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Automated estimation of tree number in Pinus elliottii Engelm. and
Eucalyptus sp. plantations using UAV imagery
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Abstract

Forestry activities require accurate inventories to support sustainable forest management; however, conventional
field-based inventories are costly and difficult to implement over large areas. This study aimed to define and evaluate
a methodology to estimate the number of trees in commercial plantations of Pinus elliottii and Eucalyptus sp. using
images acquired by an Unmanned Aerial Vehicle (UAV) in the central region of Rio Grande do Sul, Brazil. The
study was conducted in three plantations (P1 — Pinus, 17 ha; P2 and P3 — Eucalyptus, totaling 33 ha). Circular
sampling plots of 400 m2 were established for the conventional forest inventory. Orthomosaics were generated
from UAV flights using a DJI Mavic 3M at 120 m altitude, with 80% forward and 70% side overlap. Circular and
rectangular sampling units with the same area were delineated on the images at the same sampling locations.
Image processing was performed in Agisoft Metashape, and spatial analysis was conducted in QGIS. Tree counts
obtained by the three methods (field inventory, circular plots on imagery, and rectangular plots on imagery) were
compared using the Shapiro—Wilk normality test and, when appropriate, Student’s t-test or the Mann-Whitney U test.
Statistically significant differences were observed between field-based counts and UAV-derived estimates in all study
areas, whereas no significant differences were found between the two image-based methods. Discrepancies were
smaller in Pinus plantations and more pronounced in Eucalyptus stands, indicating underestimation related to crown
architecture, stand density, crown overlap, and image resolution and illumination constraints. Under the evaluated
conditions, UAV-based approaches were not efficient for sample-based estimation of tree numbers, highlighting the
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need for species-specific calibration, lower-altitude flights, and improved image processing strategies.
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1. Introduction

Forestry activities play an essential role in the devel-
opment of society, influencing quality of life, promoting
economic development, and, when conducted in accor-
dance with the principles of sustainable management,
contributing significantly to the conservation of natural
resources by enabling the balanced and responsible use
of forests. Therefore, for the planning and execution of
any technical operation aimed at the rational use of forest
resources, it is necessary to know and accurately quantify
these resources.

Forest inventory is the main tool used for this purpose,
serving as the basis for acquiring quantitative and qualita-
tive information within a given area. Although traditional
forest inventory provides highly accurate estimates of a
population, it also presents operational difficulties and

high costs (Pinto et al., 2024).

Thus, new technologies have been increasingly em-
ployed in forest area surveys with the aim of reducing
costs, facilitating data collection, and increasing the relia-
bility of the information obtained. Several authors, such
as Figueiredo et al. (2018), Sousa (2017), and Corte et al.
(2020), highlight the use of remote sensing and machine
learning algorithms in the acquisition and processing of
forest data.

Remote sensing technology is applied through Un-
manned Aerial Vehicles (UAVs), popularly known as
drones, which offer a wide range of applications. These
UAVs are widely used in agriculture and have gained
prominence in forest management with the goal of opti-
mizing operational routines and reducing costs (Figueiredo
et al., 2018). According to the same authors, precision
management, or Forestry 4.0, has been applied, for ex-
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ample, in semi-automated forest inventories.

According to Han et al. (2022), aerial image mosaick-
ing techniques have been widely used in recent decades
for activities such as monitoring, forest fire detection, tree
counting, among others. Information on the location,
shape, and condition of trees is fundamental for preci-
sion management. Advances in UAV-based technologies
have supported improvements in methods for identifying
and quantifying trees.

However, further studies and methodologies are still
required to demonstrate the efficiency of these tools.
Therefore, the objective of this study was to define a
methodology for estimating the number of trees in com-
mercial plantations of Pinus and Eucalyptus species us-
ing UAVs in the central region of Rio Grande do Sul,
Brazil.

2. Materials and Methods

2.1 Characterization of the study areas

The study was carried out in three forest plantations
located in two different areas. The first, referred to as
plantation 1 (P1), is located in Santa Margarida do Sul,
Rio Grande do Sul, Brazil (Figure 1 — b and c¢), and
covers an area of 17 ha planted with Pinus elliottii, at
latitude 30°20'20.5” S and longitude 54°00'21.3” W. The
stand was established in 2008, with a spacing of 2.5 m
between trees and 4.0 m between rows.

According to Moreno (1961), based on the Képpen
climate classification, the climate in Santa Margarida do
Sul is subtropical, classified as type Cfa. Winds have an
average speed of around 10 km h~! and, in the Cam-
panha region, predominantly follow a southwest direction
throughout most of the year. The region is characterized
by a mean annual precipitation ranging between 1,300
and 1,600 mm.

According to Raffaelli (2002), the soils of the munici-
pality are classified into two main types. One corresponds
to Planosols with medium texture, occurring on flat to gen-
tly undulating relief over recent sedimentary substrates.
The other type consists of Litholic soils with medium tex-
ture, which occur on undulating relief and are associated
with a granitic substrate.

The second and third stands, referred to as plantation
2 (P2) with 8 ha and plantation 3 (P3) with 25 ha, respec-
tively, consist of Eucalyptus sp. and are located in the
municipality of Lavras do Sul, Rio Grande do Sul (Figure
1—bandd).

The study was conducted in the municipality of Lavras
do Sul, Rio Grande do Sul, located in the Southern
Rio Grande do Sul Shield, where soils are classified
as Litholic Neosols, suitable for livestock production and

Automated estimation of tree number in Pinus elliottii Engelm. and
Eucalyptus sp. plantations using UAV imagery — 2/10

reforestation (MSRS, 2024). According to the Képpen
climate classification, the region has a humid subtropical
climate (Cfa), with mean annual temperatures ranging
from 16°C to 18°C (Macedo, 1984).

The vegetation in Lavras do Sul is characterized by
a continuous herbaceous cover dominated by grasses.
There are no gallery forests; instead, shrubs and trees
occur in a scattered manner or grouped in small patches
(capdes), and the vegetation is classified as Grassy—
Woody Savanna (IBGE, 2012).

The studied area comprises 33 hectares of Eucalyp-
tus plantations without thinning, divided into two sections:
area 1 (P2), with 8 hectares, established in 2012, with a
spacing of 2.0 x 2.0 meters and using a mix of genetic
material; and area 2 (P3), with 25 hectares, established
in 2009, with a spacing of 4.0 x 1.5 meters and composed
exclusively of the species Eucalyptus dunnii Maiden.

To carry out this study, aerial surveys were conducted
using an unmanned aerial vehicle (UAV) (DJI brand, DJI
Mavic 3M model), presented in Table 1, along with con-
ventional forest inventories in the three plantations.

Table 1. Characteristics of the DJI Mavic 3M UAV used
in the P1, P2, and P3 areas of Pinus and Eucalyptus
plantations in the municipalities of Santa Margarida do
Sul and Lavras do Sul, Rio Grande do Sul, Brazil.

Parameter Specifications

Net weight (with propellers and RTK module) 951 g
1,050 g
Diagonal: 380.1 mm

Maximum takeoff weight
Diagonal length

Maximum speed (near sea level, no wind) 15 m/s (normal mode)
Forward flight: 21 m/s;
lateral flight: 20 m/s;
backward flight: 19 m/s (sport mode)

Maximum flight time (no wind) 43 minutes

GNSS GPS + Galileo + BeiDou + GLONASS
(GLONASS is supported only
when the RTK module is enabled)

—10°C to 40°C
4/3 CMOS, effective pixels: 20 MP

Field of view (FOV): 84°
35 mm equivalent focal length: 24 mm
Aperture: /2.8 to f/11
Focus: 1 mto «

5280 x 3956
JPEG/DNG (RAW)
1/2.8-inch CMOS, effective pixels: 5 MP

Green (G): 560 &+ 16 nm
Red (R): 650 + 16 nm
Red Edge (RE): 730 + 16 nm
Near Infrared (NIR): 860 + 26 nm

Multispectral image format TIFF

Source: Adapted from DJI Mavic 3M (2025).

Operating temperature
RGB image sensor
RGB lens

Maximum RGB image dimensions
RGB image format
Multispectral image sensor

Multispectral camera bands

In P1 (Figure 1a and b), an aerial survey was con-
ducted using a UAV (DJl, model DJI Mavic 3M), along
with a conventional forest inventory. The Google Earth
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software was used for the planning and spatial distribution
of the sampling plots (Kusnandar, 2020).
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Figure 1. Location of the study areas in plantations P1,
P2, and P3 of Pinus and Eucalyptus in the municipalities
of Santa Margarida do Sul and Lavras do Sul, Rio
Grande do Sul, Brazil.

Legend: (a) location of the two study areas in Rio
Grande do Sul; (b) location of the plantation areas
in Santa Margarida do Sul and Lavras do Sul; (c)
orthomosaic obtained by UAV at the Pinus sp. plantation
site; (d) orthomosaic obtained by UAV at the Eucalyptus
sp. plantation site. UTM Coordinate System, SIRGAS
2000 Datum, Zone 21S.

In the forest inventory of P1, 25 circular sampling units
were systematically allocated, with an average spacing
of 101 m along the planting rows and 84 m between rows.
The radius adopted for each sampling unit was 11.28
m, resulting in an area of approximately 400 m2 per unit.
The sampling units were installed using a digital laser
distance meter and subsequently georeferenced with a
navigation GNSS receiver (Garmin GPSMAP 76CSx),
applying the absolute positioning method (Monico, 2008).
This method is used to determine the exact geographic
position of a receiver on the Earth’s surface (Hofmann-
Wellenhof et al., 2001).

In P2, 10 sampling units were allocated, and in P3,
20 sampling units, in order to adequately cover and rep-
resent the entire plantation. In the forest inventory, fixed-
area circular sampling units of 400 m2 were randomly

distributed, and their locations were automatically gener-
ated using the “random points” procedure within polygons
in the QGIS software. After the points were imported
into the navigation GPS, they were materialized in the
field, where dendrometric data of the trees were collected.
Thus, the sampling design was carried out considering
individual trees as the variable of interest. A maximum
sampling error of 10% was adopted, with a confidence
level of 95%.

The variables collected in the field included the diam-
eter at breast height (DBH), measured at 1.30 m above
ground level using a mechanical forest caliper, encom-
passing all trees within the sampling units; and the total
height of the first ten trees measured in each sampling
unit, determined with the aid of a Vertex IV hypsometer.

The flights were conducted at an altitude of 120 m,
with the camera manually configured (camera model
FC2204 — 4.386 mm, focal length of 4.386 mm, pixel
size of 1.58 x 1.58 um, ISO 1600, and shutter speed of
1/250), and using automatic flight planning over an area
of 17 ha. The flight speed was set to 15 m s~!, with 80%
frontal overlap and 70% lateral overlap, resulting in an
estimated acquisition of 56 images.

The DJI Mavic 3M UAV is equipped with one RGB
camera and four multispectral cameras. The RGB cam-
era captures three bands of the visible spectrum (red,
green, and blue) using a 4/3” CMOS sensor with 20
megapixels. The multispectral cameras are composed of
four single-band 1/2.8” CMOS sensors (5 megapixels),
capable of acquiring images separately in the red (650
+ 16 nm), red edge (730 + 16 nm), green (560 + 16
nm), and near-infrared (NIR; 860 + 26 nm) bands. In
addition, the onboard system includes a sunlight spectral
sensor positioned on the top of the drone, responsible
for monitoring solar irradiance and enabling radiometric
correction of reflectance (DJI, 2023).

Flight planning was carried out using the flight plan-
ning software integrated into the UAV controller, referred
to as “Flight Route,” set at an altitude of 120 meters. The
flight over the Pinus sp. area was conducted on July 24,
2024, between 11:00 a.m. and 1:00 p.m. For the Euca-
lyptus sp. area, the flight took place on July 19, 2024,
at the same altitude and within the same time window,
using 80% frontal and 70% lateral overlap for both areas.
Camera settings were similar for the two areas, using the
M3M camera with a focal length of 12.29 mm, ISO 100,
shutter speed of 1/240 s, and aperture of /5.6.

Subsequently, the images were imported and pro-
cessed using Agisoft Metashape Professional Edition
1.6.0 (AGISOFT, 2020), trial version, in JPEG format,
adopting the Universal Transverse Mercator (UTM) co-
ordinate reference system, Zone 21S, and the SIRGAS
2000 datum, as presented in Table 2.
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Table 2. Image processing in the Agisoft Metashape
software and the parameters used at each processing
stage.

Step Parameter Specification

Accuracy Medium

Generic Preselection Enabled

1st Alignment Key point limit 40,000
Tie point limit 4,000

Adaptive camera model fitting Enabled
Accuracy High

Generic Preselection Enabled

2nd Alignment K?y p().int l.im.it 40,000
Tie point limit 4,000

Adaptive camera model fitting Enabled
Reset current alignment Enabled
Quality High
Depth Filtering Aggressive
Calculate Point Colors Enabled
Datum / Projection SIRGAS 2000/ UTM Zone 21S

Dense Cloud Generation

DSM Generation Source D.ata Dense Cloud
Interpolation Default
Point Classes All
Datum / Projection SIRGAS 2000/ UTM Zone 21S
Orthomosaic Generation Slturface DEM
Blending Mode Default
Enable hole filling Enabled
From Any class
To Ground + Low Points
Dense Cloud Classification Max angle (deg) 15
Max distance (m) 0.18
Cell size (m) 100
Datum / Projection SIRGAS 2000/ UTM Zone 21S
DTM Generation Source D.ata Dense Cloud
Interpolation Default
Point Classes Ground

Source: Author (2025).

The orthomosaic was exported in TIFF format for use
in post-processing. The steps performed, along with
their respective activities and generated products, are
summarized in Figure 2.

For the present study, the number of trees was counted
in the plantations (P1, P2, and P3) located in the munici-
palities of Santa Margarida do Sul and Lavras do Sul, in
the state of Rio Grande do Sul, Brazil.

In order to perform tree counts using an alternative
method, that is, based on images obtained by the UAV,
aerial surveys were conducted over the two study areas.

The maps and the spatial representation of the sam-
ple areas where tree counts were performed, as well
as the location of the sampling units (Figure 3), were
produced using the QGIS software (QGIS Development
Team, 2021).

2.2 Sampling

Three methods were defined and compared to esti-
mate the number of trees in the two study areas (Figure
3 —c and d). For the traditional method, a field inventory
was conducted in which circular plots were established
and the number of trees in each plot was counted. For the
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Figure 2. Diagram of the steps, activities, and products
generated up to the UAV-based aerial survey in the plan-
tations of areas P1, P2, and P3.

Source: Author (2025).

alternative methods, circular (Figure 3 —a, ¢, and e) and
rectangular (Figure 3 — b, d, and f) plots were delineated
on the orthomosaics obtained from UAV imagery. Efforts
were made to delineate the plots used in the alternative
methods at the same locations where the field inventory
was carried out.

For the comparison among methods, the number of
trees was counted using rectangular and circular sample
plots, each corresponding to an area of 400 m2.

The locations where sampling was conducted were
defined a priori, and their coordinates were determined
using a navigation GNSS receiver, which has an approx-
imate positional accuracy of 5 m (o ~ 5.00). For each
method, the center of the sampling unit was positioned
at the recorded coordinates, and subsequently the ge-
ometric shape of the plot was defined in QGIS (Figure

1).

2.3 Statistical analysis

For the statistical analysis, a script was developed
using the R statistical computing environment (R Core
Team, 2025).

First, the assumption of normality for the tree count
values was evaluated using the Shapiro—Wilk test (Shapiro
& Wilk, 1965; Royston, 1982a; Royston, 1982b; Roys-
ton, 1995). For all groups, when a p-value > 0.05 was
obtained, it was possible to state that the sample origi-
nated from a population following a normal distribution. In
such cases, normality was assumed and the Student’s t-
test (R Core Team, 2025) was applied to compare means.
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Figure 3. Location of the sample
plots in the three plantations (P1,
P2, and P3), overlaid on the ortho-
mosaics generated for the Pinus
and Eucalyptus plantations in the
municipalities of Santa Margarida
do Sul and Lavras do Sul, RS.

Legend: a: location of circular
sample plots in P1; b: location of
rectangular sample plots in P1; c:
location of circular sample plots
in P2; d: location of rectangular
sample plots in P2; e: location
of circular sample plots in P3; f:
location of rectangular sample plots
in P3. UTM Coordinate System,
SIRGAS 2000 Datum, Zone 21S.

When the p-value was < 0.05, comparisons were per- 3. Resulis and Discussion

formed using nonparametric methods. Accordingly, the

nonparametric Mann—Whitney U test (Bauer, 1972; Hol- 3.1 Forest inventory

lander & Wolfe, 1973) was used to compare two groups.
No data treatments were applied to remove outliers prior
to the statistical analyses.

In the Pinus area (P1), field measurements were car-
ried out using a conventional forest inventory, totaling 854

trees distributed across 25 sampling units. For descrip-
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tive statistical analysis, 270 trees were used, for which
the variables height (H) and diameter at breast height
(DBH) were measured. A total of 1,055 RGB images
were generated, with a ground sampling distance (GSD)
of 3.75 cm/pixel.

In the Eucalyptus areas (P2 and P3), diameter at
breast height (DBH) was measured for all individuals
within the sampling units in both areas. In P2, 418 trees
were recorded, totaling 0.4 hectares, while in P3, 885
trees were measured over a total area of 0.8 hectares.
Regarding total height, 134 trees were measured in P2
and 261 in P3. Based on the sampling, the sampling units
showed average values of 42 and 45 trees for P2 and
P3, respectively, corresponding to estimated densities of
1,045 and 1,106 trees per hectare. During the survey,
a total of 755 images were generated, with a ground
sampling distance (GSD) of 3.97 cm-pixel~!.

3.2 Exploratory analysis

The mean, median, first and third quartiles of the tree
count values for area P1 (Figure 1c; Figure 3a and b) are
presented in Table 3.

Table 3. Exploratory statistical analysis of the number of
trees for P1, P2, and P3.

Area Statistic Field Circular Rectangular

1st Quartile  29.00 20.00 22.00

P1 Median 31.00 26.00 25.00
Mean 30.88  26.60 26.80

3rd Quartile 34.00  33.00 29.00

1st Quartile  33.75 26.00 28.50

P2 Median 43.00 28.50 32.50
Mean 41.80 30.30 33.30

3rd Quartile 46.75  36.50 36.75

1st Quartile 36.00  25.00 23.75

P3 Median 41.00 26.50 26.00
Mean 42.44 26.88 26.19

3rd Quartile 45.75 29.25 28.00

The exploratory data analysis for P1 indicates that
the circular counting method exhibits the greatest data
dispersion, as evidenced by an interquartile range of 13
trees, whereas the field and rectangular methods, con-
sidering the same metric, showed lower values of 5 and
7, respectively. When the same metric is considered for
P2, it is again observed that the field method presents
the largest interquartile range, with a value of 13 trees,
while the circular method shows 10.5 trees and the rect-
angular method 8.25 trees. For P3, a similar pattern was

observed, with the largest interquartile range recorded for
the field method (9.75 trees), compared with 4.25 trees
for both the circular and rectangular methods (Table 3
and Figure 3).

The differences evidenced by this metric may suggest
that it is not a good indicator for comparing the number
of trees, since the largest interval was observed for the
circular counting method in area P1, rather than for the
field method, as observed in P1 and P2.

The behavior observed for P2 and P3, which have
different planting spacings, may indicate an underestima-
tion of the number of trees when counts are performed
using images obtained by UAVs.

In part, this can be explained by the fact that, in the
field, it is possible to clearly identify each individual tree,
whereas in images, confusion may occur among over-
lapping or adjacent crowns, precisely due to the char-
acteristics of the measured species. According to Hast-
ings et al. (2020), the accuracy of tree crown detec-
tion depends on crown shape. Trees with more spread-
out crown forms show higher overall detection accuracy,
while species with different morphological characteristics
tend to present lower accuracy (Hastings et al., 2020).

This confusion may be intensified when planting dis-
tances are shorter. According to Zarco-Tejada et al.
(2020), one of the reasons this method has difficulty
detecting individual trees is the close proximity of trees
planted near each other (spacing).

Another noteworthy detail is that the medians are very
close to the means across the three methods and the
three plantations (P1, P2, and P3) (Table 3 and Figure
4), which reinforces the hypothesis that the means can
represent, with good approximation, the population of
each method studied in each plantation. The differences
did not exceed 1.5 trees (min = 0.12 and max = 1.44
trees).

It is possible to observe, through the exploratory anal-
ysis considering Figure 5 (P3), that there is a greater
divergence between the alternative tree-counting meth-
ods when compared to the traditional method. It is also
important to highlight the possible occurrence of an out-
lier in area P3 for tree counting using the circular method.

When analyzing the assumption of data normality us-
ing the Shapiro—Wilk test (SHAPIRO, S. S. & WILK, M.
B., 1965; ROYSTON, 1982a; ROYSTON, 1982b; ROYS-
TON, 1995), the following p-values were obtained: P1, p-
value = 0.243; P2, p-value = 0.404; P3, p-value = 0.0007.
Therefore, based on these results, it is not possible to
state that the P3 sample comes from a population that fol-
lows a normal distribution. For P1 and P2, however, it can
be stated that the samples come from populations with
a normal distribution. Based on these assumptions, Stu-
dent’s t-test was applied to compare the three methods in
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areas P1 and P2, while for P3 the nonparametric Mann—
Whitney U test was used (BAUER, 1972; HOLLANDER
& WOLFE, 1973).

3.3 Comparison of methods

The comparison between the methods, using Stu-
dent’s t-test for P1 and P2, as well as the nonparamet-
ric Mann—Whitney U test, resulted in the outcomes pre-
sented in Table 4.

Table 4. p-values obtained from Student’s t-tests (P1
and P2) and the Mann—Whitney U test (P3) for method
comparison.

P1 P2 P3
Field Circular Rectangular

Field Circular Rectangular Field Circular Rectangular
Field - 0.000 0.001 - 0.002 0.010 - 0.000 0.000
Circular 0.000 - 0.992 0.002 - 0.311 0.000 - 0.393
Rectangular  0.001 0.992 - 0.010 0.311 - 0.000 0.393 -

Legend: Field = Field method; Circular = Circular plot; Rectangular =
Rectangular plot.

Based on the statistical tests applied, it was possible
to observe that the field method differed from the data
collection methods using UAV-acquired images, both in
the circular and rectangular formats. However, the UAV-
based methods did not differ statistically from each other.
These results were consistent across the three study
areas, P1, P2, and P3.

It is observed that, in numerical terms, when compar-
ing the means among the three methods for the different
species, the means obtained from field data showed the
greatest differences when compared with the means from
the alternative methods (circular and rectangular) for P2
and P3, to the detriment of the differences between the
field and the circular and rectangular methods in P1. The
differences between the obtained means, expressed as
number of trees, are presented in Table 5.

Table 5. Differences between the obtained means, ex-
pressed as number of trees.

P1 P2 P3

Field Circular Rectangular

Field - 4.28 4.08 - 11.50 8.50 - 15.56 16.25

Circular 4.28 - 0.20 11.50 - 3.00 15.56 - 0.69
Rectangular  4.08 0.20 - 8.50 3.00 - 16.25 0.69 -

Field Circular Rectangular Field Circular Rectangular

Legend: Field = Field method; Circular = Circular plot; Rectangular =
Rectangular plot.

The differences observed in the means reinforce the
hypothesis that tree counting for different species us-
ing alternative methods (circular and rectangular) may
present smaller discrepancies in mean values for Pinus
(P1) than for Eucalyptus (P2 and P3). The greater range
observed for P2 and P3 can be explained by the difficulty
in clearly identifying individual trees in the orthomosaic
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due to crown architecture, even under different planting
spacings.

According to Nevalainen et al. (2017), the use of
remote sensing through (UAVs) offers great potential for
accurate results in the automatic identification of trees
and species classification. However, its performance
may be compromised when images are acquired under
variable lighting and shadow conditions.

Although the statistical tests indicate significant dif-
ferences among the means, for P1 the alternative UAV-
based methods present similar mean values at approx-
imately 86%. For P2 and P3, the means are similar to
the field values, ranging from approximately 72% to 80%
for P2 and from 61% to 63% for P3. This reinforces the
hypothesis that tree-counting methods should be species-
specific.

Another factor identified as influencing tree detection
and count estimation was reported by Alexander et al.
(2018), who observed that area topography also plays
a role in tree detection in their study based on LiDAR-
derived data.

4. Conclusion

It was observed that, for both Pinus sp. and Eucalyp-
tus sp., alternative methods based on the use of UAVs
are not efficient for sample-based determination of the
number of trees in the plantation, regardless of whether
circular or rectangular sampling formats are used.

UAV-based methods may present larger differences
between mean values for different species when com-
pared to field data. Therefore, it is recommended that
counting studies using alternative methods be conducted
with approaches specific to each species. It is under-
stood that the inefficiency of the method is mainly related
to image quality, which is often affected by unfavorable
climatic conditions, making visual counting difficult. Thus,
for the continuation of studies within this context, it is
suggested that flights be carried out at lower altitudes
and that image processing be performed at higher quality.
Another relevant factor is planting density, since canopy
overlap also hinders the distinction between individual
trees.

For tree counting using alternative UAV-based meth-
ods, the sampling format (rectangular or circular) does
not influence the tree count.
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