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Abstract: The technical accuracy of the machine is a prergtpifor the effective
implementation of chemical protection in fruit agthpevine production. The paper
presents the results obtained during the contrating of 50 different models of
orchard sprayers, with different period of exploita in growers throughout Serbia
that are used in intensive fruit and grapevine protibn. During the control testing, a
large number of parameters were monitored, usiranddrdized methods and test
procedures. Comparison of the obtained data wadieghgo four groups of orchard
sprayers (defined by the period of the exploitgtiorhe technical accuracy of the
individual orchard sprayer is expressed by the ficieht of the technical correctness
(Cta) according to individual marks of the tested paetens of orchard sprayers.

Out of the total number of investigated orchardagers, 12% of the orchard sprayers
are in exploitation for less than three years, whihe largest number of orchard
sprayers, and 42% is in exploitation for seven gemrmore. The technical accuracy of
Group 1 orchard sprayers was sufficiently high, eptcfor the parameters related to
the Measuring regulatory systemi{& 0.80) and the Nozzles §G= 0.86). In Group 2,

a decrease in the coefficient of technical accuracgll parameters was observed with
respect to the sprayers from Group 1, which wasipalarly pronounced for Agitators
(Cta = 0.50) and Nozzles (C= 0.68). The orchard sprayers from Group 3 are
characterized by a low coefficient of technical @ecy for the Nozzles (= 0.37),
while Group 4 orchard sprayers have a very low fioeht of technical accuracy in all
tested parameters. The level of technical accurefcyhe orchard sprayers used in
intensive fruit and grapevine production is dirgctdependent on the period of their
exploitation.

Keywords: control testing, coefficient of technical accurapgriod of exploitation,
maintenance of the orchard sprayers, applicatioalify
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1.INTRODUCRION

Proper technical functionality of plant protectiorachines is a prerequisite for
carrying out efficient operations, achieve finahsiavings and increase safety among the
employees. In order to provide the production odlthy food, as well to protect the
environment, controlled use of pesticides shouldebsured. To ensure this kind of
pesticide application, proper machinery is needgthd the exploitation period.

Modern agricultural production involves the inged use of pesticides as plant
protection products, as well as the use of pestiajgplication machines [8]. The proper
setting of the device for the application and tHecuate use of the treatment aggregate
have a significant impact on the quality and effi@y of the application of the pesticides.
The amount of costs depends on the choice of thehima and its performance, and the
amount of costs directly affects the cost of praduc The use of modern machinery
combined with the optimum technique for the appiara which has significantly
advanced, increases the efficiency, cost-effectssrand the safety of the environment.
For all the above reasons, the pesticide applicagohnique is nowadays a major plant
protection issue.

The introduction of the mandatory "HACCP" standardhe food industry, as
well as the "GLOBALGAP" standard in primary agriwhl production ensure, to some
extent, production of health-safe food and the adxseof pesticide residues. Farmers
cannot obtain the certificates for the "HACCP" aGiOBALGAP" if there is no
information showing how the application of pestésdwvas carried out during the entire
production process. The aforementioned standarmisiree periodic monitoring of the
proper technical functionality of the plant protent machinery. The testing of the
machines is carried out according to the Europé&amdard EN13790, which has been in
force since 2003 and is divided into prEN 13790related to field sprayers and prEN
13790 - 2 standard for orchard sprayers (atomi4Bfs)rhese standards contain a set of
rules and guidelines for determining the safety #@echnical functionality of plant
protection machinery.

The first testing of plant protection machinestlie Republic of Serbia was
carried out in 2006 and at the time very poor ttesaf the flow of the nozzles were
obtained due to inadequate maintenance [6]. Therenare and more agricultural areas
in Serbia and therefore the usage of plant pratectiachines is bigger. Control testing
of plant protection machines in Serbia is not ratpd by law yet, but all larger
companies and agricultural holdings are condudtiege tests in order to get a technical
functionality certificate of the machines, as wagl to identify malfunctions that are not
noticeable. Regular control of a plant protectioachinery condition is a necessary
measure in modern agricultural production, whichsygesticides over a large area [6].

In our field research we found that the defectivizates were the biggest
problem for the proper operation of plant protattinachines. In the field, nozzles are
often clogged with mechanical impurities, poor wageality or deterioration due to a
long period of exploitation, which significantly fa€ts the quality of pesticide
application. In addition to regular maintenance afehning, it is also necessary to
perform regular checks of the proper operation lef hozzles on the tested plant
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protection machines. The flow rate of the sprayitigdepends on the condition of the
nozzle, the pump flow, the condition and the meshafdmaintaining the nozzle [4].

2.MATERIAL AND METHOD

The survey was conducted on five agricultural hwdi in the Republic of
Serbia, where the data collected were obtainedobjralling technical equipment of the
orchard sprayer. The holdings on which the survag eonducted have an average of 50
ha of fruit and wine production. In order to penforcorrectly control of technical
functionality, the equipment for control testing mfnt protection machines, owned by
the Faculty of Agriculture in Belgrade, was uselde pump capacity was measured using
the "AAMS Pump tester", while the pressure gaugetionality was checked with the
"AAMS Manometer tester". Testing the flow rate ohck individual nozzle was
performed using an "AAMS Flow rate device". Duritige functionality check of the
working parts of the orchard sprayer the questioanaas filled in, which consisted of
four parts. The first part was related to the gehieformation about the orchard sprayers
(type, model, date and year of production). Thesdgart of the questionnaire included
information on the condition of the protective figi(safety), filters, fans, agitators, tanks,
leakage (dynamic and static), condition of condaitel hoses. The third part of the
guestionnaire consisted of pressure gauge and flommata. Also, the third part of the
guestionnaire contained the data of the declaregpdlow, which are read from the plate
carved on the pump. The fourth part of the questime referred to the data on the
established flow of the nozzles, as well as tha dattheir factory declared flows which
are read from the nozzle manufacturers catalog.

After collecting the data and completing the gestaire, the processing of the
data was carried out. A form consisted of conttbiéements of the orchard sprayer and
the coefficients of technical functionality was ated. The assessment of the technical
functionality of the tested elements was made @nhhsis of the questionnaire data,
where the score values have the following meaning:

e Cia=0-0,2 - completely out of order orchard sprepets, it is necessary
to replace the tested elements with new ones;

e Cwu=0,2-0,4 - the orchard sprayer elements arefonitder but they can be
repaired;

e Cw=04-0,6 - the elements of the orchard sprayerwithin acceptable
functionality limits;

e Ci=0,6 -0,8 - the elements of the orchard spragefunctional, but there
are some slight irregularities in the operatiorthaf orchard sprayer, which
are easily repaired;

41 orchard sprayers with different models and t@ahincharacteristics were
tested. In order to facilitate the processing & ttata and organize them, the tested
orchard sprayers were divided into four groups atiog to the influence of the
exploitation period:

e Group 1: 0to 1,99 years;
|-161
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e Group 2: 2to 3,99 years;
e Group 3: 4t0 6,99 years old;

e Group 4: 7 years and older.

Group

H]l B2 B3 H4

Fig. 1 Division of tested orchard sprayers accaydn
the impact of the exploitation period

3.RESEARCHRESULTSAND DISCUSSION

The technical functionality of the orchard spralyas a decisive influence on the
proper distribution of the protective liquid, asl|was on the chemical protection of
orchards and vineyards. During the testing of #whnical functionality of the orchard
sprayer it was found that, despite the calibrattbere was a change in the functionality
of the elements of the orchard sprayer during ¥pdoéation period. The obtained results
show that irregularities in the operation of theneénts of the orchard sprayer were
caused during the exploitation period. It was fotimat Group 4 had a lower coefficient
of technical functionality of the tested orchardrasger elements compared to
Group 1.

Table 1 Display of technical functionality scoreefficients according to tested elements
of the orchard sprayer
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The tested elements of the orchard sprayer Groog@vé a score coefficient of
technical functionality from =0.86 to G=1.00. Average ratings for Group 1 of
technical functionality of tested orchard spraykemeents show that all elements are in
order (Table 1). The good results of the techrfigattionality of tested orchard sprayer
elements of Group 1 result from their average peoioexploitation of one year.

Group 2 whose average period of exploitation 2sy2ars, has oscillations in the
evaluation of the technical functionality of theted orchard sprayer elements. In Group
2 the coefficient of technical functionality formfais G=1 and for conduits and hoses
Cix=0.95 which makes these elements operational amttifial. The agitator, as one of
the essential elements of the orchard sprayerimitte Group 2 have a coefficient of
technical functionality G=0.50. Operational functionality of the agitator Group 2
decreases by 50% compared to Group 1.

The tested orchard sprayers within Group 3 havavanage exploitation period

of 4 years. Orchard sprayer elements with the loveshnical functionality score within
Group 3 are nozzles (£0.37) and power take off (protective lining on moviake off
Cix=0.42). Such a low technical functionality coeffict stems from the length of the
exploitation period.
The fans (&=0,94), conduits (&=1) and filters (&=0,96) have a significantly higher
technical functionality coefficient score. Fansnhdoits and filters are made of more
durable materials, so an average operating life4ofjears does not affect their
functionality and operationality. Fans, conduitd dilters are made of more durable
materials so an average exploitation period of @ seloes not affect their functionality
and operationality.

Orchard sprayer elements from Group 4 that han tsbjected to control
testing have an average exploitation period of 43ears. In Group 4, all tested orchard
sprayer elements have a decreasing coefficiereabfnical functionality. Power take off
(Ce=0.12), nozzles (&0.34) and leaks (&0.39) have the lowest technical
functionality score. Slightly better technical ftiooality scores were recorded for
conduits and hoses (Cta=0,75) and filters (Cta30,The assessment of technical
functionality of orchard sprayer elements which hasbeen changed during the 4 years
of exploitation begins to change in Group 4.

The elements of the orchard sprayer on which deppraper application of the
protective fluid are the pump, pressure gaugesglesand the agitators. In this study, it
was observed that agitators during the exploitaperiod had a decrease in technical
functionality coefficient score. For an average leitation period of 12.24 years, the
agitator technical functionality coefficient is Gte0.50.

It is this decline of technical functionality céiefent that shows the significance
of the influence of the period of exploitation dretfunctionality of the agitator. Also, a
decrease in the technical functionality coefficidnting the period of exploitation was
also noted with pumps {Qranges from 1.00 in Group 1 to 0.49 in Group 4je Tlow
rate of the tested nozzles during the exploitagieriod changes from the one declared at
the factory, as can be seen in Figure 2. The naedenical functionality coefficient
ranges from G = 0.86 in the first year of exploitation and, € 0.34 in the average
exploitation period of 12.24 years. A decrease lie fpressure gauges technical
functionality coefficient was noted. The pressueige in the first year of exploitation

l-163



Boskovi et al.

has G+~0.80 and & = 0.36 with an average exploitation period of #2y2ars. The
displayed values of the pressure gauges technicadtibnality coefficient shows that
during the exploitation period pressure is disptayehich is bigger or smaller than the
given one.

B Group1 [ Group2 Group3 [ Group 4
1.00

0.75

0.50

025

0.00
Power Leaks Pumps The Tank Pressure  Hoses Filters  Nozzles Fans
take-off agitators gauges

Fig. 2 Display of assessment of tested orchardysplements technical functionality
by groups

The orchard sprayer elements that have the bighestges in the assessment of
technical functionality during the period of expédion are power take offs {Cfrom
1.00 in Group 1 to 0.12 in Group 4). The protectliéng on power take off has
extensive damage during the period of use. Damagie power take off protection is
the consequence due to the length of exploitafitve material of which the protective
lining for the power take off is made, begins tcaweut during the period of exploitation,
SO it is necessary to check its entirety regulatlgakage occurring on the orchard
sprayers increases during the exploitation pergdttfe beginning of exploitation the
value is Cta = 1.00, and then decreases to Cta89),dFigure 2).
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Power take-off Leaks Pumps The agitators Tank

W ym

Pressure gauges Hoses Filters Nozzes Fans

1 EaE E?DEI i |

Fig. 3 Effect of exploitation period on the testedhard sprayer elements
technical functionality

The tested orchard sprayer elements showed theg thean influence of the
exploitation period on their technical functionglitThe functionality of the tested
elements decreases with the period of exploitaffoom year to year coefficient of
technical functionality is lower). However, thene dhose orchard sprayer elements that
have started to break down in Group 4 (averageoégfibn period of 12.24 years). Fans,
filters and conduits during testing showed charigdsinctionality and operation only in
Group 4 (Figure 3). The fans have been fully openat for 4 years of exploitation (C
of 1.00 for Group 1, while for Group 3@ is 0.94), while for Group 4 (average period
of exploitation of 12.24 years) the coefficient sedecreases to{G 0.61.

In the case of conduits and hoses, we also hasleceease in the technical
functionality coefficient score only in Group 4 @sge exploitation period of 12.24
years) to Cta = 0.75. Figure 3 shows that fansgeite and filters require regular annual
controls to maintain them throughout the perioéxgloitation.

4.CONCLUSION

Republic of Serbia has not yet adopted the law 1890, which obliges all
agricultural producers to regularly check planttpetion machinery so that they can
market their products. However, in the RepublicSefbia there are stations that control
plant protection machinery and there are alreathyge number of producers that have
tested their plant protection machinery. Howeveeré are also producers who have not
yet heard of this type of testing.

This research has shown that the exploitationogehias an impact on 72% of
the tested orchard sprayer elements. During #ssarch major irregularities were noted
with the pumps, agitators, nozzles and pressurgegain Group 4, that is, for the orchard
sprayers with the longest period of exploitatioruring the exploitation of the orchard
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sprayers, material from which the elements are mwegh's out. Significant wear out of
the orchard sprayers elements was noted with r®zahel pumps. The flow of the
nozzles deviates from the factory declared flowgaose blockages are created in the
body of nozzles or there is an expansion of theéeptive fluid leakage hole. The tested
pumps had a flow deviation from the factory dedaflew due to the wear out of the
membrane during the exploitation period which ledt$ bursting. The aforementioned
facts show a great need for regular orchard spri@pbmical functionality control during
exploitation.

With the introduction of mandatory plant proteatimachinery control testing,
all producers would have to test plant protecticecchinery once a year by authorized
persons, if this were supplemented by the intradocbf other laws on the use of
pesticides, irregularities in their use would dly decrease, thereby this would
increase environmental protection from the harreftgcts of pesticides, which directly
affects human health. This law would, in additionatl of the above, have the effect of
reducing malfunctions of plant protection machineduring exploitation and,
consequently, reducing the cost to producers.
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