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Integrated crop-livestock systems (ICLS) are complex production strategies whose
main components are soil, plant, and animal. Several studies addressed the interaction
among them and conclude on the technical feasibility of these systems, but few
studies assess their economic feasibility. The objective of this work was to analyze
the economic feasibility of an ICLS, in which nitrogen was applied on the crop
phase or onto the pasture phase, combined with two grazing intensities. The study
was carried out on a private farm in the municipality of Abelardo Luz—SC, between
October 2012 and April 2018. The experimental design was randomized blocks with
three replications. The treatments were arranged in a 2x2 factorial scheme, with two
sward heights (high and low) and two times of N-fertilization application, or on the
cool-season pasture tillering phase either onto cash crop (200kg of N ha=lin a
single dose). Crop implementation and maintenance costs were surveyed, followed
by crop and livestock production calculations, zootechnical indices, and the revenue
of each phase (pasture or grain crop) for the entire system. The cash flow analysis was
carried out, generating economic indicators of the three dimensions of the expanded
multi-index methodology (MMA) for the system and the treatments. In this study,
pasture management with low sward canopy height provided the highest net gains
per hectare and per hectare/year, regardless of the nitrogen application time. The
use of the ICLS is economically viable, regardless of grazing intensities and nitrogen
application times.
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agriculture, expanded multi-index methodology, livestock, net present value, a net current
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1. Introduction

Integrated crop-livestock systems (ICLS) are as old as agriculture
2014). The FAO—Food Agriculture
Organization of the United Nations (2015) defines integrated

itself (Carvalho et al,

crop-livestock systems as intentional integration that reflects
a synergistic relationship between the components of crops,
livestock, crops, and/or trees, which, when properly managed,
results in improvements in the social community, economic
and environmental sustainability, as well as improved farmers’
livelihoods. Area expansion for food production in many regions
of the world is no longer possible. According to FAO—Food
Agriculture Organization of the United Nations (2010), Brazil is one
of the main countries with available arable land, expanding its role
as an important global food supplier. The country’s potential as a
food provider for the growing world population, combined with the
beneficial characteristics of the ICLS, places it as the main alternative
to meet this demand in a sustainable way FAO—Food Agriculture
Organization of the United Nations (2010), without the need to open
new areas for the production of foods. “However, the adoption of the
system is small, in part due to the greater complexity of the system
and the need for high investments in the acquisition of machines
and implements” (Vilela et al., 2001). After 20 years, adherence is
still low, and it is more common for farmers to start using ICLS than
ranchers. Probably, the motivation is the greater ease of adhesion
due to the demand for machinery that farmers already own on their
properties. Vilela et al. (2001) indicated that a partnership between
grain producers and ranchers would be an alternative to promote the
ICLS, thus expanding the area cultivated with grains and increasing
animal production without the need to open new areas.

Given the importance of ICLS for human and animal food and
their contribution to the control of global warming, there is an
increasing need for research on the subject. In a recent study on
the adoption of ICLS in the state of Sdo Paulo (Vinholis et al,
2020), EMBRAPA interviewed 175 producers. Of these, 85 do not
adopt ICLS, 66 integrate agriculture and livestock, and 24 integrate
livestock and forestry. According to the data collected in this research,
85% of the producers that did not adopt ICLS are cattle ranchers.
Among those who integrate agriculture and livestock, 56% consider
themselves ranchers and 44% farmers. Among those who integrate
livestock and forestry, 79% consider themselves ranchers and 21%
farmers. When asked about the availability of technical information
in the region about the ICLS, 39% of those who have adopted the
integration replied that it is unavailable, while 60% of those who have
not adopted adhered to it. Regarding the availability of information
on economic valuation, 36% of producers who have adopted the
integration say that there is not and 64% of those who have not
adhered think that it is not available.

One of the biggest difficulties in rural areas is for the owner
to manage the property as a company, considering all the inflows
and outflows of money and making projections for future crops.
This entrepreneurial vision of the rural business, which does not
depend on the size, is the differential of many properties, having
difficulties in measuring costs and revenues. In the case of ICLS, there
are many scientific reports on technical and productive feasibility,
but few are those that address economic feasibility (Vinholis et al.,
2021), which is one of the reasons that keep some farmers from
joining the system. Different research groups in Brazil have been
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dedicated to investigating different lines of research related to the
ICLS. However, the economic viability of the system is still little
explored. As investment is only valid if there is an economic return,
the objective of this study is to verify the economic viability of an ICLS
in which there were different nitrogen fertilization strategies, applied
only in the crop or in the pasture (system fertilization), combined
with grazing intensities in the pasture phase.

2. Material and methods

The Soil-Plant-Animal Interaction Group (GISPA) from UTFPR
Campus Pato Branco carried out a series of studies in an
experiment for 5 years in a rural property in Abelardo Luz—SC,
Southern Brazil (26°31” S, 51°35° W, 850 m high) in 20 hectares
submitted to the ICLS using no-tillage since 2012 (Table 1). In
total, during the 5 years of studying were defended nine doctoral
theses and five master’s dissertations on different topics, but always
using the same treatments. This work brings together all the
crops studied, presenting all the variables per crop (livestock—L
and agriculture—A).

Abelardo Luz is one of the main grain producers in the state
of Santa Catarina, with an emphasis on soybean production. The
climate of the region is classified as Cfb (humid mesothermal
subtropical) with hot summers and cold winters according to the
Koppen classification. The average annual precipitation is 2.200 mm,
with an average annual temperature of 17°C. The soil is classified as
Typical Distroferric Latosol, very clayey texture, with a prominent
Horizon A.

The experimental design was randomized blocks with three
replications in a 2 x 2 factorial scheme, with two pasture heights—
high (HH) and low height (LH)—and two times of topdressing
nitrogen application (NP)—when the topdressing nitrogen was
applied onto pasture and NG when nitrogen application occurred
onto grain crops (agriculture). The application with 200 kg of N ha™!
is fertilization at the system level, being applied in a single dosage (in
the form of urea —45% N) in livestock or agriculture, always making
the total dose of N per ha over the years the same, only changing the
time of application.

During livestock periods, three test animals were used per
experimental unit (paddock) plus a variable number of put-and-take
animals. The animals were kept in the continuous stocking method
with a variable stocking rate (Mott and Lucas, 1952), in which the
regulator animals entered and left the paddocks according to the need
to adjust the desired pasture height. The height of the pasture varied
according to the species used and was chosen based on the literature
(Carvalho et al,, 2010; Fonseca et al., 2012), choosing a more limiting
height and a milder one. The actual heights reached in the pastures
are shown in Table 1. Every 15 days, the height of the pasture was
measured with a ruler graduated in centimeters at 30 points of the
experimental units, based on the average height and whether or not
the animal load was adjusted. Animals were weighed every 28 days
to determine animal performance variables. The average daily gain
(ADG) was obtained through the difference between the final and
initial average weights of the test animals, divided by the number of
days between the animals’ weighing. The stocking rate (SR) consists
of the total kg of body weight maintained in the experimental unit
during the period. To calculate the weight gain per area (GA), the
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TABLE 1 Background of cultures used during all years/periods since the implementation of the experiment in Abelardo Luz—SC.

Harvest— Year Culture Real pasture TGP (kg GA (kg

activity* height DM/ha) BW/ha)

1—L 2012/13 (summer) Forage sorghum (Sorghum bicolor) LH=43; HH= 64 . 1.135

2—L 2013 (winter) Black oat (Avena strigosa Schreb.) LH=15; HH= 25 . 477

3—A 2013/14 (summer) Corn (Zea mays L.) 18.715

4—L 2014 (winter) Black oat ‘BRS 139’ + Ryegrass LH=11; HH=24 . 1.206
‘Barjumbo’

5—A 2014/15 (summer) Soybean (Glycine max) 15.279

6—L 2015 (winter) Ryegrass (Lolium multiflorum LH=12; HH=28 . 1.113
Lam.)

7—A 2015/16 (summer) Corn (Zea mays L.) 30.897

8—A 2016 (summer) Off-season carioca beans 6.742
(Phaseolus vulgaris)

9—L 2016 (winter) Annual ryegrass (Lolium LH=12;HH =28 . 2.200
multiflorum Lam.)

10—A 2016/17 (summer) Bean (Phaseolus vulgaris) 9.732

11—L 2017 (winter) Black oat (Avena strigosa Schreb.) LH=10; HH =22 . 1.049

12—A 2017/18 (summer) Corn (Zea mays L.) 56.376

UTFPR/PB-PR (2022).

Prepared by the authors (2022). *L, livestock; A, agriculture; LH, low height; HH, high height; TGP, total grain production; GA, weight gain per area.

SR was divided by the average body weight of the test animals and
multiplied by their ADG.

During periods of the grain harvest, the species sown followed
the planning of the property, which took into account market factors,
price of inputs and products, and the need to rotate crops, avoiding
monoculture so that all the agronomic advantages of this technique
were achieved. The technical indications for no-tillage were followed,
as well as specific phytosanitary control for cultivated species. Grain
yields and animal production per area in the different harvests are
shown in Table 1, which contains the forage and grain species used.

The methodology used to calculate production costs was based
on the Institute of Agricultural Economics (IAE) model, which
uses the description by Matsunaga et al. (1976) for operating costs.
Fixed costs were considered, that is, those that are independent of
production: the opportunity cost of land, the depreciation per hectare
of machines and facilities, and the opportunity cost of the capital
invested in depreciation, so the sum of these consisted of the fixed
cost. For the opportunity cost of land use, the lease value of land
for soybeans (R$/ha) at the time of each activity was considered
with values consulted in CEPA/EPAGRI—Center Socioeconomics
and Agricultural Planning (2020). Depreciation of machines and
installations is considered the time taken to carry out mechanized
operations. The opportunity cost of capital invested in depreciation
was calculated by multiplying the depreciation per hectare by the
average interest rate on savings and the days of the use of the area. For
livestock, grazing days plus 45 days for pasture establishment were
considered. The data presented are expressed in national currency
(Real), but the values given below are the average values of the dollar
exchange rate during the periods of each harvest. Values in order of
crops 1-12 are, respectively, US$2.02, US$2.18, US$2.31, US$2.32,
US$2.81, US$3.28, US$3.90, US$3.82, US$3.32, US$3.22, US$3.20,
and US$3.24.

Frontiers in Sustainable Food Systems

Variable costs vary according to the production level and are
divided into the effective operating cost (EOC) and total operating
cost (TOC). For livestock, the following costs were considered for
the effective operational cost: the cost of acquiring the animals
(R$/animal/ha—considering the value of a calf weighing about
200kg at the time of each activity according to CEPA/EPAGRI—
Center Socioeconomics and Agricultural Planning, 2020) and the
cost of labor (R$/animal/ha—considering that a worker takes
care of 400 animals). Also, the cost of sanitary treatment of
animals (R$/animal/ha), cost of pasture inputs (R$/ha), fuel cost for
mechanized operations (R$/ha), and the opportunity cost of invested
capital (R$/ha) were considered. The sum of these costs refers to the
effective operating cost (EOC). Total operating cost (TOC) is the
sum of the EOC and the opportunity cost of invested capital. The
opportunity cost of the capital invested is the EOC multiplied by
the daily interest rate and the grazing days plus 45 days to establish
the pasture. For agriculture, the following costs were considered
for EOC and TOC: cost with labor (R$/ha—considering the hours
worked with mechanized operations), cost with inputs for agriculture
(R$/ha), cost with fuel for mechanized operations (R$/ha), and the
opportunity cost of invested capital (R$/ha). Total cost (TC) consists
of TOC plus fixed cost.

Livestock and agriculture revenue refers to the sale of cattle
and grains, respectively. Gross revenue (GR) for livestock was
calculated by the final body weight of the animals multiplied
by 55% of carcass yield, divided by 15 (1 @ = 15kg). The
result is multiplied by the sale price/at of the animal product
at the time of the activity and by the number of animals
per hectare. The gross revenue for agriculture was calculated
by the amount produced in kg/ha multiplied by the sales
value of the product in R$/kg. Sales values were consulted
at the Center for Advanced Studies in Applied Economics—
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CEPEA/ESALQ—Center Socioeconomics and Agricultural Planning
(2020), according to the time of sale of animals and grains (end of
each harvest).

To verify the economic viability, the expanded multi-index
methodology (EMIM) proposed by Lima et al. (2015), with a
deterministic approach considering the dimensions of return, risk,
and sensitivity, was used. The economic viability indicators used and
their formulas are presented in Table 2.

Cash flow (CF) is the difference between gross revenue and total
cost. CF was decapitalized according to a daily minimum attractive
rate of return (MARR) of 0.026% and the number of days of activity.
This conversion was necessary to adjust different times between
activities. Magnabosco et al. (2009) used a MARR of 10% per year
(0.026% per day) to assess a horizon of 1,186 days in the ICLS.
From the CF and applying the EMIM, the net present value (NPV)
was calculated, which indicates the total net gain in 1,820 days,
that is, in ~5.5 years (period of duration of the experiment). The
net present value annualized (NPVA) was also calculated, which
indicates the net gain per year, in addition to the annual MARR of
10%. In addition, indicators were generated: the cost-benefit index
(CBI), additional return on investment (ARI), ARI/MARR index, and
modified internal rate of return (MIRR).

3. Results

Table 3 shows the cost and total revenue, and CF of the ICLS
in each activity carried out during 1,820 days (~5.5 years). In the
same way, the TC, TR, and CF are decapitalized to consider the
value of money over time. Economic viability indicators are also
presented. Through the decapitalized CF, it appears that the total
costs in livestock were higher than those in agriculture, on average
R$ 4,219.26 and R$ 1,249.11, respectively.

The total revenue of agriculture and livestock had an average
of R$ 5,600.82 and R$ 5,621.66, respectively. The highest TR was
observed in the corn crop in the year 2017/2018. The CF was negative
in two moments in livestock (1st and 6th seasons), in which a TC
greater than the TR was observed.

As for the economic viability indicators, presented in Table 3,
the NPV and NPVA can be observed, with the total net gain at the
end of about 5.5 years of R$ 18,297.90 and R$ 4,826.94 per year per
ha, respectively. When evaluating and ranking investment projects,
priority should be given to the NPV and NPVA results, which indicate
the total net and annual gains. The other indicators are relative;
therefore, although relevant, they should not be prioritized but
considered complementary in decision-making. The CBI indicates
the profitability, in which the value of 1.56 was obtained, indicating
that, for every R$1.00 invested at the end of 5.5 years, there was
a return of R$1.56 in current monetary values. The MIRR for the
ICLS was 20.08% per year. As for the percentage change in total cost
(A%TC) and total revenue (A%TR), it was observed that the total
cost can increase up to 55.77%, before making the ICLS unfeasible, as
long as revenues remain constant. While maintaining the total cost,
the total revenue can reduce by up to 35.80% without making the
ICLS unfeasible.

Tables 4, 5 show the total cost, total revenue, and cash flow for the
treatments. Table 4 lists treatments that received nitrogen during the
cropping period and Table 5 lists those that received nitrogen in the

Frontiers in Sustainable Food Systems

10.3389/fsufs.2022.940946

pasture. It can be seen in these tables that the total costs were higher
in the treatments in which nitrogen was applied to the pasture.

Table 6 shows the economic viability indicators for each
treatment over 5.5 years. The total net and annual gains were higher
in the paddocks managed at low heights in the pasture in the
two periods of nitrogen application. The low-height treatment with
nitrogen applied in agriculture (LHNG) obtained the highest NPVA
(R$ 5,180.06/ha); in addition, it presented excellent values for the
other indicators. For each real invested in the LHNG treatment, a
return of R$ 1.61 was observed, which is equivalent to a gain of
9.90% per year (additional return on investment [ARI]), in addition
to the daily MARR (10% per year—pre-fixed value in the data entry).
For this treatment, there is an ARI/MARR index of 99.04%, which
represents a high degree of return (>66.66%), according to the
adapted scale by Souza and Clemente (2008), and an annual MIRR
of 20.89%. As for the sensitivity indicators, it appears that the highest
values for the percentage variation of total cost and total revenue are
observed for the treatment of higher pasture height and N applied to
the crop (AANG), being 63.98 and 39.02%, respectively. Regardless of
the treatment used, ICLS is economically viable, with a good margin
for variations in total costs and revenues.

4. Discussion

The total cost of livestock is 3.4 times higher than the cost of
agriculture, due to the cost of acquiring the animals, because, in
ICLS, it is necessary to buy the animals for fattening in the livestock
phase, except when the producer makes a complete cycle. However,
this is a rare situation to be observed, of which the most common
is that the producer only fattens the animals and, therefore, needs
to buy them. In the quest to minimize this cost, Martha Junior et al.
(2009) evaluated different stocking rates with the justification that the
high demand for capital for the purchase of animals can generate
doubts in the producer as to whether it is more advantageous to
minimize this expense, reducing the number of animals to levels
below the pasture production potential. The authors observed that
the best economic performances occurred at the highest stocking
rates; therefore, in addition to not being technically feasible to
underuse the productive potential of pastures, it is also not from the
point of view of economic viability.

The share of agriculture and livestock in the formation of
national agricultural revenue in 2017 was 60.67 and 39.33%,
respectively (CONAB—Companhia Nacional de Abastecimento,
2020). According to CONAB, among the products listed, 20 showed
an increase in gross revenue, due to income growth, increased
production, and higher prices, in addition to four products (garlic,
sugar cane, pork, and castor beans) that had an increase in gross
revenue only due to the increase in prices. In the present research, the
total revenues from agriculture and livestock were not different, each
contributing 50% of the total revenue. The highest total revenue was
observed in the corn crop in the year 2017/2018, which had a price
paid of R$ 39.92 per 60 kg bag and average grain production of 14,094
kg/ha. It is worth noting that the average yield of corn production for
Abelardo Luz—SC in this period was 11,400 kg/ha (IBGE—Instituto
Brasileiro de Geografia e Estatistica, 2018), that is, 19.1% more than
the average for the municipality produced in the experiment.

The high costs in forage sorghum (1st crop) are due to the inputs,
allied to a low level of animal production mainly motivated by the
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TABLE 2 Return, risk, and sensitivity indicators used at work.

10.3389/fsufs.2022.940946

‘ Dimension Indicator Formula ‘
Return NPV (R$) =—|FCO0| + VP
NPVA (R$) = NPV x { [MARR x (1+ MARR) N] /[(1+ MARR)N1]}
CBI = NP of TR flow/NP of TC flow
ARI (%) =N /BCIl
Index ARI/MARR (%) = ARI/MARR
Risk MIRR (%) = (14 ARD)x (1 + MARR) — 1
Sensitivity A%TC =BCIl1
A%TR =1(1/BCI)

UTFPR/PB-PR (2022).

Prepared by the authors (2022). NP, present value; NPV, net present value; NPVA, net present value annualized; CBI, cost-benefit index; ARI, additional return on investment; MIRR, modified
internal rate of return; MARR, minimum attractive rate of return; A%TC, percentage change in total cost; A%TR, percentage change in total revenue; CFo, initial cash flow; N, horizon in days.

TABLE 3 Total cost (TC), total revenue (TR), cash flow (CF), and ICLS return, risk, and sensitivity indicators for 5.5 years.

Culture/activity Date TC (RS) TR (RS) CF (RS) dTC (RS) dTR (RS) dCF (RS)
(days)
Forage sorghum/L 179 6.901,87 6.375,15 —526,72 6.582,42 6.080,08 —502,34
Black oat/L 313 3.522,09 4.011,14 489,05 3.241,99 3.692,15 450,16
Corn/A 419 1.500,75 2.387,68 886,94 1.343,17 2.136,98 793,81
Black oat + R/L 638 3.724,54 4.986,41 1.261,87 3.145,69 4.211,44 1.065,75
Soybean/A 768 1.174,46 4.010,07 2.835,61 958,37 3.272,26 2.313,89
Ryegrass (R)/L 931 5.373,76 5.290,19 —83,58 4.199,84 4.134,52 —65,32
Corn/A 1.062 1.905,62 5.533,19 3.627,56 1.438,56 4.177,02 2.738,46
Carioca bean/A 1.156 2.304,91 6.262,78 3.957,87 1.697,22 4.611,59 2.914,37
Ryegrass/L 1.349 7.092,37 7.654,20 561,84 4.962,31 5.355,41 393,10
Black bean/A 1.468 1.502,93 6.034,07 4.531,14 1.018,94 4.090,91 3.071,97
Black oat/L 1.589 4.848,27 5.412,90 564,63 3.183,35 3.554,08 370,73
Corn/A 1.820 1.681,23 9.377,14 7.695,92 1.038,40 5.791,72 4.753,32
NPV (R$/ha) NPVA CBI ARI (% p.y.) ARI/MARR MIRR (% p. y.) A%TC A%TR
(R$/haly.) (%)
18.297,90 4.826,94 1,56 9,16 91,62 20,08 55,77 35,80

UTFPR/PB-PR (2022).
Prepared by the authors (2022). dTC, decapitalized TC; dTR, decapitalized TR; dCF, decapitalized CF; NPV, net present value; NPVA, net present value annualized; CBI, cost-benefit index; ARI,
additional return on investment; MARR, minimum attractive rate of return; MIRR, modified internal rate of return; A%TC, percentage change in total cost; A%TR, percentage change in total

revenue; L, livestock; A, agriculture.

short grazing period (65 days). As for the inputs, this was the first year
of the work, requiring correction fertilization of 530 kg/ha of NPK 8-
20-20, as well as the cost to sow 117 kg of seeds/ha (10.80 R$/kg). The
high costs for ryegrass in the 6th and 9th harvests are due to the high
cost of acquiring 200 kg calves, that is, R$ 1,319.24 and R$ 1,444.58,
respectively. In the 6th harvest, the cash flow was negative because, in
addition to the high cost of acquiring calves, the weight gain per area
(278 kg of body weight/ha) was not enough for the income to exceed
the costs, while in the 9th harvest, the weight gain per area was 550 kg
BW/ha and paid costs.

When calculating the NPV, all values are brought to date zero.
In the NPVA, the cash flow is transformed into a uniform series,
so it can be used in projects that have different horizons, thus
indicating the value of the net benefit per period offered by the
investment (Souza and Clemente, 2008; Souza et al., 2020). In the
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present study, the NPVA was prioritized because the harvests have
different durations; this indicator refers to the annual net gain in
addition to the MARR of 10% per year (used at work). The return
indicated by the CBI is equivalent to a gain of 9.16% per year
(ARI), in addition to the daily MARR (10% per year—pre-fixed
value at data entry). Additional return on investment represents
the profitability above the gains that would be achieved if the
capital had remained invested in low-risk securities, allowing the
measurement of the return on the MARR (Souza and Clemente,
2020). Magnabosco et al. (2009), who used long-term data collected
in the Cerrado in the Santa Fé System, in modeling research to create
an economic feasibility analysis model in SIPA, observed a net gain
(NPV) of R$ 31,554.53 to R$ 51,764.04 and CBI from 1.23 to 1.47
per currency unit invested. These authors considered the use of ICLS
economically viable. The net gains observed in the present study are
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TABLE 4 Total cost (TC), total revenue (RT), and cash flow (FC) for treatments that received nitrogen fertilization in the field in the ICLS for 5.5 years.

Culture/activity  Date (days) TC (RS) TR (RS) CF (RS) dTC (RS) dTR (RS) dCF (RS)
Treatment LH NG

Forage sorghum/L 179 6.454,61 6.229,80 —224,81 6.155,86 5.941,46 —214,41
Black oat/L 313 3.875,06 5.229,60 1.354,54 3.566,89 4.813,71 1.246,82
Corn/A 419 1.791,11 2.481,15 690,05 1.603,04 2.220,64 617,59
Black oat + R/L 638 3.590,59 4.964,12 1.373,54 3.032,55 4.192,62 1.160,07
Soybean/A 768 1.174,46 3.969,33 2.794,88 958,37 3.239,02 2.280,65
Ryegrass (R)/L 931 4.718,80 4.837,56 118,76 3.687,96 3.780,77 92,81
Corn/A 1.062 2.248,97 5.550,65 3.301,68 1.697,76 4.190,21 2.492,45
Carioca bean/A 1.156 2.489,96 7.119,36 4.629,40 1.833,48 5.242,33 3.408,85
Ryegrass/L 1.349 5.750,33 6.353,74 603,41 4.023,33 4.445,51 422,19
Black bean/A 1.468 1.656,00 5.549,24 3.893,24 1.122,71 3.762,21 2.639,50
Black oat/L 1.589 4.863,97 5.995,74 1.131,77 3.193,66 3.936,77 743,12
Corn/A 1.820 1.967,43 9.652,87 7.685,44 1.215,17 5.962,02 4.746,85
Treatment HH NG

Forage sorghum/L 179 6.423,73 6.379,47 —44,26 6.126,41 6.084,20 —42,22
Black oat/L 313 2.465,90 3.103,41 637,52 2.269,79 2.856,61 586,82
Corn/A 419 1.791,11 2.081,23 290,12 1.603,04 1.862,70 259,66
Black oat + R/L 638 2.681,10 3.628,90 947,81 2.264,41 3.064,91 800,50
Soybean/A 768 1.174,46 3.973,38 2.798,92 958,37 3.242,32 2.283,95
Ryegrass (R)/L 931 3.099,07 3.096,67 —2,40 2.422,06 2.420,19 —1,87
Corn/A 1.062 2.248,97 6.087,12 3.838,14 1.697,76 4.595,19 2.897,43
Carioca bean/A 1.156 2.489,96 6.655,31 4.165,36 1.833,48 4.900,63 3.067,15
Ryegrass/L 1.349 5.241,06 5.458,98 217,92 3.667,00 3.819,47 152,47
Black bean/A 1.468 1.656,00 5.432,80 3.776,80 1.122,71 3.683,27 2.560,55
Black oat/L 1.589 3.138,07 3.646,49 508,42 2.060,44 2.394,26 333,82
Corn/A 1.820 1.967,43 9.302,09 7.334,66 1.215,17 5.745,36 4.530,20

UTFPR/PB-PR (2022).

Prepared by the authors (2022). dTC, decapitalized TC; dTR, decapitalized TR; dCF, decapitalized CF; L, livestock; A, agriculture; LH, low height; HH, high height; NP, when the topdressing nitrogen

was applied to pasture; NG, when nitrogen application occurred only in grain crops (agriculture).

smaller than those observed by Magnabosco et al. (2009); however,
it is worth mentioning that, in this study, higher values of CBI
were obtained.

The ARI/MARR index (Souza and Clemente, 2008) better
indicates the financial return, which, in this work, was expressed
as 91.62%, framing the ICLS studied as having a high degree of
return (>66.66%), according to an adapted financial scale of Souza
and Clemente (2008). This scale has been used in several studies
on economic viability, including in agribusiness (Guares et al., 2021;
Piovesan et al., 2021; Tomazini et al., 2021).

An investment to be considered viable from the internal rate of
return or the MIRR perspective must be greater than the daily MARR;
however, in this research, it represents two times the MARR. The
MIRR is an improvement of the internal rate of return (IRR), as it
eliminates the real problems of properties, return and return, as well
as divergent financing and financing rates (Kassai et al., 1999) and
indicates the internal rate of return and return over time (Brigham
et al,, 2001). Vinholis et al. (2021) compared the economic viability
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of the ICLS in relation to livestock only and observed an NPV of
R$ 2,782.69 per ha for the ICLS estimated for a MARR of 4.96%
per year and annual IRR of 14%. The authors concluded that the
ICLS has a higher NPV and IRR than just the use of livestock not
integrated to cash crops, therefore greater economic attractiveness.
This research does not aim to compare livestock vs. grain crops
separately. This approach would not consider all protocooperative
relationships between phases, and it is not named an integrated
livestock system.

Based on historical research results in the state of Parana,
Lazzarotto et al. (2015) used value at risk (VaR) to analyze the
volatility of ICLS economic returns in relation to systems specialized
in grain production or beef cattle. The volatility analysis showed that
the economic performance of the systems can vary between intervals
of an agricultural year. However, in the short term, the ICLS generates
better results, and the system with only grain production is the most
volatile. Even in the unfavorable market and technical situations, the
ICLS, based on the measures of expected return and VaR, presents
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TABLE 5 Total cost (TC), total revenue (RT), and cash flow (FC) for treatments that received nitrogen fertilization in the pasture in the ICLS for 5.5 years.

Culture/Activity Date TC (RS) TR (RS) CF (RS) dTC (RS) dTR (RS) dCF (RS)
(days)
Treatment LH NP
Forage sorghum/L 179 7.495,42 6.667,53 —827,89 7.148,49 6.358,92 —789,57
Black oat/L 313 4.169,18 4.255,61 86,43 3.837,62 3.917,18 79,56
Corn/A 419 1.210,39 2.484,46 1.274,07 1.083,30 2.223,59 1.140,30
Black oat + R/L 638 4.423,92 5.504,12 1.080,20 3.736,37 4.648,70 912,32
Soybean/A 768 1.174,46 4.008,11 2.833,65 958,37 3.270,66 2.312,29
Ryegrass (R)/L 931 8.888,24 8.837,48 —50,76 6.946,56 6.906,89 —39,67
Corn/A 1.062 1.562,27 5.030,41 3.468,14 1.179,36 3.797,48 2.618,11
Carioca bean/A 1.156 2.119,86 5.610,57 3.490,71 1.560,96 4.131,34 2.570,38
Ryegrass/L 1.349 9.815,71 11.098,74 1.283,02 6.867,75 7.765,44 897,69
Black bean/A 1.468 1.349,87 6.599,52 5.249,65 915,17 4.474,27 3.559,10
Black oat/L 1.589 6.351,65 6.997,90 646,25 4.170,46 4.594,78 424,32
Corn/A 1.820 1.395,02 9.285,60 7.890,57 861,63 5.735,18 4.873,55
Treatment HH NP
Forage sorghum/L 179 7.233,71 6.223,80 —1.009,91 6.898,90 5.935,73 —963,17
Black oat/L 313 3.578,22 3.455,92 —122,30 3.293,66 3.181,09 —112,57
Corn/A 419 1.210,39 2.503,89 1.293,50 1.083,30 2.240,98 1.157,69
Black oat + R/L 638 4.202,55 5.848,48 1.645,93 3.549,41 4.939,53 1.390,12
Soybean/A 768 1.174,46 4.089,45 2.914,99 958,37 3.337,03 2.378,66
Ryegrass (R)/L 931 4.788,95 4.389,04 —399,91 3.742,78 3.430,23 —312,55
Corn/A 1.062 1.562,27 5.464,56 3.902,29 1.179,36 4.125,22 2.945,85
Carioca bean/A 1.156 2.119,86 5.665,86 3.546,00 1.560,96 4.172,05 2.611,09
Ryegrass/L 1.349 7.562,37 7.705,36 142,99 5.291,15 5.391,20 100,04
Black bean/A 1.468 1.349,87 6.554,71 5.204,85 915,17 4.443,89 3.528,73
Black oat/L 1.589 5.039,40 5.011,46 —27,93 3.308,84 3.290,50 —18,34
Corn/A 1.820 1.395,02 9.268,02 7.873,00 861,63 5.724,32 4.862,70

UTFPR/PB-PR (2022).
Prepared by the authors (2022). dTC, decapitalized TC; dTR, decapitalized TR; dCF, decapitalized CF. L, livestock; A, agriculture; HH, high height; LH, low height; NP, when the topdressing nitrogen
was applied to pasture; NG, when nitrogen application occurred only in grain crops (agriculture).

TABLE 6 Economic viability indicators for ICLS treatments for 5.5 years.

Treatment NPV NPVA ARI ARI/MARR MIRR (% A%TC A%TR
(R$/ha) (R$/ha/year) (%)

LHNG 19.636,49 5.180,06 161 9,90 99,04 20,89 61,19 37,96

HHNG 17.42847 4597,59 1,64 10,28 102,77 21,30 63,98 39,02

LH NP 18.558,38 4.895,65 147 7,96 79,57 18,75 4726 32,09

HH NP 17.568,26 4.634,46 1,54 8,89 88,91 19.78 53,82 34,99

UTFPR/PB-PR (2022).

Prepared by the authors (2022). NPV, net present value; NPVA, net present value annualized; CBI, cost-benefit index; ARI, additional return on investment; MARR, minimum attractive rate of return;
MIRR, modified internal rate of return; A%TC, percentage change in total cost; A%TR, percentage change in total revenue; LH, low height; HH, high height; NP, when the topdressing nitrogen was
applied to pasture; NG, when nitrogen application occurred only in grain crops (agriculture).

a more favorable relationship between return and risk. Finally, these  the percentage variation of the cost and total revenue indicate that we

authors also conclude that, in economic terms, the combination of  can recommend the implementation of the ICLS without the need to
agricultural and livestock activities can be advantageous, bringing a  use the stochastic approach supported by the Monte Carlo Simulation

reduction in the expected risk/return ratio. In this study, the resultsof ~ (MCS). This is because most of the sensitivity indices are 33.33% or
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higher, characterizing it as low risk (Souza and Clemente, 2008; Souza
et al., 2020).

In relation to the treatments, it was observed that the total costs
were higher in those that applied nitrogen to the pasture; this is not
due to the cost of fertilizer (urea) but due to the aggregation of all
costs with the animals, mainly cost to buy steers at the beginning
of each pasture phase. The cost of N application in the pasture
represents 11 and 13% of the total cost in treatments HH and LH,
respectively. While the application of N in grain crops represents 23%
of the total cost in treatments of HH and LH. The lowest labor cost
occurred in soybean (5th crop), which is the same in all treatments
(R$ 1,174.46), as there was no application of nitrogen in any of the
treatments. Phosphorus, potassium, and sulfur are the nutrients that
soy absorbs most from the soil, so it needs replacement through soil
analysis. As for nitrogen, it can be acquired through inoculation.
According to Menza et al. (2017), producers rarely apply nitrogen
to soybeans, although a small application as a “starter” fertilizer is
sometimes applied at the time of sowing.

Martha Janior et al. (2011) argued that the positive economic
performance of the ICLS can be explained by the effect of the
economy of scope, that is, the complementarity between grain and
forage production generating lower costs. Observing the costs for
the treatments, this complementarity is verified, as it can be seen
that the costs were lower in the HH treatments when N was
applied to the pasture compared with N applied to grain crop
treatments. The management with high canopy height presented
lower carrying capacity and higher straw mass in the no-till system,
which benefits soil conservation and should reduce the phytosanitary
cost. The height of pasture management is an important point in
ICLS because the same proportionality of height that exists above
the ground also has roots below the ground, which contributes
to improving the structure of the soil (porosity, water infiltration,
and increment of organic matter). Cassol (2003) observed that the
increase in water infiltration is directly proportional to the increase
in pasture height, evidencing the degradation of soil quality when
high grazing pressure is used. According to Garcia et al. (2012), forage
intercropping systems with corn do not reduce the grain yield of
corn grown without intercropping. These authors also concluded that
simultaneous crops have higher gross revenue, higher total operating
cost, lower operating profit, and higher profitability index. In another
study carried out in Coxilha, RS, evaluating six-grain production
systems integrated with annual winter and summer pastures, Santos
et al. (2003) concluded that the fattening of animals increases the
profitability of the crop.

The feasibility indicators indicate that the LHNG treatment
represents the management with the best economic return, followed
by LHNP, but the other treatments are also economically viable.
In this way, the canopy height target of pasture management and
nitrogen fertilization time, agriculture or pasture, must be a technical
choice. Consideration should be given to which management brings
more benefits to the system since everyone has economic viability.
To justify the importance of combining economic viability and
technical viability, we use the work of Cassol (2003) who observed
that the gross margin for agriculture (soybean cultivation) was linear
increasing and the gross margin for livestock was linear decreasing,
according to the increase in pasture management height (10, 20, 30,
and 40 cm). The gross margin for livestock was negative from 33 cm
in height. In this way, he concluded that economically there are
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no differences between the canopy heights of pasture management
and that the choice must be technical, thus indicating that the
management must be between 20 and 30 cm in height. According
to the author, these heights guarantee safety to the producer and
sustainability to the system, enabling positive results in livestock and
soybean production. Another point that should be highlighted is
the way of calculating gross margin in grazing experiments. Making
the product between the animal production per ha and the price of
the product (R$/@ of animal product) does not necessarily reflect
practical issues, since the animal product marketing is the initial
stock that was acquired and added to the gain of kg of live weight
obtained while using the pasture. Regardless of whether the animals
are destined for slaughter or post-weaning growing, they are destined
to be finishers. If we consider that the exchange ratio is currently 2
(FARNEWS—Mercado, 2021), it would mean that the disbursement
to acquire the animal load to be placed on the pasture will be double
the same kg of live weight at the time of sale. In other words, if the
exchange ratio were above 1, the higher the worse, the economic
profitability calculations that only consider the commercialization of
production would be overestimating the NPV.

According to Wesp et al. (2016), the management of pastures
in SIPA with regard to grazing intensity should envisage the
construction of a vegetation structure that can optimize, not
maximize, the forage harvest by the animals. Kunrath et al. (2015)
demonstrated that different grazing intensities influence soybean
establishment but do not affect any of the other yield components.

The best result for the LHNG treatment, in terms of economic
viability indicators, might be the result of the higher grain production
in these paddocks (average of 5,842 kg/ha). Throughout the
succession of crops, the bigger amount of biomass cycling by urine
and feces must have benefited grain production, and small differences
in soil physics, which are not always statistically perceptible, may
have promoted grain yield to some degree. According to Maccari
et al. (2021) in subtropical areas of Brazil, unlike temperate areas,
two or more successive crops can be grown in the same year and
nutrients applied in one season can be transported to the next season
continuously. These authors verified that the transport of nitrogen
(N) from a pasture fertilized with N can be considered a viable
strategy to reduce N application in maize without harming crop
productivity and soil fertility. In the opposite direction, the transport
of N fertilization from a grain crop to a later pasture was not observed
in the edaphoclimatic conditions of subtropical Brazil (Bernardon
et al., 2020).

5. Conclusion

The results found in the deterministic approach, using the EMIM,
indicate the economic viability of the ICLS. In addition, the sensitivity
levels achieved in the work do not require the use of the stochastic
approach with MCS to recommend the implementation of the ICLS.

In this study, regardless of the time of nitrogen application,
pasture management with low height provided the highest net and
annual gains. It should be noted that all treatments were economically
viable and had very similar values in the different indicators.
Therefore, the choice of management must also consider the technical
feasibility, that is, choose the management that brings greater benefits
to the system.
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As this study was carried out over a relatively long term,
it contemplates possible variability in grain productivity, animal
production, prices of inputs, and marketing of products, in
addition to considering the operational cost of labor, inputs,
and operations and depreciation of machinery, equipment, and
infrastructure. Therefore, economic indicators provide relevant and
reliable information regarding the economic feasibility of using
the ICLS. However, future studies are suggested to compare the
economic viability of ICLS with the exclusive practice of livestock
and agriculture.
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