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Abstract

The most common way of using the crop-livestock integration system in subtropical regions is
cultivating soybeans or corn during the summer and temperate pastures in the winter. The
objective of this study was to evaluate different beef cattle finishing systems in an area of
crop-livestock integration. The inclusion of legumes and supplementation on black oat
(Avena strigosa Schreb) and ryegrass pastures (Lolium multiflorum L.) were evaluated. Data
from three years of research (2017, 2018 and 2020) were evaluated. Thus, 54 steers (18 per
year) were used, with initial age of 22 + 3 months and 413.08 + 4.56 kg of initial live weight.
They were randomly divided into nine paddocks of 0.7 hectares. The experimental design was
randomized blocks with three replicates (paddock with two animals). Supplementation pro-
vided greater carrying capacity (1406.0 vs. 1269.6 kg/ha), average daily weight gain (1.4 vs. 1.1

kg/day), and, consequently, greater gain per area (384.5 vs. 302 kg BW/ha). Animals that
received energy supplementation presented higher slaughter weight (536 vs. 510 kg), weight
(287.1 and 286.2 vs. 266.2 and 265.3 kg), and hot (53.6 vs. 52.1%) and cold (53.4 vs. 52%)
carcass yield, as well as higher fat content in the carcass (265 vs. 234 g/kg). The legume in
the pasture did not affect the performance or characteristics of the animal carcasses. The sup-
plementation increased the performance and carcass parameters, but did not influence the
qualitative characteristics of the meat. In addition to individual performance, supplementation
increased the pasture’s carrying capacity, improving the system’s productivity.

Introduction

The most common way of using the crop-livestock integration system in subtropical regions is
cultivating soybeans or corn during the summer and pastures of black oat (Avena strigosa
Schreb) and annual ryegrass (Lolium multiflorum Lam.) in the winter (Kunrath et al,
2014). Winter pastures allow to overcome the forage deficit caused by climatic limitations
(Aranha et al., 2018) and optimize land use. In addition, these forages increase productivity
per area (Muller and Primo, 1986), one of the main points currently debated due to the
demands for more sustainable systems.

Black oat and ryegrass are complementary in their production cycles. Oat is earlier than
ryegrass, allowing for earlier grazing and consequently extending the duration of pasture util-
ization (Fruet et al., 2019). In this context, tools can be used to extend the grazing period and
increase productivity, such as mixing grasses and legumes and supplementing animals with
concentrate feed, which can be strategic, aiming at better results in the animals’ individual
gain and gain per area.

Energy supplementation enables to increase the stocking rate, because the animals may pre-
sent a substitution effect concerning the pasture depending on the level of concentrate supple-
mentation (Moore et al., 1999). It improves animal performance and increases the return of
nutrients to the system via faeces and urine since nutrient intake increases (Danna, 2022).
In addition to the greater stocking rate, supplementation brings benefits to the animal carcass,
such as greater subcutaneous fat thickness, which is important for its protection during the
chilling process (Fruet et al., 2019). Animals that received supplements in the proportion of
8 g/kg BW showed higher carcass yield, greater subcutaneous fat thickness and higher marb-
ling degree compared to animals that remained only on pasture of oat, ryegrass and clover
(Santin Junior et al., 2021).

On the other hand, mixing with legumes makes it possible to raise the pasture’s nutritional
quality due to their high nitrogen content (Schmitz et al., 2023) and, depending on the species,
a longer grazing time. Legumes also contribute to the system as a whole as they can fix atmos-
pheric nitrogen in the soil, providing ecosystem functions and ensuring good performances for
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animals (Kebede, 2021). Fruet et al. (2019) obtained animal
weight gain of 1.20 kg/day with mixed pastures of grasses and
legumes. It can be both a sustainable and nutritional tool, import-
ant within production systems.

This work hypothesized that the inclusion of energy supple-
mentation would enable to increase the stocking rate and indi-
vidual gain, thus increasing productivity per area, and the
inclusion of legumes would improve the nutritional quality of
digesta, increasing individual gain compared to the traditional
system (oat +ryegrass). In this sense, the objective of this
study was to evaluate the energy supplementation or the mixing
of legumes in oat and ryegrass pasture in a crop-livestock inte-
gration system on the performance and carcass characteristics
of beef steers.

Materials and methods

This work was approved by the Research Ethics Committee on
Animal Use (CEUA) of the Universidade Tecnoldgica Federal
do Parana - Dois Vizinhos Campus (UTFPR-DV) under proto-
cols 2017-009, 2018-023, and 2020-11.

The experiment was conducted during three non-consecutive
years, 2017 (71 days), 2018 (105 days) and 2020 (92 days) in
the Beef Cattle Sector (Ruminant Teaching and Research Center
- NEPRU) of UTFPR-DV. It is located in the physiographic
region called the Third Plateau of Parana in the coordinates 25°
44" South and 53°04" West, at 520 metres altitude.
Climatological data were collected approximately 200 metres
from the experimental area (Fig. 1). The soil is classified as dys-
troferric Red Nitosol with a clay texture, and the climate is Cfa,
humid subtropical without a defined dry season, according to
the Koppen classification (Alvares et al., 2013).

The experimental area has been managed in a crop-livestock
integration system since 2017. It rotates between the cultivation
of soybean (2018 and 2020) and corn (2017) during the summer.
Black oat (A. strigosa) and annual ryegrass (L. multiflorum) are
cultivated during the winter, which can be mixed with legumes,
depending on the treatment: vetch (Vicia sativa L.) and white
clover (Trifolium repens L.) in 2017, and arrowleaf clover was
used in 2018 and 2020 (Trifolium vesiculosum Savi). In all
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years, the treatments were allocated in the same experimental
paddocks.

The experimental design was completely randomized with
three treatments and three replicates (paddocks) for each year
of evaluation. The treatments were CONTROL: pasture of black
oat and ryegrass; LEG: pasture of black oat and ryegrass mixed
with legume; and SUP: pasture of black oat and ryegrass with
energy supplementation of 10 g/kg of body weight (BW) based
on dry matter. We used 54 Angus steers (18 each year) aged 22
+ 3 months with an average initial BW of 413.08 + 4.56 kg. They
were submitted to sanitary protocols for ectoparasites and endo-
parasites before the beginning of the experimental period.

The animals received 1 kg of supplement for every 100 kg BW
daily at 12:00 pm. Ground corn was used as a supplement. Every
21 days, the animals were weighed to adjust the amount of supple-
ment. The steers had access ad libitum to water and mineral salt.
The experimental area had 7 hectares, subdivided into 10 pad-
docks of approximately 0.7 hectares. In nine of them, the treat-
ments were applied, and one was used to keep the regulatory
animals. Continuous grazing with a variable stocking rate was
used according to the ‘put-and-take’ method (Mott and Lucas,
1952).

In all years, the implantation of the pasture occurred in May,
varying the day according to climatic conditions. Grasses were
sown in a row and legumes by broadcast. The sowing density
was 55kg/ha for black oat seeds, 25kg/ha for ryegrass, 25 kg/ha
for vetch (2017), 5kg/ha for white clover (2017), and 10kg/ha
for arrowleaf clover (2018 and 2020). The inclusion of arrowleaf
clover (2018 and 2020) was due to the low persistence of white clo-
ver after the animals’ first grazing. Arrowleaf clover was more pre-
sent throughout the pasture cycle. Fertilization at sowing was done
with 250 kg/ha of formulated NPK 8-20-15 each year, and two
applications of urea (45-%N), totalling 75 kg/ha of N per year.

Two animals (testers) were allocated to each paddock. The
average daily weight gain (ADG kg/animal/day) was determined
by weighing the steers on the first and last day of the experiment,
fasting solids and liquids for 14 h. The body weight gain per hec-
tare (BWG/ha) was calculated by multiplying the number of ani-
mals, days of the period, area of paddock, and the average ADG of
the paddock (Kunrath et al., 2014). For body weight gain per
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Figure 1. Average temperature and the sum of rainfall from May to October of 2017, 2018 and 2020.

Source: GBIOMET (2022).
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hectare per day (BWG/ha/day), BWG/ha was divided by the days
of the total grazing period.

The beginning of the grazing period occurred when the forage
mass (FM) reached approximately 1500 kg DM/ha. At the begin-
ning of grazing, the animals underwent an adaptation period to
husbandry and treatments for 15 days. Then, the evaluations of
pasture and animals were carried out.

Forage mass (kg DM/ha) was estimated by the double sam-
pling (Wilm et al., 1944). The double sampling technique con-
sists of visual observations (n-20 per paddock) of the pasture
at different points in each paddock. Next, cuts (#-5) and mea-
surements of the respective forage mass are made within a
small square (0.5 m x 0.5 m). Calibration equations are then gen-
erated to estimate forage mass based on several visual observa-
tions of the pasture across the paddock. The average
coefficients of determination of the resulting linear equations
which estimate herbage mass based on visual observations of
height sward were above 0.80. The evaluations were carried
out every 21 days, and two pasture exclusion cages per paddock
were placed to determine the daily herbage accumulation rate
(HAR), which was calculated using the formula described by
Campbell (1966). The clipped sample was homogenized and
divided. One part was used for DM determination in a forced-air
oven at 55°C for 72 h. The other part was used for botanical
(forage species in the pasture) and structural (stem and leaf)
evaluation, but the latter did not apply to legumes.

We used grazing simulation samples for the pasture’s chemical
analysis (Table 1) (Moore and Sollenberger, 1997). The animals
were observed grazing, and after 15h every 21 days, the samples
of what the animals grazed were collected. This procedure was
carried out for all paddocks in all periods and years.

The contents of total dry matter (TDM) were determined in
an oven at 105°C for 16 h; ash and organic matter (ASH and
OM) in a muffle furnace at 600°C for 4 h; crude protein (CP)
by Kjeldahl’s method (AOAC, 1997); ether extract (EE) was per-
formed with petroleum ether in Ankom XT15 equipment for 1 h
at 90°C; neutral detergent fibre (NDF) and acid detergent fibre
(ADF) were determined by the filter bag methodology
(Komarek et al., 1996) using the NDF and FDA solutions pro-
posed by Van Soest et al. (1991). The in vitro dry matter digest-
ibility was determined using a Daisy II 200 incubator (Tecnal
Technology) and presented as Wiseman (2018). The in vitro
dry matter digestibility is the amount of dry matter ingested
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that is not excreted in faeces. It is calculated using the following
formula (Wiseman, 2018):

quantity ingested — quantity voided in faeces

quantity ingested

The animals were slaughtered at the end of the pastures’ pro-
duction cycle in a slaughterhouse, 25 km from the experimental
area, following the establishment’s protocols. When they arrived
at the slaughterhouse, they remained in lairage with water sprink-
ling to provide comfort and welfare. The steers were desensitized
with a pneumatic gun and bled under humane slaughter rules.

The animals fasted and were weighed before being sent to the
slaughterhouse. Subsequently, the carcass of the animals was
weighed to determine the hot carcass yield. The carcass was weighed
again after 12 h of chilling to determine cold carcass yield. The car-
casses were cut in half. Following the methodology of Miiller (1987),
conformation data, carcass length, thigh thickness, leg length and
perimeter and arm length were collected in the left half carcass.

A sample was collected between the 11th and 13th ribs to
determine the loin eye area by measuring with tracing paper. In
addition, the subcutaneous fat thickness was measured with a cali-
per at three different points. In the same sample, the carcass com-
position of bone, muscle and fat was determined according to the
methodology of Hankins and Howe (1946).

Data were analysed using the PROC MIXED procedure from
SAS 9.2 program (SAS, 2000 SAS Institute Inc.,, Cary, NC,
USA). The normality of the data was confirmed using the
Shapiro-Wilk test, and the means were compared by the Tukey
test at 5% significance when any difference was detected through
ANOVA (P <0.05). The statistical model was:

Yijkl = w + ti + aj + t x Jia + eaijk + eijkl

where Yijkl is the dependent variable, 1 is the overall mean, ti is the
effect of treatment i, aj is the effect of year j, t x aij is the interaction
between the variables treatment and year ij, eaijk is the error for
repeated measures in time ijk, and eijkl is the random error.

Results

There was no interaction between year of evaluation and treatment
(P>0.05), so the results were grouped in the mean of all years.

Table 1. Chemical composition and digestibility of black oat and ryegrass pasture associated with animal supplementation or mixed with legumes by simulated

grazing of finishing beef steers

Treatments
Variables SUP LEG CONTROL S.E. P value
—glkg -
Dry matter 172 164 166 6.0 0.615
Organic matter 904 904 903 1.6 0.746
Neutral detergent fibre 453 460 461 7.5 0.811
Acid detergent acid 265 272 258 7.3 0.540
Crude protein 213 208 220 5.8 0.477
Ether extract 25.7 233 25.1 0.86 0.754
In vitro dry matter digestibility 0.80 0.78 0.78 0.123 0.581
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Chemical composition and forage characteristics

No differences (P > 0.05) were observed for the chemical compo-
nents and in vitro digestibility of the pasture (Table 1).

No differences were observed (P > 0.05) for the proportion of
oat leaf, ryegrass leaf, dead material, and others in the structural
composition of the pasture (Table 2). However, the inclusion of
legumes resulted in a lower proportion of stem (245 vs. 293 g/
kg DM) and inflorescence (25 vs. 50 g/kg DM) in the pasture
and a higher leaf:stem ratio (1.57 vs. 1.32) compared to SUP.

There was no difference (P> 0.05) for forage mass (1360.4 kg
DM/ha), forage allowance (1.05 kg of DM/100 kg BW), and herb-
age accumulation rate (62.3kg of DM/day) between treatments
(Table 3).

Animal performance and carcass traits

The daily live weight gain per area (P = 0.8) did not differ between
SUP and LEG (Table 3). However, supplementation treatment
increased (P < 0.05) BW/ha/day by 28% compared to the control
treatment and 10.3% with LEG. When total weight gain in the
period was considered, SUP provided greater gain than LEG
(+17.7%) and CONTROL (+25.2%).

Supplemented steers showed higher ADG, hot and cold car-
cass weight, and hot and cold carcass yield than the other treat-
ments (Table 4). On the other hand, the animals on pasture
with legumes presented a higher weight of hot carcass than the
control treatment.

The fat thickness did not differ between treatments, but the fat
percentage in the carcass was 22% higher (P <0.05) for the sup-
plemented steers than those that only grazed oat and ryegrass.

For the quantitative characteristics of the animal carcass, there
was no treatment effect (P> 0.05) for carcass conformation, car-
cass length, thigh thickness, leg length, arm perimeter, and
amount of muscle and bone in the carcass (Table 5).

Discussion

The increase in animal productivity with the energy supplemen-
tation was due to the higher performance of animals and greater
pasture carrying capacity, which are the main objectives of this
nutritional strategy (Lisbinski et al., 2019). It was possible to
increase the stocking rate by 128 kg BW/ha and the average
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daily gain by 35, which provided an increase of 33.69% in weight
gain per hectare. Arelovich et al. (2003) obtained a 21% increase
in the ADG of the animals on winter pastures when they were
supplemented with corn.

The substitution effect explains the increase in stocking rate
and, consequently, in weight gain per hectare. The forage intake
decreased, but the total DM intake even increased, as also the
amount of energy ingested by the animal due to the supplement.
Corn is commonly used in grazing systems as a supplement since
it provides a high content of rapidly fermentable carbohydrates
(Fruet et al., 2019). In addition, the adaptation of microorganisms
to the low pH caused by the diet reflects in more amylolytic bac-
teria, which reduces the population of the fibrolytic ones (Caton
and Dhuyvetter, 1997). In this way, the digestion of the fibrous
fraction of the feed slows down and decreases the pasture intake.
According to Caton and Dhuyvetter (1997), forages with high
crude protein content display a more intense substitution effect,
and in our experiment, the pasture presented 213 g/kg CP.
Despite the high CP in the pastures, few species of microorgan-
isms can obtain energy from protein. That protein is lost in the
rumen, limiting an increase in protein utilization in the intestine,
and this loss can reach 30 to 40% (Cruickshank et al., 1992).
Energy supplementation is an alternative to reduce these losses
in pastures with high protein content.

Thus, supplementation provides an energy substrate for rum-
inal bacteria, increasing nutrient utilization (Vaz et al., 2013) and
intake. This higher DM intake with greater degradability increases
the passage rate in the gastrointestinal tract (GIT), directly influ-
encing the hot carcass yield. The supplemented steers showed a
higher hot carcass yield than the control treatment. In addition,
the greater supply of starch increases the production of volatile
fatty acids. They are a primary source for hepatic gluconeogenesis,
which becomes an ATP source at muscle level, and the remainder
is stored as fat (Fruet et al., 2018). For this reason, the supplemen-
ted animals had a higher fat content in the carcass than the other
two treatments.

Although pastures with legumes presented lower carrying cap-
acity, the pasture’s nutritional quality provided a good individual
performance in the present study, even if smaller than that of ani-
mals that received supplementation. The similar nutritional qual-
ity of pasture between treatments may explain the lack of
significant differences for animal performance between LEG
and CONTROL. Sturludéttir et al. (2013) observed that the

Table 2. Structural composition of black oat and ryegrass pasture associated with energy supplementation or mixed with legumes grazed by finishing beef steers

Treatments
Variables SUP LEG CONTROL S.E. P value
Structural composition (g/kg DM)
Oat leaf 177 157 193 19.4 0.635
Ryegrass leaf 207 226 242 41.4 0.885
Grass stem 293 245 267 10.4 <0.001
Legume 0.0 64.5 0.0 12.0 <0.001
Dead material 268 280 274 14.9 0.875
Inflorescence 50 25 39 14.9 0.034
Others 2 10 9 6.9 0.644
Leaf: stem ratio 1.32 1.57 1.53 0.127 0.022
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Table 3. Production characteristics of pasture, stocking rate and animal production by pasture area of black oat and ryegrass associated with energy

supplementation or mixed with legumes

Treatments
Variables SUP LEG CONTROL S.E. P value
Forage mass (kg DM/ha) 1462 1318 1302 71.0 0.312
Forage allowance (kg DM/Kg BW) 1.08 1.06 1.01 0.093 0.358
Herbage accumulation rate (kg DM/ha/day) 64 61 62 8.1 0.909
Stocking rate (kg/ha) 1406 1261 1278 95.9 0.016
Body weight gain (kg/ha) 385 316 288 29.6 0.009
Body weight gain (kg/ha/day) 3.5 2.9 2.8 0.32 0.011

presence of legumes increased protein content compared to single
grasses, different from what was observed in the present experi-
ment. The proportion of legumes in the pasture may have inter-
fered with this result. Vonz et al. (2021) observed higher ADG
when the legume was 130 g/kg DM, observing no difference for
80 g/kg DM. In the present study, the mean of the 3 years for
the legume was only 64.5 g/lkg DM.

Despite the small share, it increased (P> 0.05) BWG by 10%
per hectare compared to the cultivation of single grasses. This
effect is mainly due to the greater nutrient amount per area
caused by the legumes (Silva et al., 2022). In a crop-livestock inte-
gration system, the effect of legumes encompasses better animal
performance and a long-term effect on soil structure and fertility,
in addition to positively affecting grain production (Nie et al,
2016). The adequate management of crop-livestock integration
systems is essential to increase animal productivity and reduce
environmental impact (Souza Filho et al., 2019).

The NDF (460 g/kg) and FDA (265 g/kg) levels in pasture did
not vary between treatments, demonstrating that the pastures had
a high nutritional quality (Mertens, 1985). These values are
related to a similar ruminal filling of animals in terms of NDF
content and digestibility, which is related to ADF (Van Soest
et al., 1991), given the pasture. The NDF content is related to
the time of permanence of the feed inside the GIT. In this
sense, supplemented animals tend to seek more digestible feed.

In this experiment, the proportion of stems in the supplemen-
tation treatment was higher, and the leaf:stem ratio was lower,

demonstrating a high selection by the steers. In addition, with
the supply of supplements and substitution of the pasture intake,
there is a surplus of forage, causing the plant to accelerate its
reproductive cycle. In this sense, the supplementation treatment
presented 28% more inflorescence than the control. The increase
in the amount of stem in the pasture by the substitution effect
caused by supplementation. The highest forage quantity observed
in treatments with supplementation resulted from the substitution
effect, which also had an impact on the height of the sward. The
substitution effect may contribute to heightened leaf generation,
escalated stem development (Lisbinski et al., 2019).

The higher ADG for the supplemented steers provided higher
slaughter weights and hot and cold carcass weights for these ani-
mals. The lower carcass yield can be explained, among other fac-
tors, by the time of digestion, causing the emptying of the GIT to
be slower than the SUP treatment. Nutrition explains the vari-
ation of characteristics related to carcass quality, such as cold car-
cass yield, conformation, and carcass and leg length by 15%
(Rotta et al., 2009). The primary determinant influencing the car-
cass yield is the dietary composition. Animals fed fibrous diets
exhibited elevated contents in the gastrointestinal tract, leading
to a subsequent reduction in carcass yield (Paris et al., 2015). A
key factor contributing to enhanced carcass yield is the decrease
in the weight of gastrointestinal contents. This reduction is attrib-
uted to the adoption of concentrate diets, particularly those with a
higher proportion of grains, which result in improved digestibility
(Rezende et al., 2012). Owens and Gardner (2000) observed that

Table 4. Performance and carcass characteristics of animals finished on black oat and ryegrass pasture associated with energy supplementation or mixed with

legumes
Treatments
Variables SUP LEG CONTROL S.E. P value
Initial body weight (kg) 414 416 410 46 0.744
Final body weight (kg) 536 520 500 3.8 0.041
Average daily gain (kg/day) 1.4 1.2 1.0 0.06 0.036
Hot carcass weight (kg) 287 273 260 3.8 0.011
Cold carcass weight (kg) 286 272 259 3.9 0.011
Hot carcass yield (%) 53.6 52.3 51.9 0.36 0.018
Cold carcass yield (%) 53.4 52.1 51.8 0.36 0.015
Fat tickness (mm) 5.57 4,73 4.54 0.414 0.284
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Table 5. Quantitative characteristics of steers finished on black oat and ryegrass pasture associated with energy supplementation or mixed with legumes
Treatments

Variables SUP LEG CONTROL S.E. P value
Conformation 112 11.1 10.6 0.80 0.176
Carcass length (cm) 136.2 137.8 136.8 0.86 0.164
Thigh thickness (cm) 314 31.0 30.7 0.52 0.653
Leg length (cm) 2.7 713 71.2 0.71 0.402
Arm perimeter (cm) 37.2 36.7 37.3 0.50 0.787
Arm length (cm) 424 423 41.6 0.44 0.452
Loin eye area (cm?) 70.8 69.3 66.6 0.56 0.358
Muscle (g/kg CCW) 619 603 588 46 0.632
Fat (g/kg CCW) 265 239 230 3.0 0.022
Bone (g/kg CCW) 145 142 147 1.1 0.347

with concentrate in the diet increased, dressing percentage, long-
issimus muscle area, marbling score and skeletal maturity all
increased at a decreasing rate.

As in our research, Wright et al. (2015) also observed no dif-
ference for fat thickness in animals finished on grass-legume pas-
tures, supplemented or not. In all treatments, the animals reached
the minimum subcutaneous fat required by Brazilian slaughter-
houses (3 mm). Carcasses with adequate fat thickness lessen the
shortening effects caused by carcass chilling, interfering with
meat tenderness (Aranha et al., 2018).

Despite the high costs of energy supplementation, there are
great responses on individual performances, carcass quality, and
increase in productivity per area. Associating the highest ADG,
stocking rate, and gain per hectare with the highest carcass
yield, it can be observed that supplementation produced 38%
more carcass per ha than the control treatment.

Although the introduction of legumes into the pasture has not
affected aspects related to the pasture’s carrying capacity and the
performance, carcass, and meat characteristics, when working in a
crop-livestock integration system, one must think about the sys-
tem as a whole. In other words, the effect of legumes on the
grain successor crop, as in the case of Crop-Livestock Systems.
The presence of legumes in the system can improve the product-
ivity of the successor crop since there is greater biological nitrogen
fixation. Therefore, systems integrating animals grazing grasses
and legumes and grain production must be increasingly studied.
More studies involving other forage species, especially legumes,
which are more persistent when grazing, root biomass produc-
tion, and symbiosis between predecessor (pasture) and successor
crops (grains) must be developed to understand integrated pro-
duction systems in more detail.

Conclusion

Supplementation with ground corn increased animal load, live
weight gain per hectare, average daily weight gain of animals,
hot carcass weight and hot carcass yield. The characteristics
related to the chemical composition of the meat, metric and quan-
titative characteristics were not affected by the inclusion of the
concentrate in the animals’ diet.

The carcass and meat characteristics were also not influenced
by the inclusion of the legume, which presented a final slaughter
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weight like the supplemented animals, as well as the gain in live
weight per area per day. These are efficient alternatives for the
finishing of animals, being options depending on the value of
the supplement.
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