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The article presents a collection of the most interesting innovative solutions and trends that have
recently appeared in plant protection technology. Particular attention was paid to the solution im-
proving the efficiency of spraying and the possibility of spraying the fields without the direct par-
ticipation of the farmer. It describes, among others, a drone and a mobile robot adapted to auto-

matic spraying of fields and systems improving the quality of spraying by analyzing the image from
cameras or monitoring the parameters of the liquid in the sprayer.
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1. Introduction

The European Union established a framework for joint
action to achieve the sustainable use of pesticides in
agricultural production in Directive 2009/128/EC. This
was related, inter alia, to the abuse of, often unjustified,
chemical plant protection products, which resulted in
the emergence of new resistant pests and endangered
the health of consumers in the case of pesticide resi-
dues in crops. As a result, Poland introduced the obli-
gation to apply the principles of integrated pest manage-
ment, i.e. a new approach to control pests [1-3].
Among agricultural machines, there must also be
changes to adapt them to EU guidelines related to the
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sustainable use of plant protection products. Machine
manufacturers in plant protection technology and re-
search institutions are looking for new solutions to
improve the effectiveness of pesticide coverage of plants
with less consumption. This article is a collection of
the most interesting solutions to improve the applica-
tion of plant protection products that have recently
appeared on global markets. The authors note a cer-
tain trend in plant protection technology related to
the installation of a greater number of sensors and
cameras to collect and analyse data, which contributes
to the elimination of application errors or reducing
the number of agents used.
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The main criterion for selecting the described ma-
chines was the need to have by the manufacturers
their commercial versions available and possible to use
in the care of crops. Thus, the presented technologies
have passed various stages of tests related to commer-
cialization and are verified technologies. Another eval-
uation indicator was the fact that it stand out from the
current spraying technologies and was compatible
with the main ideas of precision farming with the el-
ements of agriculture 4.0. The described solutions are
a response to the challenges of modern agriculture
and relate to solving staffing problems on farms and
developing more ecological methods of cultivating crops
as a consequence of the growing awareness of con-
sumers of the produced food. This is directly related to
the limitation of the amount of used pesticides. The ma-
chines mentioned in the article refer to this criterion.

2. Real-time monitoring of sprayer parameters

Changing weather conditions, such as wind direction
and velocity, are one of the reasons for the deteriora-
tion of the quality of plant cover during spraying —
a phenomenon known as plant protection agent drift.
One of the countermeasures is to lower the boom to-
wards the plants, which makes it necessary to increase
the number of nozzles on the sprayer boom. Intelli-
gent Ag has found that with the growing number of
nozzles it is difficult for the farmer to visually inspect
them, and with the use of low-flow nozzles, it is an

additional difficulty to determine whether the pressure
and flow are correct for each nozzle. When using, for
example, herbicides, it is necessary to precisely and
evenly covers the entire field so that the treatment is as
effective as possible, and this is associated with the
correct maintenance of the set pressure and flow through-
out the treatment. Pressure drops in the sprayer sup-
ply lines may cause incorrect dosing and, consequently,
the survival of weeds and their re-expansion [4-5].
The solution to the problem presented above is the
Recon SpraysenseTM product by Intelligent Ag, which
increases the level of control of the nozzles by the farmer.
The Recon SpraysenseTM is a specially designed flow
and pressure sensor mounted upstream of each sprayer.
The collected data from the sensor goes to the appli-
cation on the tablet, where it is analyzed and displayed.
During spraying, the farmer can control parameters such
as flow velocity, pressure, and droplet size in real-time.
Deviations from the norm are properly signalled. The
view of the application and the sensor is shown in the
photo below (Fig. 1). The application has a preloaded
database of over 1100 nozzles. The product is com-
patible even with standard electronic valves [6, 7].
The advantage of the product shown above in plant
protection technology is the greater control of the user
over each sprayer, thanks to which the spraying can
be more even. However, the disadvantages of such
a solution certainly include the cost that should be in-
curred when equipping the sprayer with flow sensors.
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Fig. 1. Recon SpraySense by Intelligent AG - view of real work with reading from the tablet[8]

3. The use of drones in plant protection technology

Drones are increasingly used in a precision farming
systems — in particular, they act as devices for collecting
data on yields, which are later used for field mapping.
Data is collected by flying with cameras mounted over
the cultivated field. Thanks to such readings, it is possible

to create application maps, i.e. maps of the dose vari-
ation, e.g. of fertilizer, in different parts of the field.
However, this requires appropriate analysis of the rec-
orded image in dedicated programs. The creation of
a separate group of these devices for spraying is also
noticeable. The market for unmanned aerial vehicles
used in agriculture is growing every year, and drone
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manufacturers are outdoing each other in designing
new models and looking for industries in which they
can be used. Unmanned aerial vehicles have become
well-established in the field of agriculture, i.e. preci-
sion agriculture [9-12].

In 2021, DJI presented drones that, according to
precision agriculture, can properly use application maps
when spraying on farmlands. It presented two new
models, the Agras T10 and the Agras T30. The rest of
the article focuses on the largest Agras T30 model
(Fig. 2). The drone is made mainly of carbon fiber el-
ements, which ensures a relatively low weight while
meeting the requirements of strength and stiffness.
The design allows the drone to be folded and its di-
mensions reduced by 80%, which facilitates transport
between fields. The electronics inside are closed in a
sealed casing with IP67 protection. The control is
possible manually using a dedicated remote control
with a display or via the DJI Agriculture application,
where it is possible to plan the route of the flight over
the field fully automatically using GPS (Global Posi-
tioning System) + RTK (Real-Time Kinematic) posi-
tioning, which ensures positioning accuracy at the level
of + 10 cm. In addition, the drone is equipped with an
omnidirectional radar to detect obstacles on the flight
path and illuminators for night treatments [13].

The Agras T30 has two main services where it can
use precision farming application maps. The first is

the possibility of spraying plants with 16 nozzles
mounted around the drone, which allow spraying up
to 9 m wide. The maximum efficiency that can be ob-
tained during spraying is, according to the manufac-
turer, theoretically even 16 ha-h-1. The nozzles are fed
from a 30-liter tank mounted in the central part of the
drone. The second service that the drone can provide
is the spreading option, which can be activated within
approx. 3 minutes. According to the manufacturer, it
allows for spreading seeds and fertilizers with a range
of up to 7 m and a theoretical efficiency of up to 1000
kg-h-1. The coverage area during the treatment is up
to 28 ha-h-1 [13].

The advantage of the above-mentioned product in
plant protection technology is the possibility of spray-
ing from the air, especially in hard-to-reach or moun-
tainous fields. Thanks to the possibility of spraying or
fertilizing with the use of application maps, it allows
to save material and thus maximize profits. An addi-
tional advantage is the lack of soil compaction, as in
the case of using conventional sprayers. The wind gen-
erated by the drone’s propellers can positively affect
the quality of the plant protection treatment. The dis-
advantages include the cost of the purchase, which,
according to dilectro.pl, can be up to PLN 110,000.00
(in words: one hundred ten thousand Polish zlotys).
Additionally, a small tank and a small battery require
frequent intervention by the operator.

Fig. 2. DJI Agras T30 drone during spraying [13]

4. Agriculture robot with a sprayer

The agricultural robot’s market is developing signifi-
cantly, which is confirmed by the report prepared by
the BIS Research organization. It projects an increase
from $ 1.9 billion in 2019 to $ 7.7 billion in 2025 in the
agricultural robot’s market. Manufacturers are arming
them with more and more tools, replacing classic ma-
chines. It is no different in the case of plant protection
technology. There are solutions on the market that allow

for autonomous spraying of fields. One example of such
a solution is the SwarmFarm robot [14].

The SwarmFarm robot in Juliet version (Fig. 3) per-
forms herbicide spraying automatically. It moves along
a designated route using GPS navigation, in the event
of going beyond the designated area, the robot will turn
off the drives thanks to the installed geo-blockade. When
programming the robot’s route, it is possible to mark
permanent obstacles, thanks to which the route will be
planned in such a way as to avoid a collision. In addition,
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the robot is equipped with a 3D camera that detects
obstacles and allows to analyse the shape of the ter-
rain, e.g., hills, to react in the event of unexpected re-
strictions. Other elements ensuring the safety of the
robot are bumpers, which disengage the drive under
pressure, causing the vehicle to stop immediately. The
robot is powered by a diesel engine with a 60-liter fuel
tank, which is enough for 18 hours of operation.

The Julia robot in the tool part is equipped with an
8-meter beam with 40 spraying nozzles evenly distrib-
uted. The nozzles are supplied from a 600-liter tank,
the filling level of which is controlled, and in the ab-
sence of refrigerant, the robot goes to the docking sta-
tion to refill the liquid. To reduce the number of pes-
ticides used, the robot is equipped with WEEDIT
cameras that scan a 1-meter-wide strip, locating weeds
and activating the appropriate nozzle directly above
them - selective spraying. The velocity of the robot
depends on the level of weed infestation in the field,

and in the event of high weed infestation, the Swarm-
Hive robot management software can allocate an ad-
ditional robot to assist. SwarmHive monitors the weather
conditions in the field thanks to cooperation with lo-
cal weather stations, in the event of exceeding the val-
ues necessary for safe spraying, the robot can be turned
off until the atmospheric conditions improve. Addi-
tionally, SwarmHive can record field conditions in
real-time. The operator can control and monitor the
robot using an iPad [15-18].

One of the greatest advantages of using robots is
that farmer do not need to be actively involved in the
spraying process. The advantages also include the pos-
sibility of continuous spraying with breaks for refilling
the tanks. The disadvantages of autonomous spraying
systems include the low availability of these devices,
the price, and the high technical advancement of the
machines, which make servicing and operation diffi-
cult for farmers.

Fig. 3. SwarmFarm Julia field robot with mounted sprayer [17]

5. Vision systems in sprayers

The “From farm to fork” strategy adopted by the Euro-
pean Commission envisages reducing the number of
pesticides used by 50% by 2030. Limiting the use of plant
protection products or a more radical cessation of their
use may have a negative impact on the size and quality
of the crop, which will have negative economic effects
on farms. One of the solutions is to use new applica-
tion technologies so that it occurs selectively in places
where it is required while maintaining the recommended
dose. The cooperation of three industry giants: Amazon,
Bosch, and BASF Digital Farming contributed to the cre-
ation of the modern UX 5201 Smart Sprayer (Fig. 4) [19].

The machine was created based on a trailed sprayer
by Amazone, to which Bosch cameras were mounted.
The image from the cameras is transferred in real-
time to BASF components, where it is saved, and ac-
tions are taken in accordance with the application stra-

tegy and economic threshold. The main task of the
entire system is to recognize and locate the weed for
herbicide application. The recognition process itself
takes milliseconds, which enables effective application
even at speeds of up to 12 km-h'. The process of ac-
curate application is possible thanks to the use of noz-
zles with a spacing of 25 cm and dose control using
the PWM signal. The sprayer beam is additionally
equipped with active LED lighting, which ensures ap-
propriate working conditions at night and reduces
the formation of shadows on sunny days [20-22].

The advantage of using cameras along with image
analysis is a significant reduction in the use of herbi-
cides in the case of weed detection and spot applica-
tion in relation to the overall spraying of the field. The
disadvantages include, unfortunately, the high purchase
price of a sprayer equipped with cameras compared
to an ordinary sprayer.
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Fig. 4. Amazone sprayer with Bosch cameras and BASF software [22]

6. Conclusion

Plant protection is an indispensable element in modern
agricultural production. The growing prices of chem-
icals needed for spraying and the restrictions intro-
duced by the European Union on the use of plant pro-
tection products have resulted in the development of new
techniques for selective and precise spraying. The aim
isto dose as precisely as possible in the minimum amounts
of agents used in places where it is required while main-
taining effectiveness. In addition, there is a visible trend
in the development of drones and autonomous robots
that require farmers only to supervise the work. It is

also a response to the increasingly noticeable problem
of the shortage of skilled workers on farms.

The presented machines are an indication for the
reader in which direction the plant protection tech-
nology is developing. The presented machines, due to
the high precision requirements and the use of mod-
ern sensors, are characterized by a high price, making
them less accessible to small and medium-sized farms.
Further development of the techniques of selective appli-
cation of plant protection products, adapted to the needs
of smaller farms representing a large market share,
should be expected. Table 1 summarizes the innova-
tions described in the article.

Tab. 1. Table of innovations contained in the article

No. Company Product Description
1. Intelligent Ag Recon SpraysenseTM Real-time monitoring of sprayer parameters
2. DJI Agras T30 Spray drone
3. SwarmFarm Juliet Spraying robot

4. Amazon, Bosch, and BASF Digital Farming

Smart Sprayer

Vision systems in sprayers
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