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Abstract
Remotely Piloted Aircraft Systems (RPAS) are already a reality in Brazil. They are used in different fields of knowledge to obtain digital products
that contribute to the identification, monitoring, control,  and precision of the agricultural decision process. However, the cost-benefit  of applying
this technology to produce seedlings in commercial tomato nurseries needs better evaluation. This research analyzes the use of an RPAS with RGB
camera  over  areas  of  table  tomato  seedlings  and  compares  the  cartographic  products  with  the  information  obtained  through  semi-structured
interviews with rural  property owners in the States of  Goiás,  Minas Gerais,  and the Federal  District  (Brasília).  The results  were not  divided into
external  area  applications  and  internal  (greenhouse)  mapping,  as  adopting  technology  for  monitoring  the  seedling  production  process  inside
greenhouses  is  still  economically  unfeasible  compared  to  human  identification,  thus  not  justifying  the  investment.  Nonetheless,  images  of  the
external area provide crucial information for planning a nursery, considering its structural aspects and adequate disposal.  

Keywords: Seedling production; Digital Image Processing; UAV; Drones.  

Resumo / Resumen
PLATAFORMAS  AÉREAS  REMOTAMENTE  PILOTADAS  COM  CÂMERA  RGB  PARA  O  MAPEAMENTO  DE  VIVEIROS
COMERCIAIS DE TOMATE DE MESA 

As plataformas aéreas remotamente pilotadas,  identificadas como RPAS (do inglês Remotely Piloted Aircraft  System),  popularmente conhecidas
como  drones,  já  figuram  como  uma  realidade  no  Brasil,  em  diferentes  áreas  do  conhecimento,  para  a  geração  de  produtos  cartográficos  que
contribuam na identificação,  monitoramento,  controle e precisão no processo de decisão agrícola.  Todavia,  o custo-benefício dessa tecnologia na
produção de mudas em viveiros comerciais de tomates precisa ser melhor avaliado. Neste sentido, o presente trabalho objetiva analisar a viabilidade
do uso de um RPAS, embarcado com sensor fotográfico RGB, em viveiros de mudas de tomate de mesa,  comparando os produtos cartográficos
gerados  com  esta  tecnologia  com  as  informações  obtidas  via  entrevista  semiestruturada  com  proprietários  de  empreendimentos  localizados  nos
Estados de Goiás, Minas Gerais e Distrito Federal. Os resultados carecem ser divididos quanto às aplicações em mapeamento externo (viveiro) e
interno (estufa), sendo que a adoção da tecnologia para o monitoramento do processo de produção das mudas, dentro de estufas, ainda se mostra
economicamente pouco viável em comparação à identificação visual e operações manuais tradicionais, não justificando o investimento. Por sua vez,
o  imageamento  externo  fornece  informações  cruciais  para  o  planejamento  do  viveiro,  considerando  os  aspectos  estruturais  e  sua  adequada
disposição.  

Palavras-chave: Produção de mudas; Processamento Digital de Imagens; VANT; Drones.  

PLATAFORMAS AÉREAS PILOTADAS A DISTANCIA CON CÁMERA RGB PARA MAPEO DE LOS VIVEROS COMERCIALES
DE TOMATE DE MESA 

Las plataformas aéreas pilotadas a distancia, identificadas como RPAS (Remotely Piloted Aircraft System), conocidas popularmente como drones,
ya  son  una  realidad  en  Brasil,  en  diferentes  áreas  del  conocimiento,  para  la  generación  de  productos  cartográficos  que  contribuyan  a  la
identificación, seguimiento, control y precisión en el proceso de decisión agrícola. Sin embargo, la rentabilidad de esta tecnología en la producción
de plántulas en viveros comerciales de tomate debe evaluarse mejor. En este sentido, el presente trabajo tiene como objetivo analizar la factibilidad
de utilizar un RPAS, embebido con un sensor fotográfico RGB, en viveros de plántulas de tomate de mesa, comparando los productos cartográficos
generados  con  esta  tecnología  con  la  información  obtenida  a  través  de  entrevistas  semiestructuradas  a  empresarios.  (identificados  y  visitados),
ubicados en los Estados de Goiás, Minas Gerais y Distrito Federal. Es necesario dividir los resultados en cuanto a las aplicaciones en mapeo externo
(vivero) e interno (invernadero), y la adopción de tecnología para monitorear el proceso de producción de plántulas, dentro de invernaderos, aún se
muestra económicamente inviable en comparación con la identificación visual y tradicional. operaciones manuales, no justificando la inversión. Por
otro lado, la imaginología externa brinda información crucial para la planificación del vivero, considerando los aspectos estructurales y su adecuada
disposición.  

Palabras-clave: Producción de plántulas; Procesamiento de imágenes digitales; UAV; Drones.   
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INTRODUCTION 
Alongside other horticultural crops with national social and economic importance, the production

chain  of  table  tomatoes  in  Brazil  requires  studies  that  favor  the  sector  and  identify  opportunities  and
obstacles. Tomatoes are among the principal crops in the state of Goias, which is the leading state in the
national ranking for the production of in natura consumption and pulp processing. The fruit's destination
illustrates  the  difference  between  the  production  chains  of  industrial  or  ground  tomatoes  and  table
tomatoes or piled tomatoes. Differences include the plant's natural architecture, management, production
costs,  producer  profile,  and  marketing  channels,  which  make  the  activity  a  high  financial  risk.  Thus,
reducing sources that affect performance in the field is indispensable to make the activity more viable
(FURQUIM; NASCIMENTO, 2021). 

However, studies that consider other aspects of analysis are still underexplored both for upstream
segments  (suppliers  of  inputs  and  technical  assistance)  and  downstream  of  the  production  itself
(distribution and commercialization), impacting the level of competitiveness of the production chain as a
whole.  Thus,  different  methodologies  have  emerged  to  verify  the  viability  and  efficiency  of  new
technologies, taking into account the various agri-food chains and their specificities. 

From this perspective, acquiring uniform seedlings with good sanitary and physiological qualities
is  a  crucial  input  in  the  sector.  However,  producing  seedlings  with  these  characteristics  requires  an
adequate  infrastructure,  usually  found  in  commercial  nurseries,  where  environmental  factors  like
temperature,  solar  radiation,  relative  air  humidity,  and  water  management  can  be  controlled.
Outsourcing  seedling  production  is  already  a  strategy  to  optimize  the  producer's  time  and  resources
(JORGE et al. 2016, p. 26). 

The  complementarity  of  the  production/acquisition  of  seedlings  with  production  reinforces  the
need  for  studies  that  promote  advances  in  the  production  process  (monitoring  of  planting  failures,
identification  of  pests  and diseases,  application  of  pesticides,  among others),  in  addition  to  promoting
greater efficiency and agility in the execution of activities. 

Currently,  one of  the ways to obtain greater  production control  is  through Remote Sensing data
and  techniques,  especially  those  provided  by  aerial  platforms,  since  the  plantations  in  question  cover
small areas. Remotely piloted aerial platforms, identified by the acronym RPAS (Remotely  Piloted
Aircraft System),  popularly  known  as  drones,  have  been  massively  disseminated  in  Brazil,  mainly  to
obtain agricultural information, such as productivity indices and disease and pest monitoring, or even to
analyze  soil  preparation/topography.  The  wide-ranging  variety  of  applications  of  this  technology  and
favorable results reported in many studies have aided producers' decision-making. 

Considering the particularities  in the production chain of  table tomatoes in Goiás,  together  with
the  importance  of  the  input  (i.e.,  plant  seedlings)  to  promote  the  crop's  performance  in  the  field,  this
study aims to analyze the viability of RPAS or drones for mapping in commercial nurseries, aiming at
increased  control  of  production  and  quality.  The  study  covers  the  main  tomato  production  centers  in
Goiás, offering a comprehensive and diversified survey.  

APPLICATION  OF  RPAS  IN  THE  ERA  OF  DECISION:
POSSIBILITIES IN THE AGRICULTURAL SCIENCES 

Remotely  piloted  aerial  platforms  have  a  varied  nomenclature  in  the  literature,  especially  in
English, including Remotely Piloted Aircraft (RPA), Remotely Piloted Aircraft Systems (RPAS),  and
Unmanned Aerial Vehicles (UAV) (PRUDKIN, 2016), or in Portuguese, Veículos  Aéreos  Não
Tripulados (VANT) (ALVES JÚNIOR et al., 2018). 

Although the equipment's history is military, the tool has multiple applications in the civil market.
For this reason, RPAS have become popular in recent years, given their enormous potential in different
sectors, ranging from the entertainment and media industry to the expressive agribusiness sector, where
it  is  used  to  monitor  and  evaluate  plantations,  orchards,  forests,  and  conservation  areas.  According  to
Prudkin and Mielniczuk (2019, p.72), "[...] the drone does not only symbolize a new technology but a
process  of  continuity  that  is  related  to  the  history  of  perception  and the  ability  to  observe  the  world".
After many years of improvement, this technology is indispensable in the contemporary era. 
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For the sake of user and airspace safety, this popularization has required new legal parameters to
regulate crewless aircraft operations. The Brazilian Regulation of Special Civil Aviation (RBAC-E) No.
94  of  2015  defines  "[...]  (1)  Model  aircraft  as  any  unmanned  aircraft  for  recreation  purposes;  (2)
Remotely Piloted Aircraft (RPA) intended for remotely piloted operation" (BRASIL, 2015, p. 4), with a
payload  like  photographic  sensors.  The  responsibility  and  authority  are  assigned  to  the  remote  pilot
commanding  the  RPAS  or  model  aircraft  during  its  operation.  In  turn,  the  ordinance  issued  by  the
Department  of  Airspace  Control  –  DECEA  No.112/DGCEA  (Director  General  of  the  Department  of
Airspace  Control),  of  May  22,  2020,  reissues  IAC  100-40  -  Instruction  on  "Unmanned  Aircraft  and
Access  to  Airspace,"  governing  the  procedures  and  imperative  responsibilities  for  safe  access  to
Brazilian airspace by unmanned aircraft, as well as the penalties inherent in non-compliance with legal
provisions.  Therefore,  they  must  comply  with  legal,  ethical  and  regulatory  factors  in  their  operation,
ensuring proper use. 

It  is  noteworthy  that  in  Brazil,  RPAS are  categorized  into  classes,  depending  on  the  Maximum
Takeoff  Weight (MTOW), as established in RBAC-E No. 94 of 2015: (1)  Class 1:  RPA with MTOW
greater than 150 kg; (2) Class 2: RPA with MTOW greater than 25 kg and less than or equal to 150 kg;
and (3) Class 3: RPA with MTOW less than or equal to 25 kg (this has two subdivisions: RPAS with up
to 250 grams of maximum takeoff weight and those that exceed this weight). 

The  models  available  on  the  market  are  usually  fixed-wing  and  rotary-wing  (multi-rotor).  With
the  aerodynamics  of  an  airplane  or  glider,  the  former  offer  longer  flight  times  and  speed  and  cover
extensive  areas.  The  second  group,  with  a  rotary  wing,  is  the  most  popular  and  allows  flights  in
environments confined by buildings or trees, having greater maneuverability (FOGAÇA, 2020) as they
take  off  and  land  vertically,  like  a  helicopter.  Both  models  can  be  coupled  with  other  sensors,
multispectral  and  RGB  cameras  that  are  used  with  aerophotogrammetry  techniques  to  generate
cartographic  products,  such  as  orthorectified  digital  mosaics  and  digital  surface  and  terrain  models
(PRUDKIN, 2019). 

Given that this technology has become an essential option in obtaining cartographic products, its
adoption has acquired a strategic character in assisting the decision-making process and the conduct of
different  economic  activities,  especially  those  related  to  farming,  having  a  relational  character  with
precision agriculture and livestock. According to Matese et al.  (2015,  p.  2972),  "Precision  agriculture
(PA)  can  be  defined  as  the  site-specific  management  of  crop  heterogeneity  on  a  temporal  and  spatial
scale,  in  order  to  increase the efficiency of  agricultural  inputs  and yields,  quality  and sustainability  of
production." 

From this perspective, Massruhá et al.  (2020)  clarify  that  the  growing  global  demand  for  food,
fiber,  and  clean  energy  to  the  detriment  of  the  limited  availability  of  natural  resources  and  recurrent
climate changes impute the need to increase productivity and optimize the use of productive resources.
Adopting  different  technologies  that  effectively  promote  digital  transformation  in  agriculture  has
become  imperative.  According  to  the  authors,  applying  inputs  at  a  variable  rate  and  mapping  with
drones are the most popular technologies available in the face of these challenges. Santos et al.  (2020)
corroborate  this  view,  pointing  out  that  image  capture  permits  continuous  monitoring  of  planting  or
animal breeding, early identification of anomalies, and adequate intervention. 

Writing about the development of RPAS and its relationship with precision agriculture, Barbedo
(2019, p. 2) states that "[...] the application of new knowledge in rural areas helps producers to identify
strategies  that  can  increase  agricultural  management  efficiency,  maximizing  crop  profitability  and
making  agribusiness  more  competitive".  According  to  the  author,  aerial  photo  data  enable  the  timely
detection  of  problems  with  water  availability,  diseases,  nutritional  deficiencies,  and  pests.  Huuskonen
and  Oksanen  (2018)  describe  the  use  of  RPAS  combined  with  augmented  reality  technology,  which
assists  in  identifying  sites  for  collecting  soil  samples  and  gathering  information  for  adequate
fertilization.  According  to  these  authors,  RPAS have  additional  advantages  over  satellites  as  they  can
capture  images  in  cloudy  conditions  and  have  a  significantly  higher  spatial  resolution,  usually
centimetric. 

Likewise, Albuquerque et al.  (2021)  highlight  the  technical  benefits  of  this  technology  in
promoting  efficient  monitoring  of  forest  restoration  projects  through  the  panoramic  high  spatial
resolution  view  and  georeferencing  of  the  area  of  interest.  Xavier  (2013)  includes  the  feasibility  of
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applying the RPAS for  environmental  assessment  for  surveys and preventing imminent  environmental
risks. 

According  to  Barbedo  (2019),  the  multiple  applications  of  RPAS,  especially  in  the  agricultural
sector,  promote  technological  progress;  however,  technical  challenges,  such  as  autonomy  and  flight
safety, still need improvement. Usually, the devices are powered by electricity, with fast flights (average
of 25 to 40 minutes, depending on the aircraft category), which still undermines their efficiency in large
areas.  

METHODOLOGICAL PROCEDURES 
This study's objective is a qualitative and descriptive mapping of nurseries producing table tomato

seedlings  in  the  state  of  Goiás.  The  intention  is  to  analyze  the  feasibility  of  RPAS  use  in  activities
associated with this type of enterprise. According to Zanella (2013, p. 100), "[...] qualitative research is
descriptive,  as  it  is  concerned  with  describing  phenomena  through  the  meanings  manifest  by  the
environment". 

The author adds that the results of the relationship between the environment and social actors can
be  represented  in  different  ways,  including  the  transcription  of  interviews,  narratives,  statements,
photographs, and other forms of data collection and exposure of information. 

Initially, the nurseries were identified based on information provided by Agrodefesa/Plant Health
Management,  the  agency  responsible  for  implementing  the  state  policy  on  animal  and  plant  health,
which  indicated  the  municipalities  in  which  the  nurseries  are  located  since  other  nursery  registration
information  is  confidential.  In  total,  ten  nurseries  meeting  the  inclusion  criteria  were  identified,  eight
located  in  the  state  of  Goiás,  in  the  municipalities  of  Pires  do  Rio,  Catalão,  Morrinhos,  Goianápolis,
Leopoldo  de  Bulhões,  and  Anápolis,  with  one  nursery  each,  and  Hidrolândia  with  two nurseries.  One
was located in Brazlândia/DF, and another was in Araguari-MG. 

All  the  nurseries  were  contacted  in  advance;  aerial  mapping  was  carried  out  in  six  properties
according  to  their  availability  to  participate  in  the  research.  These  were  located  in  Araguari/MG  and
Brazlândia/DF,  and  in  Catalão,  Pires  do  Rio,  Goianápolis,  and  Leopoldo  de  Bulhões  in  Goiás.  In  the
presentation  of  the  results,  the  nurseries  are  identified  by  letters  A  to  F,  randomly  distributed.  In  the
Pires  do  Rio  enterprise,  the  production  serves  producers  and  people  interested  in  cultivating  for  their
own consumption, reaching a maximum volume of 12,000 seedlings per year. 

The  flights  were  conducted  in  accordance  with  Brazilian  legal  regulations.  The  equipment  used
was the Parrot Anafi Work 4K (rotary wing) model with a 4k RGB standard camera (3 bands, covering
the visible light spectrum, in the blue, green, and red bands), 21 MP, with camera stabilizer cradle in a
180° vertical orientation axis, to generate images in selected nurseries. The flight plan was prepared in
the free Pix4D Capture  software  for  smartphones/tablets,  with  the  following  flight  parameters:  50  m
height and overlap between the photos of 70% in the longitudinal and 60% in the lateral direction. 

Once the flight plans had been prepared in the office, programmed with the "target's" coordinates,
in  the  field,  the  RPAS  traveled  the  programmed  path  autonomously,  following  the  flight  lines.  In
addition,  this  programming allows the  photos  to  have  a  controlled  overlap,  in  this  case,  60% laterally
and  70%  longitudinally,  allowing  the  creation  of  an  aerophotogrammetric  mosaic  without  coverage
failures, as exemplified in Figure 1. 

The image processing in the laboratory employed Pix4DMapper software, which is widely used in
RPAS 3-D mapping and reconstruction services, especially for commercial purposes, due to the quality
of the products generated (SANTOS et al.,  2020).In  addition  to  the  orthorectified  mosaic  (a  set  of
photographs  joined  by  homologous  points  between  two  or  more  photos,  with  minimized  geometric
deformation when prioritizing photos obtained with an angle of 90º, i.e., an orthogonal projection), this
processing generates point clouds with altimetry information. 

The results include digital surface and terrain models that obtain the targets' elevation (height) on
the surface, the terrain's topography, and the calculation of distances, areas, and volumes.  
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Figure 1 - Flight plan of the area of interest to be mapped in Goianápolis, programmed in the Pix4D
Capture software, with the flight lines adjusted according to the lateral and longitudinal overlap suitable

for this project (60 x 70%) at a flight height of 50 m.   

Corresponding semi-structured interviews were conducted with the nurseries'  owners about their
enterprise, pointing out aspects that could be analyzed comparatively with the aerial imaging products.
According to Zanella (2013, p. 116), this data collection instrument follows a "script" or "guide" created
by  the  interviewer  without  being  rigidly  tied  to  the  sequence  of  questions.  "The  conversation  follows
according  to  the  interviewee's  statements,  without  rigidly  obeying  the  interview  script."  The
methodological procedures adopted in the development of this work are summarized in the flowchart in
Figure 2. 

Figure 2 - Flowchart of the activities developed in this research.     
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RESULTS AND DISCUSSION 
Using  seedlings  with  adequate  nutritional,  sanitary,  and  physiological  qualities  are  conditioners

for the adequate performance of table tomato crops in the field. Thus, acquiring them from commercial
nurseries allows the horticulturist to optimize the production process stages since in-house production of
seedlings  is  unfeasible  due  to  the  legal  requirements,  as  established  by  Agrodefensa  Normative
Instruction  -  IN  No.  06  of  2011.  Moreover,  other  inhibiting  factors  include  necessary  investments  in
physical  infrastructure  and  labor  and  the  commitment  of  land  destined  for  production.  According  to
Jorge et al.  (2016,  p.  26),  "The  trend,  proven  in  the  field,  is  that  due  to  the  high  technological
investment, the production of vegetable seedlings is separate and is a service provider for producers who
then start their investments from transplantation in the field." 

Thus, based on the cartographic products generated, it was possible to extract information about
the  characteristics  of  the  projects  analyzed;  Figure  3  shows  the  infrastructure  variations  from  one
nursery to another. Data includes the difference in the number and dimensions of the greenhouses, the
access roads, and whether the greenhouse models are twin arch or individual (a ceiling height of 2.5 m)
and  covered  with  plastic  material.  In  Goiás,  in  particular,  nurseries  that  produce  creeping  or  staked
tomato seedlings must be under screens with a maximum mesh of 0.239 mm, as provided in paragraph 4
of Article 11 of IN No.06 of 2011. However, the images do not confirm if the screened material used in
the  nurseries  in  question  complies  with  these  technical  specifications.  Subsequent  on-site  observation
substantiated that all the projects comply with the regulations. 

According to Lima et al.  (2016),  professional  nurseries  for  the  production  of  commercial
vegetable  seedlings  should  include  three  structural  categories,  namely:  basic  structure  (roads,  energy
distribution  network,  water  availability,  flatter  topography,  windbreak);  production  structure
(greenhouses,  storage for  inputs  and equipment,  sowing sheds,  germination chambers,  and an area for
washing  and  disinfecting  trays);  support  structure  (office,  kitchen,  bathroom,  locker  room,  wheel
disinfection facilities, and others). All of these categories are visible on the images. 

Furthermore, Nunes and Santos (2007) recommend that an area's levels of sunlight and ventilation
should be checked before a screened nursery is installed. They suggest building on flat  ground, which
receives the most solar radiation throughout the day and is associated with good ventilation, contributing
to  controlling  the  nursery's  internal  temperature.  They  suggest  implementing  a  windbreak  to  protect
against  strong  winds  that  may  potentially  damage  the  nursery's  structure.  These  structural  factors  are
also observable in aerial images. 

Imaging also makes a complementary analysis possible, using the Digital Surface Model (DSM)
and  the  Digital  Terrain  Model  (DTM),  generated  in  this  order  by  the  same  processing  software,  as
shown in Figures 4 and 5,  to represent altimetry data of areas overflown with the UAV, including the
terrain  topography.  While  the  DSM  shows  the  height  of  vegetation  and  buildings  above  the  surface,
adding to  the altitude of  the terrain itself,  the  DTM details  the altimetric  variation of  the terrain in  an
attempt  to  exclude  natural  or  artificial  above-ground objects.  By subtracting  the  DSM by the  DTM, a
third altimetric product is generated, called the Digital Elevation Model (DEM), which only calculates
the height of the selected targets without interference from the terrain (ALBUQUERQUE et al., 2022). 

According to Oliveira and Tommaselli, the digital representation of the surface makes it possible
(2012,  p.  194)  "[...]  to  perform  a  detailed  topographic  analysis  and  modeling,  generate  slope  or
geological  maps,  extract  terrain  profiles,  perform  calculations  for  engineering  projects  and  serve  as  a
data source for geographic information systems". Herein, the DSM and DTM models were obtained by
drone flights over the nurseries' area, in which the altimetric differences of the relief are associated with
a variation in colors. Table 1 shows the recorded altitudes of the farmland of the nurseries to sea level.  
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Figure 3 - Aerial images of the nurseries in Leopoldo de Bulhões - GO (A), Goianápolis - GO (B),
Catalão - GO (C), Araguari - MG (D), Brazlândia - DF (E), Pires do Rio - GO (F), Brazil, with flights

carried out in October 2020.     

Table 1 - Land altitudes obtained with the DSM and DTM in the study areas.  

Figures  4  and  5  show that  the  color  differences  reflect  the  altitude  in  a  given  area,  which  vary
according to topographic characteristics.  It  is  also noteworthy that in the locations of the greenhouses,
there is a predominance of hot colors, which refer to the targets' higher altitudes. 

The DTM data, which seeks to eliminate all targets above ground, such as trees and buildings, do
not  have  a  specific  application  for  business  planning  in  this  research  because  the  nurseries  had
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previously been installed on suitable or adapted land; moreover, this application is emphasized in future
studies.  

Figure 4 - Representation of the Digital Surface Model for nurseries in Leopoldo de Bulhões (A),
Goianápolis (B), Catalão (C), Araguari (D), Brazlândia (E) and Pires do Rio (F), Brazil.   

Figure 5 - Representation of the Digital Land Model for nurseries in Leopoldo de Bulhões (A),
Goianápolis (B), Catalão (C), Araguari (D), Brazlândia (E) and Pires do Rio (F), Brazil.  
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Other  products  obtained  refer  to  the  dimensioning  of  greenhouses  through  image  processing,
making  it  possible  to  estimate  the  production  capacity,  the  number  of  employees  involved  in
operationalizing productive activities, and the raw materials required. These include the arrangements of
the  benches  according  to  technical  guidance,  the  number  of  trays  per  greenhouse,  the  substrate,
pesticides,  and  the  irrigation  system,  according  to  image  analysis  and  prospecting  of  the  enterprise
(Figure  3).  Thus,  based  on  the  area  and  number  of  greenhouses,  conclusions  are  drawn  regarding  the
general aspects of the business. One example is the Leopoldo de Bulhões nursery, where 7 to 8 million
seedlings of different cultures are produced annually (cabbage, pepper, pepper, cauliflower, cucumber).
The nurseryman reports that  300 to 400 thousand are table tomato seedlings,  making a 20% profit  for
each thousand produced. 

Although in an open environment, the image analysis allows aspects related to the activity to be
inferred,  it  is  noteworthy that  this  information's  accuracy lacks  a  database  that  cannot  be  validated by
aerial  imaging  alone.  The  internal  layout  varies  according  to  the  greenhouse  model  and  how  the
producer  defines  the  internal  space's  optimization,  such  as  installing  the  countertops  supporting  trays
and corridors for internal displacement and the movement of the trays on the countertops. 

Lima et al.  (2016)  clarify  that  in  a  greenhouse  for  vegetable  seedling  production,  the  "trellis"
system is often adopted; a smooth, resistant wire is stretched and supported on metal, wood, or masonry
structures. Preferably, they should be 1.20 m wide, built longitudinally inside the greenhouse, in order to
include two trays per row per bench. They should be an appropriate height from ground level to address
ergonomic  issues  and  facilitate  treatments.  Specifically,  tomato  seedling  production  in  nurseries  uses
returnable or disposable rigid plastic trays with 72, 128, or 200 cells. According to Jorge et al.  (2019),
the length x width x height (in cm) of the trays available on the market are 54 x 28 x 4.8 and 54 x 28 x
4.5 for flexible black plastic trays with 128 and 72 cells, respectively. 

It  is  estimated  that  two  people  are  employed  on  average  per  greenhouse,  depending  on  its
dimensions and the level of technology adopted. However, due to IN No. 06 of 2011, which establishes
a cultivation schedule in Goiás, temporary labor is also hired to meet the increase in demand in specific
periods. 

As  shown  in  Figure  6,  another  cartographic  product  created  was  the  weighted  or  Euclidean
distance from the point or coordinate of each nursery visited, considering the state of Goiás itself as the
maximum  limit.  Then,  the  spatial  distribution  of  the  nurseries  was  identified  based  on  the  distance
between the points, considering the distance limits established for these points (50 km) and the reference
municipalities (primary producers of table tomatoes in the state). 

According  to  the  Central  de  Abastecimento  de  Goiás  –  CEASA,  in  2020,  the  principal
municipalities  producing  table  tomatoes  in  Goiás  were  Anápolis,  Bonfinópolis,  Corumbá  de  Goiás,
Goianápolis,  Leopoldo  de  Bulhões,  and  São  João  d'Aliança;  three  of  these  municipalities  have
commercial nurseries. This result is consistent with the findings of Sousa Neto (2019) and Quintanilha et
al.  (2019),  which  signal  a  concentration  of  the  table  tomato  production  chain  in  the  state,  with  the
microregions of Goiânia, Anápolis, and Entorno de Brasília prominent in the supply of the product. The
authors  report  that  the  proximity  to  large  populations  and  distribution  centers  contributes  to  the
configuration  of  the  table  tomato  production  chain,  as  it  favors  the  commercialization  of  the  product
with the attributes required by the consumer market, including firmness, color, and lack of damage from
handling. 

Therefore,  adopting  RPAS  technology  in  commercial  nurseries  producing  vegetable  seedlings
with a focus on the cultivation of table tomatoes can contribute to the project elaboration phase in this
type of enterprise. It offers a broader and more strategic view of the area, guiding the decision to install
greenhouses and other nursery structures, considering the access routes, the nursery's internal logistics,
solar lighting, and other technical and marketing factors. As Bezerra (2003, p. 17) corroborates, "When
planning  a  nursery,  socioeconomic  factors  such  as  the  availability  of  labor,  energy,  access  roads,
distances  from the  place  of  consumption,  and  suppliers  of  inputs  and  seeds  with  proven  quality  must
also be considered." 

However,  currently,  the aerial  survey of  the internal  environment of  the greenhouses to identify
anomalies in seedling production is unfeasible due to the considerable investment required in equipment
and people trained to carry out these activities. For the time being, it is not possible to replace manual
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operations,  such  as  the  visual  identification  of  diseases  or  failures  in  the  cycle  of  production  of
seedlings, with automation, especially for small nurseries. As Lobo et al.  (2020,  p.  786)  point  out,  data
collection through Remotely Piloted Aerial Platforms is not adequate for every situation, considering the
cost-benefit of using such systems. Studies by McLean (2015) and Matese et al.  (2015)  corroborate
these conclusions. They calculate the costs of acquiring the equipment in an associated manner, as well
as  organizing  and  conducting  the  collection  of  images  (professional  costs/hour)  to  obtain  the
orthorectified and georeferenced mosaic (with Latitude and Longitude coordinates), including the steps
for processing aerial photos. However, the authors clarify that economic performance evaluations should
be  analyzed  in  line  with  the  research  objectives  and  the  necessary  spatial  scale,  given  the  different
remote sensing platforms applicable to the various contexts. 

Figure 6 - Weighted or Euclidean distance between the main municipalities producing table tomatoes in
the state of Goiás, Brazil, in relation to the location of the nurseries visited.   

Notably, adopting this technological tool in regular plant monitoring will depend on each project's
specificities  and  the  horticulturalists  interest  in  digitally  and  automatically  conducting  seedling
management.  An example of  a  pioneer using this  technology is  the company Veracel  Celulose,  which
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manages all stages of production of eucalyptus seedlings digitally, guiding the application of pesticides
and  reducing  the  loss  of  seedlings.  However,  eucalyptus  seedlings'  production  meets  agribusiness's
demands, which integrates forestry with industrial and logistic operations (VERACEL, 2021). 

Thus, given the structure of some of the nurseries in this study, which have a mobile bar irrigation
system, we suggest an adaptation in the existing structure, coupling a digital camera similar to that used
in  the  RPAS,  to  capture  internal  images  (RGB,  multispectral  and  thermal  standard),  facilitating
monitoring and support for decision making. 

Significantly,  this  method  can  be  adopted  by  public  inspection  agents  to  analyze  enterprises'
compliance  with  regulations,  not  only  in  nurseries  but  in  other  inspection  activities  related  to  plant
production, which would justify the investment in equipment, image processing software, and technical
training.  

CONCLUSION 
The use of  Remotely Piloted Aircraft  Systems (RPAS) in Brazil  to  obtain accurate  and updated

images  and  maps  of  rural  environments  is  not  recent.  However,  the  multifunctionality  of  technology,
initially designed for military purposes and widely adopted in the civilian market, has provided different
applications in several sectors. 

Particularly  in  the  area  of  Agricultural  Sciences,  the  technology  contributes  to  monitoring
cultivated land, especially in identifying and controlling pests, diseases, nutritional status, and soil and
water  management.  In  addition,  it  allows  the  survey  of  forest  areas,  and  actual  and  potential
environmental  impacts,  among  other  applications  that  promote  greater  effectiveness  in  conducting
actions. This study evaluated the use of an RPAS or drone in commercial nurseries that supply the state
of  Goiás  with  table  tomato  seedlings,  considering the  results  of  studies  that  signal  the  benefits  of  this
type of technology in field production as an example of precision agriculture. 

The  results  indicate  the  high  employability  of  drone  technology,  shipped  with  standard  RGB
and/or multispectral imaging sensors, for example, in the project preparation phase for tomato seedling
production enterprises.  The high spatial  and temporal  resolution aerial  images  with  flights  on demand
give  an  enlarged  and  strategic  view  of  the  area.  These  guide  decisions  regarding  the  installation  of
greenhouses  and  other  nursery  structures  and  show  the  characteristics  of  the  terrain  and  the  area
surrounding the nursery that may need intervention. 

On  the  other  hand,  the  technology  to  monitor  the  internal  environments  of  the  nurseries  is  not
feasible  due  to  the  high  operational  costs  of  such  systems  at  the  rate  required  to  monitor  the
development  cycle  of  greenhouse  seedlings,  including  the  acquisition  of  the  equipment  and  human
resources qualified for such activities. Thus, maintaining a visual analysis to identify failures in the crop
or  indicators  of  diseases/nutritional  deficiencies  is  also  an  appropriate  management  technique  for
seedling  production,  regardless  of  the  nursery's  infrastructure  and  the  technological  level  of  each
enterprise. 

Furthermore, we sought to identify other ways of capturing images in the internal environment of
the greenhouses, an application that has, until now, required more experienced RPAS operators. In this
case,  we  suggest  adapting  existing  structures  in  the  nurseries  by  coupling  digital  cameras  to  monitor
cultivation, alternatives that need technical, scientific, and economic validation studies.  
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