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Abstract: Crop-livestock integrated systems such as intercropping and crop rotation have been
critical for sustainable agriculture, promoting land use intensification throughout the year. The
success of these systems under no-till depends on numerous factors, and the choice of forage grass
is paramount. In this study, maize grain yield, forage dry matter yield, bromatological quality,
and estimated meat production were assessed in a field experiment where maize (Zea mays L.) was
intercropped with Guinea grass (Megathyrsus maximus cv. Tanzania) and palisade grass (Urochloa
brizantha cv Marandu) under N rates from 0 to 270 kg ha—!. Nitrogen fertilization resulted in the
highest forage dry matter yield, on average, 2.9-fold higher than the N-unfertilized treatments. The
highest maize grain yield was obtained with 270 kg ha=! of N, 48% higher than all other treatments.
Guinea grass intercropped with maize and fertilized with 270 kg ha=! of N resulted in an estimated
meat production 27% higher than palisade grass at the same N rate. However, at the final cut, Guinea
grass fertilized with 270 kg ha~! of N led to the highest neutral detergent fiber, acid detergent fiber,
and cellulose. While palisade grass seems to impose lower competition with maize, Guinea grass
increases estimated meat production.

Keywords: Megathyrsus maximus; Urochloa brizantha; Zea mays L.; forage production; integrated
agricultural system

1. Introduction

The restoration of degraded areas and maximization of fertilizer use efficiency are
essential factors for increasing sustainability in several agricultural systems [1]. The use of
integrated systems such as the intercropping of maize (Zea mays L.) with tropical forages has
been of great relevance for tropical agriculture allowing land use intensification, therefore
decreasing deforestation [2]. The system enables cheap remediation of degraded pastures
and provides plant residues essential for the success of systems under no-till [3]. After
maize harvest, the forage grass remaining can be grazed or left in the field after chemical
desiccation. The straw left on the soil surface offers soil covering and protection against
erosion, averts extreme temperatures, decreases evapotranspiration, and improves nutrient
cycling and soil physical characteristics preventing nutrient loss [4-6].

Nitrogen deficiency in crops is one of the most recurrent nutritional imbalances in
integrated production systems [7]. In maize—forage grass intercropping, competition for
N between species may compromise maize and/or forage production [8] and quality.
Among the elements essential for grass species, N has been shown to promote the highest
increases in forage production. The N uptake rate by these grasses is higher after the initial
development and depends on environmental conditions, being higher in maize—forage
intercropping than in monocropping systems [8]. Therefore, it is unknown whether the
amount of N fertilizer recommended for single-cropped maize can meet the requirement of
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maize intercropped with forage grasses. Although intercropping systems may increase N
use efficiency over monocropped maize [9], N fertilizer is still necessary to achieve high
yield levels [10].

Grasses and forage legumes are the main source of nutrients for ruminants. Thus, cattle
raising depends on forage production, mainly grasses and legumes from pastures [5]. The
right choice of adapted grass species and a better understanding of N fertilizer management
can lead to higher forage yields and meat production. Palisade grass (Urochloa brizantha) and
Guinea grass (Megathyrsus maximus) are among the grass species most grown in the tropics
due to their high dry matter yields and palatability [11]. However, in addition to yield
penalties, several edaphoclimatic factors such as shade can affect the forage quality [12].
Since grass forage production and quality are directly associated with direct sunlight
interception by the leaves, the threshold of 95% of light interception (LI) in pastures has
been used to define the moment of introducing cattle for grazing, resulting in subsequent
improvements in dry matter yield and nutritional quality of the forage given the better
cutting management.

Despite several studies on maize growth and yield when intercropped with forage
grasses, there is a gap in the knowledge of the effects of maize and N fertilization on
forage growth, yield, and quality. Therefore, an interdisciplinary study addressing maize—
forage grass intercropping is critical to generate information for a better understanding of
the agricultural system regarding the response of the forage species, grain crops, and N
fertilization. We hypothesized that N fertilization increases maize yield and improves dry
matter yield and quality of forage grass species, eventually increasing meat production.
Therefore, our objectives were to (1) evaluate maize grain yield when intercropped with
grasses; (2) assess dry matter yield and bromatological quality of forage; and (3) monitor
the grass canopy LI after the maize harvest as affected by N fertilization and forage species
in a short-term field experiment under tropical conditions.

2. Materials and Methods
2.1. Study Site

A rainfed maize—forage grass intercropping field experiment was carried out in Bo-
tucatu, State of Sao Paulo, Brazil (22°49'27.7" S, 48°25'46.7” W, 700 m a.s.l.) on a clay
Rhodic Hapludox [13], with ~70% kaolinite, ~15% gibbsite, and small amounts of 2:1 clay
minerals. The climate is Cwa (mesothermic), with wet summers and dry winters. The
experiment started in December 2017. Three soil samples were randomly taken from each
plot to a depth of 20 cm to determine particle size [14] and chemical properties [15] before
the experiment setup. The soil had 190 g kg~ ! of sand, 196 g kg~ ! of silt, 614 g kg~ ! of
clay, pH (CaCly) 5.1, P 35.9 mg kg2, K 2.0 mmol. kg3, Ca 40.3 mmol. kg3, and Mg
23.4 mmolc kg3, H + A140.5 mmol. kg3, cation exchange capacity 106.2 mmol. kg2, and
base saturation 62%. Total C and N were assessed by dry combustion using an elemental
analyzer (CHNS-2000, Leco Corp., St. Joseph, MI, USA), and the soil had 17.7 g kg~ ! of
totalCand 2.0 g kg’l of total N. Moreover, mineral N forms were analyzed [16,17], and
5.1 mg kg ™! of NHy*-N and 2.3 mg kg ! of NO3 ~-N were found. Additional information
regarding site characteristics can be seen in [18]. To monitor climate parameters, a weather
station 2.6 km away from the experimental site was used (Figure 1).



Agriculture 2023, 13, 2200

30f12

300 35
I Precip. —@— Min.temp. O Max. temp. —w¥— Mean temp.

225 4

150 -

Precipitation (mm)
Temperature (°C)

75 A

Dec. J;an. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.

|
2017 | 2018 I

Figure 1. Monthly minimum, maximum, and average air temperatures and rainfall recorded during
the growing season period (December 2017-November 2018).

2.2. Treatments and Study Design

The experimental design was a split plot in randomized complete blocks with four
replicates. We studied maize—forage grass intercrop systems under different N rates. Maize
was intercropped with Guinea grass (Megathyrsus maximus, cv Tanzania) or palisade grass
(Urochloa brizanta, cv marandyu). These intercrops were assigned to the main plots and 0,
90, 180, and 270 kg ha—1 of N were side-dressed as ammonium sulfate applied to maize +
forage grass in subplots, which were 10 m long and 4.5 m wide.

2.3. Crop Management

Lime (CaCO3-MgCO3, 2000 kg ha—!) and gypsum (CaSO4-2H,0, 3600 kg ha~!) were
surface-applied in October 2017 to mitigate soil acidity and to add S to the system. Forage
grasses and maize were planted simultaneously in December 2017 using a no-till planter
with a row spacing of 0.45 m. Forage seeds were mixed with the base fertilizer (50 kg ha !
of P as triple superphosphate and 40 kg ha~! of K as KCl) and planted at a depth of 8 cm.
It was used 12 kg ha™! of pure live seeds of each grass, while maize (cv. hybrid 2B587PW,
Dow AgroSciences, Sao Paulo, Brazil) was planted to a final stand of ~42,000 plants ha~1.
The N fertilizer (granular ammonium sulfate) application was split twice, 30 kg ha=! of N
at planting, and the remaining was side dressed in the N-fertilized treatments at growth
stage V4-V5 (five leaves with visible leaf collars [19]). At the same time, 50 kg ha=! of
K was also side-dressed as KCI. The N fertilizer was hand-applied to the soil surface in
single-side banding (3 cm wide), ~5 cm from the crop row. At maize physiological maturity
(i.e., R6 growth stage; April 2018), three central rows (8.1 m?) of the crop were machine
harvested to estimate maize grain yield (MGY) and the stover remained in the field. The
grasses were grown until November 2018, when glyphosate (2.9 kg ha~! a.i.) was sprayed.
Crop residues remained over the soil surface.

Forage grasses were randomly sampled at maize physiological maturity (April 2018)
and mid-October/November 2018 just before chemical desiccation. At both sampling times,
two samples per subplot were taken using 0.75 x 0.45 m (0.67 m?) frames and oven-dried
at 65 °C to constant weight to estimate forage dry matter yield (FDMY). The dry biomass
was ground in a Wiley mill and passed through a 0.5 mm sieve for subsequent analysis.

2.4. Bromatological Analysis

Subsamples of the forage biomass collected in April and November 2018 were used
for bromatological analysis. Briefly, the plant tissues were oven-dried to constant weight
at 105 °C, and the mineral matter and crude protein contents were determined using
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micro-Kjeldahl distillation [20]. Acid detergent fiber (ADF), neutral detergent fiber (NDF),
hemicellulose, cellulose, and lignin were analyzed according to [21].

2.5. Light Interception, SPAD Index and Height of Grasses

Following maize harvest, a microplot of 1.0 long x 0.5 m wide (0.5 m?) was demarcated
in each subplot, where the light interception (LI) of the remaining forage grasses was
measured weekly at 11:00 am-1:00 pm, using a plant canopy analyzer (LAI 2000, LI-COR
Biosciences, Lincoln, NE, USA), up to 95% LI. When each treatment reached 95% LI, the
SPAD index was determined using a chlorophyll meter (SPAD-502 Plus, Konica Minolta
Sensing, Osaka, Japan).

2.6. Estimated Meat Production

Although there was no grazing in the experiment, meat production was estimated
using the Large Ruminant Nutrition System (LRNS) model. The LRNS model is based on
the Cornell Net Carbohydrate and Protein System (CNCPS) version 5, as described in [22].
The parameters used to predict animal performance were Nelore breed, male, 450 kg body
weight, 52% carcass yield, 22% body fat grading system, and continuous grazing. The
following variables were used to estimate the meat production within the LRNS model:
FDMY, mineral material, crude protein, ADF, NDF, hemicellulose, cellulose, and lignin of
the forage grass.

2.7. Statistical Analysis

Statistical analyses were performed using SAS (version 9.4M3, SAS Institute, Cary,
NC, USA). ANOVA was run on experimental data from crop yield (FDMY and MGY),
bromatological quality, and meat production considering a split plot scheme using the
GLIMMIX procedure. Blocks were considered as random effects, while grass species and
N rates were treated as fixed effects. Restricted maximum likelihood (ReML) was used to
estimate the covariance parameters, while compound symmetry (CS) was adopted as the
covariance structure based on the corrected Akaike information criterion (AICc). Skewed
data were treated using lognormal distribution, and values were back-transformed. Means
were compared using LSMEANS (p < 0.05) statement with the simulated adjustment. The
LI data obtained following maize harvest until the forage cut (April-November 2018) were
fit to linear or quadratic models using orthogonal polynomials using the REG procedure.
The criteria for choosing a regression model were the significant fit (p < 0.05), the highest
value of the coefficient of determination (R?), and residual analysis.

3. Results
3.1. Forage and Maize Yields

Forage dry matter yields (FDMY) responded to N rates at both sampling times but were
not affected by forage grass species (Figure 2A,B). At maize harvest, FDMY was 2.3- and
2.6-fold higher with the addition of 90 and 270 kg ha~! of N, respectively, compared with the
unfertilized control (Figure 2A). At the final cut, FDMY was 3.4- and 2.1-fold higher in the
treatment with 240 kg ha~! compared with the control and 180 kg ha~! of N, respectively
(Figure 2B). Conversely, maize grain yield (MGY) was highest when intercropped with
palisade grass and fertilized with 270 kg ha~! of N, while the N-unfertilized control resulted
in the lowest yield, regardless of the forage grass (Figure 2C). When intercropped with
Guinea grass maize responded up to 90 kg ha=! of N, but with palisade grass, it responded
up to 270 kg ha! of N.
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Figure 2. Forage dry matter yield at maize harvest in April (A) and in November 2018 (B), and maize
grain yield (C). The error bars represent the SEM (n = 8 for panels (A,B) and 4 for panel (C)). Different
lowercase letters indicate differences at p < 0.05.

3.2. Forage Light Interception and SPAD Index

After maize harvest, the forage LI evolution over time was fitted using linear models;
as expected, this index increased along the growth cycle, with the R? coefficient ranging
from 0.89 to 0.96, with no visible effect of N rate and grass species (Figure 3A,B). The SPAD
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index measured at 95% of LI was 1.4-fold higher in the N-fertilized treatments, on average,
compared with the unfertilized control (Figure 3C).
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Figure 3. Light interception in Guinea grass (A) and palisade grass (B) from 14 d after maize harvest
until the forage grass reached 95% of LI (April-November 2018); SPAD index in forage grass cut
occurred in November 2018 (C). The error bars represent the SEM (n = 4, 4, and 8 for panels (A,B),
and (C), respectively). Different lowercase letters indicate significant differences at p < 0.05.
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3.3. Forage Quality

There was no interaction of the grass species with N rates on forage quality at both
sampling times (Tables 1 and 2). At maize harvest, the mineral material of Guinea grass was
1.2-fold higher than that of palisade grass, with no effect of the grass species on crude protein,
NDEF, ADF, and hemicellulose (Table 1). The crude protein, NDE, ADF, and hemicellulose
were affected by N addition. For crude protein, the highest N input (270 kg ha~! of N) was,
on average, 1.3-fold higher than the remaining N rates. For NDF and ADF, the N-fertilized
treatments did not differ and were, on average, 1.1- and 1.2-fold higher than the unfertilized
control. Hemicellulose was, on average, 1.1-fold higher in the control in comparison with
the addition of 90 and 270 kg ha—1 of N. At the final cut, Guinea grass had higher NDF, ADF,
and cellulose compared with palisade grass (Table 2). In addition, the crude protein was
1.4-fold higher in the N-fertilized treatments compared with the unfertilized control.

Table 1. Bromatological quality of forage grass at maize harvest. The error bars represent the SEM
(n =16, 8, and 4 for forage grasses, N rate, and forage grass x N rate, respectively).

Forage Grass N Rate MM cpP NDF ADF HEM
kg ha—1 %
Guinea grass - 93+02a 54+02 76 £1 45+ 1 31+1
Palisade grass - 79£03b 6.2+0.3 74+ 1 43+1 31+1
p=0018 p=0.104 p=0.083 p=0.097 p=0411
- Control 8.8+0.3 52+02b 72+1b 39+£1b 33+1a
- 90 9.0+ 04 57+03Db 77+t1a 46+ 1a 31+1b
- 180 8.4+0.5 54+03Db 76 £1a 45+1a 31+1ab
- 270 81+04 71+03a 76 t1a 46+ 1a 30£1b
p =0.056 p <0.001 p =0.001 p <0.001 p =0.004
Guinea grass Control 89+0.3 51+0.3 72£2 40+1 33+1
Guinea grass 90 9.7 +£0.4 53+04 77 £1 47 +£1 30+1
Guinea grass 180 94 +04 52+04 77 £1 46 £2 31+1
Guinea grass 270 9.1+0.5 62+04 77 £1 48 +2 29+1
Palisade grass Control 8.6 £ 0.6 52+04 72+£1 39+£1 33+1
Palisade grass 90 83+04 61+04 76 £ 1 45+1 31+1
Palisade grass 180 74 £05 56+04 75+1 4 +1 31+1
Palisade grass 270 71£0.1 8.3+ 0.6 75+1 44+1 301
p =0.080 p=0.139 p=0743 p=0.791 p=0970
Different lowercase letters indicate significant differences at the 5% level. MM, CP, NDF, ADF, and HEM: mineral
material, crude protein, neutral detergent fiber, acid detergent fiber, and hemicelluloses, respectively.
Table 2. Bromatological quality of forage grass at cutting in Nov. 2018. The error bars represent the
SEM (n = 16, 8, and 4 for forage grass, N rate, and forage grass x N rate, respectively).
Forage Grass N Rate MM crP NDF ADF HEM CEL LIG
kg ha-1 %
Guinea grass - 10.3 £ 0.2 10.0 £ 0.7 66 +1a 34+1a 31+1 30+1a 22402
Palisade grass - 104 £ 04 9.6 £0.6 62+1b 31+1b 31+1 27+1b 1.8+0.2
p=0910 p=0.809 p=0.030 p =0.004 p=0.631 p =0.009 p=0234
- Control 10.7 £ 0.4 76 £05b 64 £2 32+1 32+1 27 +1 2.02+0.2
- 90 99+0.6 114+09a 64 +2 32+1 31+1 28+1 222402
- 180 109 £ 0.5 103+ 11a 64+1 33£1 31+1 29+1 1.93 £0.2
- 270 9.8 +04 99+05a 64 +1 33+1 31+1 29+1 1.98 £0.2
p=0.151 p =0.002 p=0.990 p=0.529 p=0.383 p=0.098 p=0.728
Guinea grass Control 10.6 £0.5 78 £0.7 66+2 33+1 33+1 28+1 24403
Guinea grass 90 104 £ 1.1 10.8 £ 1.6 65 £2 34£1 31£1 29+1 23+£03
Guinea grass 180 101+ 0.5 11.3 £2.0 64+1 34+1 301 301 21+03
Guinea grass 270 10.1 £0.5 99 +0.5 67 £1 36 +1 31+1 32+1 22403
Palisade grass Control 10.8 £0.8 74£08 601 30+1 301 261 1.7+£0.2
Palisade grass 90 9.4+03 120+£1.0 62+3 31+2 31+1 27+1 21+03
Palisade grass 180 11.6 £ 0.8 92+1.0 63+1 311 31+1 27 +1 1.8+03
Palisade grass 270 9.6 £0.7 99+1.0 61 =2 30+1 30+1 27+1 1.8 +£0.3
p=0.148 p=0.320 p=0.344 p=0.489 p=0.070 p=0.200 p=0.826

Different lowercase letters indicate significant differences at the 5% level. MM, CP, NDF, ADEF, HEM, CEL, and
LIG: mineral material, crude protein, neutral detergent fiber, acid detergent fiber, hemicellulose, cellulose, and
lignin, respectively.
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3.4. Estimated Meat Production

There was an interaction of the grass species with N rates for the estimated meat
production (Figure 4). Overall, the estimated meat production increased with N rates.
Guinea grass fertilized with 270 kg ha™! of N resulted in the highest estimated meat
production across all treatments and was 1.3-fold higher than when the same N rate was
applied to maize intercropped with palisade grass.

200
For. grass: P=0.029 I Control (O N)
N rate: P<0.001 [ 90 kg N ha”

— For. grass x N rate: P=0.002 A
o a B 180 kg N ha :

= B [ 270kg N ha’

g 150 A

s b
B bc J_—[
2] bc

'8 C [

s 100 A %I'L_ {_

©

o

€

°

g

@ . d

£ 50 d

k7]

w

0 T T
Guinea grass Palisade grass

Forage grass

Figure 4. Estimated meat production using the LRNS Cornell model. The error bars represent the
SEM (n = 4). Different lowercase letters indicate significant differences at p < 0.05.

4. Discussion
4.1. Crop Yield and Bromatological Quality at Maize Harvest

The importance of N fertilization for the two forage grasses was remarkable in our
field experiment since dry matter yields increased up to threefold following N addition
(Figure 2). The N needs for the system are expected to increase in maize—-forage grass
intercropping. Therefore, N fertilization has been considered a fundamental practice for
increasing MGY and FDMY [18,23]. Despite maize response to N fertilization, there was an
apparent competition between species when Guinea grass was intercropped, probably due
to the vigorous development of Guinea grass, which ended up inhibiting maize growth
in intercropping systems [23]. Furthermore, Guinea grass has a high nutritional demand,
responding to high N inputs [24], which may have competed with maize for plant nutrients.
It has been shown that N deficiency is common in integrated systems [10]. We can infer
that N loss was not a problem even with the maximum rate of 240 kg ha~! of N because the
response was linear, and no significant loss was found before in a similar experiment [18].
Competition for water may be disregarded since no drought was observed during the maize
growing season (Figure 1). There is also plausible evidence that allelopathic suppression
due to secondary metabolites of forage grasses could have been a factor inhibiting maize
growth, but deleterious effects of Guinea grass on maize growth and yield have not been
previously reported. In our study, the grass seeds were planted deeper than maize to delay
emergence and minimize competition, but this strategy did not work so well for Guinea
grass, which developed vigorously throughout the maize cycle. To mitigate this unwanted
effect, the application of post-emergent herbicides has been recommended in sub-rates to
suppress initial grass development during the vegetative growth of maize when the crop is
more susceptible to competition for light, water, and nutrients. We have attempted to do it,
but the applied rate might have been low. We believe that sulfur from ammonium sulfate
was not confounding since the gypsum rate was much higher than the amount applied
as fertilizer.
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Crude protein was higher with 270 kg ha~! of N regardless of grass species. The
response to N was expected since it is a critical factor in the biochemical processes, a
constituent of proteins, chlorophyll, enzymes, coenzymes, and nucleic acids. Despite
being considered the least digestible bromatological fraction, represented by the plant cell
wall, fiber is fundamental for rumination and the health of the gastrointestinal tract [25].
Bulky foods, i.e., foods containing >18% crude fiber, have low energy density, so their
consumption is limited [26]. The higher the ADF content, the lower the digestibility, while
the NDF correlated negatively with the consumption of grasses, 40% of ADF and 60%
of NDF are assumed to limit digestibility and consumption, respectively [27]. Neutral
detergent fiber and ADF were higher following N addition, and even in the absence of
N fertilization, the levels of NDF and ADF were higher in our experiment than in those
previously reported [27] as limiting consumption. Therefore, such results lead to the
inference that this level of forage quality would have resulted in lower consumption and
lower digestibility. Similar data were reported before [28], when an increased grass dry
matter yield was related with N fertilization, thus accelerating the senescence of the grass,
which becomes more fibrous and eventually digestibility is decreased. The amount of
biomass produced is associated with the chemical composition of the plant tissue, such as
the contents of hemicellulose, cellulose, and lignin [29]. Knowing that N stimulates grass
growth, the higher hemicellulose found in treatments without N indicates that fibrous
constituents increase with the thickening and lignification of the cellular walls as the
plant matures.

4.2. Light Interception and SPAD Index after Maize Harvesting

Light interception has been assumed as the best criterion for determining ideal pasture
events during the regrowth of forage species [30,31]. A grass is considered appropriate
for grazing when the pasture intercepts 95% of the photosynthetic active radiation. Above
95% of LI grass growth changes, increasing the proportion of the stem and accumulation
of dead material [32]. Since maize requires high N amounts, which range from 180 to
200 kg ha~! [33], differences in the growth of forage grasses after maize grain harvest can
be insignificant, although Guinea grass has a vigorous development in N-rich systems [18].
This ends up affecting, even if indirectly, the LI by grasses, resulting in no differences
between species when cut concomitantly. The linear models fitted to LI data for Guinea
grass and palisade grass in this study were very similar for both species. Although not
performed here, to obtain a forage response to N after maize harvest it would be advisable
to reapply N. As N is part of the chlorophyll molecule, the increase in N fertilization
directly affects the SPAD index reading. In addition, more chlorophyll is synthesized under
higher N availability [34]. The SPAD index ranged from 22 to 34 in N-unfertilized and
fertilized control treatments, respectively. Lavres Junior et al. [35] evaluated the SPAD
index in Guinea grass in two growth periods, and in the second growth period, the average
chlorophyll content ranged from 21 to 39 SPAD units, corresponding to the lowest and the
highest N rate, respectively. Such a range may be at least partly explained by the variations
in the growth rates and the beginning of leaf senescence. Generally, in the second period
of grass growth leaf senescence flux is more pronounced than in the first growth [36]. An
increase in SPAD units with the highest N rate in palisade grass fertilized with N rates (100,
200, and 300 kg ha~!) has been reported [37,38].

4.3. Dry Matter, Bromatological Quality, and Estimated Meat Production

The FDMY assessed in April and November responded to N fertilization. These
results differ from those of Almeida et al. [39], who observed that the residual N applied to
maize did not favor palisade grass growth following maize harvest. Our experiment was
established in a fallow area under no-till since 2014; thus, the mineralization of organic
matter may have made nutrients available to the grasses ensuring the appropriate N supply
to the plants. Under reduced luminosity, forage plants change their structure and nutrient
concentration [29]. From May to September, the luminosity and temperature are lower in
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tropical Brazil. There is an ideal N concentration for a certain level of dry matter yield [40].
Under full sunlight, there is higher dry matter production, with more N taken up and
translocated to shoots than in shaded plants, where the dry matter accumulated is lower,
and N concentration may be higher. This occurs because the plant is not metabolizing all
the N taken up and converting it into dry matter. Plants well adapted to shade tend to
prioritize reserves for leaf area growth and increase chlorophyll concentration [41]. Shading
can decrease the availability of photoassimilates used for secondary cell wall development,
contributing to the reduction in fiber content and increasing digestibility [41,42]. This may
explain the higher crude protein content in the grass by cutting time (November 2018;
Table 2) compared with the crude protein content of grass at maize harvest (April 2018;
Table 1). It has also been observed that palisade grass and Guinea grass had higher PB
contents in fall, followed by winter, spring, and summer [43]. In addition, crude protein
levels were adequate even in the absence of N fertilization (>7%). Crude protein levels
<7% in tropical grasses may result in reduced digestion of these grasses due to inadequate
N levels for rumen microorganisms (van Soest, 1994). At the final cutting, crude protein
was also affected by N fertilization, since N is part of many organic molecules found in
plant tissues.

As N fertilization generally increases the FDMY [44], enhancing the growth, tillering,
and leaf production, as well as the expansion of shoots and roots, this may explain why
cellulose, NDF, and ADF were higher in Guinea grass compared with palisade grass,
since the former is very demanding in N [24]. An FDMY >1.6 Mg ha~! was considered
satisfactory to ensure lawn stability and animal production based on the average Brazilian
commercial stocking rate, consumption, and herd [45]. However, it depends on the stocking
rate and time of year. Our results of FDMY were, on average, >1.6 Mg ha~! under N
fertilization, which also influenced the estimated meat production, which increased with
the N rate. Indeed, Guinea grass fertilized with 270 kg ha~! of N led to the highest
estimated meat production, and as described before, this may also have occurred due to its
vigorous growth and high nutrient demand [24].

It should be considered that these results refer to a one-year experiment. However,
they are representative of most wet tropical regions with similar rainfall and temperatures.

5. Conclusions

This study proves the potential of ICLSs for meat production in the off-season of hu-
mid tropical regions when maize is intercropped with forage grasses. Nitrogen application
is paramount in this system since N fertilization positively affects forage growth and nutri-
tional quality, resulting in a higher maize grain yield, higher forage production and quality,
and eventually higher estimated meat production. Nitrogen should be applied at higher
rates than when maize is grown as a sole crop. Light interception by forage grasses is not
affected by N application. Guinea grass resulted in the highest estimate of meat production
when fertilized with 270 kg ha~! of N, despite the high NDF, ADF, and cellulose. Further
studies on economics and residual N in the soil after years of cultivation could help prove
the real benefits of ICLSs for the sustainability of these integrated agricultural systems.
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