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ABSTRACT: The adequate management of forests is the key for sustainable
development with a direct influence on climate change mitigation. In the world,
the planted forest lands increased 40% (from 167.5 to 277.9 million hectares)
between 1990 and 2015. However, recently, there is a growing inverse flux from
planted forest to grain production areas due to the expansion of grain production
in Brazil. The study monitored two economic scenarios (A, continuous planting of
pinus; B, conversion of pinus to corn/soybean production) in Tibagi, Paraná,
Brazil. Results showed that both the productions of pinus and the soybean/corn
are viable economic alternatives. The conversion of pinus to corn/soybean
increased net present value, annual net present value, and internal rate of return,
respectively from 9.8 %; R$ 1,519.48; and R$ 160.57 (planted forest), to 13.7 %;
R$ 3,389.50; R$ 304.93 (soybean/corn). In the conversion, the soybean/corn
presented a positive economic flux after the 4 th crop year due to the high initial
cost of stump removal. While, the pinus showed a positive economic flux after the
7th crop-year with the thinning/harvest in the 7th, 10th, 14th, 16th, and 20th years.
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Conversão de floresta plantada com pinus para
produção de grãos em Tibagi, Paraná: um estudo
mostrando as perspectivas econômicas
RESUMO: O manejo adequado das florestas é fundamental para o
desenvolvimento sustentável com uma influência direta na mitigação das
mudanças climáticas. No mundo, as áreas de florestas plantadas aumentaram em
40% (de 167,5 para 277,9 milhões de hectares) entre 1990 e 2015. Porém,
recentemente, existe um fluxo inverso crescente de áreas de floresta plantada para
áreas de produção de grãos devido à expansão da produção de grãos no Brasil. O
estudo monitorou dois cenários econômicos (A, plantio continuo de pinus; e B,
conversão de pinus para produção de milho/soja) em Tibagi, Paraná, Brasil. Os
resultados mostraram que tanto a produção de pinus quanto a soja/milho são
alternativas economicamente viáveis. A conversão de pinus para produção de
milho/soja aumentou o valor presente líquido, o valor presente líquido anual e a
taxa interna de retorno, respectivamente, de 9,8%; R$ 1.519,48; e R$ 160,57
(floresta plantada), para 13,7%; R$ 3.389,50; R$ 304,93 (soja/milho). A
soja/milho apresentou um fluxo econômico positivo a partir da 4ª safra devido ao
alto custo inicial da remoção dos tocos. Enquanto, o pinus apresentou fluxo
econômico positivo após o 7º ano-safra com o desbaste/colheita nos 7º, 10º, 14º,
16º e 20º anos.
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Introduction

The adequate management of forests is a
key for sustainable development with a direct
influence on climate change mitigation,
introducing a bioeconomy and adequate balance
of social, economic, and environmental. In the
world, the planted forest lands increased 40%
(from 167.5 to 277.9 million hectares) between
1990 and 2015, with a higher increment in the
temperate zone > boreal > tropical > subtropical
(Payn et al. 2015).
The Brazilian roundwood production of
the planted forest is large (145 million cubic
meters) (FAO 2017), and turns Brazil into a
prominent player on a global scale with an area
of 7.8 million hectares (IBA, 2019). Part of this
success is explained by the productivity
increment from 13 to 40 m3 ha1 year-1 of
roundwood in the last 50 years (Gonçalves et al.
2013). The area with the planted forest is
represented mainly by the planting of
eucalyptus (Eucalyptus sp.) and pine (Pinus sp.)
with a total of 72% and 20% (92% of Brazilian
production), respectively. In this sense,
eucalyptus occupies 5.7 million hectares of
planted forest, located mainly in Minas Gerais
(24%), São Paulo (17%), and Mato Grosso do
Sul (15%). While, pinus occupies 1.6 million
hectares of planted forest, located mainly in
Paraná (42%) and Santa Catarina (34%). Both
pinus and eucalyptus play as important sources
of wood, contributing to suppress the illegal
exploitation of native wood.
There is a diversity in the conversion
fluxes between planted forest and agriculture
lands, i.e. (i) conversion from agricultural lands
to areas with planted forest; (ii) conversion from
degraded pastures to the planted forest; (iii) and
conversion of multiuse agriculture lands to
systems of agroforest (MCTI, 2015). Recently,
there is a growing inverse flux from planted
forest to grain production areas due to the
expansion of grain production in Brazil. The
global consumption of agricultural products
(i.e., grains) is projected to grow by 15% over
the coming decade (2019-2028), mainly in
regions with high population growth, i.e., SubSaharan Africa, India, the Middle East, and
North Africa (OECD-FAO 2019). In
2019/2020, Brazil produced 250,9 million tons
of grains with a production of 2.8; 10.8; 3.0;
102.3; 120.3 million tons of cotton (Gossypium
hirsutum), rice (Oryza sativa), bean (Phaseolus
vulgaris; all harvests), corn (Zea mays; all

harvests), and soybean (Glycine max),
respectively (CONAB 2020). Probably, this
positive scenario is increasing the conversion
from planted forest to grain production areas.
Byerlee et al. (2014) showed that market-driven
intensification causes land expansion and
deforestation, especially when commodities
present high prices.
The hypothesis raised is that the positive
scenario of grain production is responsible for
increasing the flux of conversion from the
planted forest to grain production areas. This
study aimed to evaluate the economic viability
of conversion from planted forests to the
production of grains, taking into account the
conversion costs (clearing, cleaning, and soil
management).
Material and Methods
Area characterization

The study was established in a familiar
farm located in Tibagi, Paraná, Brazil (24°
30’S; 50° 24’ W; 748 m), in 2019. The area
presents a climate classified as Cfb (Temperate
oceanic climate; Köppen classification) with a
temperature ranging from 12 to 28 °C, and an
annual total rainfall of 1335 mm welldistributed (Alvares et al., 2013).
The farm has experience with pinus
planting since 1972, with an initial area of 308,9
hectares. Recently, the farm is diversified with
planted forests of pinus (Pinus taeda) and
eucalyptus (Eucalyptus grandis, eucalyptus
urograndis, and Eucalyptus saligna), and a total
area of 1.400 hectares (70% Pinus and 30%
eucalyptus). Agriculture lands are managed
with the planting of soybean, corn, and wheat
totaling an area of 700 hectares. All
managements of grains and planted forests are
performed according to Casão Junior et al.
(2012). Soil is classified as an Oxisol (Soil
taxonomy, 2014), corresponding to a Latossolo
in the Brazilian Classification System
(EMBRAPA, 2018) with a clay texture and
content of 568; 136; and 295 g kg-1 of clay, silt,
and sand, respectively (0.0-0.4 m soil depth).
Scenarios and costs

We simulated two scenarios: scenario A
(continuous planting of the planted forest with
pinus, managed for 20-years) and scenario B
(conversion of the planted forest with pinus to
the planting of corn and soybean). The cost data
were monitored during 2011 and 2018. In both
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scenarios, initially, the soil was prepared using
a conventional system (plowing, disking,
harrowing, and furrowing) with the
incorporation of dolomitic lime and gypsum
before planting, aiming to achieve 70% of base
saturation. The application of lime, gypsum,
and fertilization was performed on pinus and
soybean according to their need.
In scenario A, the calculus of cost
considered soil management, seedlings,
planting, silvicultural treatments, and pruning.
The pinus was planted in a spacing of planting
2.5 x 2.5m, with a total of 1600 trees per
hectare. The pruning was carried out in the 3rd,
5th, and 7th years after the planting with a height
of 2.5; 4.5; and 7.0 m, respectively. The last
pruning occurred in the remaining trees,
approximately 800 trees per hectare. In the first
year, there was ant control with the application
of insecticide to avoid the leaf-cutting ant
attack. The planting and re-planting (5 to 10%
of seedlings) were performed with seedlings
obtained locally. In the six initial years, there
were chemical controls of weeds with
applications of herbicide (glyphosate; 2.5 L ha1
), and an additional cost of manual weed
control in initial development. The pruning was
performed mechanically in the 3rd; 5th; and 7th
years. The costs of thinning and harvest were (i)
the mechanical operation, (ii) maintenance, (iii)
fuel, (iv) and depreciation of equipment. After
the harvest, the production of roundwood was
monitored in the 7th, 10th, 14th, 16th, and 20th
years. The economic inputs were calculated
according to (i) production (volume and ton),
(ii) the diameter of roundwood, (iii) and the
price paid. Where, the diameters of 8-17; 18-24;
25-35; and >35 cm, corresponded to prices paid
of R$ 93,66; 145,00; 195,00; and R$ 280,00 ha1
, respectively. The cost and prices were
demonstrated in R$ to demonstrate the
Brazilian reality.
In scenario B, we considered the initial
conversion from the planted forest with pinus
(after harvest) to a succession of soybean (inseason) and corn (off-season). Initially, there
was stump removal using a hydraulic drill
coupled to a backhoe. The use of a hydraulic
drill is an alternative to remove roots and stump
with low cost and impact and incorporation of
roots in soil (Gatto et al. 2003). To soybean
planting, weeds were controlled with the
application of herbicide (glyphosate; 2.5 L ha1
). The soil was prepared with the application of

lime (2-4 Mg ha-1) and fertilizers (phosphorus
and potassium; rate of 350 kg ha-1, 00-20-20 +
Boron, 1 kg ha-1). Treated seeds were planted
(Variety, BRS 232), and the incidence of
diseases and pests were monitored and
controlled when requested. Harvest was
performed using a mechanical harvester with a
productivity average ranging from 3,000 and
3,500 kg ha-1 of soybean. To corn planting, the
soil was prepared with the application of
fertilizers in planting (nitrogen, phosphorus,
and potassium; 400 kg ha-1 of 12-32-00 + Zinc,
3 kg ha-1) and covering (nitrogen and
potassium; 350 kg ha-1, formulation: 20-00-20).
Treated seeds were planted (Variety, Dow
2B688 HX), and diseases and pests were
monitored and controlled when requested.
Harvest was performed using a mechanical
harvester (Caterpillar 320 CL, model 3066 T).
Wither crop was stabilized with the planting of
black oat (Avena strigosa Schreb.) using a
planting density of 5.43 kg ha-1.
In all scenarios, the cost of the
mechanical application included taxes,
depreciation, and labor. The cost with
fertilizers, lime, and pesticides (insecticides,
fungicides, herbicides) refers to price averages
in the region of study. The costs with impost
(8,68 % of gross income), administrative
services (10 % of gross income), and land (R$
826,45 ha year-1) were monitored, but there
were not used in comparison due to the similar
costs in both areas with pinus and grains.
Economic indicator measurements and Statistic
analysis

The net present value (NPV) was
calculated according to the present monetary
value of the cash flows (including investment
and salvage value) discounted at the appropriate
discount rate (Vieira Sobrinho 2000). The NPV
was calculated using Eq. 1, where, FC: is the
values of cash flows; t: is the time; FC0: is the
initial cash flow; and i: is the rate of financial
transaction considering a rate of 8.5% (Selic
rate for the last two years: 2017, 10%; and 2018,
6%), (ADVFN 2020).
𝑛

NPV = ∑

𝐹𝐶𝑡
𝑡
(1+𝑖)
𝑡=1

− 𝐹𝐶0

(1)

The annual net present value (ANPV)
was calculated basing on the NPV (Vieira
Sobrinho 2000), using Eq. 2. The ANPV is
recommended to compared projects with
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different duration (Gitman 1997). Where, NPV:
is the net present value; t: is the time (1 year);
FC0: is the initial cash flow; and i: is the rate of
financial transaction considering a rate of 8.5%
(Selic rate for the last two years: 2017, 10%; and
2018, 6%), (ADVFN 2020).
𝑁𝑃𝑉𝑡

ANPV =

𝑛

∑

1
𝑡
𝑡=1(1+𝑖)

(2)

The Internal Rate of Return (IRR) was
the metric used in capital budgeting to estimate
the profitability of potential investments. The
calculus was performed according to Vieira
Sobrinho (2000), using Eq. 3. Where, FC0: is
the initial cash flow; FC: is the values of cash
flows; t: is the time; and i: is the rate of financial
transaction considering a rate of 8.5% (Selic

rate for the last two years: 2017, 10%; and 2018,
6%), (ADVFN 2020).
𝑛

FC0 = ∑

𝐹𝐶𝑡
𝑡
(1+𝑖)
𝐽=1

(3)

(3)
Results
Cost of pinus production

The cost of planting stabilization in the
first seven years was separated into soil
management and planting, weed and ant
controls, and pruning with an impact on 39; 34;
and 27% in total cost, respectively (Table 1).
There were eight operations to control ants and
weed in the first two years, representing a total
of R$ 1,326.06 ha-1. The cost of all soil
management and planting was the highest with
R$ 1,504.65 ha-1.

Table1. Cost of pinus and corn/soybean production (R$ ha -1) in Paraná, Brazil.
Pinus production
Soybean productions
Year
Management Cost (R$ ha-1)
Year
Management
Cost (R$ ha-1)
0
Forest project
92.30 (2 %)
0
Soil correction
0
Planting location
210.87 (5 %)
0
Winter crop
523.78 (14 %)
0
Ant control
60.00 (2 %)
0
Soil preparation
106.72 (3 %)
0
Opening of plantingpoints
351.90 (9 %)
0
Planting
865.26 (24 %)
0
Weed control1
180.00 (5 %)
1
Crop management
1,050.32 (29 %)
0
Planting
351.00 (9 %)
1
Harvest
481.35 (13 %)
0
Re-planting
58.58 (2 %)
1
Transport of grains
78.03 (2 %)
0
Weed control1
268.38 (7 %)
0-1
Others cost
565,24 (15 %)
0
Ant control
35.00 (1 %)
Total
3,670.70
0
Weed control2
220.00 (6 %)
0
Weed control1
60.00 (2 %)
Corn productions
0
Seedling
440.00 (11 %) Year
Management
Cost (R$ ha-1)
1
Weed control2
268.38 (7 %)
0
Soil correction
173.10 (5 %)
2
Weed control1
234.30 (6 %)
0
Winter crop
402.59 (10 %)
3
1 Pruning
330.15 (9 %)
0
Soil preparation
63.73 (2 %)
5
2 Pruning
350.15 (9 %)
0
Planting
1,226.07 (32 %)
7
3 Pruning
351.50 (9 %)
1
Crop management
886.34 (23 %)
Soil management and planting
1504.65 (39 %) 1
Harvest
478.10 (12 %)
Weed and ant controls
1,326.06 (34 %) 1
Transport of grains
311.86 (8%)
Pruning
1031.80 (27 %) 0-1
Others cost
311,86 (12 %)
Total
3,862.51
Total
3,842.13
-1 and 2
represent mechanical/chemical and manual controls of weeds. The cost of agriculture materials is included
in the application. The values in the bracket represent the percentage of the total cost.

The highest volume of roundwood was
harvested in the 20th year, with a total of 337.7
Mg ha-1, representing 60% of total production
(Figure 2). The diameter of roundwood was
classified from 8 to 35 cm with a total
production concentrated in 25-35 cm (208.5 Mg
ha-1), following by 18-24 (203.5 Mg ha-1), 8-17
cm (154.8 Mg ha-1), and 35 cm (6.8 Mg ha-1). In
the first 14-years, the diameter of roundwood
was concentrated in 8-17 cm and 18-24 cm,

with a total production of 97.6 and 57.1 Mg ha1
, respectively. On the other hand, in the last
harvest, the diameter of roundwood was
concentrated in 25-35 cm (199.9 Mg ha-1),
following by 18-24 (88.3 Mg ha-1), 8-17 cm
(38.7 Mg ha-1), and >35 cm (6.8 Mg ha-1)
(Figure 1).
The total cost of pinus management was
R$ 52,449.63 ha-1 in 20-years, with an annual
cost of R$ 2,622.48 ha-1 year-1. In the cash flow,
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the thinning and harvest in the 7th, 10th, 14th,
16th, and 20th year promoted inputs of R$
2,202.04; 9,088.80; 10,185.50; 10,911.14, and
52,842.25 ha-1 with woods sale, respectively.
These inputs were associated with outputs of 2,899.19; -3,369.02; -6,167.11; -5,221.06; and 18,521.22 ha-1, referring to the cost of harvest,
respectively in the 7th, 10th, 14th, 16th, and 20th
years. The last harvest presented the highest
economic input and was 95 % higher than the
first harvest in the 7th year (Figure 2).
. The total outputs and inputs were R$
52.499,36 and R$ 85,229.74 ha-1, respectively,
which generated a positive balance of R$
32,730.11 ha-1 in 20 years (Figure 2).

Figure 1. Production of roundwood (Mg ha-1) in an
area with Pinus for 20 years (7, 10, 14, 16, and 20
years), Paraná, Brazil.

Figure 2. Cash flow (R$ ha-1) to the production of pinus and soybean/corn (grain) during 20 years, Paraná, Brazil.
Thinning and harvest were performed in the 7 th, 10th, 14th, 16th, and 20th years.
Cost of corn/soybean production

The total cost of corn production was R$
3,842.13 ha-1 year-1, considered 5% higher than
soybean production (R$ 3,670.70 ha-1 year-1).
This difference was caused by additional costs
in soil correction and higher costs in planting
and transport of grains (up to 50 %), Table 1.
Focusing on soybean production, crop
management presented a higher concentration
in the total cost (29 %), followed by the cost of
planting, soil correction, and harvest. Soil

correction was not performed in soybean due to
the winter crop. The higher costs in planting and
crop management also were found in corn
production (Table 1).
The cash flux to corn and soybean
production in conversion from an area with the
planted forest of pinus was negative in the first
year (R$ -4.132,23 ha-1) due to the use of stump
removal. Annually, the production of
corn/soybean generated an average output and
inputs of R$ -3,722.13 ha-1 and R$ +4,731.80
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ha-1, respectively (Figure 2). In 20-years, the
total outputs and inputs were R$ -78,574.75 and
R$ +94,635.99 ha-1, which generated a positive
balance of R$ 16,061.24 ha-1 (Figure 2).
Economic indicators

The corn/soybean production presented
an IRR, NPV, and ANPV of 13.7 %, R$
3,389.50 ha-1, and R$ 304.93 ha-1, respectively.
These values were considered higher than
values of pinus production with an IRR; NPV,
and ANPV of 9. 8 %; R$ 1,784.78 ha-1; and R$
160.57 ha-1, respectively (Table 2).
Discussion

The high cost of pinus production was
associated with the thinning and harvest, which
also was found by Coelho and Coelho (2012),
Lopes et al. (2007), and Drinko et al. (2015).
This high cost of harvest due to the high
technology of mechanical harvesters with
cutting and extracting of trees. A harvester is a
machine that works on cutting, debarking,
delimbing, and cutting on logs of predetermined
length, leaving the logs grouped and removing
from the forest (da Silva et al. 2010; Drinko et
al. 2015). Lopes et al. (2007) showed that the
average operational cost of the harvester is US$
115,72 per hour of work, with a production cost
of US$ 3,56 m3. The cost of harvest can achieve

approximately 50% of the total cost (Moreira
1992). The diameter of roundwood increased
from 10 to 20 years with the highest volume of
roundwood in the 20-year, representing a total
of 337.7 Mg ha-1 and 60% of total production
with the diameter concentrated in 25-35 cm
(199.9 Mg). Dossa et al. (2002) showed that
after 20 years, the pinus production could
achieve a mean of 450 m3 of roundwood, and
there is an increase of production from the first
to the last harvest. Silva et al. (2010) and Lopes
et al. (2007) demonstrated that harvesting
efficiency is increased with a greater diameter
of roundwood. Focusing on the cost of planting
stabilization, there were low costs of ants and
weed controls, but with a high number of
operations, which impacted significantly in
total cost. The controls of weed and ants are
requested in the first years to avoid the loss of
production. There is a natural attack of leafcutting (Acromyrmex crassispinus) after
planting with a higher intensity in the first 30
days (Link et al. 2000). Generally, recommend
the re-planting of 5 to 10% of seedling to
substitute the plant attacked by ants or plants
with low development (Dossa et al. 2002). The
attack of leaf-cutting can cause losses in
diameter and height of plants with defoliation of
pinus (Nickele et al. 2012).

Table 2. Net present value (NPV), annual net present value (ANPV), and internal rate of return (IRR) to the
production of pinus, and corn and soybean after the conversion from the planted forest with Pinus .
Economic indicators
Pinus
Corn/Soybean
IRR (%)
9.8
13.7
NPV (R$ ha-1)
1,784.78
3,389.50
ANPV (R$ ha-1)
160.57
304.93

In the cash flow, the thinning and harvest
in the 7th, 10th, 14th, 16th, and 20th years
promoted inputs with woods sale. The last
harvest presented the highest input and was 95
% higher than the first harvest in the 7th year.
The highest economic inputs in the last years
also were found by Dossa et al. (2002), who
showed an input of R$ 12,451.23 ha-1 to a
production of 480 m3 of roundwood. Studies of
Coelho and Coelho (2012) showed that the first
inputs happened in the 7th year with thinning of
50-60% of plants. Specifically, Coelho and
Coelho (2012) showed the production of 50 and
70 m3 of roundwood, which promoted an input
between R$ 750,00 and 1.050,00 ha-1 in the 7th
year with thinning. With economic indicators,
the pinus presented positive IRR, NPV, and

ANPV with values of 9.8%, R$ 1,784.78 ha-1,
and R$ 160.57 ha-1, respectively. These results
indicated that the cultivation of pinus is a viable
alternative to the Tibagi region, Paraná. Positive
economic indicators to pinus production also
are presented in the literature (Coelho and
Coelho 2012; Rodigheri 2002; Álvaro et al.
200). Dossa et al. (2002) showed values of IRR,
NPV, and ANPV similar to our study, with
respective values of 11%, R$ 1,942.04 ha-1, and
R$ 165.08 ha-1. Vitale and Miranda (2010) also
found a higher IRR (27%) in the South-center
region of Parana. Rodigheri (2002) showed that
in the systems of agroforests (pinus with corn
and bean), there was a change of IRR from
17.09 to 16.64 % (first year), and from 17.09 to
20.02 % (second year), comparing pinus alone.
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The conversion of pinus planted forest to
corn/soybean promoted an increase of net
present value, annual net present value, and
internal rate of return with values of 13.7 %; R$
3,389.50; R$ 304.93, respectively. Alves et al.
(2008), comparing the economic viability of
soybean, cotton, and sugarcane, noticed that
soybean was most attractive with a high return
of investment, followed by cotton and
sugarcane in the region of Goiás, Brazil.
Richetti et al. (2018) showed that the total cost
of soybeans was 2 and 5% lower than corn
production in season and off-season,
respectively. In our study, both productions of
soybean and corn are economically viable, as
demonstrated in the literature (Oliveira et al.
2016; Richetti et al. 2018). Crop management
and planting presented a higher concentration of
total cost and are accorded to Alves et al.
(2008). The cost of agriculture products (i.e.,
fertilizers, lime, seeds, insecticides, fungicides,
and herbicides) is commonly higher and impact
negatively on the cost of soybean and corn
production. In 2011, Hirakuri (2011) showed
that the cost with agricultural products was
between R$ 561.73 and R$ 758.74 ha-1 (40 – 50
% of total cost) in soybean production in
Paraná. Oliveira et al. (2016) showed that there
is a variation from 26 to 50% of the soybean
profitability rate, according to market-driven.
There are positive perspectives of economic
gains in soybean production in the next years
(OECD-FAO 2019), explaining the increase of
soybean areas. Byerlee et al. (2014) showed that
market-driven intensification causes land
expansion and deforestation, especially when
commodities present high prices. Gazzoni et al.
(2019) described that there is an increase of
soybean area in Brazil associated with better use
of lands, and recovering and occupying pasture
areas, degraded or not.
Conclusion

Pinus planted forest and soybean/corn are
viable economic alternatives in Tibagi, Paraná.
The conversion of pinus planted forest to
corn/soybean promoted an increase of net
present value, annual net present value, and
internal rate of return, respectively from 9.8 %;
R$ 1,519.48; and R$160.57 (planted forest) to
13.7 %; R$ 3,389.50; R$ 304.93
(soybean/corn). With the soybean/corn after
conversion of pinus planted forest, there was a
high initial cost of stump-removal. While, the

pinus planted forest showed a positive
economic flux after the 7th crop-year with
thinning/harvest in the 7th, 10th, 14th, 16th, and
20th years.
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