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Summary. The efficiency of chemical working mixture application on the surface of agricultural plants
by rod sprayers has been studied in the paper under consideration. The analysis of specific fractures of main crops
sprayed areas with pesticides in agro-industrial production in 2018 was made. The method of the sprayer
efficiency assessment was described and some graphical and analytical dependences for selected slit sprayers on
the formation of the working mixture spray dispersion and the pressure choice in the pressure mains on the sprayer
speed at specified spraying rate were built.
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Problem statement. The considerable growth of population on the Earth is setting some
essential tasks before the agricultural producers on agricultural products gross output increase.
Not only the production capacity has to be increased but also cost per-unit must be minimal so
that the products could be affordable by any segment of population with different shopping
capacity.

Ukrainian agricultural market has one of the biggest rates of growth. The farming
standards have been largely increased, new and progressive production technologies of crop
and animal production have been mastered for the last 10-15 years. All these facts have
contributed to the harvest increase but not necessarily to the production cost reduction. As, for
example, in respect to crop agriculture there are many reasons: the use of purchased or hired-in
expensive imported equipment, its servicing, high cost of quality seeds, fertilizers, protection
products. Moreover, freight transport logistics of products delivery «from the field» to the
centers of primary revision and further transportation is not still perfect etc.

All these problems should be solved step by step. Thus, when choosing the subject of
the investigation the focus was made on the technological procedures of crops fertilization and
protection. In this case, apart from financial load on the producer the ecological aspect is rather
important. The first and the most important condition is to keep to the scientifically
substantiated standards of the fertilizer application rate to minimize the harmful impact in crops
fertilization and protection.

Analysis of the related research and published papers. Taking into consideration the
focus on crop protection the analysis of a number of literary sources has been made. In
particular, the authors have described the methods of crop protection in a slightly different
manner. For instance, in[1] the methods were divided into the following categories:
organizational-economic, agro-technical, mechanical, physical, biological, chemical and
integrated. A group of authors in [2] has paid special attention to the following methods of crop
protection: genetic, agro-technical, biological, chemical and integrated. Though, all the
scientists have agreed that none of the methods provides the 100% protection. The most
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efficient is the integrated method which combined the above-mentioned methods taking into
account the specific case effectively. In this integrated protection the chemical method is the
most important one due to its efficiency and profitability. Nevertheless, under procedure
violations conditions of a chemical working mixture application its long-term use may by
extremely harmful for the flora and fauna causing drastic consequences.

Paper purpose. The aim of the study under discussion is to investigate the factors
making impact on the efficiency of the working mixture application on the crop surface at
chemical protection.

Results of the study. According to different data, the mankind has used a chemical
method of crop protection for more than 4500 years [3]. The first pesticide — Sulphur dust was
first mentioned as early as in ancient Sumeria. Moreover, there are numerous historical
evidences which can prove that our ancestors used different poisonous plants in crop pest
control. The history of chemical crop protection is rather long and quite interesting: there have
been outstanding ups and downs. For instance, after a chemical had been discovered and its
efficiency in crop protection had been proved it became very popular and a big seller but after
a while the scientists found that it was very toxic and they inhibited to use the treatment by the
agent.

Insecticide dichlorodiphenyltrichloroethane (chemical name: 1,1,1-trichloro-2,2-di (4-
chlorophenyl) ethane), abbreviated DDT can be a perfect example of the history of chemical
crop protection. This white crystalline substance, tasteless and almost odorless is an efficient
pesticide. According to the data [4] the above-mentioned substance was synthetically produced
by an Austrian chemist O. Zeidler in 1873 but was not used at that time. As an insecticide it
was discovered by Swiss chemist P. Muller in 1939. The obtained insecticide was extremely
popular all over the world. In 1948 a Nobel Prize in physiology and medicine was awarded to
chemist Paul Herman Muller for the DDT high efficiency discovery as a contact poison.

Although, the considerable efficiency of the insecticide against different crop pests was
deteriorated by its high resistance to decay in the environment and consequently it resulted in
ability to be stored in human and animal bodies, destroy the immune system etc. Finally, DDT
is banned to be used practically in all countries of the world. In 1972 it was forbidden in the
USA and many other countries but the decisive ban from its use was made by the United Nations
in 2001 after these chemicals were recognized as toxic ones [5]. Nevertheless, this group of
chemicals is still used in separate cases in the world experience. This is especially true in regard
to malaria treatment.

The modern list (2019) of chemicals allowed in Ukraine includes more than 9000
items [6]. All of them are considered to be safe for people and environment at the present stage
of research and use under observance of application procedure requirements when rate of
application is the main criterion.

According to the statistical data [7] approximately 16 min ha of agriculturally used area
was sprayed by pesticides in Ukraine to gather in the crops in 2018. However, they took into
considerations only the cultivation area of the farming enterprises having more than 200 ha and
the areas of temporarily occupied territories were not included.
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Figurel. Diagram of the areas division planted with major crops sprayed with pesticides in 2018

As you can see from the results of the analysis we have made, the infinite number of
spraying machines must be involved in the spraying process to cover all these areas, and
chemical crop protection was carried out many times. That is why the requirements to these
machines are so high. Though, the most important requirement is the overall spread of working
mixture on the crop surface according to the specified fertilizer rate.

According to the different literary sources analysis, agro-technical requirements to the
spraying apparatuses are quite different. The requirements to the spraying quality are getting
higher. For example, all authors [1, 8, 9] have agreed that weeping should make more than 80%
of the upper part of the leaves and not less than 60% of the lower one. As for the deviation in
fertilizer application rate, here the authors [1, 10] writes about +15% and -20%, though in the
paper [9] these figures are a bit lower: the deviation should not exceed 5%, when the spraying
control is automatic and 10% — at normal inspection. It can be explained by the higher
requirements to the process of spraying at higher technology level of crop spraying apparatuses
operation. Spraying unevenness by the spraying boom operating width should not exceed
30% [1] and 25% [9], and by the furrow length —25% and 20% respectively. The speed of wind
should not exceed 5 m/s, and the temperature of air should not be higher than 23°C.

There is no the common standard on agricultural and technical requirements to the
spraying machines nowadays and plants-producers are using the developed General
specifications for such machines making.

From a technical point of view, the operational life of a sprayer must be not less than
1800 hours at annual duty 300 h [9]. The anticipated endurance is regulated by the General
specifications and the above-mentioned figures can vary greatly. For example, the annual duty
at the plant Lvivagromashproject is 320 h, operational life in not less than 5 years. Having
analyzed the test protocol of the vessel Agro-200E (made by LLC «Chimbudplastmasy) [11],
conducted by a state institution «Ukrainian L.Pohorilyi scientific- research institute of
equipment and technologies forecasting and testing for agricultural production» it was found
that annual specified value equals to 550 h per spraying machine.

Amount and quality of the working mixture application on the crop surfaces is a direct
function of the spray dispersion applied per unit of the area: 20-30 drops/sm? — for insecticides
and systemic herbicides, 3040 drops/sm?— for contact herbicides, 50-70 drops/sm? — for
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fungicides. Thus, using different types of spraying machines and setting the appropriate
pressure in the pressure mains the necessary size of drops can be practically achieved. Due to
the above mentioned characteristics there are different modes of spraying: ordinary or of full
volume spraying — drops of 600...250 um, low- volume — 250...100 um, ultra low volume —
100...20 pm.

Spraying machine performance quality according to the method [8] can be estimated by
the following criteria:

— average diameter of drop d,

d
dep = = 1 (1)
(4sin3a/(2 + cos3a — 3cosa))6

where d., — measured diameter of the drop trace, um;
a — angle between tangent to the drop in its cross-section with the sprayed surface and the
surface itself;

— degree of coverage by drops of the sprayed surface k (%) is calculated using the
dependence

251
k = S—Oz dn;, @)

where d,, d,...d, — drops trace diameters, um;
ny, n, ...n, —number of drops of each size;
S, — the area under study, um 2;
— drop effective action coefficient k,, is found as

K, = et _ (en 2007 3)
8 SCII dgﬂ '

where S, — drop trace area, S., = 0,78d2,;
Seq — area of drop effective action, Seg, = 0,78(d, + 21)%;
r — effective action zone (r = 100... 200 um).
Then the degree of the drops effective coverage of the sprayed surface k.4 will be found
as

keg = kyk. 4)

The expression (4) proves that the smaller the drop size the bigger is the coefficient of
its effective action but it should be mentioned only providing the condition when the formed
fine particles settle on the object under spraying surface.

Practical experiments have proved [10, 12, 8], that the drops of the same mixture but of
different size (at the rest equal conditions) have quite different toxic properties. Under the action
of surface tension force of the liquid bigger particles may either roll down on the inclined
surface on the soil or burn the crops in case they stay on the surface. While analyzing the action
of smaller particles, for example at ultralow spraying, toxic properties and uniform spraying of
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the mixture are increasing providing the weather is windless as fine particles evaporate quickly,
they can be easily blown away by the air flows and can deposit on other areas where the crops
spraying wasn’t intended. Moreover, if spraying speed is within 15-20 km/h, and modern
spraying machines allow to implement this, one more problem is arising — swirl flows behind
the working tool of the machine and its components. Besides, rising flows of warm air heated
by the soil are to be added etc. These problems are especially important when the distance
between the spraying tool and the sprayed object is more than 0,5 m.

Thus one must take into account and combine the technological characteristics of
working mixture, phases of crops biological growth, nature conditions when the technological
procedure takes place, parameters of the technical facilities to provide spraying etc.

Low-volume spraying with the flow within 200 I/ha is considered to be the most
efficient for an average commercial farm unit, as ultra-low spraying should be performed by
the sprayers having special systems of fine particles precipitation.

The type of sprayer is the decisive criterion for the spray dispersion, namely the shape
of spraying swath, mixture uniform distribution and coverage are of primary importance. As a
rule, as they leave the spraying nozzle the sprayers have polydisperse spraying spectrum, i.e.
drops of various size are formed (Figure 2 [13]), and only rotational movements allow to obtain
monodisperse spectrum — drops of the same size.

As for the working mixture disperse area, the Figure 2 shows their approximate
distribution in a slit sprayer swath [13]. The author underlines the interrelation between the drop
size and their capability to cover and stay on the surface of the object under application and
also to be blown away by the air flow and to be evaporated.
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Figure 2. Example of the polydisperse spraying spectrum of the work mixture
A — coarse disperse spraying (500 um); B — medium disperse spraying (120...350 pm);
C — small disperse spraying (120 pm)

Using the standard BCPC/ASAE, for the spray dispersion classification of working
mixture by spraying machines the Table 1 can be made which will specify the interrelation of
drop size, the type of spraying machine and range of usage of the specified chemical [14].
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Table 1

Drops size according to the standard BCPC/ASAE [14]

Range of drop MO/, Graphic symbol Spraying

. 3 Range of use
size pum machine model

Chemicals for

Extremely large >575 ID, IDN —low | systemic use, liquid

pressure fertilizers, soil
herbicides
ID, IDN, 1DK, Chemicals for
Very large 450-575 IDKN — low .
systemic use
pressure
Il[[))’KIBNI’DIE'IIS ’ Chemicals for
>large 350-450 ' ' | systemic use, contact
AD — low .
chemicals
pressure
III:I?)T('IEDEEI)\I Systemic fungicides,
Average 250-350 o systemic insecticides,
LU — low -
herbicides
pressure
Contact fungicides,
Small 125-250 LU, ST, SC, DF | contact insecticides,

herbicides

Some graphical dependencies of working mixture spray dispersion formation and choice
of pressure in the pressure mains on the sprayer speed for the most widely spread typical size
of slit sprayer providing the specified rate of application 200 I/ha are presented on Figure 3.

The analytical dependencies of their approximation curves are the following:

— for slit sprayer 1D-04

yip = 0,024x* — 1,273x3 + 24,91x? — 214,4x + 691,0; (5)
— for IDK-04
yipk = 0,062x3 —1,977x? + 20,15x — 61,72. (6)
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Figure 3. Graphical dependencies of the creation of the work mixture dispersion and the pressure choice in
pressure line of sprayer speed
a — for slit sprayer I1D-04; b — for IDK-04

Slit sprayers producers make them in color so that it will be easier to use. This tradition
appeared in the USA though nowadays it is used by European producers as well [15].

It should be admitted that for the recent years liquid complex fertilizers application is
getting more and more popular among the crop products producers. Carbamide-ammonia
mixture (CAM) is the flagship among such group of chemicals. This is water solution of
carbamide and ammonia nitrate at a ratio: 35,4% of carbamide, 44,3% nitrate fertilizer, 19,4%
of water, 0,5% of ammonia water [16]. This mixture has considerable technological advantages
over solid nitrogenous fertilizers as it doesn’t contain free ammonia.

Chemical formula of CAM is [17]

NH4NO3—(NH2).CO-H-0. (7)

The above-mentioned fertilizer is quite unique as it contains nitrogen in three forms:
nitrate, ammonia and amidic. It allows to act immediately when the process of nitrification and
the transition to nitrate form is taking place and after that due to the results of soil
microorganisms it is followed by ammonia form and then by the nitrate one. [16].

The possibility of being in different forms allows either to start crop feeding
immediately or to expand the time of feeding. As there is no free ammonia in the mixture, some
surface treatment is possible.

In most cases CAM are being applied in autumn before the primary soil cultivation, in
spring before the soil conditioning and also in the period of crops vegetation as root dressing or
top dressing.

In case of leaf-feeding dressing here CAM can be combined in different tank mixtures,
for example by adding microelements or protection aids.

Apart from technological and biological efficiency at CAM application one should keep
to the strict rules[18]: fertilizers must be applied only by fitted spraying devices made of acid-
resistant metals when contact with the mixture and the sprayers themselves must be ceramic
and provide large-drop spraying at low pressure; when applied with pesticides or microelements
which according to the technology have to cover the maximum crop surface with small drops,
in case of tank mixture the drops must be larger so that they do not stay on the crop surface and
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leave it to avoid crop burning; CAM treatment must be done only when the leaves surface is
dry, in another case the crop may receive a burn.

Thus, apart from the above-mentioned types of spraying devices for surface spraying
the special attention is paid to the spraying machines for liquid complex fertilizers application
whose samples are on Figure 4.

FDO4 SJ7

SJ3 “

Figure 4. Spraying nozzles for liquid complex fertilizers application [18]

For example, five jet spraying unit FL made by Lechler (Germany) for liquid fertilizers
CAM is designed to provide multiple-jet spraying in horizontal plane. There are grey and black
standard sizes which can be combined with dosing gaskets in different ways. The process
pressure varies from 0,8 to 1,8 bar. Dosing gaskets are made of high-quality steel V2A
(corrosion-resistant).

Sprayers of FD series have a deflector sprayer 3 with horizontal torch of the work
mixture dispersion. They are produced of the following standard sizes: 04, 05, 06, 08, 10, 15,
20; operating pressure — 1,5-4,0 bar. Their advantage over the multiple-jet sprayer is that they
are less blocked by contaminants.

Nevertheless, the simplest and the most reliable device for CAM application is the
system of suspension brackets from hoses, Figure 5a [18], or invented rod according to
patent [19], Figure 5 b.
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Figure 5. Device for liquid complex fertilizers applying using rod sprayer
a — system of suspension brackets from hoses; b — invented (improved) rod (patent [19]):
1 — section frame; 2 — pipeline; 3 — head; 4 — spraying devices; 5 — vertical curved pipelines; 6 — torch of the
work mixture dispersion

In the rod device (Figure 5 a) the hoses are set in step of 0,25 m, the mixture is supplied
under pressure of the range from 1,0 to 10 bar, providing the minimal possibility of the chemical
entry on the crop leaves, besides the working mixture can be discrete etc.. The rod (Figure 5 b)
is designed to operate in low spray mode of field crops or in the spray dressing mode. Its curved
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pipelines 5 onyckarots the heads 3 of spraying devices 4 close to the root system (under leaves
space) and by fixing them in a certain position the necessary torch angle of working mixture
dispersion 6, facilitating the most efficient availability of the working mixture by the crop.

Some similar decisions on possible variation of torch angle of working mixture
dispersion were described in the patents [20, 21], where a special rotating-fixing mechanism
allows to fix the rod in the certain position and in this way to direct the working jet as desired.

Thus, if we assume that some drops of specified size are the most effective in one or
another way of spraying then one should guarantee the stability and the same concentration of
the sprayed working mixture along the whole rod width to provide the specified application rate
by spraying devices. Hence, a new task is arising- to provide the rod stabilization by height and
horizontally as at its position varies the number of drops per crop surface area unit is greatly
changed [22, 23].

Conclusions. Having analyzed the statistical data it was found that more than 16 min
ha of areas were pesticide-treated in Ukraine in 2018. In this case multiple chemical crop
protection was observed. For that purpose the summary of agricultural and technical
requirements has been done, the procedure of their performance quality assessment has been
described and the analysis of factors influencing the quality of working mixture application on
crop surface has been made for agricultural spraying units. Moreover, the summarized data on
drops size formed by the slit spraying devices according to BCPC/ASAE standards have been
given and graphic and analytical dependences of working mixture spray dispersion and pressure
selection in the pressure mains on the sprayer speed have been built.
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JOCJIIKEHHA EOEKTUBHOCTI ITPOLECY HAHECEHHSA
POBOYOI'O ITPEITAPATY ITPU XIMIYHOMY 3AXHUCTI POCJIMH

Amnapiii baoiit

Teproninbcorkut HayioHaIbHUU MeXHIYHUU YHigepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina

Pezome. Obpobka pociun XiMiyHUMU NPenapamamu 3alUMAEMbCa OOHUM 13 HallegheKmueHiuux
cnocobig ix zaxucmy. Ilonpu exonociuni pusuxu XIMIYHO20 3aXUCMY 6iH € HAUOiIbW OIl€6UM | OOCMYNHUM
CnoCcoOOM, AKUL GUKOPUCIOBYEMbCA NPAKMUYHO 6CIiMA  CEIMOBUMU BUPOOHUKAMU CITbCLKO20CHOOAPCLKOT
npooykyii. Boowouac uacmo Oysae He 00 Kinys O0ocriodceHo Oir0 MUX uu I[HWUX npenapamis, sKi
BUKOPUCMOBYIOMbCS 8 MeXHO002ii 00poOKu. ToOdi mu cnocmepieaemo ix 6ucoky eghekmusHicmo, a 3 NIUHOM 4ACy —
3aepo3y 0ns modunu ma ooskinia. Ha npuxnaoi incexmuyudy T (Ouxnopougeninmpuxiopmemuivemar) ye
nPOOEMOHCIPOBAHO.

Tomy 6 pobomi po3nAHYmMO aKmyanbHICMb Pi3HUX CNOCODIE 3aXUCy POCIUH, Y3a2albHEeHO iX ma 6KA3aHO
Ha4 3HAYHY RNUMOMY YACMKY XIMIYHO20 CHOCOOY 6 3a2anvHili mexHonoeii 3axucmy pociuH. Hebesneka
BUKOPUCMAHHSA XIMIUHO20 3aXUCTY YACNO JeHCUMD Y NIOWUHI HEOOMPUMAHHA HAYKOBO OOTPYHIMOBAHUX NIOX00i8
00 GHeCeHHA MAaKux npenapamie na nogepxwi pocaun uu ipyumy. Cioou i0HOCUMbCA AK HOPMA GHECEHHA, MAaK i
mepMIiHU BUKOHAHHS Yi€i MEeXHONI02IYHOT onepayii.

OcHOGHOWO MawuHO0 OJiA XIMIYHO20 3aXucmy pOCIUH € WmaHn2o06uti obnpuckyeay. Ilnowi, sxi
00pobAIOMbCA, WOPTUHO caearomb noHad 16 man. ea 3a cmamucmuynumu oanumu 2018 poky. 3pobaerno ananiz
RUMOMUX 3HAUEHb 00POOKU OCHOBHUX CilbCbKO20CN00apCbKux Kynomyp. /s oyinoeanns egpexmusnocmi pobomu
00NpUCKY8a1a HA8eOeHO MemOOUKY, KA KiIbKICHO 00380JI5€ OYIHUMU pOOOMY MAKoi MawUHU.

Brasano na eaxciuse 3naueHHs pO3NUNIOIOYUX HAKOHEUHUKIE U000 OOMPUMAHHA HOPMU GHECEHH:
Ximiuno2o npenapamy, AKi QopmyIoms OUChepCHICMb PONUNIOEAHHS. 3pobaeHo ananiz Cnekmpa po3nun08anHs
ma HA8eOeHo 3aNeHCHOCMI pO3MIpY Kpaneib 8i0 MUCKY 8 HANIPHIl Ma2icmpani 0OnpUcKy8aya ma y32004CeHHs. 3
11020 pobouoio weuokicmio. [l HAUROWUPEHIWUX WITUHHUX POSRUTIOBAYIE NOOYO08AHO 2PAPDIUHI 3ANEHCHOCMI
oucnepcHoCmi po3nuUnio8anHs pobo4o2o npenapamy 6i0 MUcKy ma wWeuoKoCmi pyxy 0onpucKyeaia.

Ilpu euxopucmanui 06npuUCKY6aua 6 pOJNi NOBEPXHEB020 NIOICUBNIOBAUA CLIbCLKOZOCHOOAPCHLKUX
KYIbMyp HABEOEHO epeKmusHi NPUCmocys8ants ma po3podaery KOHCMPYKYiio wmaneu 3 HUMICHIM pO3MilyeHHAM
PO3RUNIOIOYUX NPUCPOIB.

Kniouogi cnoea: ximiunuii 3axucm pociun, neCmuyuo, Wmaneo8uti 00NpUCKy8at, WinuHHUL po3nuiiosay,
OUCNEPCHICIb POZNUTIOBAHHSL.
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