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Abstract

The success of a project depends on a good planning of activities focused on increasing yield and minimizing
production costs. The objective of the present work was to assess the economic viability of irrigated sugarcane crops
(plant crop and ratoon crop) under nitrogen topdressing, in northern state of Goi& (GO), Brazil. The data needed for
the research were obtained in a sugarcane crop area in the Estrela do Lago Farm, which belongs to the Uruaqi
industry, in the municipality of Uruaqi, GO. The CTC4 sugarcane variety was used, which has high tillering and
yield, and great adaptability to mechanized planting and harvest. The sugarcane was planted in double rows spaced
1.80 m apart. The total nitrogen topdressing rate (100 Kg ha™) was divided into three applications with 60-day
intervals during the crop development. The costs were obtained based on the following items: mechanized operations;
manual operations; consumed material, and other expenses. The production cost was calculated using the total
production operational cost structure used by the Brazilian Institute of Agricultural Economy. The highest costs for
sugarcane in plant crop, with and without nitrogen topdressing, are due to mechanized operations and consumed
material, which reached approximately 60% of the costs.
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1. Introduction

Sugarcane is one of the main crops grown in Brazil, standing out due to its planted area and production volume and
value. The great interest for this crop production is due to the increasing value of its derivatives and the economic
importance of sugar and ethanol (Anjos et al., 2008). Brazil is currently the greatest sugarcane producing country,
followed by India and China, and represents approximately 40% of the international sugar trade (Agrianual, 2010).
S& Paulo is the highest producing state (52.6%), followed by Minas Gerais (9.0%), Goi& (8.0%), Parana(7.3%),
Mato Grosso do Sul (5.7%), Alagoas (5.4%), and Pernambuco (3.8%) (Conab, 2011).

The sugarcane agroindustry is searching for a higher agricultural and industrial efficiencies, focused on high
technology and profit (Bacha, 2012; Unica, 2013).

The sugarcane economy is focused on a rational use of agricultural production resources, and distribution and
consumption of goods and services of the sugarcane agrobusiness, which comprises the crop products and
by-products; therefore, the sugarcane economy seeks for solutions of economic problems of the sector, such as
purchases, sells, and taxations, and for management of the crop and its products—clean energy, sugar, cachaca,
cellulose, molasses, vinasse, and others (Renner, 2004; Ambiente Brasil, 2006; Alves, 2011).

Nitrogen fertilizers present unfavorable characteristics for the sugar-energy sector by increasing production costs and
requiring high amount of fossil fuels for their production; thus, assessing the cost to benefit ratio of nitrogen
application correlated with the fertilizer efficiency is important, since the urea, which is the most common nitrogen
source in the world, currently presents high losses, mainly by volatilization (Schultz, 2012).

Irrigated sugarcane crops depend on several factors, such as amount of water and fertilizer to be applied (Dantas
Neto et al., 2006), irrigation management (Ramesh et al., 1994), cultivar, age at cut, soil type, and climate (Smit &
Singels, 2006).

The irrigated sugarcane has direct benefits, such as increases in yield and ratoon longevity; and indirect benefits,
such as decreases in production costs (Matioli et al., 1996). Culm vyield is affected by water deficiency; thus,
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irrigation is an alternative technic for reaching high yields. Gava et al. (2011) evaluated drip irrigation for three
sugarcane cultivars and found mean increases of 20% in plant crop, and 28% in ratoon crop, when using irrigation.

Information on production costs of sugar-energy sector is little consistent because there are few works on this issue
and no methodology to assess costs that are common to the several industrial plants (Marques, 2009). When applied
properly, procedures for measuring sugarcane production costs can show the main components that limit or boost the
financial performance (Oliveira et al., 2015).

The success of a project depends on a good planning of activities focused on increasing yield and minimizing
production costs (Rapassi et al. 2008).

In this context, the objective of this work was to assess the economic viability of irrigated sugarcane crops (plant
crop and ratoon crop) under nitrogen topdressing, in northern state of Goi& (GO), Brazil.

2. Method

The data needed for the research were obtained in a sugarcane crop area in the Estrela do Lago Farm, which belongs
to the Uruaqu industry, in the municipality of Uruaq, GO, Brazil (1431'29"S and 4998'27"W, and mean altitude of
520 m). The soil of the area was classified as dystrophic Typic Hapludox (Embrapa, 2013). The local climate is Aw,
tropical, according to the classification of K&pen and Geiger (1928), presenting less rainfall in the winter than in the
summer, mean temperature of 25<€, and mean annual rainfall depths reaching 1,638 mm, but poorly distributed
throughout the year.

The CTC4 sugarcane variety was used, which has high tillering and yield, and great adaptability to mechanized
planting and harvest.

The sugarcane was planted in double rows spaced 1.80 m apart, with 0.50 m between plants. The dripper lines were
buried 0.20 m into the soil between the double rows. These dripper lines presented the following characteristics: thin
wall, service pressure of 1.0 bar, flow of 2.0 L h™, and spacing between drippers of 0.50 m.

Soil planting fertilization was applied in the furrows and consisted of 30 kg of N ha™ (urea), 120 kg of P,Os ha™
(simple superphosphate), and 80 kg of K,O ha™ (potassium chloride). The total nitrogen topdressing rate (100 Kg
ha™) was divided into three applications with 60-day intervals during the crop development.

The culm yield (Mg ha™) was obtained by the mean of the sampled area (10 ha).
The costs were obtained based on the following items:

a) Mechanized operations: machinery working hours; tractor working days for distribution of the setts at planting;
distance (km) ran by trucks to transport the setts to the planting site; and cost for the execution of these operations,
according to the prices paid by the producer;

b) Manual operations: number of men working days to execute the operations, multiplied by the mean value for the
region;

¢) Consumed materials: obtained by multiplying the quantity of material used by their respective prices in the region;
d) Other expenses: a 9% rate of total expenses with technical assistance and interests was considered.

Herbicides were applied using a 121-cv tractor with front wheel assist (4>2 FWA) and a sprayer with capacity for
600 L of solution. The soil was prepared using a harrowing (14>26") and a leveling harrowing (28>22"), both pulled
by a 121-cv 4>2 FWA tractor.

Limestone was applied using a distributor with capacity for 2 m3. The beds were raised using a drag type leveling
disc harrow with 16 discs; and furrows were opened using a 2-point furrower, with a soil fertilizer distributor with
capacity of 300 kg per point. The beds and furrows were done using a 121-cv 4>2 FWA tractor.

The setts were transported in a truck. The setts were distributed during the planting using 4-wheel trailers adapted
with stanchion and pulled by 75-cv tractors. The covering operation was done using a two-row coverer, with a 200-L
tank for pesticides.

The two cuts of the sugarcane crop (plant crop and ratoon crop) were considered for the economic analysis, using the
culm yield and total recoverable sugar (TRS) yield for rainfed crops, with and without nitrogen topdressing, and for
irrigated crop.

The estimated price of 1 kg of TRS was R$ (BRL) 0.56 (mean of the 2018 and 2019 crop season). The production
cost was calculated using the total production operational cost structure used by the Brazilian Institute of
Agricultural Economy, proposed by Matsunaga et al. (1976).
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3. Results and Discussion

The mean yields were 112.6 and 93.3 Mg ha™ in the first cut, and 77.4 and 70.4 Mg ha™ in the second cut, with and
without nitrogen topdressing, respectively. The irrigated sugarcane mean yield were 137.38 and of 109.5 Mg ha™ for
the plant crop and ratoon crop, respectively. These means were similar to those found by Gava et al. (2011), who
found mean culm yields of 106.5 Mg ha™ in first cycle for rainfed management, and 132.2 Mg ha™ for irrigated
management.

Increasing the production scale is a relevant tool to decrease costs and increase the commercial attractivity of
sugarcane production; this increase is from yield gains without the need for increases in area (Zilio & Lima, 2015).

The TRS vyields from the culms were 137.4 and of 136.1 kg Mg™ in the first cycle, and 133.7 and 132.3 kg Mg™ in
the second cycle, with and without nitrogen topdressing, respectively. The mean TRS yields of the irrigated
sugarcane were 138.6 and 134.3 Mg ha™ for the plant crop and ratoon crop, respectively.

According to Pereira et al. (2015a), the variables that impact the most the net present value of sugarcane are the yield
and the TRS content, which indicate the need for detailed analyses of the management practices used, because these
indexes can be improved by using adequate technologies, although they are affected by climate conditions.

The sugarcane presented good quality and TRS yield above the average, which is 121.96 kg Mg™. Quintana et al.
(2012), found a mean TRS yield of 128.65 kg Mg™ in 4.677.19 ha of commercial sugarcane crops, regardless of the
sugarcane variety, age, and type of harvest.

The costs of mechanized operations and manual operations for sugarcane in plant crop were 94.45% and 85.71%
higher than those in ratoon crop, with and without nitrogen topdressing. The nitrogen topdressing presented no
expressive effect on the costs of mechanized operations and manual operations (Figure 1A and 1B).
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Figure 1. Costs of sugarcane crops as a function of cuts; crops with (A) and without nitrogen topdressing (B) and
with irrigation (C)
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Input price is continuouslyincreased, besides that farmers are facing the problemof input availability at proper time,
inadequate quantityand with time taking marketing process of the caneuntimely and late payment of the produce by
the sugarmills (Kumar et al., 2014). The use of the nitrogen fertilizer increases the production costs, but also
increases the culm yield, resulting in higher profitability, and can assist in increasing the ratoon longevity, reducing
financial costs and environmental impacts related to soil preparation and planting operations (Joris, 2015).

The consumed material costs of the sugarcane crops, with and without nitrogen topdressing, in plant crop was
63.81% and 80.43% higher than those in the ratoon crop, respectively. The consumed material costs of the sugarcane
in plant crop, with nitrogen topdressing, was 5.32% higher than that in the crop without nitrogen topdressing. The
consumed material costs of the sugarcane in ratoon crop with nitrogen topdressing was 48.80% higher than those
found without nitrogen topdressing.

The planning and decision making of the producer should consider strong and weak points of the crop and the
control of the total crop cost, since the crop production cost is essential for the management of rural
entrepreneurships (Andrade et al., 2017).

The costs associated with harvest and leasing of the area for the sugarcane crops, with and without nitrogen
topdressing, in the first year (plant crop) was practically the same in the second year (ratoon crop). Partnerships for
leasing of areas for planting and harvesting, which demand investments and structural acquisitions, are more
advantageous, in terms of costs, than partnerships with raw material suppliers (Souza & Cleps, 2009; Trevisan et al.,
2017).

Administration and technical assistance costs of sugarcane crops, with and without nitrogen topdressing, in plant
crop was 63.38% and 68.90% higher than those in ratoon crop, respectively. The administration and technical
assistance costs in the sugarcane with nitrogen topdressing were 1.83% higher than those without nitrogen
topdressing in plant crop; and these costs, with nitrogen topdressing, were 16.63% higher than those without nitrogen
topdressing in ratoon crop.

Costs with inputs and labor for implementation, conduction, and renovation of sugarcane crops represent the highest
part of the total annual cost (Pereira et al., 2015b). Verma and Solanki (2020) noted that total variable cost was
increasing with respect to the farm size, thus, thereforethe total cost of cultivation was increasing with respect to
farm size holding due to bigger farmers could incurred more expenditure on the material inputs.

The costs with consumed material, and administration and technical assistance of the sugarcane in plant crop were
61.60% and 40.60% higher than those in ratoon crop, when using irrigation (Figure 1C). The other costs had
practically no variation due to sugarcane irrigation (Figure 1A).

Implementation of irrigation methods with reduced costs is dependent on the need, and crop and soil conditions; the
producers should establish the criteria to be used, according to their interests and conditions based on internal and
external factors (Amorim et al., 2007).

The costs of mechanized operations, manual operations, consumed material, harvest, leasing of the area, and
administration and technical assistance represented 28.04%, 12.97%, 31.36%, 3.71%, 14.83%, and 9.09% of total the
operational costs of the sugarcane crop (plant crop) with nitrogen topdressing, respectively (Figure 2A); these costs
were similar to those found for the crop without nitrogen topdressing (Figure 2B). The estimation of costs is related
to technology management, i.e., to an efficient allocation of productive resources and information on prices of these
resources (Reis, 2007).
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Figure 2. Percentual costs of sugarcane crop as a function of cuts; crops with (A) and without nitrogen topdressing
(B) and with irrigation (C)

Pokharel et al. (2019) observed that price fixation based on the recovery rate will be the viable option over prevailing
weight-based system so that sugar mill will seek profitable techniques to increase the recovery percent and farmers
will also seek for the good management practices to increase the efficiency of the farm along with increment in the
productivity through obtainable timely supply of inputs (setts, manures and fertilizers).

The costs of mechanized operations, manual operations, consumed material, harvest, leasing of the area, and
administration and technical assistance represented 4.25%, 5.06%, 30.99%, 10.12%, 40.49%, and 9.09% of the total
operational cost of the sugarcane crop (ratoon crop) with nitrogen topdressing, respectively (Figure 2A).

The agricultural machinery can represent up to 20% of the total production cost of crops; increases in costs
associated with machinery use are due to the lack of proper dimensioning of the mechanized system, which justifies
the need for planning to obtain better return on investment with the machinery performances (Matos, 2007).

The costs of the ratoon crop without nitrogen topdressing were different from those of the plant crop, which were
5.10%, 6.07%, 19.03%, 12.14%, 48.57%, and 9.09% for mechanized operations, manual operations, consumed
material, harvest, leasing of the area, and administration and technical assistance, respectively (Figure 2B).

Decrease in yield over cuts of crops is a great challenge for sugarcane production, which compromises the return on
investment standards required, since after the first cut, a larger sugarcane area is required for the activity, the land is
underused, and the activity become less efficient because of increases in costs for transport of the sugarcane from the
production area to the industry (Neves, 2008).

The costs of mechanized operations, manual operations, consumed material, harvest, leasing of the area, and
administration and technical assistance, irrigation, and electrical energy represented 16.63%, 7.69%, 23.00%, 2.20%,
8.79%, 9.09%, 27.48%, and 5.13% of the total operational cost of the irrigated sugarcane crop (plant crop),
respectively; whereas the costs for the ratoon crop were 1.55%, 1.85%, 14.87%, 3.70%, 14.80%, 9.09%, 46.26% and
7.88%, respectively. The higher percentual costs with irrigation in the ratoon crop were mainly due to a general
decrease in production costs in ratoon crop, consequently, this was not found for irrigation costs, which were
continuously high (Figure 2C).

Campos et al. (2017) found that operational costs (variables) of irrigated sugarcane crops had the highest impact on
the production costs, especially labor and electrical energy; and that this denotes the potential result that a
management of control can bring to the project, since this can reduce the need for electrical energy and labor and
decrease costs.

The total cost of the sugarcane crops, with and without nitrogen topdressing, were 44.90% and 44.53% of the gross
income for the plant crop, and 17.26% and 14.98% of the gross income for the ratoon crop, respectively.
Consequently, the net income of the sugarcane crops, with and without nitrogen topdressing, were 55.14% and
55.47% of the gross income for the plant crop, and 82.73% and 85.02% of the gross income for the ratoon crop,
respectively, representing a significant increase in net income (Figure 3A and 3B).
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Figure 3. Total operational cost of sugarcane crops as a function of margin components; crops with (A) and without
nitrogen topdressing (B) and with irrigation (C)

Perina (2017) found similar results, with implementation cost of R$ (BRL) 5,892.64 per hectare of sugarcane. The
total implementation cost of a traditional sugarcane crop (systematized for mechanized harvest) varies from
R$ (BRL) 4,500.00 to R$ (BRL) 6,000.00 (Sant’ana et al., 2009; Moreira & Bonizio, 2012); and in traditional
Brazilian Center-South regions, the mean sugarcane production cost is approximately R$ (BRL) 5,297.08
(PECEGE/CNA, 2012).

The total costs of the sugarcane crops, with and without nitrogen topdressing, were 18.66% and 19.73% lower than
the net income for the plant crop, and 79.13% and 82.38% for the ratoon crop, respectively. This explains the high
net income obtained in the ratoon crop, whose costs were suppressed due to the fewer activities after the first crop
year, in which the costs are higher due to activities related to sugarcane planting and/or reform. The implementation
of a sugarcane crop (plant crop) has the highest cost percentage, since operation of planting and acquisition of setts
and inputs are expensive in the first year (Santos et al., 2016).

Kaneko et al. (2009) found a total cost of R$ (BRL) 2,677.50 for a sugarcane crop (ratoon crop) in rainfed
conditions, with nitrogen topdressing.

The total cost of the irrigated sugarcane crops in plant crop and ratoon crop, were 51.16% and 32.05% of the gross
income, respectively. Consequently, the net income of irrigated sugarcane in plant crop and ratoon crop were 48.84%
and 67.95% of the gross income, respectively (Figure 3C). The financial control intends to maximize crop yield and,
thus, the profits, and minimize production costs based on the identification and elimination of possible causes of
decreases in yield (Liu et al., 2006).

It is concluded that the higher costs of sugarcane crops in plant crop, with and without nitrogen topdressing, are due
to mechanized operations and consumed material, totaling approximately 60% of the total costs.

A great part of the costs of irrigated sugarcane crops (plant crop) is related to irrigation (technical assistance,
irrigation, and electrical energy), representing 42% of the total costs.
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The total cost of sugarcane crops, with and without nitrogen topdressing, represented 45% of the gross income for
the plant crop, and up to 17.26% of the gross income for the ratoon crop.

The net income of irrigated sugarcane crop represented at least 48.84% of the gross income.
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