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Economic of the irrigated production of forage millet'
Viabilidade economica da produc¢ao de milheto forrageiro irrigado
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Abstract

Irrigation is an agricultural technique that increases crop yield and reduces periods of forage shortage.
However, this technique increases production costs, and the process is economically viable only when
costs are lower than the financial return. Determining the technical and financial viability of irrigation
is essential to assess the feasibility of forage production systems. Therefore, the objective of this study
was to determine the technical and financial viability of irrigated producing of forage millet in different
growing seasons in two microregions of the state of Rio Grande do Sul, Brazil. The water requirements
of the growing seasons of 2012 to 2017 in the microregions of Santiago and Santa Maria varied and
affected the cost of irrigation. The irrigated production of forage millet increased the total average cost
by 13.42% and increased the financial return by 43.03% and 22.49% in Santiago and Santa Maria,
respectively.

Keywords: Estimated animal gain. Production cost. Conventional sprinkler irrigation. Pennisetum
americanum L.

Resumo

A irrigacdo ¢ uma técnica que visa garantir altos rendimentos e reduzir periodos de escassez forrageira.
Com a inclusdo desta técnica, hd um incremento no custo de producdo, devendo este ser inferior aos
rendimentos decorrentes de sua utilizagdo para garantir a opcao pelo uso. A determinagao da viabilidade
técnica e financeira da utilizagdo da irrigacdo ¢ imprescindivel para avaliar os sistemas produtivos
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forrageiros. Dessa forma, o objetivo deste trabalho foi determinar a viabilidade técnica e financeira
do uso da irrigacdo, na producdo de forragem de milheto, para diferentes safras agricolas e em duas
microregides do Estado do Rio Grande do Sul. Verificou-se que as demandas hidricas das diferentes
cinco safras agricolas 2012-2017, para as microrregioes de Santiago e Santa Maria sdo variaveis e
influenciam nos custos da irrigagdo. A inclusdo da irrigagdo na produgdo de forragem de milheto
aumentou o custo total, em média, em 13,42%, porém proporcionou aumento do retorno econémico de

43,03% e 22,49% para as respectivas microrregioes.

Palavras-chave: Estimativa de ganho animal. Custo de producdo. Aspersdo convencional fixa.

Pennisetum americanum L.

Introduction

Irrigation is an agricultural technique that allows
supplying quality feed to herds throughout the year.
Moreover, this technique may reduce the effects
of water scarcity by guaranteeing high forage
yields (OLIVEIRA et al., 2015; KIRCHNER et al.,
2017; KOETZ et al., 2017). Although irrigation
may improve livestock production systems, the
economic analysis of irrigation is essential to assess
its sustainability, and high yields are necessary to
ensure the viability of the investment (SOARES et
al., 2015). In this respect, the analysis of production
costs helps farmers plan investments, optimize the
invested capital, and maximize profits (RICHETTI,
2014).

The increase in productivity does not necessarily
lead to an increase in profits for farmers because
the financial return relative to the investment is
not always satisfactory (FERNANDES, 2012).
Therefore, feasibility studies are vital for adequate
the

decision-making by farmers, reducing

uncertainties on the expected financial return.

The technical and economic sustainability can be
determined by quantifying the level of production
relative to the number of inputs necessary to reach
the desired level of production (GOMES et al.,
2013). The conversion of forage dry matter into
animal weight depends, among other factors, on
the supply of animal feed. Heringer and Carvalho
(2002) indicated that the recommended forage
supply was 4%, with an estimated consumption of
2.5 kg dry matter (DM) per 100 kg live weight (LW)
(NATIONAL RESEARCH COUNCIL, 1984), and

feed rejection or loss of 37% of the consumed feed.

Krinchev et al. (2018) have demonstrated
that cattle raising is essential for the Brazilian
agribusiness, where pastures are considered the
primary sources of feed for the herds (MANETTI
FILHO et al., 2018). Pinheiro (2002) has shown
that pasture irrigation in Brazil, depending on
local climatic conditions, has a variable financial
return, from a profit of R$ 770.00 to a loss of R$
140.00 ha'! year'. Animal weight gain can affect the
profitability of productive systems. Glienke (2012)
found that the average daily gain was variable in
millet pastures under grazing, with gains of <0.500,
0.501-1.000, 1,001-1.500, and >1.500 kg day"' for
10.76%, 57.89%, 23.42%, and 8.23% of pastures,
respectively. The author pointed out that the intake
of millet DM by animals ranged from 5 kg day ! to
approximately 7.4 kg day!, with an average stocking
rate of 5.06 AU ha'! and weight gain per area of 8.15
kg ha! day'. Moojen et al. (1999) found that the
average daily gain was 0.55-0.76 kg day™! in millet
pastures subjected to nitrogen doses with a forage
supply of 10%. Pacheco et al. (2014) evaluated the
production of millet and sudangrass and found that
the stocking rates were 1741.10 and 1881.70 kg ha-
!, respectively, with an average daily gain of 1.04
and 0.96 kg animal! day! and LW gain (LWG) per
area of 4.18 and 4.55 kg ha!, respectively.

Considering the need forthe economic assessment
of irrigated systems for forage production, the
objective of this study was to determine the
production costs and assess the technical and
financial feasibility of irrigated production of forage
millet.
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Materials and Methods

The cost-benefit ratios of non-irrigated and
irrigated millet production were compared between
five growing seasons (2012-2013, 2013-2014,
2014-2015, 2015-2016, and 2016-2017) in the
microregions of Santiago and Santa Maria, Rio
Grande do Sul, Brazil. The conversion of millet
forage production in kilograms of LW and cost
estimates were made on the basis of the irrigation
requirement of each crop.

Determination of irrigation requirement

The irrigation requirement (IR) and the number
of irrigations (NI) required during the crop cycle
were determined by measuring the daily net
balance of water inflow and outflow considering
the effective precipitation (EP) as input and the
reference evapotranspiration (ETo) as output. The
difference between ETo and EP in 7-day periods
was considered the IR of the crop. For measuring
EP, the flow coefficient of 0.30 proposed by Millar
(1974) was used, and the EP corresponded to 70%
of the total precipitation recorded in the period.

The
meteorological stations from the National Climate

historical ~ series recorded in the
Monitoring Network were obtained from INMET for
Santiago and Santa Maria in the period from 2012
to 2017. The harvest period started on November
15 and lasted 140 days. The ETo was obtained daily
using the Penman-Monteith equation, as described

by Allen et al. (1998).

Estimation of forage yield

Forage yield (FY) (kg of DM ha') was
determined using the production function (water-
culture), which was obtained in field experiments in
the growing season of 2014-2015 and 2015-2016 in
Santiago and Santa Maria, respectively. Millet yield
per hectare (kg DM ha') was determined for the IL
of 0, 25, 50, 75, 100, and 125% of ETo.

Millet forage production was determined
experimentally in the two study regions for 140
days at cutting heights of 15 cm from the soil at 50,
80, 110, and 140 days after sowing. The irrigation
system used was conventional sprinkling with a
fixed irrigation period of 7 days and IL of 0, 25, 50,
75, 100, and 125% of ETo. The adopted equation
was Y = 11040.0409 + 52.4104 X - 0.1342 X2
for Santiago and Y = 11355.9413 + 47.6096 X -
0.1617 X2 for Santa Maria, and the coefficient of
determination (R?) was 0.96 and 0.93, respectively,
where Y was the FY (kg of DM ha™') at four cutting
heights, and X was the irrigation regime (%ETo).

Estimation of LWG

The expected production of millet forage
allowed calculating the potential stocking rate (SR),
in which:

FY
SR = s (1)

where SR is stocking rate (kg LW ha™'), FY is the
forage yield (kg LW ha''), P is the period (days), and
FS is forage supply (kg of DM day' kg of LW).

The FY was obtained in field experiments. The P
used in field experiments was 90 days. The FS was
4 kg DM per 100 kg LW, as detailed by Heringer
and Carvalho (2002).

The SR values allowed estimating the number of
animals per unit area, and the SR multiplied by the
average daily weight gain (ADWG) and the grazing
period yielded the LWG per animal according to the
equation:

LWG =32 ADWG. P (2)
Lw

where LWG is the live weight gain (kg LW ha'),
LW is the live weight (kg of LW'), and ADWG is
the average daily weight gain (kg of LW ha'! day™!).

The LW used for the simulations was 300 kg.
The ADWG was 1 kg, as proposed by Glienke
(2012) and Pacheco et al. (2014).
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Gross revenue

The gross revenues of the estimated production
of LW in each irrigation regime in the two regions
were obtained using the LWG multiplied by the
average price of the animal kilogram.

GR = LWG.SP (3)

where GR is the gross revenue (R$ ha') and SP, is
the selling price of the product (R$ kg' of LW)

An average SP of R$ 5.00 kg! was considered in
this study according to the values determined in the
region in 2017 (SANTA RITA REMATES, 2017).

Production costs and financial return

The costs were evaluated considering the fixed
and variable costs of the forage production system
(related or not to irrigation) according to functions
of net benefit to the farmer proposed by Martin et
al. (1989), Broner and Lambert (1989), Mannocchi
and Mecarelli (1994), Frizzone and Andrade Junior
(2005), and Santos Junior et al. (2015).

The fixed costs unrelated to irrigation (FCUI)
involved all necessary operations and inputs
(machine hours, tractor hours, man hours, tillage,
seeds, sowing, herbicides, pesticides, and soil)
according to the methodology established by
CONAB (2010). The costs related to irrigation
(CRI) were divided into fixed costs (FCRI) and
variable costs (VCRI), and these variables were
measured using a conventional sprinkler irrigation
system designed according to the methodology
proposed by Biscaro (2009).

The system was designed using the following
parameters: suction height of 5m; discharge height
of 15 m; slope of the central line and lateral lines of
2 m; sprinkler elevation of 2 m, length of discharge
pipe of 100 m, length of suction pipe of 10 m. The
total irrigated area was the distance between the
sprinklers at the end of the study site plus twice
60% of the reach of the sprinklers, resulting in

an area of 1.28 ha, and the obtained values were
corrected for one unit of area (1 ha). The prices
were obtained from existing equipment, including
irrigation pipes with the usual diameter and the
lowest possible nominal pressure for each sector
(lateral, central, discharge, and suction lines). Only
one pipe diameter was selected for each sector. The
lateral lines in operation were controlled using PVC
valves.

The FCRI were calculated using the following
equation (CONAB, 2010):

FCRI = CD + CI +IC (4)

where FCRI is the fixed CRI (R$ ha''), the CD is
the cost of depreciation of the irrigation system (R$
ha'), CI is the cost with interest on the invested
capital (R$ ha'), and IC is the insurance cost of the
components of the irrigation system (R$ ha™).

The CD was calculated using the following
equation (CONAB, 2010):

CD = [(VNC — RV)/SLh].THWHh (5)

where VNC is the purchase value of the new
component (R$ ha'), RV is the residual value of
the component (R$ ha'), SLh is the service life of
component (h), and THWh is the total hours worked
by component h.

Th RV was calculated as 20% of the VNC. The
service life was 20 years (CONAB, 2010).

The CI were calculated considering a rate of
remuneration of 6.0% per year on the average value
of the equipment according to the equation:

¢l = {[((VNC.QM)/2)/WC].THWH}.] (6)

where QM is the quantity of the material, WC is the
working capacity of material (h), and J is the rate
of return.

The IC values were 0.35% of the VNC (CONAB,
2010), as follows:

IC = (VNC/2).0.35.(THWh/SLh) (7)
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The VCRI were obtained by the cost of sprinkler
irrigation, manpower, and system maintenance,
according to the equation:

VCRI = VCE + VCL + VCEM (8)

where VCRI is the variable CRI (RS$), VCE is
the variable cost of electric energy (R$), VCL is
the variable cost of labor used in irrigation (RS$),
and VCEM is the variable cost of equipment
maintenance (R$).

The VCE was calculated considering the pump
power and the period of application of sprinkler
irrigation, according to the equation:

VCE = E.CE.IL (9)

where E is the energy required to apply one
millimeter of water (kW h mm™"), CE is the cost of
electric energy (R$ kW' h'), and IL is the irrigation
level (mm).

The power needed to apply one millimeter of
water by irrigation was determined using the data
for one hectare.

The CE was 0.32 R$ kW h! considering the price
in the green tariff set by the National Electricity
Agency (Agencia Nacional de Energia Elétrica-
ANEEL) (RIO GRANDE ENERGIA, 2017).

The ILs were measured using the net balance
of water inflow and outflow based on the historical
series.

The VCL was calculated using the proposed
time of 0.5 hours per hectare in each system
sector by irrigation (MAROUELLI; SILVA, 2011)
considering an hourly pay of one minimum wage
(CONAB, 2010) according to the equation:

VCL = NI.NS.0.5.MW /220 (10)

where NI is the number of irrigations, NS is the
number of sectors of the irrigation system, and MW
is the minimum wage (RS$).

The NI was determined using the net balance of
water inflow and outflow considering the historical
series.

The NS of the irrigation system was six. The
MW was R$ 1,175.15 (BRASIL, 2017).

The VCEM was calculated over 1% of the
value of the irrigation system plus 10% of the VCE
(CONAB, 2010) according to the equation:

VCEM = VN.0.01 VCE/10) (11)

The net return in different production systems
[without irrigation and at different IL (25, 50,
75, 100, and 125% of ETo)] was obtained by the
equation:

NR = GR — FCUI — FCRI — VCRI(12)

where NR is the net return to the farmer (R$ ha'),
GR is the gross revenue (R$ ha'!), FCUI is the fixed
costs unrelated to irrigation (R$ ha'), FCRI is the
fixed CRI, and VCRI is the variable CRI (R$ ha™').

The NR was determined at different IL.

Results and Discussion

The analysis of the historical series allowed
determining the EPs, NI, and water regimes (%
ETo). The NI necessary in the growing seasons
ranged from 6 to 10 in Santiago region from 6 to
12 in Santa Maria (Table 1). The NI affected the
variable costs of labor (Table 2).
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Table 1. Effective precipitation (mm), number of irrigations, and water requirement (mm) at different irrigation levels
(%ETo) for producing forage millet in the growing seasons of 2012-2013, 2013-2014, 2014-2015, 2015-2016, and
2016-2017 in the microregions of Santiago and Santa Maria, Rio Grande do Sul, Brazil.

s _ Treatment Growing season
(% ETo) 2012/2013 2012/2013 2014/2015 2015/2016 2016/2017  Mean SD
Santiago

EP 600 535 578 608 760 616 85
Ni? 8 10 9 7 6 8 2
25 24 44 17 22 24 26 11

50 47 89 34 45 48 53 21

IL 75 73 133 51 67 72 79 31
100 97 177 67 90 96 106 42

125 122 223 84 112 121 132 52

Santa Maria

EP 570 514 599 612 740 607 83
Ni? 10 12 8 6 9 9 2
25 41 65 32 30 38 41 14

50 82 129 64 60 76 82 28

IL 75 124 194 97 90 114 124 41
100 165 258 129 121 151 165 55

125 206 323 161 151 189 206 69

628

EP, effective precipitation in the period (mm); NI, number of irrigations in the period; IL, irrigation level in the period (mm).

The water loss for an irrigation regime of 125%
of ETo (in which the maximum technical efficiency
was obtained) ranged from 84 to 221 mm and
from 150 to 323 mm in Santiago and Santa Maria,
respectively, and this parameter differentially
affected the VCE and VCEM. It should be noted
that the water loss was higher in Santa Maria, with
a S-year average of 206 mm.

Dantas et al. (2016) found that the yield of
Brachiaria brizantha grown in autumn and winter

was higher at irrigation levels of 267 and 269 mm,
respectively. The authors reported that irrigation
could provide higher and stable forage production.
Kirchner et al. (2017) studied forage sorghum in the
region of Santiago, Rio Grande do Sul, and found
that the evapotranspiration demand was 563 mm
and, even with an EP of 618 mm, an irrigation level
of 179 mm was required, confirming the irregular
distribution of precipitation, which resulted in
instability in production.
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The estimated production of forage millet
in the two study regions and SR in the forage
production system with and without irrigation are
shown in Figure 1. The irrigation regime of 125%
ETo, which allowed increased forage production
in the two study regions, provided higher SRs
and, consequently, higher LWG. The comparison
between the productive systems without irrigation
and those with an irrigation regime of 125% of
ETo indicated that forage production ranged from
11,040 to 15,494 and from 11,356 to 14,781 kg of
DM ha'! in Santiago and Santa Maria, respectively.
The SR ranged from 3,067 to 4,304 kg LW ha' LW
in Santiago and from 3,154 to 4,106 kg LW ha™' in
Santa Maria.

The comparison of the treatments indicated
that the higher was the irrigation level, the higher
was the SR per unit area and, consequently, the
higher was the LW gain. Montagner et al. (2008)
evaluated the performance of beef heifers in millet
pastures and found relatively lower SRs (3,120 to
2,542 kg LW ha™). Pacheco et al. (2014) evaluated
the production of millet pastures continuously
grazed by cows destined for slaughter and found a
relatively lower SR, corresponding to 1,741 kg LW
ha!, and this lower value can be attributed to lower
FY, which might be due to the different experimental
conditions used in these studies.

Figure 1. Estimated production of forage millet (kg ha') and stocking rate (kg live weight ha' day™') in production
systems without irrigation or at different irrigation levels (25, 50, 75, 100, and 125% of ETo) in the microregion of

Santiago and Santa Maria, Rio Grande do Sul, Brazil.
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In both study sites, forage production and SR
were increased as water availability was increased,
and the most significant difference between these
regions was at an irrigation level of 125% of ETo,
which was 4.83% higher in the Santiago region
(Figure 1).

The costs of the production systems are shown
in Table 2. The components of the total fixed cost
(FCNRI and FCRI) were the same, whereas the

components of the VCRI varied according to the
NI and ILs. The VCRI were lowest in the growing
season of 2016-2017 in Santiago (R$ 265.62 per
hectare), which is justified by the lower NI during
the harvest period (six) (Table 1). The VCRI were
highest in the growing season of 2013-2014 in Santa
Maria (R$ 523.87 per hectare), which is attributed
to the higher NI during the harvest period (12) and
higher ILs (323.01 mm).
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The inclusion of the irrigation system increased
the total cost of the productive system by an average
of 13.42%, and the variation was lowest (10.20%)
in the growing season of 2016-2017 in the region
of Santiago and highest (20.76%) in the growing
season of 2013-2014 in Santa Maria. The CD was
lower than that found by Marouelli and Silva (2011),
corresponding to R$ 601.67 ha' for conventional
fixed irrigation systems.

The costs unrelated to irrigation were similar to
those obtained by Martins et al. (2016), wherein the
annual average costs for maize using drip irrigation
was R$ 2,325.00 ha! (total costs unrelated to
irrigation). The FCRI and VCRI found by these
authors were R$ 1,848.75 ha'! and R$ 118.65 ha!
respectively, and these values were higher and lower
than those found in the present study, respectively.
This difference can be attributed to the type of
irrigation system, which usually has a higher VNC
and a lower operating cost.

Previous studies have shown that the cost of
forage production systems is high. Dantas et al.
(2017) found that the annual cost of irrigated
production of Indian fig for forage was R$ 7,447.80
ha'!. In contrast, Pompeu et al. (2014) reported that
the cost of production of millet for silage was R$
6,409.90 ha''.

Table 3 shows that the production cost per ton of
millet, at an IL of 125% ETo, was relatively lower
in Santiago. This is because this region presented
a relatively higher average irrigated production
(Figure 1) and lower production costs (Table 2).
The comparison of the average cost in each study
region indicated that irrigation at 125% of ETo
decreased the cost per ton of forage DM from R$
181,16 to R$ 177.71 ton™! in Santiago but increased
the cost from R$ 176.12 to R$ 191.39 ton! in Santa
Maria. The lower cost per ton in the non-irrigated
system in Santa Maria can be attributed to the low
level of production in the field due to a large amount
of rainfall in the period and higher demand for
irrigation, which increased the VCRI.

Table 3. Production cost per ton of millet forage (RS ton) in different production systems in the growing seasons of
2012-2013,2013-2014, 2014-2015, 2015-2016, and 2016-2017 without irrigation or at different irrigation levels (25,
50, 75, 100, and 125% ETo) in the microregion of Santiago and Santa Maria, Rio Grande do Sul, Brazil.

Irrigation level

Growing season

(%ETo) 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017 Mean SD
Santiago

Without irrigation 181.16 181.16 181.16 181.16 181.16 181.16 0.00
25 217.43 221.35 218.25 216.00 214.80 217.57 2.50

50 201.62 206.44 201.92 200.19 199.19 201.87 2.78

75 190.36 196.00 190.22 188.90 188.07 190.71 3.11

100 182.45 188.89 181.91 180.96 180.26 182.90 3.46

125 177.17 184.42 176.26 175.64 175.05 177.71 3.83

Santa Maria

Without irrigation 176.12 176.12 176.12 176.12 176.12 176.12 0.00
25 217.97 222.05 214.82 212.11 216.47 216.68 3.71

50 205.95 211.16 202.46 199.81 204.34 204.74 4.25

75 198.25 204.53 194.42 191.77 196.52 197.10 4.81

100 193.93 201.29 189.72 187.05 192.07 192.81 5.40

125 192.48 200.97 187.87 185.13 190.47 191.39 6.03
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The expected profit per hectare at an IL of 125%
of ETo was higher than that at the other ILs because
of the greater difference between costs and gross
revenue (Figure 2). However, it is of note that the
increase in forage supply from higher losses or
consumption but the maintenance of LW, ADWG,
and the cost of the kg of LW decreases or even nulls
the expected profit per hectare.

Animal weight also affected the FY because
in cases in which heavier animals were used, the

number of heads to be allocated per unit area was
decreased, resulting in lower gain per unit area. In
turn, the profit was higher if the ADWG or the SP of
LW was increased. Gottschall etal. (2013) found that
the ADWG at the finishing phase of bulls in millet
pastures was 1.43 kg of LW, which corresponded to
an average weight gain 43% higher than that found
in the present study, resulting in gross revenue of
the same proportion.

Figure 2. Average live weight gain (kg of live weight ha!), fixed cost [FCUI + FCRI) (R$ ha)], total costs [FCUI
+ FCRI + VCRI (R$ ha')], gross revenue (R$ ha') in different production systems and growing seasons in the
microregion of Santiago and Santa Maria, Rio Grande do Sul, Brazil.
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The average ADWG in Santiago for treatments
without irrigation and with an IL of 125% of ETo was
920 kg LW ha'! and 1,291 kg LW ha’!, respectively
(Figure 2). The average increase in ADWG per unit
area using irrigation at this IL was 40%. In Santa
Maria, the average ADWG was 946 to 1,231 kg LW
ha’!, corresponding to an increase of 30%.

The ADWG found in this study was higher
than that reported by Restle et al. (2002). These
authors evaluated the performance of beef steers fed
different forage species and found that the ADWG

using a millet crop was 639.9 kg LW ha! in a period
of 98 days, and the ADWG per animal was 1.19
kg. This difference can be attributed to the lower
DM production and the higher supply of forage,
corresponding to 9,039 kg ha! and 6%, respectively.

Similar to the results of this study, Ribeiro et al.
(2008) reported that the average annual weight gain
(1,112.5-1,312.0 kg of LW ha') was increased by
approximately 18%, and this parameter was affected
by the irrigation of elephant grass and Mombagca
grass in periods of drought and rain.
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The average fixed cost and total fixed cost in
each treatment and region using an IL of 125%
of ETo were R$ 2,737.39 and R$ 2,812.71 ha' in
Santiago and Santa Maria, respectively (Figure 2).
These costs are higher than those found by Soares et
al. (2015), whereby the total cost of three different
irrigated production systems was R$ 1,626.93, R$
2,004.86, and RS 2,101.59 ha™.

The expected financial return in different
irrigation regimens and growing seasons in the
two study regions is shown in Table 4. The average
profit was relatively higher in Santiago, with an
increase of 43.02% (IL of 125% of ETo) relative
to the non-irrigated production system because
of higher forage production (Figure 1) and lower
VCRI (Table 2). The average profit increase in
Santa Maria considering the five growing seasons
was 22.49%.

Table 4. Expected profit per hectare (R$ ha') and cost-benefit ratio in different production systems in the growing
seasons of 2012-2013, 2013-2014, 2014-2015, and 2016-2017 without irrigation or at different irrigation levels (25,
50, 75, 100, and 125% ETo) in the microregion of Santiago and Santa Maria, Rio Grande do Sul, Brazil.

Irriga- Growing season Cost-benefit
tion level ratio
(%ETo) 2012/2013 2013/2014 2014/2015 2015/2016 2016/2017 Mean SD Mean
Santiago
i::"[il;::il(l):l 2,600.02  2,600.02 2,600.02 2,600.02  2,600.02 2,600.02 0.00 2.30
25 2,459.99  2,411,88  2,449,97 2,477.55 2,492.20 2,458.32  30.61 1.93
50 2,881.58 281742 2877.56 2,900.68 2913.96 287824  37.05 2.08
75 3,233.28  3,153.06  3,235.26  3,253.92  3,265.83  3,228.27  44.16 2.20
100 3,515.08  3,418.80  3,523.07 3,537.26  3,547.79 3,508.40  51.65 2.29
125 3,726.99  3,614.65  3,74098  3,750.70  3,759.86 3,718.64  59.39 2.36
Santa Maria
i::il;::il(l):l 2,731.64  2,731.64 2,731.64  2,731.64 2,731.64 2,731.64 0.00 2.37
25 2,488.83  2,438.09  2,528.10 2,561.84 2,507.58 2,504.89  46.12 1.93
50 2,82537  2,755.94  2871.85 290729 2,846.85 2,841.46  56.70 2.05
75 3,077.69  2,989.56  3,131.39  3,168.52  3,101.90 3,093.81 67.43 2.13
100 3,245.79  3,138.97  3,306.71  3,345.53  3,272.73 3,261.95  78.25 2.17
125 3,329.67 3,204.16  3,397.81 3,438.32 3,359.34 3,345.86  89.12 2.19

Azevedo and Saad (2009) found that pasture
irrigation was economically feasible in nine
of ten cities in Brazil, and the net revenue was
comparatively higher in Boa Vista, Roraima state, at
RS 735.85 hal. In contrast, the city of Sete Lagoas,
Minas Gerais, presented a negative annual profit of

R$ 139.22 ha'.

Faria et al. (2015) compared different pasture
recovery systems for dairy cattle production in the
municipality of Bambui, Minas Gerais, and reported
that the integrated crop-livestock-forest system was
economically viable, with a positive balance of R$
11,269.70 ha'!, whereas the crop-livestock system
and a grass pasture system were not feasible, with
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negative balances of R$ 2,766.40 and R$ 3,143.80
ha'!, respectively (these values correspond to the
cash flow for a period of 12 years).

The balances found by Manetti Filho et al. (2012)
were relatively lower. These authors evaluated the
financial return of fattening heifers on irrigated
pastures and found that the gross return, production
cost, and net revenue were R$ 1,960.00 ha’'!, R$
1,375.89 ha'!, and R$ 584.11 ha'!, respectively, in a
period of 140 days.

The analysis of the cost-benefit ratio of the
productive systems indicated that all analyzed
systems were viable, and the obtained benefits were
higher than the costs (Table 4). In Santiago, the cost-
benefit ratio was higher for the IL of 125% of ETo,
with a profit of R$ 2.36 for each R$ 1.00 invested. In
Santa Maria, the profit for the same IL was R$ 2.19,
and the profit was comparatively higher (R$ 2.37) in
the non-irrigated system, which was more efficient.
This result indicates that productive systems with
high IL are economically efficient, although the
cost-benefit ratio was higher in the non-irrigated
system in the Santa Maria microregion. Similar
values were found by Montagner et al. (2008),
wherein the cost-benefit ratio of rearing heifers on
millet pastures varied from 2.6 to 3.3.

Alves Junior et al. (2018) demonstrated that the
irrigation of soybean, corn, and tomato crops was
economically feasibility, with an average benefit-
cost ratio of 2.10 for central pivot irrigation.
Andrade et al. (2014) found that the cost-benefit
ratio of sheep production was relatively lower,
varying from 1.00 to 1.12.

Conclusions

The water demands in different geographical
regions and growing seasons were variable and
affected the variable cost of irrigation of millet.

The irrigated production of forage millet
increased the average total cost by 13%.

Fixed conventional sprinkler irrigation was
economically feasible, and the financial return in
the regions of Santiago and Santa Maria was 43%
and 22%, respectively.

The cost-benefit ratio of millet production
at different irrigation levels indicated that all
evaluated systems, including rainfed systems, were
economically feasible.
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