-plant silage, which is widely used in various regions of the world,
the cultivation of maize (Zea mays L.) also allows other forms that are not commonly used,
such as earlage, snaplage, and high-moisture grain, and even the use of stover from the
harvested plants and dry or moist grain. Due to this range of possibilities, it is important
that cultivated hybrids provide the quality of all the fractions involved so that they can be
used for specific needs [1].

Numerous studies have evaluated the nutritive value of maize hybrids at different
harvest times to produce whole plant silage [2–5], but the same answers on the other
forms of storage mentioned are scarce in the literature. Therefore, obtaining data about the
nutritional differences in the maize plant fractions in addition to the grain (cob in earlage
production; husk and cob in snaplage production; stem and leaves for use as stover) at
different harvest times is essential to improve existing concepts.
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In one of the few published studies, Ferraretto et al. [6] examined the effects of the
harvest time on the nutritional and fermentative quality of earlage, with better results
obtained at the beginning of the black line formation. On the other hand, maize harvested
for snaplage production requires a high moisture content to increase the rate and extent of
ruminal digestibility [7]. However, advancing maturity affects the fermentation and aerobic
stability of snaplage due to the reduction in sugar content, so the ideal harvest time is
between 60–70% DM of the ear [8]. For these two specific forms of harvest, the importance
of grain quality seems to be limited [9] as husk and cobs are relatively low-nutritive
fractions but constitute a significant proportion of the plant.

The maturity stage has a great impact on the different fractions of the plant, and this
can influence the nutritional value of feedstuffs derived from these fractions. Previous
studies have shown that the nutritive value is highly dependent on the hybrid cropped [10]
and on the plant maturity at harvest [11]. Hetta et al. [12] observed a significant negative
correlation between the proportion of non-grain fractions (stem, leaves and cob) and
organic matter digestibility and starch content of three maize hybrids, whereas these
fractions were positively correlated with protein content.

Maize plants at maturity present an average of 45.9% grain, 27.5% stalk, 11.4% leaves,
8.2% cob, and 7.0% of husk, according to Lardy and Anderson [13], but variations among
hybrids are often observed. Stem, leaves, husk and cobs are important by-products of
maize harvest. For each kilogram of dry grain produced, approximately 0.50 kg of stem
and 0.22 kg of leaves are generated on DM basis [14]. Currently, the use of these residues is
rather limited, due either to their low nutritional quality, competition for use as organic
matter for the soil, or the difficulty in collecting them [15]. In any case, this material can be
an important feed source in poor regions.

We hypothesized that different maize hybrids advance in maturity inconsistently in
the chemical composition of their fractions, and to elucidate the effects of each component
of the plant on different forms of silage, the present investigation aims at answering
whether the plant fractions among maize hybrids with contrasting maturity differ in
chemical parameters.

2. Materials and Methods

The experiment was carried out in the Agricultural and Environmental Sciences Sector
of the Parana Midwestern State University (UNICENTRO) in Guarapuava, Paraná, Brazil,
located at 25◦23′02” S and 51◦29′43” W. Maize (Zea mays L.) plants were sown in the first
half of October under a no-tillage system. At sowing, the spacing between rows was
50 cm, the sowing depth was approximately 4 cm, and the seed distribution per linear
meter aimed for a final density of 65,000 plants ha−1. The basic fertilizer consisted of
500 kg ha−1 applied via NPK fertilizer whose formulation was 8%, 20% and 20% of N,
P2O5 and K2O, respectively, and urea at a dose of 400 kg ha−1 (180 kg of N per ha) was
applied between the vegetative stage during which there were 4 to 6 fully expanded leaves
(V4 and V6, respectively).

Three maize hybrids were evaluated: Maximus VIP3, Defender VIP and Feroz VIP
(Syngenta®), which were single, triple and double hybrids, respectively. The experimental
design used was a randomized block design with two factors (hybrid and stage), with
three maize hybrids which were harvested at six maturity stages, resulting in 18 treatments
with four replications. Each plot of each of the blocks contained 100 rows and was 50 m in
length, and the useful area considered was the 90 central rows, also disregarding the initial
and final 5 m of the block in the direction of sowing.

For chemical analysis, the maize plants from different hybrids were harvested successively
at the beginning of the reproductive phases following determinations by Ritchie et al. [16]: R1
(grain formation), R2 (milky grain), R3 (pasty grain), R4 (floury grain), R5 (hard grain) and
R6 (ripe grain). When any style-stigma was visible outside the husk, it was interpreted as
the beginning of the R1 stage. In the R2 stage, the grains were white on the outside and
resembled a bubble in their shape. The grains in the R3 stage had an external yellow color
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and the internal fluid was milky to pasty. At the beginning of stage R4, the milky internal
fluid becomes thicker, reaching a pasty consistency. In stage R5, all or almost all grains are
floury-hard. In the R6 stage, the formation of the black layer progressively starts from the
grains at the tip of the ear.

In each evaluation, ten whole plants in the useful area of each plot were harvested
and manually cut to a height of 20 cm from the soil using the triple pairing method, where
plants were marked with ribbons at harvest, allowing similar plants to be harvested at
later stage. After harvesting, the plants were taken to the laboratory and divided into their
different components: stem, leaves, husk, cobs and straw. The straw corresponds to the
vegetative fraction without the presence of grains, which were removed carefully to avoid
damage to the ear. The growth characteristics, proportions of each fraction in the plant and
its respective dry matter content can be found in a previous study [17].

First, the whole plant and its fraction were roughly chopped with knives and then
transferred to a forced-air oven at 55 ◦C for partial drying for 72 h. The samples were
subsequently ground in a Wiley mill with a 1 mm mesh sieve. The pre-dried and ground
samples were then analyzed for their total dry matter in an oven at 105 ◦C for 4 h. The
crude protein (CP) content was determined by the micro-Kjeldahl method according to
the methodology described by the AOAC [18]. The content of neutral detergent fiber
(aNDF) was obtained using thermostable α-amylase without the use of sodium sulfite. The
contents of acid detergent fiber (ADF) and acid detergent lignin (ADL) were subsequently
determined according to the methods of Goering and Van Soest [19], and hemicellulose
was estimated by the difference between the NDF and ADF.

The data were subjected to the Shapiro–Wilk and Bartlett tests to verify the assump-
tions of normality and homogeneity of variance, respectively. Once these assumptions were
met, the data were analyzed using the General linear model procedure (PROC GLM) and
subjected to both analysis of variance (ANOVA) and the Tukey test to compare multiple
means at 5% significance by the SAS program (see 9.2; SAS Institute Inc., Cary, NC, USA)
according to the following statistical model:

Yijk = µ+αi + β j + γij + δk + εijk (1)

The variables of the equation are as follows: Yijk = variable response related to hybrid
i at stage j in block k; µ = overall average; αi = effect of hybrid i (i = 1, 2, 3); βj = effect of
stage j (j = 1, 2, 3, 4, 5, 6); γij = effect of the interaction of hybrid i with stage j; δk = effect of
block k (k = 1, 2, 3, 4); and εijk = random error associated with each Yijk observation.

Parameters that did not differ among hybrids but differed among maturity stages
were submitted to polynomial regression analysis considering the variable days after
emergence—DAE (72–145 days)—using the regression procedure (PROC REG).

The Milk2006 model, developed by Shaver and Lauer [20], was used to estimate the
milk production of each hybrid in stages R4, R5 and R6 based on the chemical composition
and in vitro digestibility. Samples from stages R1, R2 and R3 were not subjected to this
model due to the low concentration of available starch. The Milk2006 model uses current
information and has user-defined input flexibility for these forecasts.

3. Results

The data in Table 1 show the p-values for the influence of the hybrid (H), the maturation
stage (S), and the interaction between them (H× S), with dispersion measures, for chemical
composition for each fraction of the plant.
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Table 1. Level of statistical significance (p-values) of the effects of hybrid (H) and plant maturity
stage at harvest (S) on the chemical composition of the whole plant and fractions of the maize plant.

CP NDF ADF ADL HEM

Stem
Hybrid (H) 0.101 <0.001 <0.001 <0.001 <0.001

Stage (S) <0.001 <0.001 <0.001 0.002 <0.001
H × S 0.001 <0.001 <0.001 0.037 0.023
SEM 0.100 0.246 0.238 0.177 0.296

Leaves
Hybrid (H) <0.001 0.220 <0.001 <0.001 <0.001

Stage (S) <0.001 <0.001 0.038 0.001 0.109
H × S <0.001 <0.001 0.180 <0.001 0.010
SEM 0.133 0.219 0.213 0.177 0.297

Husk
Hybrid (H) <0.001 <0.001 <0.001 <0.001 <0.001

Stage (S) <0.001 <0.001 <0.001 0.001 <0.001
H × S <0.001 <0.001 <0.001 <0.001 <0.001
SEM 0.135 0.235 0.217 0.177 0.242

Cob
Hybrid (H) <0.001 <0.001 <0.001 <0.001 <0.001

Stage (S) <0.001 <0.001 <0.001 <0.001 <0.001
H × S <0.001 <0.001 <0.001 <0.001 <0.001
SEM 0.139 0.250 0.180 0.179 0.256

Whole plant
Hybrid (H) 0.104 <0.001 0.034 0.080 <0.001

Stage (S) <0.001 <0.001 <0.001 <0.001 <0.001
H × S 0.010 <0.001 <0.001 0.102 <0.001
SEM 0.179 0.248 0.239 0.153 0.468

Straw
Hybrid (H) 0.129 0.452 0.859 0.012 0.022

Stage (S) <0.001 <0.001 0.004 0.065 <0.001
H × S <0.001 0.064 <0.001 0.018 <0.001
SEM 0.149 0.407 0.237 0.155 0.351

SEM = Standard error of the mean for H × S; Straw = vegetative fraction without the presence of grains.

Without any difference among hybrids, the CP content of the stems decreased with
the advancement of each stage of maturation (Table 2). In the initial two stages and
in R6, the highest CP content of the leaves was observed for the Maximus hybrid; this
content was also higher in R3 and R4 together with Defender. The decrease in CP differed
from each hybrid as maturation progressed, with Defender showing a decrease (p < 0.05)
in R5 only, while Maximus presented a decrease since the initial maturation advanced.
Similar behavior during the stages occurred for the husk, with the Feroz hybrid having
the highest CP content (p < 0.05) in the two initial stages and the lowest content in all the
subsequent stages.

The CP content of the cobs in R3 was reduced by more than half the value obtained in
R2. The Maximus and Defender hybrids had the lowest values in R4, while Feroz showed a
linear reduction until the R6 stage. The analysis of the whole plant showed a decrease with
no difference detected after stage R4. Similar behavior was observed for straw, where the
Feroz hybrid maintained a high CP content up to R3 (p < 0.05), but its content was lower
than that in Maximus and Defender in R6.
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Table 2. Crude protein (% of DM) of the whole plant and the fractions of three maize hybrids harvested at the beginning of
the six reproductive stages of maturity.

Fraction/Hybrid
Phenological Stage

R1 R2 R3 R4 R5 R6

Stem
Maximus 7.45 a 6.96 a 6.63 a 5.29 a,b 4.69 b 4.67 b

Defender 7.00 a 6.61 a,b 5.77 b 4.62 c 4.56 c 4.70 c

Feroz 6.90 a 6.45 a 5.84 a,b 4.07 c,d 4.88 b,c 3.32 d

Equation CP = 7.77 − 0.61x R2: 0.72
Leaves

Maximus 15.82 A,a 14.46 A,b 13.37 A,c 12.90 A,c 9.21 B,d 8.34 A,e

Defender 13.03 B,a 13.65 B,a 12.70 A,a 13.17 A,a 8.58 C,b 7.97 A,B,b

Feroz 13.78 B,a 12.99 C,a 10.91 B,b 10.65 B,b 10.41 A,b 7.50 B,c

Husk
Maximus 13.51 B,a 9.55 B,b 6.84 A,c 6.58 A,c 5.42 A,d 4.63 B,d

Defender 17.72 B,a 10.67 A,B,b 5.88 A,B,c 5.54 A,B,c 5.17 A,c 5.67 A,c

Feroz 13.03 A,a 11.90 A,a 5.26 B,b 4.42 B,b 3.59 B,b 3.85 B,b

Cob
Maximus - 15.13 B,a 6.07 B,b,c 5.58 A,B,c 6.90 A,b,c 7.55 A,b

Defender - 18.44 A,a 8.63 A,b 4.70 B,d 7.88 A,b,c 7.03 A,c

Feroz - 15.18 B,a 6.60 B,b 5.99 A,b 3.27 B,c 2.77 B,c

Whole plant
Maximus 11.65 a 11.63 a 10.89 a 8.40 b 7.01 b 7.38 b

Defender 11.00 a 9.85 a,b 8.93 b,c 8.50 b,c 7.72 c 7.08 c

Feroz 11.45 a 11.60 a 10.39 a,b 8.45 b,c 6.93 c 7.90 b,c

Equation CP = 12.44 − 0.92x R2: 0.71
Straw

Maximus 11.00 A,a 9.14 b 8.10 B,b,c 9.10 b 7.11 c,d 5.78 A,d

Defender 9.67 B,a,b 10.53 a 8.64 B,c 8.77 b,c 6.18 d 5.97 A,d

Feroz 10.61 A,B,a 10.07 a 10.57 A,a 8.91 a 6.51 b 4.72 B,b

A,B,C Within the same column means not sharing common superscript letters are significantly different (p < 0.05). a,b,c,d,e Within the same
row means not sharing common superscript letters are significantly different (p < 0.05). x = days after emergency (DAE). Straw = vegetative
fraction without the presence of grains.

The NDF contents of the stems (Table 3) differed among hybrids in five stages, but no
pattern among them was observed, with Maximus presenting a lower content in R3 to R6
compared to R1 and R2. Defender had the lowest content in R1, and Feroz had the lowest
content in R6. The NDF content of the leaves showed an unstable behavior, ranging from
62.84% for Defender in R1 to 69.95% for Maximus in R2.

The husk showed an increase in NDF content with the advancement of maturation
for the three hybrids; there was no difference among them after the R4 stage. In the first
two stages, the Feroz hybrid showed the highest values, but did not differ from the value
of Defender in R3. The same trend can be observed for the cobs, with the highest values
recorded for Feroz in R5 and R6. This increase in NDF contents with advancing maturity
occurred at different rates, resulting in inconsistent differences among hybrids within the
maturity stage.

For the Defender hybrids, the highest contents of NDF in the whole plant were
detected in the three initial stages, and the lowest values were detected in R5 and R6.
Compared with the other two hybrids, the Feroz hybrid showed its highest NDF content
(p < 0.05) in the R5 stage. The NDF content of straw did not differ among the hybrids and
showed inconsistent values for the maturation stage, with a tendency to increase in the
final two stages.
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Table 3. Neutral detergent fiber (% DM) of the whole plant and the fractions of three maize hybrids harvested at the
beginning of the six reproductive stages of maturity.

Fraction/Hybrid
Phenological Stage

R1 R2 R3 R4 R5 R6

Stem
Maximus 73.08 A,a 71.62 a 65.98 B,c 67.45 B,b,c 67.90 B,b,c 68.60 B,b

Defender 70.69 B,b 70.68 b 66.97 A,B,c 70.27 A,b,c 72.09 A,a,b 75.29 A,a

Feroz 71.22 A,B,a 70.63 a,b 69.76 A,a,b 68.43 A,B,a,b 67.70 C,b 62.49 C,c

Leaves
Maximus 65.32 c 69.95 a 67.94 a,b 66.03 b,c 64.75 c 64.56 c

Defender 62.84 b 66.33 a 63.05 b 63.80 a,b 63.91 a,b 64.59 a,b

Feroz 63.38 65.58 64.59 65.42 65.09 65.11
Equation NDF = 63.82 + 1.14x − 0.18x2 R2: 0.60

Husk
Maximus 56.90 B,f 61.25 B,e 64.19 B,d 70.16 c 76.36 b 78.83 a

Defender 47.92 C,d 60.80 B,c 67.75 A,b 68.56 b 77.02 a 78.31 a

Feroz 62.63 A,c 63.32 A,c 68.07 A,b 69.92 b 77.82 a 77.79 a

Cob
Maximus - 45.24 A,e 66.52 B,d 70.09 c 76.02 A,B,b 80.37 A,B,a

Defender - 36.03 B,e 63.00 C,d 69.17 c 74.20 B,b 78.39 B,a

Feroz - 35.27 B,d 69.98 A,c 70.77 c 77.67 A,b 81.80 A,a

Whole plant
Maximus 53.53 A,a 52.99 a,b 50.68 B,a b,c 49.91 A,b,c 48.97 B,c 50.05 A,b,c

Defender 52.66 A,B,a 53.78 a 54.59 A,a 46.92 B,b 38.97 C,c 34.54 B,d

Feroz 52.20 B,b 53.15 b 50.74 B,b,c 51.12 A,b,c 55.79 A,a 48.88 A,c

Straw
Maximus 65.93 b 67.48 b 68.68 b 66.50 b 66.16 b 72.59 a

Defender 67.29 b,c 65.52 c 68.62 a,b 66.10 c 70.49 a 70.45 a

Feroz 66.38 b 66.56 b 64.74 b 66.29 b 71.19 a 69.59 a

A,B,C Within the same column means not sharing common superscript letters are significantly different (p < 0.05). a,b,c,d,e,f Within the same
row means not sharing common superscript letters are significantly different (p < 0.05). x = days after emergency (DAE). Straw = vegetative
fraction without the presence of grains.

The lowest ADF contents of the stems for the Maximus and Defender hybrids were
observed in stage R3, while for Feroz the difference was only in R6 (Table 4). In the R1
stage there was no difference among the hybrids, in the other stages, the Maximus hybrid
showed the lowest ADF content of stalk, except for the R6 stage where it did not differ
from the Feroz hybrid.

The ADF content of the husk increased as the maturation progressed for the three
hybrids. These differences among phases were quite evident in Maximus, with significant
differences (p < 0.05) detected among all stages. The hybrids differed only in the initial
three stages, with the highest values recorded for Feroz, along with Defender in R3. Similar
data were recorded for the cobs.

The advancement of the reproductive stages resulted in a decrease in the whole plant
ADF content for all the hybrids, with more expressive differences between R4 and R5
(stages with no difference among the hybrids). Regarding the straw, the data for each
hybrid followed a similar behavior observed for the stems, with an emphasis on Maximus,
which had the highest value in the R6 stage.

The ADL concentration of the stems did not differ among the maturity stages for
any hybrid, but when a difference among them was presented, the lowest contents were
observed for Maximus (Table 5). In leaves, the ADL content behaved distinctly differently
for each of the hybrids. The Feroz hybrid had the highest ADL content in R1 (9.25%),
and together with the Defender hybrid had the highest content in R2 (8.07 and 8.98%,
respectively), while in R3 and R4 the hybrid Defender had the highest ADL content (11.21
and 10.41%, respectively). In R5 and R6 there was no difference among hybrids. Unlike in
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the leaves, in husk, the highest values observed were in the Maximus hybrid in R3 and R5
(10.30 and 10.52%, respectively).

Table 4. Acid detergent fiber (% DM) of the whole plant and the fractions of three maize hybrids harvested at the beginning
of the six reproductive stages of maturity.

Fraction/Hybrid
Phenological Stage

R1 R2 R3 R4 R5 R6

Stem
Maximus 46.92 a 46.28 B,a,b 41.64 B,c 44.15 B,b 45.76 C,a,b 45.83 B,a,b

Defender 49.50 c,d 48.35 A,B,c,d 47.49 A,d 50.98 A,b,c 52.83 A,a,b 54.82 A,a

Feroz 48.55 a 49.79 A,a 49.35 A,a 48.64 A,a 48.10 B,a 43.76 B,b

Leaves
Maximus 33.12 35.03 32.85 32.80 33.45 33.56
Defender 33.52 35.14 34.10 33.16 34.80 34.31

Feroz 35.70 35.43 35.12 35.46 34.16 35.51
Husk

Maximus 31.73 B,f 32.66 B,e 33.49 B,d 37.24 c 38.60 b 40.20 a

Defender 23.24 C,d 31.95 B,c 33.73 A,b 34.36 b 38.93 a 41.80 a

Feroz 32.21 A,c 33.94 A,c 32.98 A,b 35.31 b 39.31 a 41.11 a

Cob
Maximus - 22.11 B,e 35.01 B,d 38.18 c 42.25 b 45.20 A,a

Defender - 23.42 A,d 34.94 B,c 37.67 b 41.12 a 42.92 B,a

Feroz - 20.36 C,d 38.03 A,c 38.41 c 43.43 b 46.08 A,a

Whole plant
Maximus 33.21 a 33.09 B,a 28.93 B,b 28.24 b 21.70 c 20.40 A,c

Defender 32.37 a,b 34.56 A,a 32.31 A,b 26.74 c 21.58 d 17.21 B,e

Feroz 32.54 a 32.14 B,a,b 31.75 A,a,b 28.01 b 21.96 c 18.09 A,B,c

Straw
Maximus 42.66 b,c 44.10 a,b 40.93 A,c 42.05 A,b,c 41.12 c 46.03 A,a

Defender 43.15 a 41.07 b 43.19 A,a 38.69 B,c 42.73 a,b 42.75 B,a,b

Feroz 43.92 a 42.92 a 37.91 B,b 41.35 A,a 41.46 a 42.26 B,a

A,B,C Within the same column means not sharing common superscript letters are significantly different (p < 0.05). a,b,c,d,e Within the same
row means not sharing common superscript letters are significantly different (p < 0.05). Straw = vegetative fraction without the presence
of grains.

With the highest contents of ADL in the cobs (p < 0.05), the Maximus hybrid showed
the highest concentration in stage R2, while the contents at the other stages exhibited
an increasing trend with the advancement of maturation. For whole plants, there was
no difference among the hybrids. However, the decrease in ADL concentration was less
pronounced in the initial four stages and became more pronounced in the following
two stages.

The Maximus hybrid showed the lowest ADL values for straw in stages R1 (p < 0.05),
although there was an increase up to R5 in this compound. The ADL content in the Feroz
hybrid varied between 8.31% and 9.39%; this variation occurred specifically between the
two final stages. The ADL content in the Defender hybrid did not differ among stages.

Defender and Feroz hybrids showed a higher concentration of hemicellulose in the
stems at all stages compared to Maximus (p < 0.05), which varied in hemicellulose con-
centration from 63.11% in R3 to 67.39% in R5 (Table 6). The Maximus hybrid also showed
the lowest hemicellulose values in their leaves in the initial four stages (R1–R4), with no
differences from the Defender hybrid in R1 and R4. Again, the hemicellulose concentration
in the leaves of Defender hybrid did not differ among stages.
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Table 5. Acid detergent lignin (% DM) of the whole plant and the fractions of three maize hybrids harvested at the beginning
of the six reproductive stages of maturity.

Fraction/Hybrid
Phenological Stage

R1 R2 R3 R4 R5 R6

Stem
Maximus 9.03 B 9.83 B 8.73 10.18 9.86 B 10.17
Defender 10.42 A,B 11.59 A 9.11 10.95 10.50 A,B 11.10

Feroz 10.50 A 10.27 A,B 10.73 11.91 11.69 A 11.17
Leaves

Maximus 6.71 B,b,c 6.95 B,b,c 7.57 B,a,b 6.01 B,c 8.21 a 7.08 a,b,c

Defender 6.83 B,c 8.98 A,a,b,c 11.21 A,a 10.41 A,a,b 8.54 b,c 7.95 b,c

Feroz 9.25 A,a 8.07 A,B,a,b 7.48 B,a,b 7.55 B,a,b 8.44 a,b 6.42 b

Husk
Maximus 8.66 A,b 8.75 b 10.30 A,a 6.43 c 10.52 A,a 7.32 b,c

Defender 6.84 B,b,c 8.33 a 6.66 B,b,c 5.36 c 7.87 B,b 8.62 a

Feroz 8.02 A,a 7.50 a,b 5.19 B,b 6.44 a,b 7.06 B,a,b 8.05 a

Cob
Maximus - 13.49 A,a 9.17 A,b 9.28 A,b 10.52 b 10.81 b

Defender - 4.78 B,c 7.24 B,b 7.47 B,b 9.51 a 8.17 a,b

Feroz - 4.39 B,c 8.63 A,b 8.43 A,B,b 10.80 a 10.81 a

Whole plant
Maximus 7.84 8.19 7.51 6.24 5.12 6.19
Defender 7.89 8.21 7.91 7.66 5.9 6.00

Feroz 7.83 8.58 7.70 8.02 6.84 5.63
Equation ADL = 8.89 − 0.49x R2: 0.52

Straw
Maximus 7.47 B,b 8.75 a,b 7.91 B,a,b 8.60 a,b 9.70 a 8.75 a,b

Defender 8.94 A 8.62 9.89 A 8.82 9.86 9.35
Feroz 8.75 A,a,b 9.28 a 8.13 A,B,b 8.52 a,b 8.31 b 9.39 a

A,B Within the same column means not sharing common superscript letters are significantly different (p < 0.05). a,b,c Within the same row
means not sharing common superscript letters are significantly different (p < 0.05). x = days after emergency (DAE). Straw = vegetative
fraction without the presence of grains.

The Maximus hybrid had the highest values in R1, with a linear decrease during
maturation. The concentration of hemicellulose in the Defender hybrid increased in the
husk with the advancement of maturity. For the cobs, the concentration of hemicellulose in
Maximus increased with the passing of the stages, which decreased in Defender.

The concentration of hemicellulose in the whole plant was higher in the Defender
hybrid in the final two stages, with no differences between Maximus and Feroz. In general,
there was a decrease in hemicellulose content with the advancement of the reproductive
stage of all three hybrids. Similar, but less expressive, behavior was observed for the straw,
where the hybrids differed in R4 and R6, with Feroz and Maximus presenting the greatest
concentration in R4, and Maximus presenting the greatest concentration in R6.

Figure 1 shows that the maturation stage had a strong effect on milk production, as
estimated by the Milk2006 model, either in kilograms of milk per ton of DM or in kilograms
of milk per hectare, with points being grouped by maturation stage and no evidence of
superiority for any hybrid.
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Table 6. Hemicellulose (% of NDF) of the whole plant and the fractions of three maize hybrids harvested at the beginning of
the six reproductive stages of maturity.

Fraction/Hybrid
Phenological Stage

R1 R2 R3 R4 R5 R6

Stem
Maximus 64.21 B,b,c 64.62 B,b,c 63.11 B,c 65.46 B,a,b,c 67.39 B,a 66.82 B,a,b

Defender 70.04 A 69.71 A 70.90 A 72.56 A 73.28 A 72.83 A

Feroz 68.16 A 70.49 A 70.74 A 71.08 A 71.04 A 70.02 A

Leaves
Maximus 50.70 B,a,b 50.08 B,a,b 48.36 B,b 49.64 B,a,b 51.67 a 51.99 a

Defender 53.34 B 52.98 A 54.11 A 51.97 A,B 54.46 53.09
Feroz 56.34 A,a 54.03 A,a,b 54.37 A,a,b 54.21 A,a,b 52.49 b 54.55 a,b

Husk
Maximus 55.77 A,a 53.33 b 52.18 A,b,c,d 53.08 A,b,c 50.55 d 51.00 c,d

Defender 48.48 B,c 52.56 a,b 49.79 B,b,c 50.12 B,a,b,c 50.54 a,b 53.38 a

Feroz 51.43 B,a,b 53.59 a 48.44 B,c 50.48 B,b,c 50.51 b,c 52.84 a,b

Cob
Maximus - 48.88 C,c 52.64 B,b 54.48 a,b 55.58 a,b 56.25 a

Defender - 65.03 A,a 55.46 A,b 54.47 b 55.42 b 54.75 b

Feroz - 57.75 B 54.35 A,B 54.27 55.92 56.33
Whole plant

Maximus 62.03 a 62.44 a 57.11 b 56.59 b 44.35 B,c 40.30 B,d

Defender 61.48 a 61.26 a 59.19 b 56.98 c 55.36 A,c 49.79 A,d

Feroz 62.34 a 60.47 a 62.60 a 54.79 a 38.59 B,b 37.03 B,b

Straw
Maximus 64.72 a,b 65.35 a 59.63 b 64.55 A,a,b 61.90 a,b 63.40 A,a,b

Defender 64.13 a 62.68 a,b 62.95 a,b 58.53 B,c 60.63 b,c 60.69 B,b,c

Feroz 66.17 a 64.46 a,b 58.55 d 62.38 A,b,c 58.24 d 60.72 B,c,d

A,B,C Within the same column means not sharing common superscript letters are significantly different (p < 0.05). a,b,c,d Within the same
row means not sharing common superscript letters are significantly different (p < 0.05). Straw = vegetative fraction without the presence
of grains.
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Figure 1. Estimation of milk production through Milk 2006 of the Maximus (•); Defender (�); and
Feroz (�) hybrids in three harvest stages: R4 (white); R5 (grey); and R6 (black).

4. Discussion

First of all, we emphasize that this study was conducted in a single year and location,
and therefore, for data interpretation, this fact must be taken into account.

The reduction in crude protein content in response to the advancement of maturation
in our study was expected and is in accordance with several other reports [12,21]. Hetta [12]
and Schittenhelm [21] also did not observe significant differences among the evaluated
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hybrids. Despite being nutritionally less favorable mainly due to the low starch content, it
seems that the early harvest results in lower production of methane by cattle due to the
lower yield of this compound with proteins when compared to carbohydrates [22]. On the
other hand, the maturity advance with starch accumulation in the grain can reduce the
methane emission expressed in relation to the carcass gain [23].

During the initial reproductive phase, there is an accumulation of crude protein in
several fractions of the plant, and this accumulation is promoted by the specific acceler-
ated photosynthetic rate during this stage to supply the requirements of the reproductive
structure [5]. In the absence of environmental stress, there is a decrease in the protein
concentration of whole plants, driven mainly by the stems and leaves due to both transloca-
tion to the grain [12] and replacement of the nitrogenous compounds of these fractions by
structural components to meet the momentary needs of the plant [5]. Wojcieszak et al. [24]
specifically proved that advancement in maturation strengthens the relationship between
carbon and nitrogen in the ear but weaken the leaves and stems due to the phenomenon
of senescence. Despite the CP losses observed for husk and cob, there is an increase in
the deposit of protein matrix in the grains, equaling the CP content of snaplage [8] and
earlage [13] at various stages.

The hybrid Maximus showed the highest CP content in the leaves at stages R1 and
R2, and with the Defender hybrid, the highest CP contents in R3, R4 and R6. In the R5
stage, the hybrid Feroz had the highest CP content among them (Table 2). Differences in
CP contents between one hybrid and another may indicate that such hybrid experiences
fewer impacts due to late harvests, either as whole plant silage, earlage or snaplage, as
there seems to be a longer active photosynthesis stage in this type of hybrid due to the
increased presence of chlorophyll-protein complexes [25].

The chemical differences observed for the husk and cobs must be taken into account,
especially when the purpose is the production of earlage or snaplage [26], with an approxi-
mate representation of 20–30% in these components [27]. Arriola et al. [25] also observed
differences in the amount of protein between ears of different hybrids, with no differences
between grains, suggesting that husk and cobs can considerably affect the final quality of
the product. However, Gusmão et al. [8] did not observe differences in CP content in husk
and cob among maturity stages, but the differences in the CP content of grains impacted
snaplage quality.

Tolera et al. [28] also mentioned the importance of maize harvest residue in studies
carried out in Africa and Asia, and also exposed chemical differences that may be due to
the type of cultivated hybrid. It was in the most advanced stage (R6) that we observed
differences in the crude protein of straw among the hybrids, with a variation that exceeds
one percentage unit.

The whole-plant NDF contents were inconsistent among hybrids in the different
maturation phases, similar to those reported by Ferraretto et al. [4] in a study evaluating
hybrids during two different harvest stages. In general, excluding the effects of the hybrids,
we observed a decrease in the NDF content of whole plants with the advancement of
maturation due to the increased proportion of the grain in the plant [3]. This is confirmed
when contrasted with the NDF values of the whole plants and the values of the plants
without grain (straw) in the last two stages (Table 3), because in plants without grain, the
NDF content has a constant linear increase, and in whole plants, we observe the lowest
values in these stages, where there is greater proportion of grains.

Even though we observed high NDF values for the whole plants in the initial stages,
Der Bedrosian et al. [3] stated that there is a higher concentration of soluble fiber in this
early stage of the plant, and a relatively high proportion of it is concentrated in the leaves.
The results of Macome et al. [5] are in agreement, as they state that NDF digestibility is
higher in the early stages than at the later stages. This becomes even more important when
seen from the perspective that NDF is among the compounds with the greatest presence in
the plant and the greatest nutritional effects on the resulting silage [29].
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In general, there was a reduction in the NDF content of the stalk between the initial
and intermediates stages (R1 and R2 to R3 and R4), contrary to the continuous increase
that we expected for this variable. Phipps et al. [30] suggested that during the maturation
of maize there is a change in the carbohydrates that make up the NDF for the formation of
starch in the grains. Supporting this idea, Macome et al. [5] also pointed out the occurrence
of this phenomenon in the early stages, with a tendency to maintain or increase the NDF
after stabilizing the grain formation, similar to what occurred in our study.

It is consistent that there is an increase in NDF content in the leaves with the ad-
vancement of maturation [12], and although other studies have also shown nonlinear
trends similar to our data [31], we believe that this alleged behavior observed for the NDF
content in the leaves may be linked to losses due to decomposition of the leaves of the bass;
therefore, these data at the end of maturation should be interpreted with caution, even if
they are very close to those reported in the literature. We emphasize that the NDF content
was analyzed without sodium sulfite, and this may keep protein residues bound to the
cell-wall, increasing the values.

The NDF content in the husk and cobs increased linearly as a result of advancing
maturation. Hetta et al. [12] found a correlation of 0.712 between an increase in the dry
matter content and the NDF content of cobs. The same authors emphasized that the increase
in NDF in husk occurs due to the lignification and transport of available carbohydrates in
the form of sugars for grain filling, as previously described for leaf senescence. Among ear
components, the cob and husk have a lower proportion of non-fiber carbohydrates and, as
maturity advanced, a lower concentration of soluble carbohydrates, as fructose and glucose
decrease and, consequently, the NDF concentration increase in these components [25].
Furthermore, with greater maturity, the NDFD decreases for both [8].

The reduction in the concentration of ADF in whole plants is in line with the trend
observed in numerous studies [5,32,33]. This reduction is essentially provided by the con-
siderable increase in the involvement of the grain in the plant [25,32], but it does not mean
qualitative improvements in the vegetative fraction [28], even despite our observations of
linear decreases in lignin content of the whole plants with advancing maturation. What we
affirm can be proven by observing that the proportion of ADF and ADL in straw differs. In
general, dry matter digestibility is reduced due to lignification and an increase in cell wall
thickness [12]. The phenomenon of reduced digestibility in the cell wall of maize plants as
a function of maturity has been described in the results of experiments both in vitro [34]
and in vivo [35].

It is important to differentiate what happens to lignin content during maize maturity
development. First, and what is shown in books of plant physiology, is that the advance-
ment of maturity leads to an increase in the concentration of lignin, and this is true if we
analyze the maturity beginning at plant emergence. However, here, we analyzed the lignin
content between two specific points, where there is a rapid and considerable increase in
grains. Irlbeck et al. [36] also reported that a delay of 28 days after physiological maturity
considerably increased the proportion of grains in the plant, reducing leaf yields. The ADL
values of the leaves described by Zeoula et al. [31] are close to those seen in this study, but
unlike us, the authors found differences among the evaluated hybrids.

Schittenhelm [21] evaluated the components of the NDF of maize hybrids at different
harvest times and observed less associative behavior among the hybrids and the harvest
time for lignin but observed similarities among the hybrids in terms of hemicellulose
until the later maturation stages. As maturation advances, the number of covalent bonds
between lignin and hemicellulose increase [31], reducing the digestibility of the material
and therefore leaving only hemicellulose content for judging whether or not harvest
is a viable option. On the other hand, with a relatively high concentration of soluble
carbohydrates in plant leaves and stems, it is important to observe the concentration
of hemicellulose in husk and cobs when the production of earlage or snaplage is the
aim, since this has the potential to assist in the production of acids during the silage
fermentation process [26].
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Variations in the content of hemicellulose and lignin have been reported among
the main components of maize plants in studies that aimed to evaluate comparisons for
bioenergy production. Mullen et al. [37] reported 38% hemicellulose and 3% lignin for ears,
Wang et al. [38] reported 23% hemicellulose and 7% lignin for leaves and Luo et al. [39]
reported 71% hemicellulose and 18% lignin for stems. Therefore, when choosing a maize
hybrid for silage, earlage or snaplage, the morphological composition of the hybrid must
be judged according to its purpose. The morphological data of the hybrids evaluated in
this study can be found in Horst et al. [17]

For reasons that are still relatively unexplored, it seems that the stems of early-
maturing hybrids are less lignified than those of later-maturing hybrids [3,31]. Thus,
among the hybrids evaluated in the present study, Maximus has the longest maturation
period and presented ADL contents in the stalk ranging from 8.73 to 10.18%.

As mentioned in Horst et al. [40], slight variations in fiber quality may not be sufficient
to influence the estimation of the milk yield potential, whereas the gradual increase in the
proportion of grains in plants with increasing maturity shows its importance. As the grain
is the most energetic fraction, the most advanced stages showed the highest values for both
milk yield and feed efficiency [41].

According to Johnson et al. [42] the yield of each hybrid should also be taken into
account for decision making, as the differences found in the dry matter yield per area
were balanced by the differences observed among hybrids when estimating the milk yield
per hectare.

Overall, our results suggest that recommendations for harvesting based on the stage of
maturation should be taken with caution and should account for the hybrid used. However,
the choice of hybrid for silage production should be considered only after knowing its most
opportune harvest time, considering that the effects on the estimated milk production are
more reflective of the reproductive stage than the hybrids themselves. The trends observed
for the whole plant do not always repeat what is observed in all fractions, especially in
husk and cob. Therefore, earlages and snaplages must be made by looking closely at these
fractions, as well as the grains.

5. Conclusions

The advancement in maturation reduces the protein content of whole plants, which
is provided mainly by the reduction in leaves and stems. The content of NDF should
be included among the main criteria analyzed for choosing the material to be grown,
as it seems to experience greater effects in hybrid than does crude protein. Even with
inconsistent differences among hybrids, the effects on the estimated milk production are
more reflective of the harvest stage than the hybrid.

There seems to be no important distinction among hybrids for harvesting and use of
straw. Despite the reduction in grain yield, an early harvest for earlage or snaplage can
provide lower lignin content in husk and cob, as well as higher protein content in the husk,
favoring the nutritional value of the vegetative fraction (husk and/or cob).
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