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INFLUENCE OF THE AIR STREAM PRODUCED BY THE DRONE O N THE
SEDIMENTATION OF THE SPRAYED LIQUID THAT CONTAINS
ENTOMOPATHOGENIC NEMATODES

Summary

The results of research are related to the infleeatthe air stream produced by the drone on tk&itution of the jet de-
posited under the drone that is sprayed with the Gfi the XR 11002 slot sprayer, with water presafr®.4 MPa and
Steinernema feltiae entomopathogenic nematodesioedtin it. An influence was found of air on aeha in distribution
of the liquid that is deposited on the groove patiéor and the concentration of the nematodes in the diépodiquid.
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WPLYW STRUMIENIA POWIETRZA WYTWARZANEGO PRZEZ DRONA  NA
OSADZANIE SIE ROZPYLANEJ CIECZY ZAWIERAJ ACEJ OWADOBOJCZE NICIENIE

Streszczenie

Przedstawiono wyniki badawptywu strumienia powietrza wytwarzanego przezndroa rozklad osadzggej sk pod dro-
nem strugi rozpylanej za pompcozpylacza szczelinowego XR 11002, prZgieniu 0,4 MPa wody i zawartych w nigj
owadobdjczych nicieni Steinernema feltiae. Stwmmdavptyw powietrza na zmianozkladu osadzanej na stole rowkowym

cieczy i koncentracji nicieni w osadzegj sk cieczy.

Stowa kluczowedron, rozpylanie cieczy, aplikacja owadobojczyatieni

1. Introduction

mixing of nematodes with the liquid from containeéns
sprayers [5, 7]. The reason of the lack of propodlity

Owing to the development of technology, new device between the volume of the liquid that is sedimenied

have appeared that may be used in agriculturaheerging.
These are drones, i.e. unmanned aerial vehiclemd3rare
already used to supply information concerning tbadé-

tion of crops [1, 2, 10, 12, 14] and they are uagdgricul-
tural machinery to perform some operations in tieédf

e.g. spraying of crop protection chemicals [3, 13]. Fur-

thermore, drones can be used in crop protecti@rganic
farming [19]. Airborne Robotics company has prepase
system for the application of bio-pesticides inpitamds:
AIRDROP. A container with an applicator was attathe

transverse distribution and the quantity of nemesothat
are sedimented with this liquid may also be thesinf
nematodes, which with their volume are equivalenthie
sizes of large drops. The paths of settling nenestaan be
different from the paths of falling drops. This magult in
a change in the nematode concentration in thedithat is
sedimented under the sprayers. This phenomenomdsgpe
of the value of the liquid pressure during sprayiépand
the height at which the sprayers are placed owestinface
sprayed [8]. Another reason of the disproportiory rakso

the AIR6 hexacopter, which distributes mite on the fieldbe the movement of air caused by wind blowing er dh-

against European corn borer [19]. One of the methafd
the application of biological crop protection agewith the
aid of drones consists in spraying plants withqaitl that
contains biopesticides. Entomopathogenic nematades
popular crop protection agent that is used in dogyfarm-
ing: chiefly against the larvae of those pests tbadl in solil
[16, 18] and against worms [17]. A problem that nhaye
a negative impact on the quality of operations qentd
with drones refers to the action of the air strehat is pro-
duced by the drone propellers on the jet of thepsiro
sprayed. The influence of the air stream can beifestad
by a change of the drop stream shape and in thrdbdison
of the liquid that is sedimented under the sprayéren the
liquid that contains entomopathogenic nematodes
sprayed, there occurs a differentiation of the prbpns
between the volume of the liquid that is transvigrsedi-
mented in various places under the sprayer anddheen-
tration in this liquid of entomopathogenic nemawdeat
are being sedimented with it [4, 9].

This phenomenon may be the result of an insufficie
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tion of the front air stream [15].

When using drones in the pesticide applications of
nematodes, there may occur phenomena that areasitoil
those that occurred during the pesticide appliostiof
nematodes with the aid of field sprayers.

The purpose of the study was to determine wheitiecair
stream from a flying drone has an influence ordiktxibution
of the liquid deposited under the drone and thatesofrom a
jet of drops produced by the sprayer mounted ordtbae,
and whether this also has an influence on thellitin of the
biological crop protection agent contained in theaged lig-
uid, i.e. entomopathogenic nematodes.

i8. Material and methods

To implement the research objective, the testdstaas
to be constructed in such a manner so as to akeithtpact
of external factors (in particular, wind blowinghieh may
have an influence on the shape of the drop jetanthe
drone being carried away); for this reason, thé sésnd
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was built in a laboratory. A DJI S 900 drone: adw®pter was
used in the tests. The drone was rigidly fixed taoezontal
frame that was based on its ends on stands. Tine ¢hos-
sessed folded propellers sized 15 x 5.2". The esgwith the
propellers were driven by current from a Lipol20®@&h
22.2 V battery installed on the drone. All the paitgrs turned
in pairs in opposite directions to each another.

In the middle, on the axis between the two rotarger-
tical rod was mounted, to which an XR 11002 slotger
manufactured by TeeJet was fixed. The outlet okgrayer
nozzle was at a distance of 0.32 m below the b&sheo
drone propellers. The nozzle was fed with liquidnir a
“Mikrus” wheelbarrow sprayer. The pressure of thid
flowing through the nozzle was set on the valuelle¥ 0.4
MPa. The liquid that was sprayed consisted of watised

with Steinernema feltiaentomopathogenic nematodes. The

average concentration of the nematodes was cathgQo
sand items in one litre of water.

The tests were performed as comparative tests.meas-
urement trials were performed under the drone latioa to
the liquid that was sprayed while the drone roteese not
working and two further measurement trials werdopered
with working rotors. The rotational speed of thors was ac-
cepted of 2,500 revolutions:rinBased on initial findings, it
appeared that this speed enables the tested drdhe The
rotational speed of the engines was controlled thi¢hnozzle
DT-2259 stroboscopic revolution counters.

The transverse distribution of the volume of thiit
from the drop jet that is deposited under the reoxzs as-
sessed with the aid of a groogpatternator (Fig. 1).

Source: own work Zrodto: opracowanie wiasne
Fig. 1. View of measuring stand
Rys. 1. Widok stanowiska pomiarowego

The height of the nozzle over the grogagternator was
0.65 m. The established height is higher than thcal
height (0.50 m) over the plants as for field spray&his was
the result of the assumption that in the future filgang
height of the drone above the crops will be highan the
location of the sprayer boom in a typical field asmr, yet
lower than 2-3 m [3]. The widths of the slots tballect the
liquid was 3.5 cm. The water that was flowing dowith
nematodes from the groavef the patternator was collected
into 100 ml containers. Due to a significant widfithe pro-
duced stream, while assuming distribution symmeltigif
distribution was accepted in the analysis. In otde@ompare
the transverse distributions of the liquid that wdeposited
on the groovepatternator and that was sprayed. In order t
compare the transverse distribution of the sprawidi that
was deposited on the groove patternator (in vensitimand
without rotors operation), coefficients of variatiof liquid
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distribution according to formula were determinatiavere
not working, coefficients of variation of liquid siribution
were determined according to formula (1):

/Z (g —0g)°
CV = n 100

Qsr

1)

where:
CV — coefficient of variation of liquid distributiof§6],
g — volumes of liquid contained in container underegiv
groove [ml],
Os — average volume of liquid,
grooves [ml],
n — number of grooves under analysis.

The concentration of nematodes in the liquid abdd
in the individual containers was assessed withude of a
microscope by counting the number of items in 0.63H0
samples. The measurement was repeated nine times fo
each container. To compare the distribution of rileena-
tode concentration in the liquid, the coefficiefitvariation
of distribution was determined by adapted to thenatede
concentration in the containers under grooverscrited

with formula 2

>0 -1,
Cvk=2"—" 100

in containers from all

()
ISI’
where:
CVKk - coefficient of variation of nematode concentratin
the liquid, %

li - number of nematodes in the samples from liquild co
lected under given groove, items

ls, - average number of nematodes in the liquid sasnple
from all grooves, items

n - number of grooves under analysis.

3. Results and discussion

The transverse distribution of the liquid thatsisdi-
mented on the grooveatternator is presented in Fig. 2. It
shows a dependence of the percentage share oblinees
of the liquid contained under all grooves: @umber 1 on
the diagram denotes the middle slot on the meagymat-
ternator. The concentrations of entomopathogenimane
todes in the individual containers is presenteHim 3 as a
relation of the number of nematodes in the samptds
lected from the individual groove:ih relation to the aver-
age number of nematodes from all groovegs: L

A comparison of coefficients of variatio®V — of liquid
distribution andCVk — of nematode concentrations in the lig-
uid in the container, with and without rotors opiera deter-
mined according to Formulas 1 and 2 are present€dhle 1.

Table 1. Values of the coefficient of variation todinsverse
liquid distribution and nematode concentratiorthaliquid
Tab. 1. Wartéci wskanikow nierownomierngi rozkladu
cieczy i koncentracji nicieni w cieczy, w naczynia

D without rotors rotatior

109.9 80.2
16.7 46.2
Source: own work Zrodio: opracowanie wiasne

with rotors rotation

CV, %
CVk, %
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Fig. 2. Transverse distribution of liquid sedimehta the grooveatternator
Rys. 2. Poprzeczny rozktad osadzonej na stole nowrkocieczy
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Fig. 3. Transverse distribution of nematode conegioins in the liquid sedimented under the nozzle
Rys. 3. Poprzeczny rozktad koncentracji niciensadzonej pod rozpylaczem cieczy

When analysing the diagrams of the transverselist of the drop volume. The work of the rotors has ltesluin
tion of the liquid that is sedimented under thezi@zavith  an improvement (a reduction in the value) of theficient
and without working rotors, one can notice thaytdevide  of variation of nematode concentration in the ldquhiefly
into the fundamental part of the liquid sprayedjohbe- as a result of blowing a cloud of little drops apane that
gins with slot 1 and finishes between slots 14 Bnénd an includes falling nematodes, over the gropadternator.
over-sprayed part, which may be the result of tigh posi-
tion of the sprayer over the patternator, which ezev 4. Conclusions
ca. 8 per cent of the volume of the liquid sediradrin the
remaining 9 slots. The air stream from the workiotprs The air stream from a flying drone exerts an iafice
caused narrowing on the groopatternator of the funda- on the distribution of the volume of the liquid tha sedi-
mental part of the liquid sedimented thus detetiogathe = menting under the drone and that comes from theofiet
overall unevenness of its sedimentation. drops produced by the nozzle installed on the dréie-

The entomopathogenic nematodes contained in d¢he lithermore, it has an influence on changes in conatons
uid, during spraying, can form particles themseh@ses of the biological plant protection agent: entomdoaenic
that separate from the liquid or that constitute thajority nematodes contained in the sedimented liquid.
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