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ABSTRACT

The use of spraying drones in agricultural crops has become
arecurring practice on rural properties. In this context, this
study aimed to evaluate the influence of different spraying
equipment and flow rates on the agronomic performance
of second-season soybean crop. The experiment was
conducted in the experimental area of the Polytechnic
College, Federal University of Santa Maria, under the
experimental design of randomized blocks, in a 3x2
factorial, with three spraying equipment (DJI T16 drone,
DJI T40 drone and MF 8225 self-propelled sprayer) and
two flow rates for each equipment (10 and 15 L ha' for
drones and 50 and 100 L ha! for self-propelled sprayer).
For drones, application rates of 10 and 15 L ha' were
classified as low and high, respectively, whereas for
the self-propelled sprayer, application rates of 50 and
100 L ha! were classified as low and high, respectively.
The evaluated variables were number of pods per plant,
number of grains per plant, thousand-grain weight, and
grain yield. ANOVA indicated no significant interaction
between application rates x equipment, with no significant
main effects observed. It was concluded that both drones
and the self-propelled sprayer, regardless of the application

rate, ensured similar soybean crop performance.

Keywords: agronomic performance, self-propelled

sprayer, spraying drones.
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INTRODUCTION

Soybean is a commodity with major global importance,
due to its bromatological quality, which is extremely
important for human and animal diet.?V In Brazil, soybean
production in the 2023/24 harvest was 147.3 million
tonnes, 4.7% lower than that obtained in the 2022/23
harvest, the highest ever harvested in the country.® In this
scenario, Brazilian agriculture is recognized for its high
competitiveness and enormous job creation potential in the
agricultural sector.®

Due to the advancement of management techniques and
technological increase, Precision and Digital Agriculture
has promoted improvements in agricultural production
systems, optimizing resources and mitigating effects and
impacts on the environment. Among the technologies
driven by modern agriculture is the use of Remotely Piloted
Aircraft (RPAs), or drones, for the phytosanitary control of
agricultural crops, which has shown significant growth.®-¢

There is a lack of studies that consistently validate the
efficiency of using remotely piloted aircraft in soybean
cultivation.” Furthermore, there is insufficient information
to support the selection of specific operational parameters
under different working conditions.®® Environmental
factors strongly influence the spraying quality of remotely
piloted aircraft, potentially significantly reducing equipment
efficiency in the field and consequently increasing the risk
of environmental contamination.'%!D

There is a tendency for spraying drones to be increasingly
present in agriculture; however, as they have been recently
introduced in the national market, studies on their technical
efficiency and economic feasibility are needed. In this context,
this study aimed to evaluate the influence of different spraying
equipment and flow rates on the agronomic performance of

second-season soybean crop.

MATERIAL AND METHODS

Study area and experimental design

A field experiment was conducted during the 2023/2024
crop season at the experimental area of the Polytechnic
College of the Federal University of Santa Maria, in the city
of Santa Maria, southern Brazil, at the geographic coordinates

29°43'44.396" S and 53°45'25.826" W, with an altitude of 105
m above mean sea level. According to the Koppen climate
classification, the region has a Cfa climate, humid subtropical,
characterized by hot summers.? The soil at the site is classified
as Argissolo Bruno Acinzentado (Ultisol), due to the presence
of a textural change and low clay activity,"'® with its chemical
characteristics shown in Table 1.

The experimental design was randomized complete
block in a 3x2 factorial arrangement, with three spraying
equipment (drones and self-propelled sprayer) and two flow
rates (low and high), with three replicates. The equipment
used consisted of DJI drones, AGRAS T16 and AGRAS
T40 models, and a Massey Ferguson self-propelled sprayer,
MF 8225 model. The flow rates applied were 10 L ha’
(low) and 15 L ha'! (high) for the drones, and 50 L ha’
(low) and 100 L ha™! (high) for the self-propelled sprayer.

The definition of the application rates and their
classification as “low” or ‘“high” were based on the
operational conditions encountered in the field for each piece
of equipment. Due to the limited autonomy of drones in
terms of tank capacity and flight time per battery, as well as
the characteristics of the atomization technology employed,
the application rates used with these devices for insecticide
and fungicide spraying are lower than those adopted for self-
propelled sprayers, generally ranging from 10 to 15 L ha™,
which are the most commonly reported.(+!?

The operational parameters used by the drones, AGRAS
T16 and AGRAS T40, during the applications consisted of
a flight height of 4 m above the ground surface, application
swath width of 5 m, and working speed of 20 km h™'. The
AGRAS T16 and AGRAS T40 produced fine droplets
at both low and high spray volumes. The self-propelled
sprayer operated at a working speed of 8 km h™! and
working pressure of 4.5 bar, producing fine droplets at both

low and high spray volumes.

Crop management

Soybean sowing was carried out on February 1, 2024
(off-season), with arow spacing of 0.45 m and a plant density
of 377,800 seeds per hectare. The soybean cultivar used
was HO Paraguacu 12X, characterized by an indeterminate

growth habit, medium plant size, maturity group 6.4, and

Table 1. Chemical composition of the soil of the experimental area in Southern Brazil

Clay (%) pH (H,0) P (mg/L)

K (mg/L)

OM (%) CEC (pH7) SMP index

21.5 5.8 333

198.25

222 12.75 6.0
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good adaptability to the regional climate. Fertilization was
performed following the recommendations of the Manual
de Calagem e Adubagdo for the states of Rio Grande do Sul
and Santa Catarina, based on soil analysis results (Table 1),
using 300 kg ha™' of NPK fertilizer (02-23-23).!8 Weed
management and phytosanitary control were carried out
according to the Technical Recommendations for Soybean
Cultivation " Harvest was carried out on May 20, 2024.

During the experimental period, three applications
of insecticides and fungicides were conducted on March
26, 2024, April 9, 2024, and April 23, 2024, according to
control needs based on the monitoring of neotropical brown
stink bug (Euschistus heros) and red-banded stink bug
(Piezodorus guildinii), as well as the Asian soybean rust
(Phakopsora pachyrhizi) and downy mildew (Peronospora
manshurica). These applications were performed using
a fan-type nozzle, XR11001 model, in the AGRAS T16
drone, and an atomizing nozzle, LX8060SZ model, in the
AGRAS T40 drone. In the self-propelled sprayer, hollow
cone nozzles were used: 30HCX4 for low flow rate and
30HCXS for high flow rate.

The response variables measured were the number
of pods per plant (NPP), the number of grains per plant
(NGP), thousand-grain weight (TGW), and grain yield.
NPP and NGP were determined by counting the number
of structures present in six representative plants collected
from each experimental unit (EU). To measure TGW and
grain yield, plants were manually harvested in a 4.05 m?
area in each EU. Subsequently, the samples were threshed,
cleaned, and weighed on a precision scale, with grain

moisture content corrected to 13%.

Weather conditions

Air temperature (minimum, average, and maximum)
and accumulated rainfall data were obtained from the
automatic meteorological station of the National Institute
of Meteorology (INMET), affiliated with the Federal
University of Santa Maria, located approximately 1,000 m
from the experimental area. During the soybean growing

season, the average air temperature was 22.07 °C, ranging

Table 2. Weather conditions on each spraying date

from 4.40 °C to 37.20 °C, with accumulated rainfall of
1,160.60 mm (Figure 1). In addition, during the spraying
operations, wind speed and relative air humidity were

measured (Table 2) using a thermo-hygro-anemometer.

Statistical analysis

The data obtained were initially analyzed for adherence
of the residuals to normal distribution and homogeneity of
residual variances using the Shapiro-Wilk (p < 0.05) and
Bartlett (p < 0.05) tests, respectively.?**) Subsequently,
the data were subjected to Analysis of Variance (ANOVA)
to determine the possible effects of treatment and

Figure 1. Air temperature (minimum, average, and maximum) (a)
and accumulated rainfall (b) during the soybean growing season
(February to May).

Spraying date Average air temperature Wind speed (km h') Relative humidity (%)
March 26 23.1 7.0 83.1
April 9 23.9 3.7 81.5
April 237 20.6 4.5 78.3
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interaction. When a significant effect was verified by the
F test (p < 0.05), the appropriate complementary analyses
were carried out. All analyses were performed with the aid
of R software (R Core Team, 2024).

RESULTS AND DISCUSSION
The 2023/24 growing season was marked by the

occurrence of the El Nifio phenomenon, which is
characterized by high rainfall volumes in southern Brazil.
During the study period, as previously mentioned, an
average air temperature of 22.04 °C was observed,
and total cumulative rainfall reached 1,160.6 mm,
approximately 106% above the regional climatological
normal.?? Soybean requires temperatures between 0 °C
and 45 °C, with an optimum temperature of approximately
30 °C, and accumulated precipitation of around 800 mm.?>
However, in addition to the total amount of available water,
a regular distribution of rainfall throughout the crop cycle
is essential, particularly during the grain-filling stage.®¥
In the present study, the excess water observed, especially
after the grain-filling stage and close to the harvest period,
had a marked negative impact on the yield obtained.

According to the ANOVA, there was no significant
interaction between flow rates x spraying equipment for
the variables evaluated (Table 3). When analyzing the
main effects, no significant effects of the studied factors
were observed. The overall means were 68.103 pods per
plant, 134.294 grains per plant, a thousand-grain weight of
117.507 g, and a grain yield of 1,529.635 kg ha™'.

The fact that no significant difference was observed
for the variables number of pods per plant, number of
grains per plant, and thousand-grain weight (Figure 2a,
2b, and 2c) shows the potential that spraying drones have,
when used correctly. Due to the high relative humidity

and, consequently, highly favorable conditions for the

occurrence of diseases in the soybean crop, it can be stated
that, indirectly, the drone promoted an environment of
protection against pathogens similar to that promoted by
the terrestrial application.

A similar result was observed for soybean grain yield
as a function of the factors studied (Figure 2d), which
can be considered a positive result for the use of spraying
drones, as it indicates that their performance was similar
to that of the self-propelled sprayer, a technology already
consolidated in agriculture. Nevertheless, considering the
productive potential of soybean, the grain yield obtained
in this study is considered low, which is possibly related to
the sowing time.

In the region where the study was conducted, soybean
sowings carried out in February are considered late
(off-season) and commonly result in lower grain yields
due to the imposed environmental conditions.?® Among
these conditions, shorter photoperiods and lower solar
radiation are noteworthy, factors that shorten crop cycle
and tend to decrease the number of nodes, pods, and
grains.® In addition, during the period in which the
study was conducted, cumulative rainfall exceeded the
requirements of the soybean crop, causing excessive soil
waterlogging and favoring the occurrence of diseases and
pests.

With the use of agricultural spraying drones, other
benefits specifically associated with the phytosanitary
management operation were also observed, such as the
optimization of operational work and greater protection of
the workers involved, as the application is carried out at
a distance. Similar results were observed in other studies,
confirming that drones have the potential to perform the
work efficiently and with associated beneficial effects.®

During the operation with spraying drones carried out

in the present study, this tool proved to be an alternative for

Table 3. Summary of the analysis of variance and significance of the mean square error for the sources of variation and coefficient of
variation (CV) for number of pods per plant (NPP), number of grains per plant (NGP), thousand-grain weight (TGW), and grain yield
of soybean grown under pest and disease management using two spray application rates and different spraying equipment

Source of variation DF NPP NGP TGW Grain yield
Block (™) 2 223.310 916.500 43.900 1788.000
Flow rates (™) 1 9.020 250.100 21.040 524.000
Spraying equipment (™) 2 136.910 135.000 40.050 97107.000
Flow rates x Spraying equipment (") 2 8.900 48.500 15.710 44327.000
Residuals 10 133.260 566.800 29.160 39569.000
CV (%) 16.950 17.730 4.600 13.000

DF: degrees of freedom; ™: not significant by the F-test at 5% probability level.
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Figure 2. Number of pods per plant (a), number of grains per plant (b), thousand-grain weight (c), and grain yield (d) of soybeans

cultivated using different equipment and flow rates for the application of phytosanitary products.

spraying areas of difficult access, where ground sprayers
and aircraft cannot perform their function efficiently, a
characteristic also observed by Barbizan and Cavichioli.??
In addition, the use of drones had the potential to perform
functionalities within Agriculture 4.0 with greater precision
and efficiency, an aspect already described by Alarcdo

Junior and Nufiez.®

CONCLUSIONS

The use of spraying drones in second-season soybean
crop has the potential to deliver agronomic performance
results similar to those obtained with self-propelled sprayers,
regardless of the use of low flow rate (10 L ha!) or high flow
rate (15 L ha'). Further studies are recommended across
different growing seasons to evaluate spray quality using
self-propelled sprayers and drones at different application

rates, as well as the agronomic response of the crops.
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