REDUCTION NATURAL REGENERATION DENSITY OF Pinus elliottii BY
MANUAL AND MECHANIZED MOWING

Jodo Osvani Messias Junior?, Samuel Alves da Silva2 *, Allan Libanio Pelissari3, Nelson Yoshihiro Nakajima3

Proteca Group, Planning Department, Cuiaba, Mato Grosso, Brazil - joao.osvani@gmail.com
2”Federal University of Parana, CNPq Scholarship Holder, Graduate Program in Forest Engineering, Curitiba, Parana, Brazil -
ssilva.alves@yahoo.com.br ,
3*Federal University of Parana, Department of Forest Sciences, Curitiba, Parana, Brazil - allanpelissari@gmail.com ,
nelson.nakajima@ufpr.br

Received for publication on 21/06/2018 — Accepted for publication on: 17/12/2019

Resumo

Condugdo da regeneracdo esponténea de Pinus elliottii por rogada manual e mecanizada. Os métodos de
condugéo da regeneracdo natural de Pinus elliottii sdo alternativas aos plantios com mudas, em que rogadas
manuais ou mecanizadas sao realizadas para reduzir a competicéo (densidade), ao passo que desbastes seletivos
séo aplicados para selecionar os individuos mais promissores. Dessa forma, o presente estudo teve como
objetivo comparar métodos de conducdo da regeneracdo natural de Pinus elliottii com base nas varidveis
biométricas florestais: densidade de arvores (N), drea basal (G), injdrias nas arvores remanescentes (I) e custo
de produgdo. Para isso, foram alocadas 19 parcelas circulares de 380 m2 em uma area experimental de rogada
manual com 22,5 ha e 6 parcelas em uma &rea de rocada mecanizada com 7,2 ha. O teste de Mann-Whitney
para amostras independentes foi utilizado para verificar a existéncia de diferenca estatistica entre as varaveis
discretas N e I, ao passo que o teste t de Student de duas amostras, presumindo variancias diferentes, foi aplicado
para a variavel continua G, ambos ao nivel de 5% de significancia. Com N- de 2.012 arvores/ha e G- de 4,07
m?/ha, a rogada mecanizada apresentou maior eficicia no controle da regeneracgdo. Nao foi encontrada diferenca
estatistica entre os métodos referente a I, enquanto o custo de produgdo da rogada manual foi 51,7% maior.
Assim, conclui-se que o método com rogada mecanizada é o mais indicado para a condugdo da regeneracao
natural de Pinus elliottii.

Palavras-chave: Regime de manejo; Tratos silviculturais; Rolo faca.

Abstract

The methods of conducting the natural regeneration of Pinus elliottii are alternatives to planting with seedlings,
where manual or mechanized mowing is carried out to reduce competition (density), while selective thinning
is applied to select the most promising individuals. Thus, this study aimed to compare methods of conducting
the natural regeneration of Pinus elliottii based on forest biometric variables: tree density (N), basal area (G),
injuries to the remaining trees (I) and production cost. For this, 19 circular plots of 380 m? were allocated in an
experimental area of manual mowing with 22.5 ha and 6 plots in a mechanized mowing area with 7.2 ha. The
Mann-Whitney test for independent samples was used to verify the existence of statistical difference between
the discrete variables N and | , while the test t of Student de two samples, assuming different variances, were
applied to the continuous variable G, both at the level of 5% significance. With N of 2,012 treesfha and G of
4.07 m?/ha, mechanized mowing was more effective in controlling regeneration. No statistical difference was
found between the methods referring to I, while the production cost of manual mowing was 51.7% higher.
Thus, it is concluded that the method with mechanized mowing is the most suitable for conducting the natural
regeneration of Pinus elliottii.

Keywords: Management Regime; Silvicultural Tracts; Drum Chopper.

INTRODUCTION

Forestry of the genus Pinus is one of the main sources of raw material for the forest-based industry in
southern Brazil, which has an important participation in the national economy (VASQUES et al., 2007). In order
to obtain greater control over the propagated material, low mortality rate and, mainly, to guarantee greater growth
potential, the establishment of forest stands is often carried out with the introduction of trees in site in the form of
seedlings produced in a nursery (CRUZ et al., 2006).

However, according to Ferrari et al. (2017), mainly due to environmental zoning, the planting of exotic
species is prohibited by law in some regions of Brazil, where, when possible, the continuation of the cultivation
of these species is usually done through the conduction of natural regeneration the seed bank of the areas after
harvesting the wood.

According to Silva et al. (2018), the seed tree method for the establishment of forest stands is not a
widespread practice in the country and can compromise the development of trees. However, it provides a great
reduction in the initial costs of forestry projects, eliminating the expense of buying seedlings, site preparation,
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leafcutter ant and weed control. Nonetheless, this practice requires silvicultural interventions in order to reduce
the density of plants, provide greater growth in diameter and direct the forest to the yield of resin and wood.

The methods of conduction of the natural regeneration of Pinus elliottii are divided in two stages: mowing
and selective thinning from below. The mowing one has the objective to diminish the competition, controlling the
initial density of trees, to the step that the selective thinning from below has as objective to select the individuals
phenotypically more promising and to organize forest stand (FINGER space et al. , 2003). Being able to be
practiced of manual or mechanized form, the mowing stage of differentiates the two methods of practiced
conduction of regeneration. In the manual method, the mowing is done with the use of sickles, while in the method
with mechanized mowing, a tractor with a drum chopper is used (CALDEIRA; CASTRO, 2012).

There is a hypothesis that the mowing methods differ in terms of the efficiency of this silvicultural tract
in controlling regeneration, in the cost of production and, also, in injuries to the remaining trees, which can harm
the production of resin. Thus, the objective of the present work was to compare methods of conducting the natural
regeneration of Pinus elliottii in stands managed for the yield of resin.

MATERIAL AND METHODS

Study area

The areas where the data were collected are located in the municipality of Cidreira, on the coast of the
state of Rio Grande do Sul, at an altitude of 3 to 5 m and under marine or river influence. According to the Képpen
classification, the region's climate is Cfa type, humid subtropical with no dry season, with hot summer, average
annual temperature of 18 and 19 °C and annual rainfall of 1,300 mm. The soil is of the eutrophic hydrosorphic
planossol type (LANZER et al., 2013).

Population and sampling

In the study area, a stand of Pinus elliottii was clear cut in 2010, whose seed bank remaining in the soil
began to germinate, initiating a seedbed. In the second half of 2016, at 6 years of regeneration, data collection was
carried out with the allocation of 380 m2 circular sampling units by the simple random sampling process.

This study compared two different methods of conducting the natural regeneration of Pinus elliottii: 1)
manual mowing conducted in an area of 22.5 hectares, in which 19 sample units were randomly sampled; and 2)
mechanized mowing conducted in an area of 7.2 hectares, with 6 sampling units measured. In both methods, the
sample intensity was proportional to the area of each experiment, resulting in approximately one sampling unit for
every 1.2 hectares.

Natural regeneration conducting methods of Pinus elliottii

The two methods of conducting natural regeneration have the mowing and selective thinning steps (Figure
1), aiming, respectively, at reducing the density of the stand and the selection of trees of greater height and
diameter. In the method with manual mowing, this stage was performed with sickle by a team of 25 workers at 5
years of age of the stand. Approximately every 20 m, a seedling-free strip of Pinus elliottii was left in the field.

Figura 1. Areas em atividade de rocada manual com foice (a) e em rocada mecanizada com rolo faca (b).
Figure 1. Areas in manual mowing with scythe (a) and mechanized mowing with drum chopper (b).
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At 6 years of age, selective thinning was performed and pruning the trees up to a height of 2.0 m (Figure
1a). In the method with mechanized mowing, the operation was performed with a rolling chopper, in which the
first mechanized mowing was performed on regeneration at 5 years of age, aiming at the opening of between rows
with 3.5 m width. At 6 years of age, a second operation was performed with drum chopper on the same interrow
performed in the first mowing operation, with the objective of reducing the dead layer of vegetation. Then,
selective thinning was performed on the strip left by the drum chopper operation, reducing the number of
specimens and respecting the distance of 1.0 m per plant (Figure 1b).

After data collection, for a better interpretation of the characteristics of the stands, descriptive analysis of
the data and grouping of the trees in diameter classes at 1.3 m from the soil (d) were performed to observe the
diameter distribution of the areas.

Density and basal area analysis

In the sample units, all trees were measured and tree density per hectare, basal area and sampling errors
were calculated. To verify a possible statistical difference in tree density per hectare, the nonparametric test of
Mann-Whitney was applied for independent samples at the level of 5% significance. For the basal area, the
normality test of Shapiro-Wilk was first performed, then the equality of variances was verified by the F test and,
finally, the t test of Student of two samples was performed, assuming different variances, at the level of 5%
significance.

Qualitative analysis of manual and mechanized mowing

The quality of the manual and mechanized mowing was evaluated based on the number of trees in the
plot with injuries in the trunk. The injuries found in the sample units of the area with manual mowing corresponded
to the removal of the bark caused by the accidental blow of the sickle. In the mechanized area, the damage caused
was related to the removal of the bark of the trunk by the passage of the tractor in the corridor and possible contact
of the tractor tires with the trees. Due to the width of the axle and rear wheels of the tractor, the regeneration close
to the corridor is achieved by the roller but is not eliminated (Figure 2).

i wn EE RN ,
Figura 2. Injarias em fuste de Pinus elliotti ocasionado por rodado de trator.
Figure 2. Injuries on the trunk of Pinus elliotti caused by tractor wheel.

To verify the existence of statistical difference between the injuries caused by the two types of mowing
in the remaining trees, the test of Mann-Whitney was also applied for independent samples at the level of 5%
significance. Although the nonparametric test of Mann-Whitney uses the median for the calculation, the mean
values of the variables were presented in the tables to better understand the information.

Production cost analysis
The analysis of production costs for manual and mechanized mowing activities was adapted from the

methodology presented by Schettino et al. (2015). The production cost (PC) was calculated by the ratio between
the operational cost (OC) budgeted for the mowing operations and the productivity (Prod) of the team or equipment
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(1), and the operational cost was established by the determination of fixed, variable and administrative costs of the
operations in the time interval, in which the activities were carried out in the areas studied.

(€
Where: PC = production cost (R$/ha); OC = operational cost (R$/ha); and Prod = Productivity (ha).

RESULTS

Characteristics of the studied areas

The mean diameter value (d) found for the manual mowing area was 10.50 cm, with a standard deviation
of 1.92 cm, while the mean total height (k) was 6.98 m, with a standard deviation of 0.98 m. For the area of
mechanized mowing, it was observed d of 4.88 cm, with standard deviation of 0.51 cm, and h of 3.99 m, with
standard deviation of 0.52 m.

Although they appear to belong to different stages of development, it was possible to notice a strong
tendency to unimodality in the diameter distribution in the two study areas. However, in the area of mechanized
mowing, there was a marked increase in the concentration of individuals from class 1 to 3 (Figure 3b), while in
the area of manual mowing, there was a greater tendency to normality (Figure 3a).
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Figura 3. Distribuicdo diamétrica das areas de rogada manual (a) e mecanizada (b).
Figure 3. Diameter distribution of the manual (a) and mechanized (b) mowing areas.

Density and average basal area

In the manual mowing area, the relative sampling error was 9.82%, while in the mechanized mowing
area, the error corresponded to 15.7%. The test result of Mann-Whitney for the analysis of natural regeneration
density of Pinus elliotti in the areas of manual and mechanized mowing is presented in Table 1.

Tabela 1. Andlise estatistica de densidade em areas de Pinus elliotti submetidas as rocadas manual e mecanizada.
Table 1. Statistical analysis of density in areas of Pinus elliotti submitted to manual and mechanized mowing.

Variable Mowing N (N/ha) U to trace. P- value
Manual 2.620
Densi 219*
ensity Mechanized 2.013 93,50 00219

Where: Wcalc.= test statistic Mann-Whitney ; P-value = probability of significance of test U; ns = not significant; and * = significant at 5%
probability.

It was possible to observe statistical difference between the mowing areas. The superiority of the average
number of individuals/ha found in the area of manual mowing, in relation to the mechanized mowing, was
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approximately 30.15%. The results of the Tests of Shapiro-Wilk (SW), F and t of Student for the analysis of the
basal area of the areas of manual and mechanized mowing is presented in Table 2.

Tabela 2. Anélise estatistica de area basal em areas de Pinus elliottii submetidas as rogadas manual e mecanizada.
Table 2. Statistical analysis of basal area in areas of Pinus elliottii submitted to manual and mechanized mowing.

. . Test SW Test F —= Testt
Variable  Mowing P- value P- value G (m2/ha) df t to trace. P- value
Manual 0,4416 23,66 -

Basal Area Mechanized 03271 1,65E-04 4,07 20 10,63 1.1E-09

In which: df = degrees of freedom; Test SW P- value = probability of significance of test SW; Test F P- value = probability of significance of
test F; t calc.= test statistic t of Student ; Test t P-value = probability of significance of the test t; ns = not significant; and * = significant at 5%
probability.

A statistical difference was observed for the average basal area, as well as for the density of trees. The
basal area found for the manual mowing area was approximately 481% larger than that found for the area of
mechanized mowing.

Manual and mechanized mowing quality

The percentage of trees reviled in relation to the average density calculated was 2.17% for the manual
mowing area and 3.48% for mechanized mowing. The test result of Mann-Whitney for the analysis of injuries
caused by mowing types is shown in Table 3.

Tabela 3. Analise estatistica de injurias em fuste causadas por rocadas manual e mecanizada.
Table 3. Statistical analysis of trunk injuries caused by manual and mechanized mowing.

Variable Mowing I (i/ha) Uto trace. P- value
- Manual 57 ns
Injuries Mechanized 70 92,50 0,0722

Where: Wcalc.= test statistic Mann-Whitney ; P-value = probability of significance of test U; ns = not significant; and * = significant at 5%
probability.

Although the area of mechanized mowing presents mild superiority of trees with injuries, no statistically
significant difference was observed between injuries caused in the areas of manual and mechanized mowing.

Production cost

The average cost of production (R$/ha) for operations performed in the manual mowing area was
approximately 51.7% higher than mechanized (Table 4). Thus, it can be noted that, for the mechanized area, the
1%t and 2" passage of the drum chopper resulted in low cost values when compared to manual interventions,
demonstrating that mechanized mowing becomes economically viable when the operation has acceptable amounts
of operational interruptions (preventive and corrective maintenance, supply, displacements, supervisions, jam,
among others) and non-operational interruptions (personnel displacement , physiological needs of the operator,
food, weather conditions for the activity, among others).

Tabela 4. Custo de producéo das atividades de rogada manual e mecanizada.
Table 4. Production cost of manual and mechanized mowing activities.

Activity Manual Mowing Mechanized Mowing
1st Mowing with sickles (R$/ha) 1.073,0 -
2nd Selective thinning (R$/ha) 1.145,5 1.129,9
1st Passage with drum chopper (R$/ha) - 177,7
2st Passage with drum chopper (R$/ha) - 154,4
Total (R$/ha) 2.218,5 1.462,0

The number of passages with the drum chopper is related to the stage of development of the trees present
in the area. Thus, after the first passage of the drum chopper in the mechanized area, the larger trees were
overturned by the implement, requiring a second passage of the drum chopper in order for the regeneration to reach
the desired mortality level.
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DISCUSSION

Through the characteristics of the two areas of conduction of natural regeneration of Pinus elliottii, it is
possible to evidence the heterogeneity of the stand and the presence of significant inferiority of individuals in the
area conducted with mechanized mowing, which is probably related to the stage of development of individuals
and/or site.

Since the diameter distribution allows describing the structure of a forest stand in a simple and efficient
way (LOETSCH et al., 1973), it is possible to observe that the two areas present unimodal diameter distribution,
similar to the distributions found by Téo et al. (2011) for plantations of Pinus taeda aged 5 years, located in the
region of Cacador, SC. According to Téo et al. (2012), the unimodal form of a distribution is a characteristic of
even-aged forest stands and, thus, with respect to the diameter structure, the areas of conduction of regeneration
studied are similar to forest plantations.

Unlike the manual mowing area (Figure 3a), in the mechanized mowing, an abrupt change in the
frequency of individuals between diameter classes one and three is visible (Figure 3b). Whereas, according to
Bartoszeck et al. (2004), several management-related activities tend to change the diametric structure of forest
stands, this change may be related to a more rigorous selection at the time of selective thinning, due to the greater
visibility of those responsible for the selective thinning of trees in this area and probably related to the
characteristics of the stand (lower d and h) and the mechanized mowing itself (lower density and basal area), i.e.
fewer individuals to be selected.

According to Bechara et al. (2013), the regeneration of the species Pinus elliottii is invasive and
aggressive, causing, according to Bourscheid and Reis (2010), a regeneration density of 19,617 seedlings/ha to
166,624 seedlings/ha. As these values are considered high, the density control of natural regeneration is carried
out in order to increase the commercial volumetric yield of wood and resin (SCHNEIDER; FINGER, 1994).
Furthermore, considering the density of approximately 1,600 trees/ha practiced by forest producers (AGEFLOR,
2016), the results show that the regeneration density in the mechanized area is closer to that affected in commercial
stands.

According to Kershaw Junior et al. (2016), the basal area is a useful information of a forest stand, because,
in addition to the direct relationship with the volume, it is a measure of the density of the stand. The mean basal
area value observed in the manual mowing area is close to 27.7 m#/ha found by Schneider and Finger (1994) in
chopped stands of Pinus elliottii aged 7 years, planted with initial spacing of 2 m x 2 m in the western plateau of
Santa Catarina.

On the other hand, the value found in area of mechanized mowing is lower than that found in the areas of
manual mowing, as well as the values found by Mainardi et al. (1996) for stands of Pinus taeda L aged 4 years,
in the northeast region of the state of Rio Grande do Sul, which presented basal area of 7.48 m2/ha and 7.92 m2/ha,
for site indices of 16 m and 18 m, respectively. This is due to forest biometric characteristics and the origin of trees
when compared to the studies cited.

The drum chopper significantly decreased the density of the stand, due to the opening of between corridors
of 3.5 m for the passage of the tractor and, additionally, it was also noted the opening of clearings in the field by
the maneuvers performed by the drum chopper. However, for the manual mowing area, the premise of opening
corridors at 20 m intervals was adopted, thus, the spacing and dispersion of the trees became different from each
other. Thus, the area of manual mowing, after the intervention, presented heterogeneous spatial distribution, while
the area of mechanized mowing showed a more homogeneous distribution, similar to a planted forest.

Regarding the quality of manual and mechanized mowing, although no statistical difference was found
by means of the nonparametric test, it was observed that the number of trees with injuries was lower in the manual
mowing area. As observed by Oliveira et al. (2012), when evaluating the quality of semi-mechanized pruning in
stands of Pinus taeda, it is possible to relate the level of training and orientation of the crews with the occurrence
of injuries. Thus, the greater the ability of team members who perform manual mowing, the lower the average
percentage of injuries per hectare.

It was also found that the level of damage caused to the trees by the tractor wheel in the mechanized area
was more aggressive to the trees trunk, when compared to the area of manual mowing. This caused the removal
of bark, wood injury and decreased rooting of the trees by their contact with the tractor wheel.

According to Martins et al. (2010), mechanical injuries can impair the health of trees, leaving them
exposed to external agents. Regarding the objectives of the cultivation of Pinus elliotti in the region of the study
area, the damage caused to the trees can cause reduction in growth, resin yield and log quality, so mitigating the
occurrence of injuries in the activities is of great importance for the success of the enterprise.

As a possible solution the highest incidence of damage to the trees, it is suggested that in the area of
mechanized mowing, this operation is performed with a drum chopper with a width greater than the tractor shaft.
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Thus, all vegetation hit by the tractor wheel, will later be removed by the drum chopper. Another alternative is the
use of wheels with smaller widths, which would avoid contact with the trees.

In selective thinning, although all teams are instructed to eliminate forked, tortuous trees with low d and
h, the highest percentage of forked trees, tortuous trees and branch stubs (part of the branch in the trunk not cut by
the sickle) was observed in the area of manual mowing. This fact is probably related to the visibility of workers,
since, when comparing the methods, different from the manual mowing area, the opening of the corridors resulting
from the passage of the drum chopper in the area of mechanized mowing tends to increase the field of vision of
the workers, thus facilitating the selection of the trees to be eliminated.

When analyzing the profitability of the cultivation of Pinus sp. in the mesoregions of the state of Parana,
considering the mechanized and manual production systems of establishment, Berger et al. (2011) report that, for
medium and large producers, mechanization in the implantation of Pinus sp. cultivation has become a routine
practice over the years and they state that, in scale, the use of tractors increases productivity and reduces production
costs.

In relation to the production cost in the two mowing systems, high values were observed in manual
mowing, mainly due to the fixed costs of salaries, charges, transportation, bonuses and medical care having
relevance in the total composition of the production cost, being increased the costs related to repairs and changes
of tools and personal protective equipment.

In mechanized mowing, in addition to the fixed costs of salaries and bonuses were lower than the manual
system, production costs were influenced by maintenance, fuel and lubricant expenses. It is also important to note
that such costs are subject to possible changes. Although the scenarios presented are the most recurrent, a greater
number of passages with the drum chopper may be necessary. Thus, even though each drum pass has a much lower
cost than manual labor, it is important to emphasize the need for structured planning to establish optimal moments
of interventions in regeneration.

Finally, even though mechanized mowing is more advantageous in terms of financial and productivity, it
is important to highlight the existence of limiting factors for its use. The characteristics of the stand, such as trees
with a height greater than 3 m and d greater than 10 cm, tend to reduce the field of vision of the operator, decrease
the productivity of operations and increase the risk of accidents at work, making the activity unfeasible. Other
factors such as: irregular field, rough terrain, high stumps, poorly drained soils and high number of drainage
channels, make the operation with drum chopper impractical, as they increase the number of maneuvers, the risk
of jam and the maintenance of the machines.

CONCLUSIONS

e Mechanized mowing is more effective in controlling regeneration density and lower production cost compared
to manual mowing, not differing statistically in the number of injuries in the wood of trees.

e Although it is the most indicated for the evaluated conditions, it is important to emphasize that are limitations
to the use of mechanized mowing. The stage of development of regeneration, topography, and drainage of the
land must be considered.
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