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experimental research. The planning of the experiment met the current standards, and computer graphics systems
and Microsoft Excel software suite were used for statistical data processing. Based on the conducted studies,
the amount of liquid that one nozzle can pass in 1 min at pressures of 300, 400, and 500 kPA was determined. It
was found that the lowest result was shown by a nozzle with a diameter of 0.1 mm with a pressure of 300 kPA -
10.493 ml/min, and the highest - a nozzle with a diameter of 0.8 mm and a pressure of 500 kPA - 146.379 ml/min.
At the same time, injectors with a diameter of 0.4-0.6 mm used almost the same amount of liquid at pressures
of 300 and 500 kPA. The amount of liquid that can be poured per 1 ha using a six-row seeding machine with a
working width of 4.2 m per sowing unit of corn was calculated. The obtained data can be used to improve any
systems that use similar nozzles, such as calculating the rate of discharge of agricultural sprayers or systems that
allow cooling pig farms during the summer period

Keywords: operation of the sowing complex; nozzle; yield; pressure; spout rate; seed coating; biologics; fertilisers;

microorganisms; sowing quality

INTRODUCTION

The issue of seed inoculation is quite relevant today.
Humanity is trying to improve the global environment,
and therefore, reduce the use of chemicals in agricul-
ture. Inoculants, as a means to increase yields and im-
prove the quality of plant products, have proven them-
selves quite well. For example, in studies on the effect
of an inoculant (strain Rhizobium) on chickpea plants
under salinity conditions, not only an increase in yield
was recorded, but also an increase in the protein and
oil content in seeds (Khaitov et al., 2020). An increase in
protein content was recorded with the use of Microgu-
min, Diazophyte, and mineral fertilisers in studies of oat
cultivation (Avena nuda L. and Avena sativa L.) (Ilchenko
et al., 2019). And during the investigation of the effects
of four strains of Bacillus spp. on corn plants under wa-
ter stress, an increase in the mass of raw and dry matter,
the length of plants, and the amount of photosynthetic
pigments in them was observed (Azeem et al,, 2022).
Therefore, against the background of complicated op-
portunities for the supply of fertilisers from abroad and
the need to provide crops with the necessary substances,
inoculants or other biologics that are recommended to
be used during sowing are a very promising due to their
relatively low price, environmental friendliness, posi-
tive effect on crop yields, and most importantly - the
ability of domestic producers to provide farmers with
this product (Polischuk et al.,, 2023).

The advantages of settling microorganisms on the
seed surface (inoculation) before sowing have been
proven by many researchers (Stassinos et al, 2021;
Datsko, 2021). The history of their use began in 1896,
when the first patent for an inoculant was registered
in the United States (Santos et al, 2019). Inoculation
of seed material allows populating the necessary mi-
croorganisms in the rhizosphere of agricultural crops
for better interaction and increase plant productivity
(Sandini et al., 2019). Mostly, when it comes to inocula-
tion procedure, most suggest that it applies only to leg-
umes, however, this is not a fair expression. Studies us-
ing inoculants have also been conducted for crops such
as corn (Stoffel et al., 2020), wheat (Erdemci, 2021), rice

(Guimaraes et al,, 2020; Singh et al, 2020), rapeseed
(Premachandra et al., 2020) etc.

Inoculation in production is mainly carried out
with the help of seed treatment machines and in
addition to or simultaneously with seed treatment.
However, the method of liquid inoculation has signif-
icant disadvantages, which can lead to an increase in
the cost of production or to the death of microorgan-
isms contained in the inoculant. The first and most
important of them is that the operation with a liquid
inoculant is quite a time-consuming process, since
it is usually recommended to apply microorganisms
immediately before sowing, which requires the addi-
tional use of the necessary equipment and people in
a short time. Second, direct exposure to sunlight on
already treated seed material can lead to the death of
beneficial microorganisms (Ushkarenko et al., 2016).
The reason for this harmful effect of solar radiation on
bacterial cells is ultraviolet light, which has a bacteri-
cidal effect (Bilokonska, 2018).

Therefore, researchers of Sumy National Agrarian
University decided to develop and implement a system
that will simplify the inoculation process and conduct
it during corn sowing. Since the methods used by ag-
ricultural producers for inoculation are outdated and
energy-consuming, the purpose of this study was to
obtain data that will allow assessing which nozzles
should be used to create a seed inoculation system that
can be installed in any sowing complex.

MATERIALS AND METHODS

Structure of the test system for determining required noz-
zle diameter and operating pressure. Since the system
is designed and manufactured from scratch, it became
necessary to investigate the properties of components
and select the necessary parameters. To begin with, the
pressure needed to be created in the system and the
diameter of the nozzles to be used were considered.
To do this, the volume of liquid that the nozzle can
pass through with a certain pressure was measured for
one minute for each of the options in triple repetition.
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Laboratory balances (Radwag, WLC 0.2/C/1, Poland) were
used to accurately determine the weight of liquid. The
pressure was created using a high-pressure diaphragm

pump (Good PUMPs, 12V, 6A, 72W, China). The low-pres-
sure mist-forming TW6010 ... TW6080 with a diameter
of 0.1; 0.2.....0.8 mm were chosen as nozzles (Fig. 1).

Figure 1. Low-pressure mist forming nozzles TW60

A pressure gauge, quick-release connections, hoses,
clamps, and a digital pressure sensor (Ebowan DC 5V

2

G1/4,12 MPA, China) were also used to create the test
sample, the connection diagram is shown in Figure 2.

Figure 2. Connection diagram of devices for determining the required nozzle diameter and operating pressure for
creating a stand, where 1 - tank; 2 - pressure gauge; 3 - water pump; 4 - pressure sensor; 5 - actuator; 6 - nozzle

Based on the requirements of inoculant manufac-
turers,a darkened tank was used to minimise the contact
of microorganisms with ultraviolet rays. The liquid filled
into the tank is sucked in by a pump that pumps pres-
sure into the main line, which contains a pressure gauge
for visual monitoring and a digital pressure gauge for
maintaining pressure. An actuator valve regulates the
period of use of the nozzle (Shelest et al., 2022).

After conducting the study, the appropriate equation
was used to determine the actual amount of liquid that
can be poured per 1 ha by a six-row row seeding ma-
chine with a working width of 4.2 m. (Bosoy et al.,, 1980):

600
- e, g

where Q - actual working fluid discharge, l/ha; 600 -
coefficient; n - number of sprayers; g - liquid flow rate
through one sprayer, I/min.; L — working width of the
unit, m; V - actual velocity, km/h.

For statistical processing of the spray fluid flow rate,
the root-mean-square deviation (2) and the coefficient
of variation (3) were determined:
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where g, , q,.....q,. - amount of liquid consumed by the
sprayer in 1 minute, g; g - arithmetic mean; n - num-
ber of experiments.
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n

a:

The coefficient of variation was determined by the
equation:

-100. (3)

To evaluate the results of the study of nozzles of
different sizes when using a pressure of 300-500 kPA,
a two-fold variance analysis with repetitions was con-
ducted in MS Excel.

As a liquid, water-based injectors were first tested,
and then Leanum biologic preparation was used, which
contains effective microorganisms and organic matter,
and is approved for use by “Organic Standard” It is evident




that the density of different liquid fertilisers/biologics
may differ, different volumes of working solution can be
used in different dosages (200-300 l/ha), depending on
the manufacturer’s recommendations.

RESULTS AND DISCUSSION

Investigation of the amount of liquid that the nozzles can
pass in 1 min. Studies were conducted on nozzles of
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different diameters and at different pressures of liquid
supply to them for the same period of time. Analys-
ing the data in Table 1, the dependence of the volume
of liquid through the nozzles on the diameter of the
hole is observed: with an increase in the nozzle diam-
eter from 0.1 mm to 0.2 mm at a constant pressure of
300 kPA, the weight of liquid that was sprayed in 1 min
increased from 10.373 g to 13.445 g, which is 22.2%.

Table 1. Result of the study of nozzles of different sizes at a pressure of 300 kPA

Nozzle size,

Experiment number

mm 1 2 3 4 5 6 -9 @9 V¥
01 10373 10609 10511 10.456 10.305 10.702 10493 013 13
0.2 13.445 1356 13.472 13.601 1327 13.602 13492 012 09
0.3 35.69 35822 35973 35.599 35.984 35.902 35828 014 04
0.4 527 52329 52629 52.485 52.502 52.688 52556 013 02
0.5 65426 65429 65408 65.281 65.29 65.692 65421 014 02
0.6 81.03 81243  81.207 81.401 81.011 81.102 81166 014 02
0.7 92385 92729 92921 92.393 92.829 92.809 92678 021 02
0.8 114926 11506 115203 115182 114903 115102 115063 012 0.1

Source: obtained by the authors

Starting from the nozzle diameter of 0.3 mm, the
weight of the liquid relative to the original diameter
increased by almost 3.5 times. As the injector nozzle di-
ameter increased from 0.3 mm to 0.8 mm, the increase
in the volume of liquid pouring through the nozzles
significantly increased from the minimum water mass
of 35.69 g to 114.926 g, which is an average increase
of 69%. During statistical data processing, the root-
mean-square deviation was in the range of 0.12-0.14 g,
with the maximum value for the nozzle diameter of
0.7 mm - 0.21 g. The coefficient of variation decreased
and corresponded to an increase in the nozzle diameter
and was a minimum value of 0.1% for 0.8 mm and a
maximum value of 1.3% for 0.1 mm.

When analysing the weight values of the spray
liquid at a constant pressure of 400 kPA in 1 minute

(Table 2), the lowest value of the weight of liquid
through the nozzles of low-pressure mist-form-
ing nozzles was 0.1 mm - 12.146 g and 0.2 mm -
15.101 g. When the diameter of the mist-forming noz-
zles increases from 0.3 mm to 0.7 mm, respectively,
the liquid flow rate increases from 40.907 g/min up
to 97.443 g/min. The highest consumption of sprayed
liquid is 142.209 g/min with a nozzle diameter of 0.8
mm, because the increase relative to 0.7 mm is the
largest — 45 g/min. When evaluating the data in Ta-
ble 2, a root-mean-square deviation was determined
with a minimum value of 0.05 g for a nozzle diameter
of 0.8 mm and a maximum value of 0.32 g for 0.5 mm.
The coefficient of variation was reduced from 1% for
nozzle diameters of 0.1 mm and 0.2 mm to 0% for
nozzle diameters of 0.8 mm.
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Table 2. Result of the study of nozzles of different sizes at a pressure of 400 kPA

Nozzle size, Experiment number 5 . 0. V%
mm 1 2 3 4 5 6 °
0.1 12.509 12.183 12.146 12.231 12.403 12.307 12.297 0.13 1.0
0.2 15.576 15.32 15.101 15.297 15.477 15.218 15.332 0.16 1.0
0.3 40.428 40.869 40.695 40.641 40.445 40.907 40.664 0.19 0.5
0.4 57.871 58.225 58.184 57.698 58.308 58.274 58.093 0.23 0.4
0.5 72.606 73.005 72.504 72.695 73.105 72.315 72.705 0.27 0.4
0.6 92.746 91.993 92.328 92.629 91.899 92.537 92.355 0.32 0.3
0.7 9741 97.417 97.503 97.269 97.381 97.68 97.443 0.13 0.1
0.8 142.202 142.073 142.192 142.152 142.102 142.209 142.155 0.05 0

Source: obtained by the authors
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At a constant pressure of 500 kPA, the volume
of sprayed liquid increases accordingly with an in-
crease in the diameter of fine nozzles from 0.1 mm
to 0.8 mm: from a minimum value of 13.696 g/min at
0.1 mm to a maximum of 146.827 g/min at 0.8 mm
(Table 3). From the nozzle diameter of 0.3 mm, there
is an increase in the flow rate of the sprayed liquid
relative to the diameter of 0.1 mm by almost 3.5 times.

From the statistical analysis of the table data, the
minimum root-mean-square deviation is 0.19 g from
the arithmetic mean of 17.094 g for a nozzle diam-
eter of 0.2 mm, and the maximum is 1.1 g from the
arithmetic mean of 64.388 g for a diameter of 0.4 mm.
The coefficient of variation increased from 0.2% for
0.7 mm and 0.8 mm nozzle diameters to 1.7% for a
nozzle diameter of 0.4 mm.

Table 3. Result of the study of nozzles of different sizes at a pressure of 500 kPA

Experiment number

Nozzle size, mm 1 5 5 s P 5, g 0,9 V., %
0.1 13.947 13.836 13.811 13.748 13.696 13.947 13.831 0.09 0.7
0.2 17.181 16.758 17.399 17.123 16.992 17.109 17.094 0.19 1.1.
0.3 44764 45.088 44.68 45.141 44592 44799 44844 0.20 0.5
0.4 62.576 65.427 65.765 63.599 64.966 63.997 64.388 1.11 17
0.5 81.557 80.993 81.648 81.312 80.898 81.203 81.269 0.27 0.3
0.6 98.416 98.336 98.432 97.892 98.598 98.692 98.394 0.25 0.3
0.7 113.408 113.499 113.509 113.101 113.791 113.521 113.472 0.20 0.2
0.8 146.375 146.372 146.394 146.102 146.827 146.201 146.379 0.23 0.2

Source: obtained by the authors

By increasing the fluid supply pressure to the
0.1 mm diameter nozzle from 300 kPa to 500 kPa, the
fluid output increased by 32%. On average, at a pressure
of 500 kPA, all injectors delivered almost 580 g/min,
which is 9.16% more than at a pressure of 400 kPA, and
24.21% more than at a pressure of 300 kPA.

Calculation of the amount of liquid per 1 ha. The flow
rate of the working fluid of the nozzle with a diameter
of 0.1 mm at different pressures ensures the discharge
of liquid in the range of 1.12-1.48 l/ha (Fig. 3), and the
nozzle with a diameter of 0.2 mm - 1.44-1.83 l/ha,
while the difference between the values of the 0.1 mm
nozzle with a pressure of 500 kPA and the 0.2 mm noz-
zle at a pressure of 300 kPA is only 2.7%, which is not

18
16
14
12
10

l/ha

A O o

0.1 0.2 0.3 0.4

300 kPa 400 kPa

500 kPa

a critical deviation, but when working in the field to
save energy resources, it is undoubtedly better to use
a nozzle with a diameter of 0.2 mm and a pressure of
300 kPA. A similar pattern can be observed in 0.4 and
0.5 mm nozzles, where the difference between the
values at a pressure of 500 and 300 kPA is 1.7%. A sim-
ilar pattern is observed between the 0.5 and 0.6 mm
injectors, the difference between the indicators is also
not significant and amounts to 0.2%. At the same time,
there is no similar trend between 0.6 and 0.7 mm injec-
tors and the same pressure, but this phenomenon again
becomes true for 0.7 and 0.8 mm injectors, while the
difference between the liquid output at a pressure of
500 and 300 kPA is 1.3%.
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Figure 3. Flow rates through the TW6010...TW6080 nozzles at different pressure values
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Therefore, the diagram shows that injectors with
a diameter of 0.1 and 0.2 mm provide extremely low
use of the working solution per hectare, which casts
doubt on the effectiveness of their use. At the same
time, nozzles with a diameter of 0.3 to 0.8 mm have
the potential for use in the designed pre-sowing inoc-
ulation system.

Other researchers have also created a sowing
complex that can carry out seed inoculation during
corn sowing (Drazi¢, 2017). However, their research is
somewhat inconsistent with the subject matter and the
need for creating a seed inoculation system. For exam-
ple, the paper by Klaedtke et al. (2022) contains infor-
mation about the amount of liquid passed by nozzles
per minute under different pressures, but they do not
contain specifics about the diameter of the injectors.
Pathan et al. (2019) provide information about working
under different pressures for three nozzles (diameter
13.1; 16.2; 19.3 mm), however, these nozzles have a
fairly high output of liquid, while this study is based
on saving water and creating a mist for more uniform
treatment of seeds with a working solution. A similar
experiment was conducted by Han et al. (2020), how-
ever, using a different type of nozzle.Wang et al. (2020)
investigated the efficiency of using larger nozzles and
higher pressures (from 1 to 8 mPA). However, according
to the estimates, a pressure greater than 500 kPA is not
appropriate for a mobile inoculation system, as it re-
quires high energy consumption.

In the literature, attention is drawn to the fact that
seed treatment with biologics is more effective than
their foliar application (Barbosa et al., 2022),and the ef-
fect is noticeable in the growth of the root system, the
concentration of nutrients in the leaf-stem mass, and
grain, which ultimately affected the yield. But biologics
can have one or more strains of microorganisms, and
depending on weather and soil conditions, their effec-
tiveness may decrease or not appear at all in temperate
climates (Reis et al.,2022). However, the application of
biologics and fertilisers in liquid form is more effective
than in the form of powder and granules, and the most
important thing at the beginning is uniform applica-
tion to the seed and good adhesion, since the seeds
of different agricultural plants have different shapes,
structures, sizes, and germination rates (Paravar et al,,
2022; Veremeenko et al, 2023). That is, considering
seed treatment with biologics only in organic farming,
then the purpose of this event is to directly affect the
seed and the plant will better resist abiotic and biotic
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stresses through rhizobiome (Kharchenko et al., 2022;
Orozco-Mosqueda, 2022). By using xerotolerant micro-
organisms in the seed coating, it is possible to promote
better plant development in conditions of prolonged
moisture limit (Romao et al.,, 2022).

Thus, data on the amount of solution pouring
through different nozzles were obtained in other pa-
pers, but the effectiveness of using different pressures
and diameters of nozzles, and the density of fertiliser
liquids and pesticides was not fully investigated. The
development of complexes for inoculation with mini-
mal moisture and energy consumption is relevant and
requires further study.

CONCLUSIONS

Based on the data obtained, it can be concluded that
the smallest liquid output per minute in a nozzle with
a diameter of 0.1 mm with a pressure of 300 kPA is
1.247 |/ha,while the largest output in nozzles of 0.8 mm
with a pressure of 500 kPA is 15.683 l/ha. The range
of fluctuations in these values is quite high, so further,
more in-depth studies of injectors with a diameter of
0.3-0.6 mm are needed. Nozzles with a diameter of 0.1
and 0.2 are not suitable for further research, as they
pass too little liquid from 1.127 to 1.831 |/min at differ-
ent pressures, while nozzles with a diameter of 0.7-0.8
are rejected because they have too unstable indicators.
Moreover, an interesting pattern was noticed in the 0.4,
0.5, and 0.6 nozzles at a pressure of 500 and 300 kPA:
the amount of liquid that they can pour per 1 ha is al-
most similar and the difference between these values
does not exceed 2.7% (and some even less), which is
insignificant. These circumstances suggest the feasibil-
ity of using a nozzle with a smaller diameter and higher
pressure in the inoculation system, or with a larger noz-
zle diameter and lower pressure, which would directly
affect the amount of energy consumed by the tractor
during the use of this system.
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AHotauis. [lepegnociBHa iHOKYNALiA CilbCbKOrOCNOAAPCHKMX KYNbTYyp [AO3BOASE MiABULLMTM NapameTpu, Lo
BMNIMBAKOTb Ha YPOXAMHICTb Ta AKiCTb BpOXato, Le Oyno poBeaeHo 6araTbMa YKpaiHCbKMMK Ta 3aKOPAOHHUMM
focnifHukamu. Metoto poboTu Byno BCTaHOBMTM pobodi mapaMeTpu GOPCYHOK 33 Pi3HOMO TUCKY, WO A3N0 3Mory
po3paxyBaTu HOpMY BMJIMBY POBOYOro po3umHY Mif, Yac CiBbu ons CTBOPEHHS CUCTEMM MPUNOCIBHOT iHOKYNALii, Wo
[03BOJSIUTb CMPOCTUTM NpoLLeC 06p0O6KM HACIHHS Ta NIABULLMUTU eHeproePeKTUBHICTb rocnofapcTs. [1ns npoBefeHHs
eKcnepuMeHTanbHUX AOCNIAKEHb BUKOPUCTOBYBAIMCSA METOAM CUCTEMHOIO Ta CTPYKTYPHOMO aHani3y, MaTeMaTUYHOI
CTaTUCTUKK, abCTparyBaHHsa Ta MaTEMATMYHOIO MOAENIOBAHHS Ha OCHOBI piBHAHHS EMnepa-JlarpaHxa, a Takox 3
BMKOPUCTAHHAM OCHOB TEOPETUYHOI MexaHiku, di3nKun Ta Teopii MalKH. [NaHyBaHHSA ekcnepuMeHTY BiAMNOBIAaN0
LilYMM CTaHpapTaMm, a Afig CTaTUCTUYHOI 00pobKM AaHMX BUMKOPWUCTOBYBANUCA CMCTEMM KOMMOTEPHOI rpadiku Ta
nporpamun Microsoft Excel. 3aBasku npoBeaeHUM JOCNIOKEHHAM 6yN0 BCTAaHOBMIEHO KiNbKiCTb PiAMHM, WO MOXeE
nponyctutn ofHa dopcyHka 3a 1 xB nig Tuckom 300, 400 i 500 klMa. byno BusiBneHo, Wo HaiMeHWHA pesynbraT
nokasana gopcyHka giametpoMm 0,1 mm 3 Tuckom 300 kla - 10,493 mn/xB, a HanbinbWwwuii — GOpCyHKa AiaMeTpoMm
0,8 MM i TuckoMm 500 klMa - 146,379 mn/xB. BogHouac, popcyHku giametpom 0,4 — 0,6 MM BUKOPUCTOBYHOTb Maiixe
O[LHaKOBY KinbKicTb pianHu nig tmckoM 300 Ta 500 kla. byno po3paxoBaHO KifbKiCTb piAnHK, WO MOxe ByT BUAUTO
Ha 1 ra 3a BUKOPUCTaHHS WeCTMPSAHOI NPOCANHOI CiBafikK i3 LUMPUHOK 3aXBaTy 4,2 M Ha OAHY NOCIBHY OAMHULLIO
KyKypya3su. OTpuMaHi faHi MoxyTb ByTM BUKOPUCTaHI Npy BAOCKOHANEHHI Byab-SKMX CUCTEM, e BUKOPUCTOBYHOTHCS
CXOXi OPCYHKU, K TO ANF PO3PaxXyHKYy HOPMU BUAMBY CiSlbCbKOTOCMNOAAPCbKMX OMPUCKYBAYIB YU CUCTEM, LLO
[03BONISIIOTb OXONOAXYBATU CBMHOKOMIMIEKCH Mif Yac NiTHLOro nepioay

KniouoBi cnoBa: ekcnnyaTauis MOCIBHOro Kommnekcy; GOpCyHKa; YPOXaWHICTb; TUCK; HOPMa BWUAMBY; MOKPUTTA
HaciHHs; 6ionpenapaTtu; [o6pMBa; MiKpOOpraHi3Mu; aKicTb CiBbK
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