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Abstract: Crop–livestock integrated production systems (CLISs) combine cash-crop production and
forage production in succession. There are plenty of options of forage cultivars with differences in
production aspects and seeds cost, and there is little information on how the choice of forage cultivar
can affect the results of a CLIS. We hypothesized that different forage cultivars can have important
economic impacts on production systems. Thus, we evaluated the two-year economic results of using
three forage species in a CLIS: (1) Urochloa ruziziensis; (2) Megathyrsus maximus cv. BRS Zuri e; and
(3) Megathyrsus maximus cv. BRS Tamani. The system was evaluated during 2018 and 2019 with
no-tillage soybean (Glycine max) cultivation from November to March and grazing of cattle from May
to August. The seed costs were, on average, USD 25.27 ha−1 for Ruziziensis grass, USD 39.97 ha−1

for Zuri guinea grass, and USD 64.13 ha−1 for Tamani guinea grass. Animal production varied from
96.4 to 147.5 kg of live weight per hectare per year and mean two-year soybean yields varied from
3849 to 4217 kg per hectare, both without differences between forage cultivars. However, the lowest
values for animal and soybean yields were obtained with Ruziziensis grass, and the highest were
obtained with Zuri grass. Thus, Zuri guinea grass presented a net income (NI) of USD 1039.87 ha−1

with an annual return on equity (ROE) equal to 11.19%, while Ruziziensis grass obtained an NI equal
to USD 612.65 ha−1 with an ROE of 6.47%, demonstrating the economic impact of forage resource
choice in CLISs. Therefore, the choice of forage cultivars adequate for the conditions of an individual
farm can correspond to an increase of 69.7% in net income, which highlights the importance of
continuing efforts to develop new cultivars and the simultaneous evaluation of these cultivars in
different production scenarios in order to better recommend forage genetic resources for particular
production environments.

Keywords: cattle; production systems; cost; income; return on equity

1. Introduction

One of the biggest challenges in agriculture in the 21st century is boosting primary
production (grains and forage biomass) with less prohibitive fixed costs and environmental
preservation. Therefore, it is necessary to develop cultivation strategies that will allow
the use of available abiotic resources in more sustainable ways. Crop–livestock integrated
systems can increase land-use efficiency in a more rational way, since, when a strategic
combination of different functional groups of plants is selected, it is possible to maximize
production with the same resources [1,2].

Crop–livestock integrated systems (CLISs) are sustainable food production systems
with no-till cultivation of cash crops and forage species in consortium, rotation, and/or
succession. CLISs can increase food production per hectare, which increases the economic
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return and at the same time decreases the pressure for deforestation for food production
systems [3,4]. Crop diversity improves soil physical, chemical, and biological parameters [5].
Simultaneously, multiple sources of income enable better cash flow and decrease risk [6,7].
CLISs with soybean–pasture succession yield grains in regular harvest seasons and good
quality forage during the dry season of the year (harvest off-season) and are associated
with high biomass input and good soil coverage following good no-tillage practices [8–11].

In CLISs, Dias et al. [12] found that the strategic diversification of different plant
genera and species throughout the year promoted greater nutrient cycling when compared
to a conventional system, thus contributing to production sustainability [13]. In a crop
rotation system, over a period of 12 years, Rigon et al. [14] verified that the consortium of
Urochloa ruziziensis with sorghum (Sorghum bicolor) generated a high-quality post-harvest
residue, increasing phosphorus recycled by soybean (Glycine max).

Muniz et al. [1] verified the effects of the cultivation of two grasses (Urochloa brizantha
cv. ‘BRS Paiaguás’ and Megathyrsus maximus cv. ‘BRS Tamani’) intercropped with corn
and showed that the intercropping systems provided greater soil coverage and nutrient
cycling in relation to maize in monoculture; thus, intercropping favors greater soybean
productivity. The authors showed that grass exhibited a greater fraction of carbon and
nitrogen, slowing the straw decomposition process and providing an increase in organic
matter and nutrients in the upper layers of soil.

Carvalho et al. [6], evaluating livestock production in agriculture systems over 9 years,
showed increments in yield of 3,4%, 4,7%, 10,4%, and 10,8% in soybean, common beans, rice,
and corn, respectively. Over 9 years of experiments, these authors showed that a traditional
soybean system (exclusive soybean production) yielded 2.940 kg ha−1, on average, while
the CLIS (soybean and beef cattle production) yielded 4.860 kg ha−1, converting beef into
soybean equivalent.

Economic analyses of CLISs have great importance in guiding the decisions of farmers
and for the definition of research priorities. Most CLIS studies evaluate only productivity
parameters combined with soil properties and animal production aspects, and there is a
lack of economic evaluation of whole systems [15]. Livestock rearing in a CLIS can be
an opportunity for diversification and income [5], but it can also represent a significant
increase in the cost of infrastructure (water tanks, fences, and corrals) and equity due the
animal value, increasing the financial risk of the business [7]. The use of economic-based
decision-making processes can enhance economic sustainability by economy of scope, due
to a lower cost for the same product and lower risk due to product variety [16].

The cost of seeds and forage production potential differ according to forage cultivars,
and it is not clear how the choice of forage cultivars can affect the economic results of
production systems. There are more than 30 cultivars of forage species commercially
available in Brazil nowadays. Most of these cultivars are from two genera: Urochloa spp.
and Megathyrsus maximus. Urochloa ruziziensis is the main species used in CLISs due to the
low seed cost, higher glyphosate sensitivity, fast growth with high biomass production,
and soil coverage [17–19]. Cultivars of Megathyrsus maximus are, in general, associated with
higher seed costs and higher forage/biomass production [20]. Megathyrsus maximus cv. BRS
Tamani have a small size (20 to 60 cm in sward height), with high leaf-to-stem proportions,
high nutritional value, and resistance to pasture leafhoppers [19,21]. Megathyrsus maximus
cv. BRS Zuri, meanwhile, have a tall size (60 to 100 cm in sward height), fast growth, higher
biomass production, high nutritional value, and resistance to spittlebugs in pastures [22].
However, these species are not widely used in CLISs due to the higher glyphosate doses
required for desiccation and possible impairments to soybean no-till sowing in subsequent
seasons due to the elevated amounts of biomass coupled with tussocks in the field. Thus,
we hypothesize that the choice of cultivars that are adequate for environmental and farm
conditions can enhance the economic results of CLISs, which could justify more research
for improved decision-making processes regarding CLISs.

The aim of this study was to evaluate the production and economic consequences of
choosing different forage cultivars in a CLIS. Therefore, the main points evaluated were:
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(I) animal production; (II) residual biomass and canopy structure; (III) soybean yield; and
(IV) the economic results of the CLIS.

2. Materials and Methods

The experiment was conducted on Encanto Farm (privately owned), located in Montes
Claros de Goiás, GO, Brazil (15◦43′54.69” S and 51◦37′13.09” O). The farm is in Brazilian
savanna with an AW climate, according to the Köppen climate classification (Köppen and
Geiger [23]). Normally, there is no precipitation from May to September in this region.

The crop–livestock integrated system (CLIS) used here consisted of soybean cultivation
during the summer (November to March) and pasture during the winter, with a grazing
period from May to August. Three different forages were used in this production system
during a two-year trial: (1) Urochloa ruziziensis (Syn. Brachiaria ruziziensis); (2) Megathyrsus
maximus cv. BRS Zuri (Syn. Panicum maximum cv. BRS Zuri); and (3) Megathyrsus maximus
cv. BRS Tamani (Syn. Panicum maximum cv. BRS Tamani), called hereafter Ruziziensis grass,
Zuri guinea grass, and Tamani guinea grass, respectively. The experimental area (Figure 1)
was 44.43 ha, divided into three paddocks for each of the grasses (15.26 ha for Ruziziensis
grass, 16.67 ha for Zuri guinea grass, and 12.5 ha for Tamani guinea grass).
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2.1. Animal and Forage Production

Soybean no-till sowing was performed in November of each year using the cultivar
BMX Bônus. The plant protection management was the same for all the treatments and
followed the agronomical recommendations. Soybean harvest was performed in March.
The following production components were determined: grain yield (kg ha−1), stands
(plants m−2), and yield per plant (g plant−1). Manual sampling was performed at five
points for each repetition, with sampling of two meters of two soybean rows (50 cm between
rows). For soybean yield, all plants sampled in these two rows were threshed, the grains
were weighed, and the moisture contents were measured. Then, grain yield was calculated
by adjusting to 13% of moisture. To determine stands, the numbers of plants in the two 2-m
rows were counted. At the side of the sampling point, five random plants were sampled,
and later the numbers of pods and grains were manually measured to obtain data on
production per plant.

Pasture was overseeded on soybean crops at R5.5 stage using 4 kg ha−1 of pure
viable seeds of Ruziziensis grass, Tamani grass, and Zuri grass. Therefore, during the
period between the grass seeding and the soybean harvest, an intercropping system was
established. Grazing began when the pasture had reached the recommended sward height
for grazing (30 cm, 65 cm, and 80 cm, respectively) [24–26].
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The livestock phase involved setting up an electric fence, water tanks, and troughs
(30 cm per animal) for supplementation. Heifers at 20 months of age and with an average
weight of 290 kg were used. The numbers of animals used in 2018 and 2019 were, respec-
tively, 28 and 46 for Ruziziensis grass, 46 and 42 for Tamani guinea grass, and 21 and 39
for Zuri guinea grass. The animals were weighed at the beginning and at the end of the
experiment, and intermediated weighing sessions were carried out at each 28 days of graz-
ing. The animals (testers) remained in the same paddocks during the whole experimental
period, using a continuous stocking grazing system.

Forage dry mass was measured every 28 days [27,28]. The forage evaluation was
performed, cutting 1 m2 at five random points in each paddock. The cutting was performed
with a pruner (STIHL® HS 45) at 10 cm above ground level. The forage available was harvested,
weighed, and placed in a dry oven (55 ◦C) for 72 h, then weighed again, determining the
available forage mass in kg of dry matter per hectare. The stocking rate was adjusted in each
paddock based on live weight and forage dry matter mass every 28 days.

The animals received increasing supplementation planning during the 2018 grazing
period, starting with 0.3% of live weight (LW), then 0.5% of LW and 1.5% of LW. During
the 2019 grazing period, animals received mineral supplementation ad libitum (mean
consumption of 80 g per animal per day). In the 2018 grazing period, heifers started grazing
on May 2 for Zuri guinea grass and Tamani guinea grass and on June 5 for Ruziziensis
grass. Grazing ended on July 04 for Zuri guinea grass and on August 30 for ‘BRS Tamani’
and Ruziziensis grass. Therefore, the numbers of grazing days in 2018 were 63, 120, and
86 for ‘BRS Zuri’, ‘BRS Tamani’, and Ruziziensis grass, respectively. In the 2019 grazing
period, heifers started grazing on May 6 for all three grasses, and grazing ended on July 29
for Zuri and Ruziziensis grass and on September 04 for Tamani guinea grass. Therefore,
Tamani guinea grass had 121 grazing days and the other grasses had 84 grazing days.

Stocking rate was defined in animal units (AU = 450 kg LW) per hectare. The average
live weight gain per day (LWG) was calculated as the difference between initial and final live
weights divided by the number of days between weighings. The paddock live weight gain was
obtained from the LWG multiplied by the number of animals in the paddock at that period.

Fattening score was determined by visual appraisal at each weighing, following similar
procedures to those described in Ayres et al. [29]. Heifers with adequate fattening scores
(higher than 4 on a 1–5 scale) were sent to a commercial slaughterhouse, where carcass
weights were recorded. Animals were commercialized in five rounds in 2018 and in four
rounds in 2019.

2.2. Economic Analyses

Economic analyses were split into crop and livestock phases. Total cost (TC) consisted of
the sum of livestock costs and soybean crop costs. The direct costs of the operation, considering
all mechanized procedures (from pasture sowing, crop seeding, management, and harvest),
animal purchases, and infrastructure purchases and installations, were evaluated. In the crop
phase, all supplies expended were recorded. As the management during crop phase was equal
to all forage cover crops, the soybean costs were the same for all treatments.

Operational costs, livestock supplements, crop cultivation inputs (such as fertilizers, pes-
ticides, and seeds), animal values, and land values were measured. Labor expended with
livestock management was determined by the average income per hour of cowboys in the
region (USD 1.50 h−1). The number of hours expended in each year was recorded and divided
by the number of animals in the experiment, resulting in a cost of USD 0.10 head−1 day−1 (2018)
and USD 0.038 head−1 day−1 (2019). The supplementation strategy used in 2018 resulted in
more hours expended than in 2019.

Animal supplements offered in 2018 totaled 449.02 kg ha−1, 455.41 kg ha−1, and
509.02 kg ha−1, for ‘BRS Tamani’, ‘BRS Zuri’, and Ruziziensis grass, respectively. In
2019, the mineral supplements offered totaled 33.94 kg ha−1 for Tamani guinea grass,
66.71 kg ha−1 for Zuri-grass, and 72.87 kg ha−1 for Ruziziensis grass. The supplementation
used represented the main strategies used by farmers in CLISs in Central Brazil.
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Pasture seed costs were determined by the total seed weights expended and the real
prices paid out by the farmer. ‘BRS Zuri’, ‘BRS Tamani’, and Ruziziensis grass seed costs
were USD 10.13, 17.23, and 7.87 per kg of pure viable seeds (PVS) in 2018 and USD 9.85,
14.83, and 4.77 kg−1 in 2019, respectively.

Animal purchase costs were USD 382.12 and USD 383.18 per heifer in 2018 and 2019.
The mean selling prices were USD 2.25 and USD 2.43 kg−1 per kilogram of carcass in
2018 and 2019, respectively. The cost of FUNDEPEC-GO (livestock development fund)
was USD 1.12 animal−1, and other taxes (FUNRURAL and animal transit passes) for
commercialization were added to the total livestock phase costs.

Total gross income (GI) was calculated on the basis of income from soybean commer-
cialization (the amount produced multiplied by the mean selling price obtained by the
farmer) and livestock (the difference between the selling and buying prices for each animal).
Total net income (NI) was determined by the difference between total gross income (GI)
and total cost (TC).

The equity value consisted of land value and circulating capital (animals plus total
cost). Land values were determined by a price survey in the region, obtaining an average
land value of USD 2682.04 ha−1.

The return on equity per month (ROEm) was calculated by taking the net income of
each phase (NI) divided by the total equity multiplied by the number of months for each
phase, with four months for the livestock phase and eight months for the soybean phase.
Then, the ROE per year was calculated: ROEy = ((ROEm + 1)ˆ12)−1, where ROEm = return
on equity per month and ROEy = return on equity per year.

The results were submitted to an analysis of variance considering the effects of the
three forage species, and, if an effect was significant (p < 0.05), the means were compared
by least significant differences (considered to be equal to twice the standard deviation).
Analyses used the car [30] and emmeans [31] packages in R software v.4.1.0 [32].

3. Results
Livestock and Crop Yields

There was no difference in mean forage availability in 2018 between the forage species.
In 2019, Zuri grass had more forage availability compared to the other species (Figure 2).
Regarding the two-year averages, Zuri grass presented higher forage availability.
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Figure 2. Mean forage dry matter mass availability during the grazing phase of the crop–livestock
integrated system using different forage species: Urochloa ruziziensis, Megathyrsus maximus cv. BRS
Zuri, and Megathyrsus maximus cv. BRS Tamani. Different letters in the same year means statistical
differences between forage species.
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In 2018, Tamani guinea grass had a lower stocking rate than the other species (Table 1).
In 2019, there was no difference in animal grazing parameters. On average, Zuri grass
had a higher stocking rate compared to Tamani guinea grass, while Ruziziensis grass was
positioned in an intermediate position, not differing from either (Table 1).

Table 1. Livestock production in the crop–livestock integrated system over two years (2018 and 2019)
using three forage species for winter grazing: Urochloa ruziziensis, Megathyrsus maximus cv. BRS Zuri,
and Megathyrsus maximus cv. BRS Tamani.

Pasture MLW
(kg)

SR
(kg ha−1)

SR
(AU ha−1)

LWG
(kg dia−1)

LWGH
(kg ha−1)

2018

Ruziziensis 358.4 a 578.2 a 1.28 ab 0.701 a 96.70 b

BRS Zuri 326.8 a 943.6 a 2.10 a 0.975 a 180.65 a

BRS Tamani 356.2 a 444.3 b 0.99 b 0.793 a 133.92 a

2019

Ruziziensis 320.0 a 694.0 a 1.54 a 0.532 a 96.07 a

BRS Zuri 330.8 a 881.8 a 1.96 a 0.422 a 114.44 a

BRS Tamani 326.4 a 522.8 a 1.16 a 0.544 a 100.56 a

Mean

Ruziziensis 339.0 a 636.1 ab 1.41 ab 0.616 a 96.4 a

BRS Zuri 329.0 a 912.7 a 2.03 a 0.699 a 147.5 a

BRS Tamani 341.0 a 483.6 b 1.07 b 0.668 a 117.2 a

SD 16.52 200.50 0.45 0.203 32.85
Means followed by different letters in the column represent differences higher than two times the standard
deviation of the variable. MLW: mean live weight; SR: stocking rate; LWG: live weight gain per day; LWGH: live
weight gain per hectare; SD: standard deviation.

There was no effect of the forage species as cover crop on soybean yield (Table 2).
Regarding plant stands, Ruziziensis grass showed higher numbers than the other species,
but this did not affect soybean yield.

Table 2. Soybean yield and production components in the crop–livestock integrated system over
two years (2018 and 2019) using three different forage species as cover crops: Urochloa ruziziensis,
Megathyrsus maximus cv. BRS Zuri, and Megathyrsus maximus cv. BRS Tamani.

Year Pasture Grain Yield (kg ha−1) Stand
(Plants m−2)

Plant Yield
(g planta−1)

Ruziziensis 3.795 a 14.9 a 12.8 a
2018 BRS Zuri 3.796 a 12.9 b 14.7 a

BRS Tamani 3.461 a 12.2 b 14.3 a

Ruziziensis 3.904 a 10.5 a 17.0 a
2019 BRS Zuri 4.637 a 10.4 a 20.9 a

BRS Tamani 4.660 a 9.8 a 18.3 a

Mean
Ruziziensis 3.849 a 12.2 a 14.9 a

BRS Zuri 4.216 a 11.6 ab 17.8 a
BRS Tamani 4.060 a 11.0 b 16.3 a

p-Value
Forage ns 0.0013 ** ns

Year ns ns ns
Forage × Year ns ns ns

Means followed by different letters in the same column differ significantly (p < 0.05) according to Tukey testing.
ns: not significant (p > 0.05); **: means significant effect with p < 0.01. Forage × Year: means the interaction effect
between forage species and year in the model.
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Economic Analyses

Tamani grass had the highest seed cost (USD 64.13 ha−1), followed by Zuri guinea
grass (USD 39.97 ha−1) and Ruziziensis grass, which had the lowest (USD 25.27 ha−1).
Therefore, the adoption of Megathyrsus maximus represented increments of 58.7% (Zuri
guinea grass) and 154.4% (Tamani guinea grass) in seed investment relative to Ruziziensis
grass (the main forage cultivar used in CLISs). Seed expenditure represented 25% to 43%
of the cost of the livestock phase, considering the average of the two years (Figure 3).
Labor represented only 5 to 7% of the total cost of the livestock phase, while animal
supplementation represented 52% to 69% of the cost of the livestock phase (Figure 3).
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 Ruziziensis 3.904 a 10.5 a 17.0 a 

2019 BRS Zuri 4.637 a 10.4 a 20.9 a 
 BRS Tamani 4.660 a 9.8 a 18.3 a 

Mean 
Ruziziensis 3.849 a 12.2 a 14.9 a 

BRS Zuri 4.216 a 11.6 ab 17.8 a 
BRS Tamani 4.060 a 11.0 b 16.3 a 

p-Value 
Forage ns 0.0013 ** ns 
Year ns ns ns 

Forage × Year ns ns ns 
Means followed by different letters in the same column differ significantly (p < 0.05) according to 
Tukey testing. ns: not significant (p > 0.05); **: means significant effect with p < 0.01. Forage × Year: 
means the interaction effect between forage species and year in the model. 

Economic Analyses 
Tamani grass had the highest seed cost (USD 64.13 ha−1), followed by Zuri guinea 

grass (USD 39.97 ha−1) and Ruziziensis grass, which had the lowest (USD 25.27 ha−1). 
Therefore, the adoption of Megathyrsus maximus represented increments of 58.7% (Zuri 
guinea grass) and 154.4% (Tamani guinea grass) in seed investment relative to Ruziziensis 
grass (the main forage cultivar used in CLISs). Seed expenditure represented 25% to 43% 
of the cost of the livestock phase, considering the average of the two years (Figure 3). 
Labor represented only 5 to 7% of the total cost of the livestock phase, while animal sup-
plementation represented 52% to 69% of the cost of the livestock phase (Figure 3). 

 
Figure 3. Cost composition (USD per hectare) of the livestock phase for 2018 (A), 2019 (B), and the
two-year average (C).

There were no statistical differences in soybean production costs and production due
to the different forage species used previously in the two-year evaluation (Table 2). Return
on equity (yearly basis) for the soybean phase varied from 11.69% with Ruziziensis grass
in the system to 17.77% with Zuri guinea grass in the system. In 2018, Ruziziensis grass
presented a negative net income in the livestock phase, while Zuri guinea grass presented
a 13.66% return on equity on a yearly basis (Table 3). In 2019, Tamani grass presented an
ROE per year equal to 10.16%, while those of the other species were lower than 7% (6.99%
for Ruziziensis grass and 6.5% for Zuri guinea grass). On average, return on equity (yearly
basis) varied from 3.08% for Ruziziensis grass to 8.57% for Tamani guinea grass to 10.08%
for Zuri grass during the livestock phase (Table 3).

Table 3. Economic results of livestock production using three forage species in a crop–livestock
integrated system over two years (2018 and 2019).

Pasture Carcass Cost
(USD kg−1)

Total Cost
(USD ha−1)

Net Income
(USD ha−1)

Herd Value
(USD ha−1)

Equity
(USD ha1)

ROEm *
(%)

ROEy
(%)

2018

Ruziziensis 50.21 150.74 b −11.12 b 1120.43 4007.38 −0.07 b −0.83 b
BRS Zuri 24.71 312.61 a 163.83 a 944.33 3818.20 1.07 a 13.66 a
BRS Tamani 40.56 275.81 ab 94.75 a 1295.48 4201.65 0.56 a 6.98 a
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Table 3. Cont.

Pasture Carcass Cost
(USD kg−1)

Total Cost
(USD ha−1)

Net Income
(USD ha−1)

Herd Value
(USD ha−1)

Equity
(USD ha1)

ROEm *
(%)

ROEy
(%)

2019

Ruziziensis 12.51 119.89 79.84 853.74 3532.78 0.56 6.99
BRS Zuri 16.42 141.29 78.65 1033.26 3734.88 0.53 6.50
BRS Tamani 34.28 225.14 110.22 649.87 3403.78 0.81 10.16

Mean

Ruziziensis 31.06 135.07 35.09 984.95 3766.27 0.25 3.08
BRS Zuri 20.50 225.57 120.56 989.51 3775.87 0.80 10.08
BRS Tamani 37.37 250.07 102.60 967.50 3796.31 0.69 8.57

SD 14.18 76.67 56.29 211.74 241.87 0.38 4.81

* Return on equity (ROE) calculated considering 4 months for the livestock phase in one year of production for the
crop–livestock integrated system. SD: standard deviation. Equity: sum of total cost, herd value, and land value
(USD 2725.10 ha−1).

Overall, the net income and return on equity were positive for all treatments (Table 4).
Zuri guinea grass had an 11.19% ROEy, while Tamani grass and Ruziziensis grass had
ROEy values of 9.51% and 6.47%, respectively.

Table 4. Economic results of the production system during the two years of soybean and livestock
production using three different forage cultivars.

Forage TC
(USD ha−1)

GI
(USD ha−1)

NI
(USD ha−1)

Equity
(USD)

ROEm
(%)

ROEy
(%)

Ruziziensis 2189.53 2802.90 612.65 4871.58 0.52 6.47
BRS Zuri 2199.04 3238.90 1039.87 4881.08 0.89 11.19

BRS Tamani 2283.62 3188.83 905.22 4965.66 0.76 9.51
TC: total cost; GI: total gross income; NI: net income; Equity: sum of total cost, herd value, and land value
(considered equal to USD 2725.10 ha−1); ROEm and ROEy: return on equity per month and per year, respectively.

4. Discussion

Zuri guinea grass had higher mean forage availability during the grazing period
compared to the other species, 13.9% and 20.2% higher than Ruziziensis grass and Tamani
guinea grass, respectively. This cultivar is known for its fast growth and high efficiency
of use of available abiotic resources [33]. The higher forage availability allowed a higher
stocking rate (2.03 AU ha−1), which was 30.54% more than that of Ruziziensis grass
(1.41 AU ha−1). Otherwise, Tamani guinea grass had longer grazed periods in both years, which
demonstrated the difference between tall-size and small-size types of Megathyrsus maximus.

Both Megathyrsus maximus cultivars (BRS Tamani and BRS Zuri) had higher live weight
gains per hectare (LWGH) than Urochloa ruziziensis in the first year. In the second year, the
differences between forage species narrowed, but the order was the same: Zuri guinea
grass, Tamani guinea grass, Ruziziensis grass. At the end, on average, the Zuri guinea
grass system produced 147.5 kg of LWGH, while Ruziziensis grass yielded 96.4 kg, which
represents a 53% increment in animal weight produced per area. Similar results were
observed by Dias et al. [12], which reinforces the need to explore these forage genetic
resources in crop–livestock integrated systems.

There was no difference in soybean yield over the two years (Table 2), which reinforces
that, with good management practices, cultivars of Megathyrsus maximus can be utilized in
crop–livestock integrated systems without losses to main crops [34,35].

Supplement cost represented an important part of livestock cost, especially in the first
year, when a strategy of protein-energetic supplementation was used. Santos et al. [36] also
observed that supplement costs represented the highest proportions of livestock costs in
crop–livestock integrated systems.
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In general, Megathyrsus had higher seed costs than Urochloa, which can partially justify
the intense use of Urochloa ruziziensis in crop–livestock systems in Brazil, as the use of
Zuri guinea grass and Tamani guinea grass represented increments of 58.7% and 154.4%
in investment in seeds, respectively. Thus, if a farmer does not expect important yield
differences between forage cultivars, it is justified to choose the low-cost option. This
shows the importance of studies verifying the productive and economic aspects of choices
of forage genetic resources. Some previous studies have shown the higher forage/biomass
production of Megathyrsus in crop–livestock integrated systems [35].

Investments for animal purchase represented 26% of the total equity of the system.
The resource requirements for animals present one of the main challenges for livestock
production in integrated systems. Compared to traditional livestock systems, the stocking
rate is three to four times higher; consequently, the investment in animals per hectare is
proportionally higher. At the same time, the livestock phase of the system was not always
profitable and demonstrated huge variation in the three treatments over the two years.
Ruziziensis grass in the first year had a negative net income, for example. Thus, the intro-
duction of animals in production systems is an opportunity for increasing and diversifying
income; however, this represents an increase in financial risk due to the increase in capital
applied even more nowadays with increased price volatility of this commodity [37,38].
Poffenbarger [39] observed that CLISs had higher costs (higher investments) compared
to conventional systems in the US between 2008 and 2015. These authors also concluded
that they were associated with higher animal acquisition and labor costs. However, these
authors showed better economic results for CLISs compared to conventional systems in the
long term.

The return on equity for the whole system over the two years equaled 6.5%, 9.6%, and
11.2% for Ruziziensis grass, Tamani guinea grass, and Zuri guinea grass, respectively. Therefore,
a simple choice of forage genetic resources can be responsible for a 69.7% increment in net
income. This result is a consequence of the higher animal and soybean yields with moderate
seed costs. Other studies have shown that Zuri guinea grass is a very fast biomass producer,
with good animal performance and stocking rates in high-fertility soils [40–42].

5. Conclusions

Crop–livestock integrated systems can enable good economic results despite the
elevated investments in animals they require. The choice of the forage genetic resources to
be used is very important and can have an important impact on economic results: in the
present study, the simple choice of forage genetic resources was responsible for a 69.7%
increment in net income. Therefore, the evaluation of the production potentials of different
forage species is essential to support the decision-making processes of farmers. Moreover,
it is important to select species to be used in crop rotation systems with high biomass inputs
coupled with no-till sowing to obtain sustainable production systems (environmentally and
economically). For the region of this study, we highlight Megathyrsus maximus cv. ‘BRS Zuri’
as an important option for winter grazing as part of a crop–livestock integrated system
with a crop rotation system.
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