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PREFACE

After the three successful International Symposiums on Aljwi@l Engineering - ISAE,
that were held in Belgrade at the Faculty of Agriculttinenks to our colleagues we are
organizing The Fourth International Symposium on Agricultural BEegiing — ISAE
2019. Together with the University of Basilicata, &utfor Agricultural, Forestry, Food and
Environmental, Sciences (Potenza, Italy), UniversftSarajevo, Faculty of Agricultural and
Food Sciences (Sarajevo, Bosnia and Herzegovirmégtofle University of Thessaloniki
Faculty of Agriculture, Thessaloniki (Greece), Universbf Belgrade, Faculty of
Mechanical Engineering, Belgrade (Serbia), &dininstitute for Nuclear Science,
Belgrade, Serbia, Serbian Soil Tillage Research Orgémsaelgrade, Serbia, Institute
of Agricultural Economics, Belgrade, Serbia and tlgaik the Ministry of Education,
Science and Technological Development, Republic of Serbigpost of the
AMAPSEEC, RebResNet and BENA, and sponsor and donorshawve managed to
organize 44 presentations (oral / poster) that were stduhds Abstracts to the Scientific
Committee of the ISAE 2019 Symposium. We have arrarfggd in to four sections and
categorized them as Original scientific papers, Scientdew papers, First (short)
communications, Case studies, Professional (Expert papdrPopular papers. Finally
30 full papers were submitted to the Scientific Commitie¢he ISAE 2019 and were
reviewed by the members of the Scientific Committee amdl kissistance of some
members of other Conference bodies.

Proceedings of the ISAE 2019 International Symposium is orgariiz four thematic
sections. Section | — Sustainable agriculture and biosystergimeering (18 papers);
Section Il — Soil tillage and agro-ecosystems protecdopapers); Section Il — Energy
and energy efficiency in agriculture (7 papers) and Sechion— Economics in
agricultural engineering (1 paper).

We wish to thank to all the authors for their contribution tol8®E 2019 Symposium
and to the all the Institutions, Associations, Univésit Sponsors and Donors for the
contribution in ISAE 2019 Symposium organization.
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THE USE OF A 3D LIDAR SENSOR IN AUTONOMIC BASED

NAVIGATION ON THE FIELD

Bernad Petett, Lepej Petef, Lakota Miran 2, Rakun Jurij ?

IFaculty of natural science and mathematics, UnitiecdiMaribor
2 Faculty for Agriculture and Life Sciences, Univeysif Maribor

Abstract. LIDAR sensors provide an efficient way to autonashonavigate robots through

Key

various terrain where obstacles can be used asereace points to avoid them or use
them as points that the robot needs to pass. Tla gothis work was to test the
advantages of using a multi-channel semi 3D LIDA&Rser (Velodyne VLP 16 a.k.a
Puck) to detect this reference points and used tihemutonomous navigation mode to
drive the robot between two rows of maize. In otdedo this two algorithms that were
previously developed and were based on the dat&ucap from a two-dimensional
LIDAR sensor (Sick TIM310) are now modified to waith multichannel data. The
first step is to limit the amount of data captutedthe semi 3D LIDAR sensor, so the
unnecessary readings are filtered out based orhtfight of the points in space. This
way some points representing ground are removeskdan the readings of the IMU,
depending on the roll and pitch of the robot thateges through the uneven real
terrain. The actual points in space that do reprgsebstacles are then used in the
second algorithm that autonomously navigates thmt.oThe algorithm calculates the
offset from the middle of the row depending ondistances of the points on the rows
relative to the middle of the row. The results grolvat the use of a semi 3D LIDAR is
more efficient if the terrain is not ideal, sindeetamount of data captured from the
obstacles of different heights is higher and themefmore accurate compared to the
data of a two-dimensional LIDAR, where the sensarlee tilted to the ground and can
detect points on the ground, but not of the obstacThe adaptation of the previously
developed algorithms for two-dimensional LIDAR sesss therefore possible with the
correct hardware and produces a more accurate negqdf the environment, needed
for successful autonomous navigation.

words: multichannel LIDAR, real-time data, autonomous igation, precise
agriculture, navigation algorithm, data filtering
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1.INTRODUCTION

World hunger all across the globe is no news in the year 201%\a1d with the
yearly growth rate being on a decline [1], the challenge of siadis food production is
being fought daily. Beside the classical land agriculiuith taking a majority of space in
the rural areas of countries, the conditions for snaaflify businesses are not getting
accustomed to the standards that are growing through the Ysany protests are being
held these months with farmers expressing their opinionetaggime they are working
in [2,3]. With the growth of urban populations, there are otheragethes in food
production with the intent to be cost and space effeddyg]. Even with the idea of
vertical gardens and other urban food production solutibese fis a lot of land that must
be used effectively.

One way to increase the effectiveness in land agriculturth the use of robotics
and precise agriculture. This allows the farmers tdrobthe growth of the food produce
greater than before, which results in the increasesafly income. It also means that the
farmer has to invest more in better technology. Thisgetmuite expensive as modern
tractors can cost a fortune. Usually bigger farmers ciamdafutomation devices which
can be used on agricultural vehicles with the help of-pigitision real-time kinematic
Global Positioning Systems or similar [6,7]. Since this smtutmight not be cost
effective for everyone, another proposal could be usinyeadtnsing for navigating
autonomously on the terrain.

In this article, an approach in navigating through field crops pvasented using light
detection and ranging (LIDAR) sensors. Since it wazaaly done using a two-
dimensional LIDAR sensor in a previous article [8], this wgsgraded using a
multichannel LIDAR sensor, testing the advantages asablgantages of the sensors.

2.MATERIAL AND METHODS

Light detection and ranging is a method used to detect nestaales and its
properties. The used laser light is measured with sosetfier it reflects from the object
to calculate distance and its other properties depending aeftaetion [9]. In our case,
the LIDAR sensors repeat this step for every certagiea(the number of different angles
depends on the quality of the LIDAR sensor, some can meabjeets at a very small
difference between two neighboring points) and creates a mdp ma of those laser
scans. Usually we get a ring of points, therefore tharsed area is only two-dimensional
(figure 1). Advanced LIDAR sensors are multichannel. Treésuns that they scan rings at
different inclines, which creates a semi three-dimensiared (figure 1). The processing
of the measurements requires more computing time. Thatbeamritical for the
effectiveness of the vehicle, if the computer cannot keep tptiné desired rate it needs
to operate on.
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Fig. 1 lllustrated view of the scanned area of the 2D LRD#ensor (left) and the semi 3D
LIDAR sensor (right)

LIDAR sensors are used regularly nowadays, whetheriiit the car industry [10] or
in agriculture [11]. The sensor is no novelty and for an examupéw algorithms are
developed each year for the Field Robot Event competitions [ABgre students
compete in teams with robot vehicles that they make thlees They compete in
various tasks where the main goal is to solve them autoatymi©ne of the main tasks
is basic navigation, where they have to autonomously drivecleetwows of maize. Most
of the teams use LIDAR sensors to overcome thaterigdl [13]. Yet for the basic tasks,
a two-dimensional is still the primary choice as icieaper than a multichannel one.
That is one of the examples for the use of LIDAR sensoishalihat our testing field
will base on.

2.1. Understanding the basics of the algorithm and filterig the data

The use of a two-dimensional LIDAR sensor (in ourecakk TIM310 [14]) has been
successful in the past for basic navigation, which measam area of 270 degrees. Its use
with a refresh rate of 10Hz is enough for the comipetit has been used for the past few
years. Additionally, since it outputs 270 points per measureifeee point for each
angle it measures), it is possible to process thdmgday using Raspberry Pi 3 model B
[15], which is a low-cost, low-power consuming single-board agemp

Since the measuring area is limited with the previously roeatl LIDAR sensor, the
placement of it is crucial is it is because of the faat it only scans one ring. The sensor
has to be placed on a certain level to detect the batdstdesired. If the LIDAR is off to
a certain angle, the whole output data can become unusaliied@ss not scan the
surrounding efficiently. For an example, the sensor couliltbd at such an angle that it
could only sense the ground. In our case the area that isdlaseé the neighbour rows
of maize through which the robot has to navigate (figure 2).
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Fig. 2 The testing field

2.1.1. Writing an algorithm for the two-dimensional LIDAR sensor

The algorithm has to calculate where the robot is posiitve¢ween the rows and
how it has to turn to navigate through the rows without running treeplants. This is
how other agricultural vehicles have to maneuver througlfi¢tds if we don't want to
damage the products.

Firstly, the measured points are divided into two sidesléfiend the right row) and
limited to only the certain angle that is necessary tobserved. It is important to choose
only a certain angle to observe on each side, becauseatsatffie errors of the result.
This makes it easier to keep them distinct in the latcgssing (figure 3).

Fig. 3 lllustrated view of the scanned area of the LIRDgensor

I-4
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The measured data is output as a data structure, whérp@atis represented by the
angle (depending on the first point it measures - fromZ¥degrees) and the distance
from the sensor to the object it reflects from. Once thetp@re sorted, the following
steps are used to calculate the amount the robot has tantarrcertain direction to
navigate through the rows:

e linear fit each side using the least squares method,

e calculate the slope and y-intercept (of each side),

e calculate the intersection coordinates,

e translate the intersection coordinates into the angpkedsfor the wheels.

A detailed description of the algorithm and the robot that ldperighm is used on can
be found in the book Agricultural Robots - Fundamerdals Application [8].

3. RESULTS ANDDISCUSSION

The previously mentioned algorithm must be adjusted, dineesemi 3D LIDAR
outputs a different data structure called a “pointcloud”. $aesor Velodyne VLP 16
a.k.a. The Puck, scans 16 rings that are measured aeniffaclines and scan the whole
area, instead of a 270 degree scan as it was with thieypse2D LIDAR, the Puck makes
a 360 degree scan [16]. That way, the sensor can be placeffesandipositions as it
does not depend on a certain level. Because of the cormtrudtthe robot, the sensor
was tilted at a certain angle, which still was not @fma.

The measured data is easily filtered with the helprofrertial measurement unit
(IMU). In our case the PhidgetSpatial Precision 3/3/3 Hegolution was used [17]. The
IMU measures the incline of the robot and calibratesahigput data of the LIDAR
sensors depending on the tilt of the sensor itself kaddbot. The incline is measured
with the compass and gyroscope that is built in the Plghgeial sensor. The measured
data is transformed into roll, pitch and yaw from whichuge roll and pitch to translate
the measured points from the LIDAR. This is the firdefing upon the output data. This
results in the data being consistent (negating all the mtedatilts) and having no
problems in using it in the further steps of the adjuatgdrithm (figure 4).

Fig. 4 Scanned data before (left) and after (right) thersfiltering
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The next filtering process cuts out all the unwanted pointsatigahot needed in the
further steps of the algorithm. This is done by selectirgranges on each axis. Each
range limits the scanned pointcloud to a certain area thHatnsused to calculate the new
angular velocity for the robot. Useless points that reprieground and other parts of
rows that are further away are removed as they are not nelgected by Fig. 5.

Fig. 5 lllustrated view of the scanned area of the LIDg&Rsor before (left) and after
(right) the filter cut

In an ideal case, the final filtered pointcloud is like the one showFigure 5.
Thereon, the application should be trivial, since the reptaden of the rows looks
similar to the representation shown on Figure 5. Yet, sincddtsestructure is different,
we cannot access the same properties directly. Instettee angle of the point from a
certain starting point and the distance from the sengbeteelected point, the pointcloud
delivers us the x, y and z coordinates upon which the filteriregegn done. This
requires changes of original algorithm in a few steps;e transforming the x and y
coordinates into the previously mentioned units that are nefedetie old algorithm
would be time consuming in a greater way than it is wortl®it.the other hand, the
output data of the LIDAR is still interpreted as a lfioeeach side and the calculation of
inclines is kept in the processing steps. The first stegalgfulating the inclines is still
required, yet instead of the angle and the distance bettliegooint and the sensor, the x
and y coordinates are used. From that point on, the angutaityecan be calculated
with the following equation (equation 1):

coeff.

angular velocity = PoTr—

@)

Wherek, .. is the incline calculated of the left row of maize ang,,, of the right
row. coef f. is a coefficient that depends on the speed of the rolmte $he angular
velocity needs to be higher to manage the same curve atex tilgtar velocity of the
robot. Both inclines are used to decrease the error inlatitgy the inclines, since the
rows of maize are never planted in a perfect straight li
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3.1. Evaluation of the algorithm

The algorithm works ideally, when the robot is tilted ither way. When the robot is
getting closer to being aligned with the rows, an abnatynatcurs. The incline values
start to jump, as the incline is undefined, when the Imng@arallel to the y-axis. The
problem is solved by calculating the standard deviationlidhe points in the chosen
area of each side at the beginning and then calculatengltipes only if the standard
deviation is large enough. At low values, it is assunhed the robot is aligned with the
rows. It is crucial to always test at which tilt of ttabot, the slope value stays consistent
when the robot is idle. The use of a multichannel LIDAR sersin only be more
efficient compared to the use of a two-dimensional LIDgdRsor, if the output data is
filtered at least depending on the tilt in certain diy). With the use of the filtered
data, the vehicle can withstand a rougher terraingdimere is a high chance that at least
one of the scanned rings will be measuring useful d4tis. dlso depends on the quality
of the IMU sensor that is used in the process. The higtter at which the IMU sensor
can update the data, the more accurately the data wilbicegsed.

In our case, the use of the Puck turned out to be a sustess,the position of the
sensor is put higher than before, making the sensor neeasue useful data. Compared
to the Sick LIDAR where each frame consists of only 27@tgpthe Puck supplies about
the same number after all the filtering is done. # teabe stated that out of the 270 points
from the Sick sensor, filtering needs to be done, whicheledlve useful data to consist
only of less than 50 points per side.

In the next step, more output data could be used, if thersisrgut in such a position
that the rows are visible all around the robot. If thieot reaches an obstacle that cannot
be driven over, it can simply stop and drive backwards, ubm@utput data of the back
of the sensor. This can be useful in many cases, whereishassured that the vehicle
cannot move through a row, but only to a certain pointaiinot only apply to the
competition circumstances, but also to real life appiln, where the use of any GPS
systems can fail, active sensing is the solution.
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MODELING OF TRACTOR PLATFORM FOR CROP SCOUTING
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E-mail: vsimonovic@mas.bg.ac.rs

Abstract. This paper presents different methods for detgatimnges in the condition
of crops and making a special contribution througle presentation of modeling a
tractor platform for crop scouting. This platformwas designed in the APS LAB
laboratory at the Faculty of Mechanical Engineeriitg Belgrade intended for the
placement of spectrometric sensors. The choice safitable method or algorithm for
the desired crop scouting is crucial for the suscesfurther analysis of the obtained
data. Four modes of spectrometry are presentedidBdsandheld sensors, there are
described methods of data capture via drones atellgas. Most of this paper belongs
to the use of sensors in the composition of agrical machines. This type of scouting
is the most effective when it is carried out stam#ously with the distribution of
mineral nutrients and crop protection. The tracf@atform, on which the sensors are
located, can be either a worn type or a connectype that allows connection to a
tractor in three-point in the conventional way. Egt for the aforementioned ways, the
sensors can be placed on the roof of the tractodicectly on the working machines.
The process of constructing and modeling the fiteettor platform is presented in
detail in Solid Works program. Apart from the canstion shown, there is a possibility
of changing the platform. All foreseen and feasi@gants are presented in this paper.

Key words: Crop scouting, modeling of platform, sensor

1.INTRODUCTION

With the global development of industry and the growing populationaotihBhere is an
increasing need for spatial data. They should provide a widge raf information that is
useful in different spheres of application [1]. Remote sus\ag non-invasive methods
of collecting information through systems that are not in dpéagsical contact with the
investigated object. At the same time, we notice andrdeelectromagnetic waves,
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process them, analyze them, and use the generated inforrfaticarious applications.

Field recording is done using the so-called optical colorecas(RGB - red, green, blue)
and spectral sensors. Remote research used for agatuturposes is called field
scouting, and it can be routine surveying of crops, edshaineyards or forests [2].

Crop scouting involves an analytical process aimed atctieg spatio-temporal
changes in crops from sowing to harvest. The two most pemiproblems in crop
monitoring during the period mentioned are: restrictionsosed by large agricultural
areas or remote production parcels that need to be velosethe need for prompt,
efficient and accurate observation. On the one hand, schtedistant production lots, it
is necessary to periodically visit and observe the coopthem. This “tour”, on the other
hand, takes time, energy and money, and is very slow. Ssidge these problems
depends largely on the technical equipment and trainingedbtimers themselves. Since
the monitoring of crops during the growing season is the nmopbriant task in
agricultural production, it follows that the level of equipgione agricultural estate to
properly handle this task is crucial for complete producti®arveying crops yields
information on the value of many parameters of intend&n monitoring plants during
the growing season [3].

Special importance of crop scouting is the fact that the danerated during the
surveys define the nutritional deficits of crops as wellttees defective and stressful
conditions of plants caused by diseases, weeds or, pestshe distribution and optimal
dosing of the appropriate fertilizers and pesticides, whidbliswed immediately after
reconnaissance or at the same time as reconnaissancpodsible to perform not only
within the optimum agrotechnical period but, more importantlgh a variable dosage
rate, ie. location specific. This significantly contriesitto the savings by reducing or
optimizing the consumption of artificial fertilizers apdsticides. In practice, business in
the field using a variable standard is only possiblin wie help of highly sophisticated
machines and equipment that support this [4,5].

2.METHODS FOR CROP SCOUTING

The data collected through crop scouting is a good basis fesiggeaomic analyzes.
However, different ways of detecting crop changes are nallgcgood for all analyzes,
so digital change detection is affected by spatial, gbimersc, spectral and temporal
constraints. Therefore, we have many techniques fectieg changes, and the choice of
a suitable method or algorithm for the desired crop surseyticial for the success of
further analysis of the data obtained. The diagram inuRictL shows the most
widespread methods and indirect means for the application dfspadtral cameras -
sensors for agricultural purposes for crop scouting.

-10
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CROP SCOUTING
multispectral sensors

handheld

sensors on tractors i i satelites
— ‘ air scouting ’
T
T I 1 —
TEEnr e implements UAV plane
platforms tractors P
mounting 3-hitch point

Fig. 1 Multispectral crop scouting modes and multispectcdirieal systems (platforms)
in agriculture

Each of the mentioned crop scouting methods with the acmoying multispectral
technical system consisting of a multispectral camerans@ and adequate sensor
carrier/platform, has certain advantages and recommendatfor application in
accordance with the desired purpose or real situatiorojm scouting.

The use of manual sensors is the least effective methsdoating crops. Scouting
comes down to a tour of arable parcels or fruit pléonat where visual inspection is
certainly carried out, and the sensor itself is used &uate the condition of the crop
through a measured vegetation index. Measurements of thetiegendex are made, in
part, at the sole tendency of the technical persons condutt survey, less frequently
according to a pre-determined plan. The location itsefy be spotty when the hand
sensor is activated and held for a few seconds abovegke gilant entity, or may have
elongated shape when walking a few tens of meters along aitbwhe sensor activated
in the hand and directed at the crop itself. The numbenedsurements - sampling
depends on the predicted time for measurement and the werlofrahe technicians
themselves, and the wet and muddy terrain can be aimgting factor for this type of
reconnaissance. Apart from the price, the advantages & tlesgces are the small size
and weight, portability and very fast determination of vhkie of the vegetation index
(in a few seconds) without the need for long procedures ofgaind processing images.
However, such devices usually have the ability to determing am vegetation index

[6].

Ground-based scouting of crops is carried out by the usensiors within agricultural
machines and tractor-machine aggregates (TMA) and falleruhd so-called terrestrial
photogrammetry. This type of scouting is the most effstetive and efficient when
performed simultaneously with the distribution of mineratrients and crop protection.
Furthermore, the aggregate can then consist of a traotbtwvao machines. Behind the
tractor is a working machine (spreader or sprayer), arfdbnt of the tractor there is a
front tractor platform of multispectral sensors, by etherop scouting and measurement

I-11
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of vegetation index is carried out. Based on the values oinithéx, the most appropriate
dosage rate is calculated in accordance with the recodatiens or algorithm adopted,
and information on the variable and location-specific stahttaus obtained is forwarded
to the executing bodies of the working machines behind théotrathe number of
multispectral sensors on a platform is usually two arr f@although any number of
sensors can be set. The platforms can be of the caypedor mounted directly on the
tractor by means of a special construction adapte@db actor model individually or
by means of a mounting type attachment that enables daméexthe three-point tractor
in the classic way. Sensors can also be mounted on thefrtwé tractor or directly on
working machines, for example on special front racks, onwimgs of mounted and
towed sprinklers or on the wings of self-propelled sprinklers Wwigh clearance. The
front tractor platforms of the multi-spectral sensorsyeb as those mounted on the roof
of the tractor, can be used, much less frequently, foexbkisive crop scouting without
the simultaneous dispensing of some agent on the plot and @tops [

Unmanned aerial vehicles (UAV), also known as dronesabkso used as carriers for
spectrometric sensors for agricultural purposes. ThesewrBying aircraft operated by
navigators / pilots with remote signal transmission from ghsund or aircraft flying
autonomously on given stored data. The sensor and thefaiogather make up a UAS
(Unmanned aircraft system) for air crop scouting, &igltype of scouting falls under the
so-called aerial photogrammetry. By placing multispécsensors on drones, it is
possible to sample as many times as required by theawssr,several times during the
day. The scouting is usually performed by selecting irddaicated software the region
(e.g. field) to be recorded, then determining the dedligitt path of the unmanned aerial
vehicle and the frequency of imaging. After that, the unmaraegial vehicle traverses
the desired region by a given trajectory and performs kagnp.e. photograph. This is
how the so-called autonomous mission is accomplished. dd@ution of the resulting
images is several centimeters. Solid-wing and propdtenes are used for agricultural
purposes, with the ,usually, four propellers. The firstup of aircraft is faster and more
resilient to wind, which is generally the biggest problemtia application of crop
scouting drones. Rain is also an extremely adverse atmosgiteiomenon. In the
context of spectrometry, these systems are typicallyppgdi with a light sensor, so they
are more independent of daylight compared to the sensorsamgnuosed on agricultural
machinery. Of course, in addition to speed, one of the bigglsantages of drones as a
carrier of spectrometric sensors over agricultural rimeshis the independence of the soil
during scouting, so in the case of crop scouting in the chseuddy terrain or the
presence of water in the field, it is mandatory to apptiyone [8].

Remote rscouting using satellites, so called tetsdi@in, is by far the fastest way to
observe fields and crops, but due to the small sampdisgjution that ranges from a few
meters to several tens of meters, the usability ofrtaps and the data on them is limited.
Although the great advantage of determining the reflectandexi of plants using
satellite imagery is the ability to obtain data for véasge areas, there are a number of
disadvantages to this method. If cloudy, it is not possible tairolata on spectral
reflections of plants. A disadvantage is the low freqyesfcsampling (depends on the
frequency of satellite overflight over a certain territaryd the time required for data
processing). Depending on the satellites used and theuaer observation, sampling
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periods range from one day to several weeks. Another disadeaistéhat multispectral
cameras mounted on satellites have fixed filtersjtiie.not possible to change the light
spectra in which the sampling is performed [9]. All thdeéiciencies can be a problem
when it is necessary to scout crops very often (sometseesral times during the day),
and for this reason satellite tracking of plants is moesaraonly used to monitor and
influence climate change on the plant world. Satellitegeng is mainly used for the
initial detection of poor soil conditions in terms of the presariceater on plots or wider
areas of crop stress caused by insect infestationyesewdritional deficiency or the
spread of disease and / or weeds. When one of the alzow@rgy conditions is identified
in the satellite image, further measures of more detateuting shall be taken in another
available and feasible manner.

3. MODELING OF PLATFORM BY SOLIDWORKS SOFTWARE

In SolidWorks, we modeled the front tractor platfoofnmultispectral sensors.
The platform is of the attachment type which enabl@ection to a tractor in three-
point in the conventional way. The basic frame structutbeplatform consists of pipes,
square section, which are welded at an angle of 90 de{@fiegese 2). The lower part of
the basic structure of the platform has two bottom cotime points (Figure 3), while the
vertical connection point (Figure 4) is positioned on thecstrre itself.
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Fig. 2 View of the basic frame structure of the platform
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Fig. 4 Vertical connection point

The assembly of the basic structure of the platform, vatinection points but
also with an optional part for the sensor cables andtbdule, is shown in Figure 5.
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Fig. 5 Assembly of the basic structure of the platfor

The wing assembly consists of two subassemblies, oméhich is the central
wing (with welded sliders and flaps for lateral wings)d the other subassembly is the
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lateral wings, where the sensors are positioned. Theection between the central wing
and the lateral wings is made by screws. The limiters enctntral wing serve to

facilitate the positioning of the lateral wings during gport and / or working position
(Figure 6).
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Fig. 6 Connection between central and lateral windy ititer

The complete front tractor platform assembly is actualbasic structure assembly
and a wing assembly. The wingspan in the working position igv6(#lgure 7), while
the height of the carrier with folded wings in transpe2, 675 m (Figure 8).
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Fig. 7 Range of platform wings in working position
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Fig. 8 Carrier with wings in transport position

While we were designing the modeled platform, care weentéo make the machine
as flexible as possible. However, many possible vanatiof the existing solution were
observed during the design and modeling process, and lateigdbe testing of the
implemented solutionTable 1 lists the possible variations of the presented akleth
platform solution

Table 1. Platform variations with description

No Description of variation

1. | All three connection points are in the same plane.

Fixing the bottom connection points. The bottconnection points are fixe
by the welding process and not by the stirrup.

On the basic structure, connect the pipes at a 45 deggbe @hown at a 90
degree angle).

4, Fixing vertical wing guides by welding one tube at their ([crossbar).

Fixing vertical wing guides by welding two pipes in anigbé position from
the tips of the guides to the front of the base structure.

Additional securing of lateral and center wing joints iarking position. Or
6. the underside of the center wing, weld an additional pipe psriiadhted
through the wing itself.

The tube of the central wings connect with the slidelglezbat their midpoint
and drill one hole through the entire slider down and up fl@miing relative
to the wing. Adequately double the number of openings oneheal slider
guide.

8. Attach each OptRx sensor to the wings by means of tiwayss.

-16



Modeling of tractor platform for Crop scouting
CONCLUSIONS

Tractor plaforms for crop scouting are an excellent éhdor simultaneous use in
conjunction with a spreader. In this case, the site-gpetigitribution of mineral nutrients
is technically simplest and most technologically efficieas crop variability and
consequently applied fertilizer standards are observed dadrdeed at the same time as
the fertilizer distribution itself. In addition to tdizing soil and crops, these supports can
also be used for chemical crop protection, noting that spmetric sensors can be
mounted on a working docking machine, so no platform is neges$awever, in these
cases, it is easier to attach the platform than instgihie sensor completely on a working
machine. Finally, the platform can be used on its own, withdditional work machines,
for crop scouting at any time, but in that case, thegecartainly faster, more efficient
and less expensive ways of scouting, especially drones.

Fig. 9 Platform with wings in transport position

The modeled platform presented in this paper was suallgssmplemented
according to the technical documentation resulting from the nmgdptocess, Figure 9.
The sensors and associated installation are systathatnounted on the platform. After
this, the platform is connected to different types afctors and then tested during
transport and operation. The resulting vegetative indepsraa indicators of the variable
state of the surveyed crop justified the complete design andimpgeocess.

Acknowledgement: This research was supported by the Serbian MinisifyScience and
Technological Development — projects “Research dadelopment of equipment and systems for
industrial production, storage and processing ofits and vegetables” (Project no. TR 35043).
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DOMAIN REFLECTOMETRY SENSORS

Ucar Yusuf!, Turk Mevliit 2, Kale Celik Semd,
Alagdz Mehme#t, Topcu Emret

lisparta University of Applied Sciences, Faculty of Agtture, Department of
Agricultural Structures and Irrigation

2Isparta University of Applied Sciences, Faculty of Agtiaral, Department of Field

Crops

E-mail: yusufucar@isparta.edu.tr

Abstract: Time Domain Reflectometry (TDR) is a widely usedag for measuring the
volumetric soil water content that used irrigatiomanagement. Accurate measurement
of soil water content is one of the most importeautors both in making the right
decision in irrigation management and in determgniplant water consumption. Soil

water content is affected by organic matter,

sakttire, and bulk density, so

calibration of TDRs in field conditions is necesgaln this study, two different TDR
sensors (Buriable Waveguide-20, Waveguides-30) usalfalfa (Medicago sativa)
irrigation growing in clay soil were calibrated. Brrimental data were taken from
alfalfa (Medicago sativa) field irrigated with sub$ace drip irrigation method in
Isparta, Turkey. At the end of the study, thereewdear relationships between TDR
volumetric water content values and gravimetric pk®, in also two probesfy=

0.8991>¢vprR+2.9332,

(R=0.84) for Waveguides-30;6v=0.8621x9vrpr+3.7951,

(R?=0.86) for Buriable Waveguide-20]. Our results ioaied that “Waveguides-30”
and “Buriable Waveguide-20" TDR probes are deperldab measure volumetric soil
moisture in subsurface drip irrigation conditionchnould be safely used.

Key words : Time Domain Reflectometry, Calibration, Volumesail water content,

Subsurface drip irrigation
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1. INTRODUCTION

Soil moisture measurement in agriculture is carried audlifferent purposes such as
monitoring of plant growth, evaluation of irrigation andt@&ramanagement. For this
reason, accurate measurement of soil moisture is eXtrémgortant, especially in terms
of efficient use of water resources. Soil waterteohis basically measured two different
methods such as destructive and non-destructive (1). Déstrunethod is known as
gravimetric methods in which soil water is removed frtora soil and the amount of
water removed is determined. Among the non-destructive metlaod electrical
conductivity method, thermal conductivity method, neutron mettestsiometer method
and TDR. TDR is one of the most extensive and effectivenigues used to estimate soil
moisture content in a soil (2, 3). TDR has some advantagasother soil water content
measurement methods. These advantages are (4, 5, 6);

0] high-level accuracy to within 1 or 2% volumetric water content

(i) calibration necessity is minimum,

(i) there is no radiation hazard as in heutron probe and gaeumaiques,

(iv) simple measurements, and the method can provide continuous emasts

through automation and multiplexing.

Despite these advantages, TDR measured moisture datatrangly affected by
factors such as waveguide geometry, choice of waveguideg, ¢ables, waveguide
insertion, soil bulk density, soil temperature, soil textusoil structure, soil organic
matter content, and salinity (7, 8). For this reason, mesgarchers reported that (2, 9)
TDR needs field-specific calibration to take correatadfrom sensors. The first study
about this subject was done by Topp et al. (10). They foundetationship between the
soil volumetric water contend) and dielectric constant Kmeasured by TDR that have
been universally as follows:

0 =4.3x10PK3-5.5% 10K ;2+2.92x 1 0PK -5.3x 102

The main purpose of this study is to perform field-speciilibration of two different
TDR sensors used for measuring soil moisture of alfatigated by subsurface drip
irrigation method.

2.MATERIAL AND METHOD

This research was carried out on experimental area of Wignial Research Station
of Agricultural Faculty in Isparta Universiy of Appli€tiences, Isparta, Turkey in 2017-
2018 vegetation period (Altidute: 1020 m, Latitude: 37.83°dilmmmle: 30.53°). In this
study, 6050X1 model Trase System-1 (Soilmoisture EquipmidBt)\) and its two
different types waveguides were used in an experimenthstconducted in order to
determine plant water consumption and irrigation schedulinglfalfa irrigated by
subsurface drip irrigation method. The 6005L2 type buriatdeeguide is 20 cm long
with 2 m cable (Buriable Waveguide-20) while the 6008)#etwaveguide (Waveguide-
30) is 30 long cm. Buriable Waveguide-20 was inserted intetkifferent soil depths
(30-60 cm, 60-90 cm, 90-120 cm) while Waveguide-30 was irtkérte one soil depth
(0-30 cm). The experiment included three different alfadaeties and five different
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irrigation water levels. At the beginning of the stuily, soil profiles were opened in the
experimental area for the placement of the sensors sothé-ig. 1).

Fig. 1. Experimental area

In order to determine the response of the sensors atediiffeoil moisture levels of
subsurface drip irrigated alfalfa, a total of 140 soil sasplere taken from different soil
depths at different dates during the 2017-2018 vegetation pefibdsmoisture content
of the soil samples taken from the field was determinesdaveighted (B, then the
volumetric water content also was calculated by multiply#agand bulk density. Soil
samples were taken according to normal procedure amdnetlic water content and.K
values were measured simultaneously with TDR. Some smilepties of the site (Bulk
density, Texture, EC: Electrical conductivity, FGield capacity based on weight, WP
Wilting point based on weight) were provided in Table 1.

Table 1 Some properties of the soil in experimental area

Soil dept, | Bulk density, Texture EC FCw WR,
cm glcn? ps/cm % %
0-30 1.49 Clay 241 29.82 19.34
30-60 1.3€ Clay 32C 30.51 19.1:
60-90 1.37 Clay 31€ 30.8( 19.4¢
90-120 1.44 Clay 294 29.93 18.33

For evaluate measured (Pi) TDR data with observed soil meisantent (Oi) using
gravimetric samples (n), some statistical parameters saghthe coefficient of
determination (R, mean bias error (MBE) and root mean square errorSRMwere
used. MBE and RMSE was calculated using below Equationslditian, Paired sample
t-test was used to show statistical difference betwegpandovor (p<0.05).

n
MBE =n! Z(Pi — 0i)?
i=1

n

RMSE = n‘lz(Pi — 0i)?

i=1
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3.RESULTS AND DISCUSSION

Volumetric soil moisture values in all the depts ranged fiiefd capacity and wilting
point during the calibration procedure. Fig. 2 indicates volumefrater content
measured by gravimetricaby) versus volumetric water conted(rpr) and volumetric
water content measured gravimetric metheg) versus dielectric constant {Kobtained
from TDR. The calculated RMSE and MBE values for Buriatifaveguide-20 and
Waveguides-30 0.145 and -0.050 and 0.097 and -0.041, respe¢fiablg 2). Ju et al.
(6) indicated that the RMSE as 0.06 for clay loam sbilaevChaves et al. (11) found the
MBE and RMSE values as 0.05 and 0.025, respectively fostf@eil. Kirnak and
Akpinar (9) also these values reported that 1.9 and -8e$fgectively. It is thought that
these differences between findings could be because of efiffeyoil temperatures,
texture, management conditions and sensor type. Linear relasifisnwere determined
between measured volumetric water contewyg andév(ror) for Buriable Waveguide-20
[0v=0.8621%Vv(tpr)*+2.9332, (R=0.86)] and Waveguide-3®{=0.8991%vrprj+3.7951,
(R?=0.84)] (Fig. 2: A and B).

6008L30
-~ 50
£ 40
% 30
S 20
S 10
s 0
< 10 20 30 40 50
A BV (rpr) (CPenT)
50 6005L2
g 40
& 30
S 20 ~
= 10 0V (g)= 0.8628BV (rpg, + 3.7951
25 R2 = 0.86
2
10 20 30 40 50
~ 0V (rpr) (CM® cnT3)
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6008L30
&~ 50
£ 40
= 30 PSS
S 5 0v(g) = 0.9928K + 13.666
3 10 Rz = 0.85
2 0
10 15 20 25 30 35
lad Ka
6005L2
& 50
E 40
‘€ 30
o H ".»<
: 20 PO
3 10 0v (g) = -0.043K2+ 2.7456K - 3.8853
q>> 0 R2=0.87
0 5 10 15 20 25 30 35

Fig 2. Comparison of obtained volumetric water content cakedligravimetric method
0v(g) versus volumetric water contehiror) (Fig: A and B). Comparison of measured
volumetric water content calculated gravimetric meténggl versus measured dielectric
constant (K) (Fig: C and D)

Table 2 Comparison of the field-based calibration 6afrpr versus gravimetric
measurements 6fvg

Sensors Equation type 2R RMSE MBE
Buriable Waveguide Linear 0.86 0.145 -0.050
20

Waveguid-30 Lineal 0.84 0.097% -0.041

The differences between volumetric water contents daken from Buriable
Waveguide-20 and gravimetric method and differences between walunveater
contents determined with Waveguide-30 and gravimetric methog stewn in Table 3.
The paired sample t-test results showed that there wesgnificant differences between
Buriable Waveguide-20 and the gravimetric method and betweemiide-30 and the
gravimetric method (p< 0.05). The standard error of thenm{EM) was found 0.366
and 0.344 for Buriable Waveguide-20 and gravimetric method and wad 518 and
501 for Waveguide-30 and gravimetric method, respectively.

Linear relationship was found between measured volumetier contendvg and
K for Waveguide-30(v= 0.9928K +13.666 (R0.85)], while polynomial relationship
was found between measured volumetric water coniéng and K for Buriable
Waveguide-20 (vg= 0.043K + 2.7456K — 3.8853 (0.87)] (Fig. 2: C and D). It can

-23



Ucar et al.

be concluded that these two models could be usadktsure volumetric water contend
in clay soil types instead of Topp equation whictown as universal was adequate for
different soil type. This study also affirmed thhe equation described by Topp et al.
(1980) could be reliably used to determine voluimetvater content correctly from
dielectric constant (§ in the clay soils.

Table 3 Test of significance of the volumetric watentent measured TDR sensors

Measurement methods Means SD SEM t stat

Buriable Waveguid- | 35.397 4.33( 0.36¢ 0.3t 0.73(

20

Gravimetric method 35.347 4.074 0.344

Waveguide-30 29.498 6.130 0.518 0.39 0.700
Gravimetric metho 29.41° 5.92: 0.501

4, CONCLUSION

One of the main findings of this study was Burialdaveguide-20 and Waveguide-30
can be used as a faultless soil moisture tool éberghining volumetric soil water content
in clay soils. Universal Topp equation for thes® sensors can safely be used without a
field-specific calibration. Another result of outudy that Time Domain Reflectometry
devices can be securely used for determining vaitensoil moisture without destructive
and hazardous.
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Technological Research Council of Turkey, Projeatrider: 2150329).
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Abstract: Increasing global climate change requires the &gtlon of modern
methods in irrigation of agricultural crops. In thicontext, the research in this paper
was based on the application of modern hardware aodtware solutions in
determining the corn water requirements. Researab @arried out at three locations:
Srebrenik, Kalesija and Kakanj in Bosnia and Heméga. Detailed research of all
climate, biological, geographical and soil charadstics was carried out during the
vegetation period of 2018 in order to use the rssak an input to determine corn
water requirements using AquaCrop 6.1 softwareddition to using several software,
certain activities were carried out by using an @wmed aerial vehicle (UAV). The
corn water requirements during 2018 on three aredylocations ranged from 405 to
530 mm, the highest value was in Kakanj, and thedsb in Kalesija. When it comes to
the monthly level, during almost all month’s effeetainfall was enough to cover corn
needs for the water, the exception is August, veheartain water deficit (56-67 mm)
was obtained for all locations.

Key words: corn water requirements, smart agriculture, softevenodels, UAV

1.INTRODUCTION

Significant increase in air temperature in Bosnia and étgrzina (BiH), which
ranges from 0.2 to 026 [1-6] resulted in a changes in terms of the amount témast
from soil by evapotranspiration [7], as well as changes herosoil water balance
components [8], primarily soil moisture deficit and surp[8s 4, 9]. As a result of
climate change, the vegetation period, which refetheémeriod from April to September
in BiH, is characterized by rainfall reduction [10] followday increase in air
temperatures [11, 12] resulting in an increase of drougiguéncy and magnitude.
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Increased magnitude of drought and its spatial texdporal variability in BiH [9, 13-16]
leads to a greater uncertainties about the futueshf water availability, as well as
possible negative consequences on the social welgland the economy in general [17].

Irrigation, which in current agronomic and soci@ecemic conditions has only a
supplemental character in BiH [18-20], will cerfginrepresent one of the key
mechanisms for adaptation to climate change iriithee. Furthermore, flood protection,
drainage of water surpluses, i.e. regulation ofdbié water-air regime is a priority for a
future development of the agricultural sector ik BL1].

Irrigation in BiH is currently in the process ofatrisition from supplementary to
mandatory agricultural measure under the increagpdsure to drought. Due to the lack
of connection with professionals and advisory sessj farmers in BiH, though without
experience, are forced to install irrigation sysidmy themselves. Thus, they are mainly
installed without an adequate plan, making theny @sfunctional, uneconomical and
ultimately unsustainable [21, 22]. In addition, tim®st common water sources used in
irrigation are drinking fresh water: tap water amater from underground sources, that is
often overused. Farmers do not know how much wiatey need to irrigate their crops,
and there is no awareness of rational water consompThis is particularly true in
circumstances where they have unrestricted acoessater from wells, rivers or springs
located on their estates, or in their immediaténitig, in which case it is considered as a
personal inexhaustible natural resource [20].

The American National Research Council defined iprec agriculture as “a
management strategy that uses information techgotogbring data from multiple
sources to bear on decisions associated with croguption”. This type of agriculture
involves all of the techniques and methods avadlail the new Information and
Communications Technology era, which can be usertiieve useful information for
managing crops while accounting for landscape bgtareity and variability within and
between fields [23, 24].

In the current uncertainty of agricultural prodocti the use of modern technologies
should be encouraged because they represent abgsadfor collecting, processing and
analyzing spatial changes in a cost-effective, #mand rapid manner [25, 26].
Therefore, the future of agriculture in BiH deperdisectly on the implementation of
sustainable production systems and the basic ptesiof smart agriculture, which is
especially true for the water management sector.

The management of any system, therefore irrigasigstem as well, is impossible
nowadays without the use of modern technologiaietermine, analyze and process data
and ultimately make decisions. Modern irrigatiorchieologies involve the use of
software models and hardware solutions to obtaimprehensive data that result in
timely and quality decisions [27, 28]. If the preseof determining crop irrigation water
requirements (IWR) is adjusted to the atmospheginahd [29] it can result in significant
improvements in the use of agricultural water [3jerefore, irrigation systems should
be dimensioned to cover in the vegetation and, teryears, changing water needs
(Vukadinovi, 2017) of the specific - local conditions.
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Specific crop water requirements (CWR) can be datexd experimentally or by
different computation methods. Experimental meghowtlude long-term, field-based,
exact research whose results are used to developutational methods and software
models, most commonly in the form of open sourdiéwsoe, easily accessible to any
researcher regardless of location [31, 32]. Theee dozens of such software models
operational today, some of which have been usetebgarchers and experts for more
than 20 years. The most commonly used software mdoledetermining CWR and IWR
are: CROPWAT [33], SPAW [34], ISAREG [35], GISAREG][36], CUP-E, WISE,
CROPFLEX [27], AquaCrop [37] and SIMDualKc [38]. Except these, there exist
software models to calculate water balance compgen@udget, WASIM, The Water-
Balance Model SRCLEY, evapotranspirationEToCalc, REF-E);, design irrigation
systems COPAM, HydroCalc PR etc.

AquaCrop [39] developed by FAO Land and Water Division
(http://www.fao.org/aquacrop/en/) is the most usedftware model todayAquaCrop
simulates the response of yield to water availghiland it is suitable for analysis of
conditions in which water is a key factor limitiagricultural production [31]. The CWR
and IWR calculation procedures are based on FAQ4Q4 FAO 56 [41] and FAO 66
[32] Irrigation and drainage papepublication. A GIS version calleélquaCrop-GlSvas
also developed recently [42], as wellgeen sourcglatformAquaCrop-0343].

Except software, state-of-the-art hardware solstiemable accurate data collection in
real time. This is made possible by using variarssers located on the ground, plants or
in the different aerial vehicles (unmanned aerigthigles or satellites) [44]. The classic
way of agricultural crop monitoring usually requriel and it takes a lot of time. Also,
in the large fields there are some zones that@rgtetely inaccessible from the ground.
This is one of the reasons that unmanned aeriatlesh(UAV) are increasingly used
nowadays. By using UAV it possible to obtain a mooenprehensive overview of the
vegetation status in a very short period of tirewell as to obtain, through computer
analysis, information that cannot be visually nedi¢45, 46].

The European Parliament recently introduced thairement to sustainably “produce
more with less” in agreement with the new EU resleaprogram Horizon2020
(Geoghegan-Quin, 2013), thus the key requiremeiigatulture production, along with
optimal product quality, is the rationalization poduction processes from an economic
and environmental point of view. In this regartie tuse of UAVs opens up new
possibilities for required efficiency of agriculeur

Possibility to have continuous monitoring of aghiatal fields and crops could be a key
factor in the precise planning and implementatidnmmst agrotechnical operations.
Detailed and regularly updated documentation couteis to a better planning of work
operations, it saves labor, time and resourceslirigato improved product quality and
reduced pressure to the environment [46]. Use oWV&JAas a great potential to solve
some of the important problems in modern agriceltespecially when it comes to data
collection and processing. Their use is especiafigful for larger fields as well as
inaccessible and remote areas [47]. Therefore,amectaim that use of UAVs represents
one of the best possible solutions in modern afytial production [48]. This is
supported by the fact that agriculture is projededecome the second largest user of
UAVs in the next 5 years [49].
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All of these practices have a clear applicationaddarge farm; however, the question
is how smallholder farmers, representing the mgjarf farmers in BiH, can benefit from
large farm technology? In this context, the mairnjective of this research was the
analysis of possible applications of modern soféewand hardware solutions for the
determination of real-time, non-optimal conditi@rn irrigation water requirements in
different agro-climatic conditions of BiH, thus aténg basic conditions for usage of such
solutions for more rational water resource managenand the reduction of negative
impact of climate change on smallholder farmers.

2.MATERIAL AND METHOD

A research plot with cornZga mays has been selected in three agro-climatically
different locations in BiH. The following municipiés were selected as research
locations: Srebrenik, Kalesija and Kakanj. Detailesearch of all management, climate,
biological, geographical and soil characteristicasvearried out during the vegetation
period of 2018 in order to use these data as aut itgpobtain crop water (CWR) and
irrigation requirements (IWR) usingquaCrop 6.1software model [31, 39, 50]. As a
result of applied model, information was obtainad smil moisture, CWR, biomass
production, yield and IWR of corn during 2018 vedimn period at each of the three
selected locations.

The aim was not to set up the experimental ploterevtall the agronomic measures
and activities would be carried out at the rightetiand in the right way, but to determine
the IWR specific for each analyzed location andatin-level conditions, including usual
management practice. This means the farmer waadviged how to run the production,
on the contrary he was given the freedom to dam ithe usual way. The criteria for
selecting plots was only the willingness of farmirgooperate, accessibility of the plot
and minimum of 2,000 frunder corn produced for the grain.

The weather characteristics for the vegetationopefi01.04. — 30.09.2018) were
collected using mini-meteorological statiodMIETEOS ag — IMT 200installed in the
immediate vicinity of the selected plots. The sesseere set at a height of 2 m from the
ground and measurements were made every hour. dlfesvihg data were collected:
mean Tmean, Maximum Tmay and minimum Tmin) air temperature, sum of precipitation
(P), mean relative humidityRHmnean), mean wind speedif) and insolationrf). In the case
of interruptions in station operation, data frone tiearest public meteorological station
were used.

The soil characteristics of the selected plots wtermined using thBedological
Map of BiH(scale 1:50,000) published by thestitute for Agropedology Sarajevand
by a detailed field survey conducted at the begigrof the season. After the area was
surveyed, locations were selected at which soifilpsowere opened (depth up to 1 m).
Soil samples were taken from each horizon in digdrand undisturbed condition, three
replicates each. The soil samples were used tondigies soil texture by the hydrometric
method; absolute density using air pycnometer; blglksity by gravimetric method; pH
in H,0 and 1 mol dm KCI was determined electrometrically using a pHtenein a
suspension of 1:2.5; humus content by colorimetnethod using spectrophotometer
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while bioavailable phosphorus AB) and potassium (¥O) content was determined by
AL method.

Soil water characteristics were determined throsgih water retention at a given
matrix potentials using a Sand/Kaolin box apparatisijkelkamp Agrisearch
Equipmentt Following potentials \¢) were used: 0.33 bar (pF 2.54: field water capacit
6.25 bar (pF 3.8: lento-capillarity point) and 1B&r (pF 4.2: permanent wilting point).
Total (TAW) and readily (RAW) available water cajppoof soil was calculated from
following relation between field water capacity (EJY lentocapillary point (LCP) and
permanent wilting point (PWP): TAW = FWC — PWP; RAWFWC — LCP.

In addition, average soil samples from a depth.20@m were taken at 10 intervals
during the corn vegetation period. These sampleas weed to determine the actual soil
moisture by the gravimetric method. Soil classifwa and criteria for pH, humus,
phosphorus and potassium content was carried dng iesulow et al. (2008) and
Resulové andCustovi (2002).

The spatial characteristics of the selected ploerewdetermined using aerial
photogrammetric images. The recording was done tpyaaicoptetJAV DJI Phantom 4
PRQ which was equipped with a standard RGB camera.rébording height was 25 m,
with a 70 % overlap. The resulting resolution ofteégmage was 5472 x 3648 pixels. A
combination ofDJI Go and Pix4DCapture (www.pix4d.com) software packages was
used to plan the UAV route. Individual photographere later combined in the
DroneDeploy software program www.dronedeploy.cojn to obtain orthomosaic
photographs - maps of research plots. A total afet@rdings were made at each location
(Table 1).

Table 1 Aero-photogrammetry recording dates (09-0b7.09. 2018.)

Flight Day Srebrenik Kalesija Kakanj

No. Date bfﬁw;']ee Photos | Start Dl.”' Photos Start Dl.”' Photos Start Dl.”'

ghts min. min. min.

1 09.05. 3 26511:28 20 9016:00 9| 37314:27 13

2 17.05. 8 31411:31 11 14914:27 5| 380 9:46 12

3 28.05 11 324|12:07 11 26515:2¢| 8| 16€S14:21| 6

4 13.06 16 351|11:3¢ 12| 33€13:51| 14| 48414:0z| 16

5 03.07 20 25¢|11:5¢ 12| 294/13:5€¢| 10| 35€¢|14:4¢| 12

6 17.7. 14 26012:09 12) 22414:13 7| 36215:45 12

7 07.08. 20 26013:11 13 22415:.04 8| 363 9:30 12

8 30.08. 22 26013:09 13 26514:53 9| 35810.08 12

9 10.09. 11 26311:24 13 26613:40 9| 36115:27 10

10 17.09. s 26010:42 13 26016:15 9| 35810:33 12

Average 14 282 13 237 9 357 12
Sumr 12¢ 2,81¢ 2,37¢ 3,561

Using the toolkit (distance, area, count, elevatiwithin the DroneDeploysoftware
(pro package), the orthomosaic photographs, 10efmh research location, provided
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information on farm management and basic spatiatattieristics such as information on
land use, inclination, exposure, relief and areateucorn.

The crop (corn) characteristics were also deterchimging aerial photogrammetric
recordings as well as field surveys and intervisvith the owner of the analyzed plots.
The collected images were processedimoneDeploysoftware and using th&gremo
Plant Count & Healthonline application Www.agremo.com In this way, information
was obtained on:

- number of plants per hectare — plants density,

- maximum canopy covefCC,) and green canopy development,
- time from sowing to start senescence,

- time from sowing to maturity,

- time from sowing to flowering and duration ofifering.

For conservative parameters such as atmosphericcG@entration, harvest index
(H1), effective rooting depthz), water productivity coefficient (WP), stress dogénts
(Ks), soil moisture capillarity rise, soil water movent and infiltration, a database within
the AquaCropmodel was used.

At full maturity, corn grain yield was determineq arvesting from predefined
calculation plots. A cross-method was used to selex sampling site, so 5 plots were
taken at each research location. The grain wagaepafrom the cob, adjusted to 14 %
moisture and then weighed, after which the averggen yield per unit area was
determined. Obtained yields as well as soil surfacésture, measured at 10 intervals
during vegetation, were used to validate AlggiaCrop 6.1software model operation.

All management, weather, soil, spatial and cromrimi@ation collected from tree
research plots were adjusted and in combination gahservative parameters specific for
the corn crop, used iquaCrop 6.1 The calculation was based on two types of
conditions: the case when there is no irrigatiod aagetation is carried out as it was in
natural conditions and the case when there isditing with an adequate amount of water.

As a resultAquaCropprovided the data on:

- corn water requirements (CWR),

- effective rainfall Pes)

- corn irrigation water requirements (IWR),

- produced biomass and yield under conditions waiitti without irrigation,

- surface soil layer moisture.
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3.RESULTS ANDDISCUSSION

3.1. Study area characteristics

The basic information and location of three seléctgro-climatically different

locations (Srebrenik, Kalesija and Kakanj) where tbsearch activities were carried out
during vegetation period of 2018 are presentechibld 2 and Map 1.
Table 2 Basic spatial characteristics of researchtlons
. Average | Filed
Location | Mark °N °E Exposure inclination| area

m % m?
Srebrenik A | 44°40'52.14" 18°33'8.74"| Southeast 407 8.56 3,500
Kalesija B | 44°26'12.02/'18°54'40.90" Southwest 294 7.17 4,080
Kakanj C | 44°7'23.89" 18°7'44.53" Southwest40 2.42 3,690

Note: °N — latitude °E — longitudez — elevation

All plots have southern exposure and similar s@fathe plot in Srebrenik has a
slightly lower slope (2.42 %) than the other twdsd the plots in Srebrenik and Kakanj
are located on similar altitude, while the plotlie Kalesija is at a slightly lower altitude

(Table 2).

15°0'0"E 16°0'0"E 17°0'0"E

18°0'0"E

45°0'0"N

44°0'0'N

|

Legend
{ O Selected locations
| Bosnia and Heneﬁovina border
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The weather conditions as averages for the vegatagriod, i.e. the 6 months period
lasting from the beginning of April to the end a@ember 2018, are shown in Table 3.

Table 3 Average weather conditions, vegetationogei\pril — September 2018

H Tmean Tmax Tmin R Hmean u2 n P ETO
Location | o) | c) | (°C) | (%) | (msY | (hdan) | (mm)| (mm)
Srebrenik 19.19] 23.98 15.42 76 2.27 7.90 546 497
Kalesija 19.28 26.38 12.91 83 1.72 6.82 584 468
Kakan 18.9¢| 27.31| 13.2¢ 75 1.24 7.01 497 58¢&

Note: Tmean— Mea@n air temperatur&nax— maximum air temperatur&min — minimum air temperatur&®Hmean—
mean relative humiditytz — mean wind speea, — solar radiationP — sum of precipitationETo — reference
evapotranspiration.

No major differences in basic weather conditiongenabserved between the three
research locations. The highest average air teryeravas recorded for Kalesija
(19.28C), but the highest average maximum was in Kak2nj3rC), while Srebrenik
had the lowest temperature variations. In all thi@mtions, the warmest month was
August, with mean air temperatures ranging fromil220 22.47”C. The lowesRHnean
values were in Kakanj, while the highest wind (&12s?) and insolation (7.9 h dah
were recorded in Srebrenik. On the other hand, alm®unt of precipitation varied
between locations. The highest amount of rainfakwecorder in Kalesija (584 mm),
while it was lowest in Kakanj (497 mm). It is ingsting to note that the largest amount
of rainfall occurred during the summer months aieland July 2018. Also, precipitation
during the 2018 vegetation period was 50 - 80 mghéri than the historical average for
the same time period. During the recorded peri@3 (days), depending on the location,
it was raining 58 - 63 days, or 31.6 - 34.9 % ef thtal time.

The basic physical, water and chemical soil charatics of surface soil horizon for
the tree research plots are presented in Tablel $.an

Table 4 Physical and water characteristics of dilessirface layer

Texture (% Bulk
. Depth . Texture - | TAW | RAW
Location cm Soil type Send| Silt | Clay| class %egrﬂiy % vol. | % vol.
Srebrenik 0 — 25| DYstic 29| 55| 16| SiY 1.23 22.62 12.71]
Cambisol loam
Kalesija | 0—30| Dystic 19| 64| 17| SW | 129 2566 13.16
Cambisol loam
Kakanj | 0—3q Eutric 39| 40| 21| Loam | 1.13 21.29 11.28
Cambisol

Note: TAW — Totally available water in soil; RAW — Readily available water in soil

Soil type at the research plots in Srebrenik ande#{m was Dystric Cambisol
according to BiH national soil classification (Resdc et al., 2008). These soils have a
higher percentage of silt (> 55 %) and thereforeeha silty loam texture in the surface
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layer, while the clay content and density increash depth. Based on the physical
characteristics (Table 4), soils in Srebrenik araleKija do not differ much. The same
situation is with soil water retention, the readilyailable water (RAW) for the 1 m soll
layer at both plots is about 107 mm. The soil irk&g differs from the previous two.
The soil type at this location was classified asriEuCambisol (Resuloviet al., 2008),
with a loamy and low density (1.13 g @nsurface horizon. However, the clay content
and consequently density, increased rapidly withtldeThis soil, observed up to a depth
of 1 m, has a RAW value of 70 mm, which is muchdowhan the usually used value
when it comes to soil water balance calculationBill and surrounding countries
(Custovit & Vlahini¢, 2004; FZAP, 1994; Simufi2013).

Table 5 Chemical characteristics of the soil swefiayer

Physiologically active mg
Location Depth PH Huomus 100 g* of soil
cm %
H.O | KCI P,Os K,O
Srebrenil 0-25 5.t 5,C 2.8¢€ 2.81 18.¢
Kalesije 0-30 4.3 41 2.74 0.2t 10.4
Kakanj 0-30 7.4 6.7 5.4y 0.76 25.2

When it comes to chemical characteristics, soilStiabrenik and Kalesija are very
acidic with pH> 5.5 and have a medium humus cont2m4 — 2.85 %), while soil in
Kakanj has a neutral pH reaction (pH = 7.4) andhéidumus content (5.47 %). All three
soils are relatively well supplied with physiologily active potassium, while phosphorus
content is very low (Table 5).

3.2. Crop characteristics

Based on the interview with the farmer who ownsréegearch plots, information on
corn hybrid used and sowing dates were collectéat. |Bcated in Srebrenik (3,500%m
was sown on April 22, 2018 with corn hybrBIC Pajdas — FAO 4QCor plot in Kalesija
(4,080 nd), corn hybridBC Pajdas - FAO 490was sown 9 days later, that is, May 01,
2018. A corn hybridP9911 - FAO 48@vas sown in Kakanj (3,6903non April 23, 2018.
Sowing was delayed at all three locations, dudightty lower temperatures and higher
rainfall. Vegetation period lasted depending onldmation from 139 days in Kalesija to
157 days in Kakanj (Table 6).

Table 6 Length of corn growing stages in days

) Days until
Location Plggtt;ng Seedling Start_of Start of _yield Harvesting
emergence| flowering formation
Srebrenil 22.04 8 70 86 14€
Kalesije 01.05 6 68 73 13¢
Kakanj 23.04. 11 81 10y 157
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Using aerial photogrammetric recordings and tools for protggsshem in
DroneDeployand Agremo Plant Count & Healtlsoftware, the plant density, spacing
between the rows and plants in the rows, number of plants anbdenwfrows were
determined for each research plot (Table 7).

Table 7 Spacing, density and number of plants

. .| Spacing betweefh No. of No. of
Location Row spacing pants in the row| plants per plants No. of
rows
m m plot ha
Srebrenik 0.71 0.32 14,635 41,813 47
Kalesija 0.74 0.35 14,178 34,749 26
Kakan, 0.64 0.2€ 19,56: 53,13¢ 60

The number of plants per ha was calculated based on the nomblants per plot.
The largest number of plants was determined in Kakanj (5%48Ba), then in Srebrenik
(41,813 per ha), and the smallest in Kalesija (34,74%agrIin addition to poor nutrient
supply, the reasons for poor corn development in Kalesija céoubd in the low level
of agrotechnical measures applied. The farmer did ndtthisiplot in Kalesija except at
the time of sowing and fertilization. Weed growth wasrisiee (especiallyAmbrosia
artemisiifolig), a large number of corn plants did not sprout, and in additieavy
rainfall during June and July 2018 (349 mm) formed a suriaweff in the middle of the
plot, causing gully erosion. In addition to the number offglaising a combination of
several photogrammetric and spatial mapping softwarengDeploy, Agremo, ArcGIS
9.3, it was possible to determine canopy cove€) at 10 intervals during vegetation.
CCrepresents one of the key parameters withinAiipgaCropsoftware model. The data
obtained are shown in Figure 1.

SRE ARRE e e —— - T
17.05. 8.05 13.06. 03.0 1 8. 30.08 10.09 17.09

@ Srebrentk —O— Kalesija ---©-- Kakanj

Fig. 1 Corn canopy development

I -36



A modern hardware and software solutions for coigation

Based on the corn canopy development, the diffe®rietween locations can be
seen. The difference between the corn grown in dfal@nd the other two locations is
particularly noticeable. During the flowering peti¢around June 13 corn in Kalesija
was poorly developed (CC = 49 %) compared to atlerlocations (CC = 64 — 70 %),
which is reflected later in its development.

3.3. AquaCrop model results

After all necessary data were collected for thréetsp(Srebrenik, Kalesija and
Kakanj), AquaCrop 6.1software model was applied, resulting in data @orn water
requirements (CWR), effective rainfalP4), IWR, produced biomass and yield under
conditions with and without irrigation and surfasml layer moisture. The data in Table 8
shows the relationship between montRly sums, that is, rainfall infiltrating the soil at
each plot and the CWR, as well as the monthly IVWiRe values obtained relate only to
the 2018 vegetation period.

Table 8 Ratio between CWR aPRg

Location Paramete Month Sum | mm
v \Y VI VI Vi IX mm | day*

Pet 26 10¢€ 15E 14¢ 48 29 51t | 3,3¢
Srebrenik | CWR 53 72 73 105 105 24 43p 2,96
IWR 10 - - - 48 - 58| 0,40
Pet - 117 148 201 43 22 531 3,82
Kalesija |CWR - 98 79 107 99 22 40% 2,91

IWR - - - - - - - -

Pet - 134 80 15C 55 36 45t | 2,9C
Kakanj CWR 16 110 98 134 122 51 530 3,38
IWR - 30 5 - 53 23 111 o,71

During 2018, CWR ranges from 405 to 530 mm, thdanéég value was in Kakanj and
the lowest in Kalesija. Corn is a drought toleranbp that has a low transpiration
coefficient ranging from 200 to 450 mm. Its need@ter depends on the length of the
vegetation period, FAO ripening group, agro-clirmand soil conditions [51]. According
to many studies globally, the annual CWR rangesm f288 to 964 mm [51, 52] and most
often in the range of 500 to 800 mm [32]. Underdbaditions prevailing in the Western
Balkans (Serbia, Bosnia and Herzegovina and Cipaticording to humerous studies,
CWR ranges from 418 to 642 mm [51, 53-58], which similar to the values obtained in
this research.

Previous studies in the Western Balkans found ¥olig average monthly CWR:
April 20 mm, May 30 - 70 mm, June 120-130 mm, J4@ - 130 mm, August 100 - 130
mm and September 50 - 70 mm [51, 53, 54]. The gabi®ained in this research are
slightly higher in the first two months of vegetati(April and May), while in the rest of
the period (June - September) CWR is within thatéinof previous research. BoSnjak
(1983) found that the average daily consumptionwaiter by corn for the entire
vegetation period is about 3.0 - 3.5 mm #daly this study, a similar value was obtained,
ranging from 2.91 to 3.38 mm daylepending on the location. If we compare the ahnua
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amount ofPs and CWR (Table 8), CWR (530 mm) is higher tianonly in Kakanj. On

a monthly basis, in most cases monthly rainfallirdur2018 was sufficient to cover
CWR, the exception being the month of August, wtieme was a lack of moisture at all
three locations. In the case of plot in Kalesijaavy rainfall from July (201 mm) was
sufficient to cover lack of rainfall in August. Theghest total IWR for corn during 2018
was obtained for Kakanj (111 mm y&awhile the month with the highest requirements
was August (53 mm yed)y. On the other hand, there was no need for iidgatn
Kalesija (Table 8). FurthermorAguaCropalso estimated the yield achieved based on all
the parameters involved (Table 9). It is interegptto note that in the estimates, yield
almost did not change depending on whether it wagated or not. This is probably due
to favorable precipitation situation in 2018 (TaB)e This also applies to plot in Kakanj
where an IWR of 111 to 122 mm is determined, andrehassuming that irrigation was
applied, the total estimated yield would increag@mly 0.54 t ha.

Table 9 Corn yield and biomass production at thesearch locations

0

.E .5 . 2 Corn grain yield
§ f% |9 é Qgt?ﬁgtrigﬁ Measured yield Difference A\s:grge
| =

B t hat t hat tfield! | tha! | tfield? t filed? %
Srebrenik Yes | 24.00 12.0( 4.20

No | 23.99 11.99 419 11.35 3.97 0.p4 564
Kalesija Yes| 19.12 9.56 3.90

No | 19.12 9.56 3.9( 7.3b 2.93 2.21 30J00
Kakanj Yes | 28.1¢ 14.1C 5.2C

No | 27.15 13.56 5.0 13.27 4,90 0.p9 2{19

The highest corn grain yield was estimated in Kakahere irrigated yield was 13.56
t ha'. A much lower yield was estimated in Kalesija @t%hat).

The vyields obtained are the result of a combinatimin all the production
characteristics from the selected plots in Srekrdfalesija and Kakanj. The importance
of properly conducted agrotechnological measurdschy even in worse agro-climatic
and soil conditions, can provide significant yielafsagricultural crops, was particularly
evident in this research. Although the corn crofKakanj received the least amount of
water through rainfall and had the lowest soil RA&®pacity, it had a higher estimated
yield compared to the other two plots (Table 9)e Téason is obvious and clearly visible
on the field and on the set of photogrammetric mdiogs - all agrotechnical measures
were implemented at the right time and in the rigay.

3.4. AquaCrop validation

The AquaCropmodel validation was performed based on two pararsetorn grain
yield and surface soil layer moisture. These pataraere estimated byquaCropand
measured in the field. Table 9 shows the ratiostiheated and measured yield, and Table
10 gives the estimated and measured soil moisAtrall three locations, the estimated
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corn grain yields are higher than those measurediedy low estimation error was
obtained in Srebrenik and Kakanj, ranging from 24%.64 %. However, the error in
Kalesija is quite high and amounts to about 30 2.21 t difference in yield (Table 9).

The reason for such poor estimation may be delagadng (May 01, 2018), inadequate
agrotechnics and soil erosion. Although designedclosely monitor all production
conditions [50],AquaCropdoes not take into account events such as paopleimented
agrotechnics, surface erosion, onset of disease, Wnder such conditions, as is
especially evident in Kalesij#\quaCropoverestimated corn yield. On the other hand, in
conditions where agrotechnical measures were ingaésad at the right time (Srebrenik
and Kakanij), the error in the model is very snial, negligible (maximum 5.64 %). This
precision of assessment has also been confirmdalffcon other research sites [50, 55,
59-62].

The difference between the estimated and measoikhgisture at all three research
plots does not exceed 12 % vol. (Table 10).

Table 10 Difference between measured and estinmatésture of the surface soil
layer (0 — 20 cm)

. 8 8188|558 |8|3|3]| 35
Location o ~ 0 ) I} ~ ~ o =} ~ >
o — N — =) — o ™ — — <

Measured 3216 369 29.1 237 288 299 242 173 218 144 259

brenik ESimaton 36.1 390.6 237 196 28.6 242 209 201 335 271 27.3
Srebrenik 5rerence 35 26 54 42 03 57 33 28 117 127 52
Error 106 74 1868 175 09 194 137 159 540 87.8 2475
Measured 2701 2904 229 274 286 304 213 163 193 199 242

. [Estimation 380 439 186 205 415 4368 228 1.7 203 169 27.8
Kalesija |5ierence 109 147 43 69 129 1324 15 46 10 30 73
Error 200 504 188 252 450 433 68 281 51 1529 27.8
Measured 369 443 377 341 408 3.1 267 29.8 2.5 335

ko |EStmation 234 426 293 362 317 217 227 281 22.4 286
Kakan| r5ierence 129 17 79 22 97 94 40 15 12 58
Error 355 39 217 63 236 302 151 51 56 163

An exception is Kalesija, where these differences sightly higher (14.7 % vol.),
especially in the middle of the season (July), whigmificant surface runoff and gully
erosion occurred on this parcel due to heavy rhinfa

As in the previous case, the plots in Kalesija thesgreatest estimation error due to
poor corn production conditions. The average eramges from 16.3 to 27.8 % vol.
Based on the results obtained, we can concludethiaiquaCrop 6.1software model
gives fairly accurate and reliable results wheroines to simulation of corn crop.

4.CONCLUSION

The obtained corn water requirements in conditiarih and without irrigation
indicate that, although a certain need for irrigat{imax. 111 mm) was determined in
2018, it was not crucial for crop growth and depebent. This is especially true for the
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corn plantations in Srebrenik and Kalesija. In thenths when corn had the highest
water requirements (June and July), rainfall wagemthhan sufficient to meet these

demands. However, this research needs to be repeate several years, as these were
not the common climate conditions BiH. Furthermosenilar research needs to be
carried out in other climatic and soil conditiorss well as for other significant

agricultural crops in BiH.

The corn yields obtained at three research siesher result of a combination of all the
production characteristics of the selected platsydver in this research it was shown that
the most important factor was the applied agroteethmeasures. Properly implemented
even in worse agro-climatic and pedological condgi (Kakanj), they can ensure higher
yields of agricultural crops. Verification of thédotained results on grain yield and soil
moisture revealed a low estimation error, i.e. coréd the possibility of using the
AquaCropand other used software and hardware tools atettgory of BiH when it
comes to corn crop modeling and monitoring.

The application of modern technologies and smaitalgure certainly has advantages on
both large and small-scale farms. With the use AY8 and remote sensing, the problem
is identified before it happens. Farmers can acdée&¥mation very quickly and
whenever they need it. Through detailed orthomosaaps, it is possible to plan and
monitor production better, and make better usevaflable resources. All of this, in the
end, ensures an increase in agricultural prodagtivith minimal environmental damage
and an increase in income generated by farmers.

Since the use of on-farm water management softwar&AVs is a relatively new
practice in agriculture and it requires both finahcesources and certain skills, further
research into the justification of using this teclogy by the farmers is needed. For this
reason, it is important to analyze the affordapiind acceptance of these approaches
among smallholder farmers in BiH, as well as toertake focused training aimed at
raising the knowledge and awareness of the bermfitgpplication of this technology.
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Abstract. When preparing a crop scouting mission using UAS, two parameters
are set: flight altitude and overlap of images. In pie&t crop scouting is
most often done at altitudes of 70 to 100 meters, and thehswér is most
often between 50 and 100%. The research question that is déalinvthis
paper is whether there is a significant difference in the obtailiglok
reflection indexes and consequently postprocessed vegetatidexes,
depending on height and overlap. The flight height of the UAStelctpatial
resolution, and the switching dictates the time resolutioh the
reconnaissance. The research was carried out on the expgémglot of
barley. The missions were consecutive and performed incpereather
conditions. The sky was clear, and the light was approxisnatéform during
all missions with variable heights and overlaps.

Key words: Crop scouting, UAS, NDVI, maps, overlap, flighghe

1.INTRODUCTION

With the global development of industry and population growth athEthere is a
growing need for spatial data. They should provide a wétge of information that is
useful in different spheres. The Unmanned Aircraft SysigAiV) for air crop scouting
consists of a multispectral camera and a camera cartiiee form of an unmanned aerial
vehicle (UAV) - drone. Such systems are used primarily icagure for monitoring
plant health, monitoring evapotranspiration and irrigation aord nfionitoring plant
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nutrition [1]. Farmers, agencies, agricultural ezsé community and firms require access
to tools to analyze and estimate stressed and gtivduegions to obtain higher yield. At
present, this is performed manually using visugriretation. Recently there has been
some development in the detection and mapping ef dtiessed crop by use of
hyperspectral analysis; but, there is an infornmagap between farmers and information
about the location of the crop under stress ingilien area[5]. The popularity of UAVs
in scientific data gathering and applications, eggly the use of small multi-rotor UAVs
is quite widespread. These portable multi-rotor $Asre portable, low-cost, highly
maneuverable, and easy to handle. These featuré® muach UAVs attractive to
scientists and researchers worldwide. There has desedden spurt of UAV use in niche
domains such as agriculture. Agriculturalists aneasing UAV-based field operations
and remote sensing over the time-tested satebised ones, especially for local-scale
and high spatiotemporal resolution imagery [1].

In one study, a new algorithm has been developedciordance to the specific
requirements of apple nurseries images. Algorittomposed of two key steps, i.e. a
raster processing followed by a vector aredy§irst step attempt to isolate apple
plant pixels using spatial, spectral, and iamtric enhancements. In vector
processing, filters based on the size and locaifahe polygons were applied to isolate
the areas resulting from earlier step to repreapple plants. Algorithm was evaluated to
estimate number of apple trees in an young nursergged with low altitude
multispectral imaging system at four altitudes 6f 25, 40, and 50 m. Multispectral
imaging sensor consisted of near-infrared (NIRgegrand blue as three bands. For 10-
and 25-m images, algorithm performance was evaluateindividual as well as in
mosaicimages. Low altitude images witB5 m above ground level were ideally suited
for young apple nursery tree count with 5% less estimation error. Tree count
accuracy was 97% and 95% for 10-m altitushglividual and mosaic images,
respectively. Similarly, those values were 92% 88% for 25-m altitude images. Based
on the results, images at 40 m are recommendedndrdy the methodology include four
extra steps added to the base algorithm to hawe doent accuracies of about 88%.
Images at 50 m are not recommended in any casdhe low accuracy obtained about
75% [3].

2.ADJUSTMENTOFUAS ALTITUDE PARAMETERSAND RESEARCH
QUESTION

When planning a UAS flight just before crop scogtinhe operator is tasked with
specifying the flight altitude and switching of sessive shots, Fig. The weather for field
reconnaissance was ideal. Reconnaissance wagdirkirmed for an altitude of 70 m
with 30%, 60% and 90% changes in recording ovei&en, the procedure was repeated
for 100 m altitude with varying overlapping imagdsring recording. During this
experiment, a Parrot Bluegrass UAV with propelleggiipped with a 4-channel Parrot
Segouia multispectral camera was used. Drone maragewas performed through an
Parrot Fields manufacturer's application instatiadhe remote computer.
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Fig. 1 Interface of computer displayfor crop scogtby Parrot Bluegrass UAV

Specified altitude and switching directly affectettnumber of recordings, and
consequently the storage memory and flight timéldsl and 2 show this dependence.

Table 1and 2 Parametars of UAS settings for flajtitude 70 m and 100m

Flight Altitude: 70 m (6.6 cm / px) Flight Altitude: 100 m (9.42 cm / px)
overlap | memory qumber time overlap | memory n_umber time
pictutres| duration pictutres| duration
30 0.895 179 13:20 30 0.495 99 10:08
35 1 207 13:14 35 0.585 117 11:38
40 1.2 247 14:47 40 0.605 121 11:38
45 1.4 283 15:04 45 0.75 150 12:01
50 1.7 355 17:53 50 0.895 179 13:32
55 2.1 435 21:21 55 1 208 13:26
60 2.7 543 26:10 60 1.3 271 15:16
65 3.3 685 31:34 65 1.7 355 18:04
70 4.6 933 41:37 70 2.2 455 22:52
75 6.4 1316 58:37 75 3.2 663 31:16
80 10.1 2060 88:16 80 4.9 1005 46:2(
85 17.7 3620 147:31 85 8.6 1770 75:3(
90 39.3 8051 320:06 90 19.2 3936 160:11
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From the tables, there is an obvious differencéhenamount of memory needed to
store the data collected, the number of images, taadength of flight for different
altitudes and overlaps. The research question is ghper was to identify possible
differences in the quality and credibility of redorgs collected with different flight
parameters.

3. REVIEW OFVEGETATIVE INDEX MAPS

After software generation of orthophoto images fué field of view, NDVI and
NDRE maps of the same field were generated foedfft image altitudes and overlaps.
Figure 2 shows the folders for 30% and 90% foldspectively.

Fig. 3 Two NDRE maps by 30% and 90% overlap
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The histograms show a small difference betweervéhees of vegetation indices for
different survey conditions during crop survey. Thaps also give a visual impression of
the similarity of the nitrogen content in the grgearts of the plant. However, zoning
does give a different picture of the field, but erw small sample field area (0.5 ha)
should be considered. On a small surface, zoningmaabe relevant.

. CONCLUSIONS

Generated maps of vegetation indexes on the basisaken images of the
experimental plot from the drone for different Haigyand overlaps showed no deviations
between them. Therefore, for the further applicatid these maps as inputs during the
first phase of precision agriculture, flight altieiand overlap during recording are not
significant factors, especially when recording &@rgareas. Therefore, drone flight
optimization should be carried out according tocpical conditions in the field, that is,
first of all, take into account the speed of reaogdand data acquisition and the size of
the recorded areas should be adjusted to the leofgtbach flight dictated by the
durability of the battery.

Acknowledgement: This research was supported by the Serbian Minisify Science and
Technological Development — projects “Research dadelopment of equipment and systems for
industrial production, storage and processing ofits and vegetables” (Project no. TR 35043).
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Abstract. Nowadays the increasing of the efficiency of adtical production and the
increasing of crop yields cannot be achieved withmodern digital technology and
smart machines that are a part of it. With the sgr@f precision agriculture and the
digitalisation next to the power machines the dttt equipment is becoming smarter
and smarter. Through permanent technological anddVelopment, it became possible
to thoroughly monitor and analyse operating funeti@nd parameters not only for the
most important power machines such as tractors,bioes and other, but also there
are existing solutions for measurement - and relatethat a collection and an analyse
of data - of specific utilisation parameters fohet attached equipment. All of these
processed data are essential for making well-caeid actions related to the
production technology and the machine operating.

In our work, without completeness, we present ssaltitions which are independent
from the size of the machine and which are effectaols for the utilization of
machines, for the precision machine work.

Key words: smart machines, Precision Agriculture, GPS, spiegdvariable rate
fertilizing

1.INTRODUCTION

Many authors have reached to the conclusion that development tai tighnology
and applications are regarded as an important factor in deeinomic growth and
development in the agricultural production. The improvement ohargzation of field
work, machinery and equipment is a continuous processand/evitnessing the spread
and agricultural use of the more and more modern equipmenthwbflects to the
technical and technological level of the area. [13]
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Precision Farming did become a popular researtth §iece the 1980s. Technologies
have been developed all over the world to helpféinmers raise crop yields and make
agricultural production processes more efficienhisTnew developments steadily
contribute to a higher productivity and show thhis ttechnology is very important.
Electronic assistance systems, such as autonomatlsguidance or section control are
state of the art when investing in new machinesrop farms. [3]

Precision Agriculture is just a hypernym and candbéded into three major topics
[2]: “Precision Pasturing”, “Precision Lifestock frsing” and “Precision (Crop)
Farming”. While Precision Pasturing focuses on mé¢hfor e.g. managing feed supply
and stocking rates on pastures [20], Precisionstdfek Farming addresses all kind of
systems which correspond with animals in husbantig. last topic, Precision Farming,
is defined as technology-supported cultivationgriaulturally used areas. [3, 9]

Precision Agricultureechnologies are efficient tools to improve susthility and
productivity in farming.Precision Agriculturetechnologies offer solutions to produce
more with lesslt is one of the biggest revolution in agricultufél

The aim of precision, or site specific agricultiseto handle within field variability
[1] with input materials to achieve the highest asstainable profit. The approach
mainly benefits from the development of technolegigke GPS, GIS, computer
technology, automatic control, remote sensing atuaced information processing. [10]
Farm field under conventional management receivium applications of these inputs
like fertilizers, herbicides, seed or irrigationd, [L7]

The most popular precision agricultural technolegiee the grid soil sampling, the
variable rate fertilizer applications, the globakjioning systems and yield mapping and
the variable rate seeding [5, 6, 8, 15, 18, 22].

The biggest problem with the precision farming temlbgy is that the possible
advantages and disadvantages of the technologylyhigpend on the professional
knowledge and attitude of the farmers or of the ag@n and the stuff of the agricultural
company. The appearance of a new technology inrgiynef great interest, the so co-
called ‘new technology fun’ farmers try the apptioa, invest in the new equipment —
and very often without the proper knowledge, skithey implement it into their farming.
After the first experiments — if they have not gobd yield and economic result — many
of them give the new technology up, or did not garg the introduction and extension of
the new item. The excessive expectation does nathmaith the reality. After the
interest peak, there is almost temporary disillosient. After the refinement of the
technology, its applicability improves, insteadtloé risks, the benefits come to the fore,
leading to its spread in production. [21]
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2.MATERIAL AND METHOD

2.1. Smart Farming

“Smart Agriculture” and “Digital Farming” are basemh the emergence of smart
technology in agriculture. These technologies ai@gismart devices which consist of
sensors, actuators and communication technology [13

Digital systems, sensor techniques and technolpg@sote sensing on different
platforms, artificial intelligence including macleirlearning and deep learning, and in
particular unmanned or quasi unmanned productiatesys are developing fast, and
these are the tool for dynamic sustainability.Ha future there will be the integration of
these common players into smart transport, smaganisation, and smart landscape
management by smart policy making. [11, 14, 19, 23]

The Smart Logistic System, integrated with the ERRterprise Resource Planning),
enables application of 4.0 industry approach.nterition is to enable same application to
agricultural machinery, e.g. for logging the segdamd fertilizing process (lot, operator,
date, quantity) and remote diagnostic by usingriEddy systems. The advantages of own
production applied utilization of digital informati to trace the different materials and
automate their handling, are listed following obijees:

— to reduce the material handling;

— to reduce the inventory failures;

— to implement flexibility with discipline;

—to find one place for everything and everythingts place;
—to set a FIFO (First In First Out) rule;

— to implement the material traceability. [16]

2.2. The Company INO Brezice d.o.o.

A Slovenian company INO BreZice produces a varietymulching machines,
vibrating subsoilers, fertilizer spreaders. Amohg tompany's innovative products are
so-called "Smart Solutions" which ensure a safe effidient operating of their basic
products:

- flail mowers by means of continuous measuring Yibres and detecting the
outstanding ones,

- fertilizer spreaders and vibrating subsoilers Hicient specific electronic control of
operating.
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2.RESULTS

3.1. INO Smart Flow

INO Smart Flowensures the quality work of the FERTI-2 type double-disanmted
fertilizer spreadeFig. 1) and the VVP 115 vibrational subsoiler with deep fertilize
spreadel(Fig. 2). It is well known regarding versatility and an ease s#.UNowadays,
site-specific nutrient application comes to the fore.sThaccurate determination of the
amount of fertilizer applied and precise dosing is essehtfih this system cost savings
can be achieved through efficient production and avoidance ofsmoggents.

INO Smart Flow electronic regulation of fertilizer floan Ferti-2 is the system,
which automatically regulates the position of both shutierthe bottom of the hopper. It
is completely developed and designed in INO Electronic ieyesut.

= MR, 000 ‘ .

(0 om M0 B

Fig. 1 Double-disc mounted fertiliser spreader Fig. 2 VVP 115 vibrational subsoiler
FERTI-2 with deep fertilizer device

The machine ensures equal spreading density (kg/ha) acrossprémeding area,
regardless of the working speed. At faster speed, theeshuiust be more open than at
lower speed. The optimal position of the shutters is cakulia the electronic box, based
on the spreading width, speed of the tractor and fertitiakipration.

For a proper operation the system needs to get the speduk dfactor. This
information is provided by ISO 11786 connector of the tractoGBIS speed sensor.
Fertilizer calibration is the procedure, which has to be done gose for specific
fertilizer (NPK, Urea, KAN...) ant it takes only ca. frQin. After this procedure is done,
all necessary data are permanently stored in theefctbox and the work can begin.

The interface to the user is INO SmartAssist term{Ra. 3) placed in the cabin of
the tractor, which provides all necessary data on the grapbpday. User can also
change all necessary parameters from tractor cab.
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Before work, the user just selects the fertilizehio is actually in the hopper and
desired spread density (kg/ha). When the user start@ngiri the shutters are
automatically open to the correct position. If the work dpgeanges, the shutter position
also changes to meet requirements (kg/ha). When the rtrstcios, the shutter closes
automatically. The user can also additionally increasteorease the quantity of fertilizer
on the area directly by pressing button on the terminal wittloamging basic parameters
stored.

Additionally, the system provides simulation of the ifizér quantity in the hopper
(weight data in kg). To use this feature, the user must ¢éim¢ quantity of the fertilizer,
which is added to the hopper before work. The real quantitigeofertilizer is measured
by a TRUE Weighing System attached on the spreader (afitipand connected with
INO SmartAssist.

Fig. 3 Innovations from INO's Electronic Development LaboratdNO SmartAssist for
FERTI-2 Fertilizer Spreader and for VVP 115 Vibrational Silbs with deep fertilizer
device

The side limiter (option) is also electrically drivesg the operator just presses the
button and the limiter is placed onto the working position-on ac#-bff. [24]

The system also provides some other useful data:

Battery voltage

RPM of the discs

Hectares done

Residual hectares

Working hours

Recommendation for greasing every 8h
Working speed

NogogrODNE

Using this equipment, the farmer receives necessary infiammabout production
technology and about the safe operation of the machine, subk asount of fertilizer
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dispensed, the amount of fertilizer in the tanke #peed of work, the size of the
cultivated area, the amount of fertilizer that ¢@nused in the tank, the number of hours
worked, the battery charge level and the alertsifiermachine maintenance.

3.2. Winter Smart Flow

Winter PK Smaris a spreader for salt and sand with electroni@sté® Smart Flow
and terminal SmartAssist-ig. 4)

The construction of the spreader consist of plakbpper, rigid frame, stainless
components for regulation, dosing and spreadinginlsiss deflector consisted of

changeable flaps, gearbox with slower rotations #rel electronic control SMART
package.

The SMART package includes:
- built in three electric actuators, used for:

- Opening-closing of a dosing flap J

- Adjusting of the spreading width left A P ———
(flaps on deflectors)

- Adjusting of the spreading width right
(flaps on deflector)

- electronic system Winter Smart Flow
together with a terminal SmartAssist for
operating control with the following
functions:

- Adjustment of the spreading width on ' '
the right and on the left side with Fig. 4 Winter PK Smarts a

lifting flaps on deflector spreader for salt and sand with
- Precise adjustment of the spreading electronics Winter Smart Flow and
density in g/m2, terminal SmartAssist

- Automatic adjustment of dosing flap
according to the working speed

- Closing the dosing flap when stopped

- Measuring the distance travelled

- Showing the remaining weight of the product in blepper - virtual weight,

- Availability for storing 10 different sorts of thespreading product
(calibration),

- Intelligent calibration of the spreading product.

Electronics receives data regarding the tractpeed via ISO 11786 (7-pin socket on
the tractor) or GPS antenna or from the sensohenvheel. [25]
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4, CONCLUSIONS

For small, medium-sized, and for the large-scakenfanachinery too, the above-
mentioned Smart Solutions prove to be beneficial éfficient work, professional
utilization of machines and for minimizing the pumtion and mechanization costs.

A common feature of systems described in this lariig that they can be operated
with or without from the tractor's ISOBUS systemheT controller can be operated
autonomously, using their own system, by the comanel (assistant) which is specially
designed for this purpose.

It is very important to mention that there are soauwantages of IT, but some
problems as well. One of specific problem is cauplthe tractors and implements by
using different stages of ISOBUS. [12]

The design of these electrical systems can alsoreladized by an individual,
innovative medium-sized machine manufacturing camgpaas it is shown in the
presented work.
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This paper presents studies on different categasfesactors, with different exhaust
norms under real operating conditions in certaieldi work, where the exhaust emission
of the harmful gases that they emit is observedilltalso provide an analysis how
different working regime of each of tractors impawt their harmful gas exhaust
emission and on which tractor categories that inipaenost expessed. The gas exhaust
emission will be analysed through nitrogen oxid€xNnitrogen dioxide NO2, carbon
monoxide CO, and sulphur dioxide £@esured with the portable gas analyzer Testo
350.

Key words: agricultural tractor, working regime, energy, esisns

1.INTRODUCTION

Combustion in internal combustion engines is the main processhich fuel
chemical energy turns into heat, and then into mechamiogk. Of the total energy
released in the combustion process, about 42% is used tahstamachine, and the
remaining 58% are losses. When regulating harmful substancetheinexhaust
temperature fuel is of great importance, as well adrel@c regulation of fuel injection.
Higher combustion temperature impact the lower amounusgpended particles in the
exhaust gases, while in the case of oxides nitrogen, this pmp@stthe opposite [12].
Rules applicable in the European Union regarding exhaust stndases that are
divided into levels (Eng. stage) from | to V. Also in theitdd States certain rules are
applied, that prescribes exhaust emissions, and are @dshif category (Eng. Tier)
from | to V [15].
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If fuel in the engine would combust totally, exhagases would consist of nitrogen
oxides NOx carbon dioxide GOvapor HO and nitrogen N But in reality fuel doesn't
combust completely, therefore, exhaust gases cataicocarbon monoxide CO, pure
carbons (soot) C, hydrocarbons HnCm, aldehydes B,Chitrogen oxides NOX.
Combustion of sulphurous fuel creates sulphur dex$Q and SQ, sulphur hydrogen
H.S in exhaust gases. [7]

Equipment in agricultural technological processe&es a less negative impact on the
environment when it is used under reasonable atichapconditions. Low tractor load
requires more passes on the same field. This leadiggher fuel consumption for the
same plot of a cultivated area. High fuel consuaipteads to a higher pollution of the
environment. Too big tractor load could lead to elhgippage which damages the soll
structure and increases fuel consumption for thmesglot area. Besides, fuel
consumption, exhaust pollutants depends on engimkimg conditions.[2,3,7]

A diesel engine gives more smoke in the case ofgh &ngine speed because of
unburned fuel. Also, smoke increases during engure up. This is significant for
turbocharged engines. An important thing is thatdoantity of CO, HnCm and NOx in
exhaust gases increases slightly. [7]

NOx make about 90% of nitrogen oxides in exhausegalt is generated at a high
temperature of gases and enough oxygen. When théustion process is perfect, the
temperature of a cycle is higher, there is morB©fin exhaust gases. When this process
is imperfect, there is more CO and HnCm in exhgasts. [14]

Pollutants from diesel engines can be roughly éigiéhto groups. The first one is
NOx. NOx mainly consists of nitrogen oxide (NO) anitrogen dioxide (NO2). The
concentration of NO in diesel exhaust is highemthizat of NO2, however, NO2 has
much higher toxicity than NO does. [5]

The second element of diesel exhaust is hydrocarbod CO. Hydrocarbons consist
of thousands of species, such as alkanes, alkandsaromatic. Although their toxicity,
carcinogenicity and impact of oxidant formation wdirom species to species, they are
usually treated together as total hydrocarbons (JTALC

The third group of pollutants are particulate mattéPM). Figs. 1, 2 present the
guantity of toxic gases and its smoke dependen@ngime load and speed.

How exhaust emissions depends of tractor fuel aopsion, it is also a question of
engine rotational frequency and load modes (figurand figure 2.). A literature sources
show that one of the significant fuel consumptioiteda is engine speed. [8,1,10,7,4,6]
The same tractor driving speed is reached at aehigbar and at a lower engine speed,
and reached fuel consumption economy is of 5%. kdwel consumption may lead to
less environmental pollution.
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Fig. 1 Principal characteristics of diesel engimad gas dependence on engine speed (from idle to

Fig. 2 Principal characteristics of diesel engimdd gas dependence on engine load
(from idle to nominal engine speed range) [7]

The aim of this paper is to find out which tractevith different exhaust emission
categories will give the highest decreasing of yimh gasses by changing the different
tractor working regimes.

In this paper, the tractor exhaust emission testsewconducted on 4 tractors of
different categories and different exhaust emissi@iving an overview of the tractors
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2. MATERIAL AND METHODS
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exhaust in Table 1. The first tractor is in Stagenission categories and doesn’t have any
exhaust treatment equipment. The second tractéeashthe Stage Il emission category,
which, unlike the first tractor, has a turbochargehich results in a higher oxygen
concentration in the cylinder and therefore a noaraplete combustion. The third tractor
is of the Stage IlIB emission category and has & @Rd EGR valve, in charge of
reducing NOx, NQand PM concentrations.

The fourth tractor has the most comprehensive esth@eatment equipment with a
combination of SCR, CUC, DOC technology, and faite the Stage IV category.

All tractors performed soil tillage with disc hawaat the same soil type, the riparian
black soil. Tests were carried on fields near Bedgr Experiments were conducted
under realistic operating conditions, in workingjiree in which the operators usually
perform soil tillage with a given tractors and implents, which is the mostly at full
engine speed in compatible gear speeds. In thesg tated engine speed was around
2150 mint £ 50 min?, and the second engaged engine speed was at 9@4¢ chted
engine speed - 1900 + 50 minn addition to the engine speed, there were tifferént
gears speed, lower and higher gear that are saitabprocess of soil tillage, without any
consequences for the working quality. Accordinglye measurement of the exhaust
emission of tractors was performed in four différenrking regimes.

Table 1 Specification of tested tractor

. Specific fuel
Tractor| En?"&e Rated BX"aus{ Type of consumption Maﬁ. To@r};que Air intake | Eduipment
Tractor weight prgv(\jer speegemission fuel at rated révg;\)/ing !y'gt:me for exhaust
(9) | {wy | MM | (stage)) nfecton| - conaons | gpeeq (rom) reatment
i 435@1600~ Atmospherg
| | s610| 882| 2200 1 | M 242 @ P NON
injectors 1800 charged
Unit 315@1500~  Turbo
<
1l 4400 | 66.2 | 2200 Il injectors <248 1700 charged NON
Common Turbo
1] 6000 | 100.7| 220Q B . 247 567@1200 DPF +EGR
rail charged
Common Turbo | SCR(DEF)+
IV |27 281| 462.3| 2150 IV rail 240 2393@1400 charged | CUC+DOC

Exhaust gases: NOx, NO, NG5G and CQ, was measured while tractors were working
with a portable flue gas analyzer, model Testo 8b@ble 3). Duration of exhaust
measuring, for every working regime, was at lea# fminutes, so there have been
enough time for estimating stable parameters ofsomea gases with gas analyzer.
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Table 2 Testo 350 technical data

Measured| Measured . Response
Resolution Accuracy .
parameter range time
Oz 0...25 vol. % 0.01Vol% +0.2 Vol. % < 20 s (195)
0...4000 +5 ppm (0...199 ppm)
NO 'b’pm 1 ppm + 5% of reading ( 100...1999 ppm) < 30 s (t90)

+ 10% of reading (rest of range)

+2ppm (0...39.9ppm)
NOiow 0...300 ppm 0.1 ppm 5% of reading < 30 s (t90)
(rest of range)

+5ppm (0...99.9ppm)

NOz 0...500 ppm 0.1 ppm +506 of reading (rest of range) | ~40S (t90)
+5ppm (0...99ppm)
0...5000 5% of reading (100...1999ppm)
SC ppm L ppm +10% of reading <305 (190)
(rest of range)

0.01 Vol. % o 0 .

o (0...25 Vol. J-'O'SV‘ZB e o‘}f)read'”g <10's (90)

(IR) 0...50 Vol. % %) +0.5V0l.% * 1.5% gf reading heat-up time
0.1 Vol. % - L <15 min

(rest of range)

(> 25 Vol. %)

3.RESULTS AND DISCUSSION

3.1. NOx and NQ Emissions

The nitrogen oxides for each of the tractors ingbeeformed test, were in range that
was specified by emission regulation, and measuatge are present on graph 1. and
graph 2.

For | tractor with stage | exhaust emission, NOxssions was in range from 364.52 -
666 ppm. The lowest NOx concentration was obseiveke first gear at engine speed of
2150 mint, while the unsuitable working regime was obserivetthe second gear at 1900
rpm. The NOx emission difference between the twa@sovas 45.27%.

For Stage Il emission tractor, the NOx differenetween the best working regime
with concentration of 283.7 ppm achieved in secgedr at 2150 mih and the worst
working regime with concentration of 346.2 ppm asleid in second gear at 1900 rhin
engine speed with difference 62.6 ppm, or 18.08%.

A much lower concentration of NOx gas was obseiwveithe third tractor due to the
presence of exhaust gas treatment equipment, arslhé belongs to the Stage IIIB
group. On this tractor, especially EGR valve reguldQ, and NOQ gasses with ratio of
clean air and exhaust air in the suction line, #msl part is responsible for reducing the
speed and temperature of combustion of fuel andjexxyon engine cylinder. Nitrogen
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oxides fit a good stoichiometric relationship, s@omes to the conclusion that working
regime on L.G. at 1900 minwas most favourable with 18.75 ppm of NOXx. In thisy,
the fuel combustion reaction was firmer than otbear speed, resulting in a higher

working temperature what is case in H.G. on 215@'miith 28.36 ppm. Percentage
difference between this two working regime was 83@&

On fourth tested tractor, that has the best exhemsision Stage 1V, with equipment
for treatment exhaust gases like SCR (selectivalytat reduction) together with
CUC(Clean-Up Catalyst), than DOC (Diesel OxidatiGatalysts), it is measured the
lowest NOx concentration. It is noticed that thindkof gas exhaust treatment, has the
lowest exhaust emission. The oscillation in différerorking regimes of this tractor was
less than in case of other tractors, so the béstuest emission was in L.G. on 1900 thin
with 11.5 ppm of NOx, and unfavorable working regimas in H.G. on 2150 mirwith
13.5 ppm NOX, with difference of 14.8 %.

. B Itractor - lower gear

B Itractor - higher gear

ppm

m Il tractor - lower gear
e B i tractor - higher gear
W llitractor- lowergear
E Nitracior- higher gear
s B IV tractor- lower gear
: 28,3612'513’5 B IV tractor- higher gear

min -1

Graph. 1 NOx exhaust emission

NO. emission shows that the concentration of the fimttor was much lower than
that of the Il, turbocharged, tractor. The diffezernin the concentration of N@n | tractor
between the two working regimes, which was the mfastorable and the most
unfavorable from aspect of N@mission, was 8.3 ppm, or 40.68%. For the second

tractor, this difference was slightly higher andoamted to 21.6 ppm, with a percentage
difference of 43.37%.

The oscillations of Ill and IV tractor, that haveach certain equipment for the
treatment of nitric oxides, were much smaller.sltobserved that the concentration of
NO; in the Il tractor was not significantly lower tmahat of the | tractor, while in the 1V
tractor with more complex nitric oxide treatmenugmnent the N@ concentration was
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the lowest. In Il tractor, the difference in M@oncentration is 2 ppm, while the variation

in IV tractor was 1 ppm, so it can be said thatdhange of working regime in Il and IV
tractor had no major effect on the change i, @ission.

W tractor - lower gear

PPM

W Itractor - higher gear
M|l tractor - lower gear

B |l tractor - higher gear
W liitractor- lowergear
| llitractor- higher gear
W IV tractor - lowergear

B IV tractor - higher gear

min -1

Graph. 2 N@ exhaust emission

3.2. SO2 Emissions

The concentration of sulfur dioxide in all four dtars was most equalizing of all
measured gases (Graph 3.)

MW Itractor - lower gear
B | tractor - higher gear
M| Il tractor - lower gear
W 1l tractor - higher gear
W llltractor- lowergear
B litractor- higher gear

B IV tractor- lower gear

B IV tractor - higher gear

Graph. 3 S@exhaust emission
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The most pronounced deviation of S€ncentration was observed in | tractor, with
2.6 ppm (65%).

In 1l tractor, the S@ concentration was low in two working regimes, 80Q mint
and 2150 mir for both in H.G.. Compared with the unfavourablerking regime, the
SO, concentration was reduced by 20%. For the trattothe SQ value ranged from
1.75 ppm in L.G. at 1900 mi up to 4 ppm in H.G. at 2150 min

In 1V tractor, the concentration of $@& almost zero, with exception with concentration
of 1 ppm that was observed in one operating mode@ at 1900 min.

3.3.CO: Emissions

The formation of carbon monoxide depends on theceatnation of @, i.e., the
concentration of C@®in the cylinder of the engine. By decomposing .C& high
temperatures carbon monoxide is produced. As theetliengine works with enough
quantity of air, carbon monoxide does not presaah problem in exhaust gases. [9]

Other author claims that G@mission is mostly directly linked to the fuel samption.
[11]

Changing the working regime, G@oncentration reduction in exhaust emission can
be achieved most in Il tractor, by 2.1 vol% (42%gn in | tractor 1.6 vol% (23.15%), I
tractor 0.58 vol% (43.6%) and lastly in IV tractaith 0.21% vol (2.91%), and that
changes can be viewed on graph. 4.

It can be found in literature that SCR catalystect&ely decompose NOx compound by
an hydrolysis process after adding urea as thesmframmonia (NH3) into the exhaust
mix, converting NOx contaminants inta,\NHs, CO, and HO [13]. In that claim we can
find the reason for a slightly increase of £€bncentration in exhaust gasses on IV
tractor.

coz2

B itractor - lower gear

B Itractor - highergear
| Il tractor - lower gear
B |l tractor - higher gear

Blitractor- lower gear

%
L R T - SN )

B liitractor- higher gear
W IV tractor- lower gear

B IV tractor - higher gear

min -1

Graph 4. CQexhaust emission
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In Table 3. a review of all exhaust gasses for eddour tractor is given. Favorable
and unfavorable working regimes and difference betwthat two regimes are noticed. It
can be seen that in some case there is a big pageedifference, but that difference isn’t
clear because of small value differences express@gpm. So, in conclusion it will be
explain which working regime will be the most favable from both aspects.

Table 3 Gas exhaust emission in working regimesdififierences between favourable
and unfavourable regime.

Difference Difference
Favourable Unfavourable bet tWo between
working regime | working regime for etween two regimes
Tractor for observed b d regime for for ob d
gas observed gas or observe
observed gas
gas (%)
NOX (ppm)
| L.G. - 2150 mint H.G. - 1900 mirt 301.48 45.27
I H.G. - 2150 min L.G. - 1900 mirt 62.5 18.08
1 L.G. - 1900 mint H.G. - 2150 mirt 9.61 33.88
\Y L.G. - 1900 mint H.G. - 2150 mirt 2 14.8
NO2(ppm)
| H.G. - 1900 mirt L.G. - 1900 mirt 8.3 40.68
I H.G. - 2150 min L.G. - 1900 mirt 21.6 43.37
1 L.G. - 1900 mint H.G. - 2150 mirt 2 18.18
IV L.G. - 190C min'? H.G. - 215C min'! 1 66.7
SOx(ppm)
| L.G. - 1900 min L.G. - 2150 mirt 2.6 65
H.G. - 1900 mirt .
I HG - 2150 mirt L.G. - 1900 mirt 1 20
1 L.G. - 1900 mint H.G. - 2150 mirt 2.25 56.25
\Y L.G. - 1900 mint H.G. - 1900 mirt 1 100
CO2(vol %)
| L.G. - 2150 mint H.G. - 1900 mirt 1.6 23.15
Il H.G. - 2150 mint L.G. - 1900 mirt 2.1 42
1 L.G. - 1900 mint L.G. - 2150 mirt 0.58 43.6
\Y L.G. - 1900 mint H.G. - 2150 mirt 0.21 2.91

4. CONCLUSION
The processing of measured data has led to follpwimclusions:

1. The assumption was confirmed that tractor IVhwite best exhaust emission, Stage
IV, had the lowest exhaust emission, while tradtarth the Stage | exhaust emission,
had the worst exhaust characteristic.

2. How there is a lot of space for reducing nitnkide emissions, NOx and NCt should
be selected the working regime that is most favdera terms of their reduction and
then according to the reduction of other,%@d CQ gases.
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3. For tractors | and Il with lower exhaust emissi®tage | and Stage Il, the most
favourable working regime was at a higher engireedpf 2150 rpm, and that for tractor
| at lower gear speed, while for tractor Il thaatshigher gear speed.

For tractors Il and IV with exhaust emission Stéijeand Stage 1V, the lower operating
speed at 1900 rpm is more suitable, at lower geboih cases.

4. For tractors | and I, the oscillation of thehexist emission at different working regime
is much more pronounced, than the tractors Ill l&hd

5. NOx can be reduced from aspect of more favoarabbrking regime than in
unfavourable working regime, by 45.27% (301.48 ppim)tractor | and 18.08%
(62.5ppm) in tractor II, while in N©emissions that difference was 40.68% (8.3) for the
tractor | and 43.37% (21.6 ppm) for the tractodrllll and IV tractors, there were lower
percentage differences of the exhaust emissiorariows working regimes. Emissions
differences for tractor Il and 1V were from 9.6Ip@nd 2 ppm (33.8% and 14.8%) for
NOx gas and 2ppm and 1ppm (18.18% and 66.7%) ford®.

6. SQ emission can be reduced by changing the operatiode, although no large
oscillations were observed in any of the testectora.

7. The space for reducing G®mission is the largest in Il tractor, where ipassible to
reduce emissions by 2.1% (42%).
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financing of the Ministry of Education, Science ahechnological Development of the
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INFLUENCE OF DIFFERENT MILKING SYSTEMS ON
HYGIENIC AND MICROBIOLOGICAL QUALITY OF
RAW COW MILK

Sabahudin Tahmaz, Selim Skalji¢2, Nermin Rakita?

1 FBiH Institute of Agriculture, Sarajevo, Bosnia and Hguavina
2 Faculty of Agricultural and Food Sciences, University inefgao, Bosnia and
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Abstract: On majority of farms in Bosnia and Herzegovina mik of cows is
performed on mobile and semi-stationary machindsreas on a small number of
farms it is done with stationary machines. Milkoanditions in cubicles do not provide
satisfactory hygienic conditions in comparison ttatisnary milking systems.
Therefore, the focus of the research was put ombéshment of influences of
preparation of cow for the milking process, thekini) process with different types of
systems, and hygienic and microbiological qualifyraw cow milk. The obtained
results indicate a significantly lower number ofcroiorganisms in the case of a
stationary system (103,166 + 51,291) in comparitora semi-stationary (246,200 *
190,047) and mobile system (267,500 + 235,732)rfechanized milking. The research
also established a difference of contents of migaoisms between average morning
(163,200£112,718) and evening (248,044+238,051)kimg, where the statistical
significance P<0.05. The number of somatic cellthvthe mobile milking system
totaled, 220,4004228,444, semi-stationary systerf,@¥+215,146 and stationary
system 226,150+214,445. The experiment was dotetindt same cows and balanced
feeding. The average number of somatic cells fbthake milking systems was of E
class and totaled 132,018 SCC/ml. The average nurabemicro-organisms was
outside the E Class and totaled 159,510 CFU/mI. ®btained results lead to the
conclusion that the type of milking system affagtgenic quality of raw cow milk, and
that it is necessary to invest efforts in educatafnfarmers and better technical
equipping.

Key words: milking, milk, bacteria, somatic cells, milkingsgsm, quality
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1.INTRODUCTION

Milk and dairy products are high-quality foods tlaae almost irreplaceable in
human nutrition, especially for young people whosganism is still developing. In order
to preserve their nutritional value and conveniefocgorocessing, it is necessary that the
milk, when delivered and used, preserves its quatitthe condition obtained by the
milking of healthy, well-treated and properly fedws. Antunac et al., (1997), Feldhofer
et.al. (1999), Bava et al., (2009)

Considering the present problems of milk productar quality control, this research
was based on examining the influence of milkingliapges on the hygienic quality and
the ratio of raw cow's milk classes in the most own milking systems in BiH.

Most farmers in BiH are milking their cows with milgband semi-stationary milking
systems in the area of the animal's bed, whereehigiconditions are often not
satisfactory. Larger farms, due to the need foatgmeproductivity and better hygienic
milking conditions, are oriented towards stationamjlking parlours. The prominent
variability of different machine milking systemdlirenced the hypothesis that stationary
farms have a higher hygienic safety of fresh cawnilk compared to mobile and semi-
stationary farms where milking is performed on éilémal's bed. The expected results of
the research should contribute to the understandirifpe hygienic state of raw cow's
milk in different machine milking systems and acliogly to determine the
representation of individual classes of raw cow'sk produced in real production
conditions in BiH.

2. OBJECTIVES

Bearing in mind the problems of machine milkingBosnia and Herzegovina
and the high requirements issued by the Ordinanche quality of raw cow's milk, the
hypothesis is that mobile and semi-stationary afjrical systems have worse hygienic
milk than stationary farms.

The intended objectives of the hypothesis will agsthe following unknowns regarding
the production conditions in Bosnia and Herzegavina

- How variable is the hygienic quality of milk inahile, semi-stationary and
stationary machine milking systems.

- To what extent the hygienic quality, that is, thachine milking system used,
influences the classification and the price of mw's milk.

3. MATERIAL AND METHOD

The study was conducted at the dairy farm ZZ “Mgka¥ka” in Malesti, llijas
Municipality. All cows during the study period hadentical holding conditions, stable
environment, microclimate and the same feedingomatluring the experiment period.
The farm selected five dairy cows for the experiméidl cows were Simental breeds
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from the third to fifth months of lactation. Thergey period ran from the beginning of
September 2014 to the end of December 2014.

The experimental dairy farm had three differentkingy systems, a movable,
semi-stationary and stationary milking device, vahédlowed all three milking systems to
be tested on the same milking cows.

Milk samples were taken every month at three imtlsrfrom the morning and evening
milking. Three samples were taken from each cowttier milking system and control.
One for testing the chemical composition of mike tother for somatic cell content and
the third for microbiological analysis. Manual niilg was used as a control, where three
samples were also taken.

Sampling of milk was done in accordance with thel Bitandard Milk and Milk
Products - Sampling Guide (BAS EN ISO 707: 2010) #re Regulation on the Method
of Sampling, Classification and Calculation of fréce of Milk.

After sampling, the milk samples with preservatigestorage were deposited in
the mobile cooling chambers and transported toqnality control laboratory at the
Federal Institute for Agriculture Sarajevo on tteme day and analyzed. The cows
selected for the experiment had identical holdiranditions, stable environment,
microclimate and the same feeding ration duringekgeeriment period. Cows were fed
twice daily (compared to milking). For each mealws received: 10 kg of lucerne hay,
10 kg of corn silage and 7 kg of concentrate mitufrhe ages of the selected cows
ranged from 3 to 5 years, that is, they were in dbeond and third lactations. Farm
milking was done twice - in the morning (6: 00-D)&nd the evening (18: 00-19: 30).
During the study period, milk quantity was measuusing the Waikato MKV Milk
Meter milk quantity meter. The mathematical andistiaal analysis of the data was
performed using appropriate procedures (Proc MEARISc CORR, Proc GLM) in the
SAS statistical software package. 9.1. The meartl{g)mean corrected value (LSM), the
standard error (SE), the standard deviation (Sij,the minimum (Min.) And maximum
(Max.) Values for milk fat, protein, dry matter, mecalculated as well as for the total
number of microorganisms and the number of soncatis in ml of milk.

4.RESULTS AND DISCUSSION

During the experiment, the milk quality for all cewbased on the geometric
mean of the number of somatic cells, was in théaBsc(132,018 SCC / ml). In relation to
the number of micro-organisms, the total milk basedthe geometric mean of the
number of micro-organisms was outside the class51899CFU / ml). The movement of
the milk class in the trial period for all cowssBown in Graph 1. Compared to the total
number of somatic cells, E-class milk prevails 926), then non-class milk (28.15%)
and the lowest percentage is I-class milk. (8.89%).terms of the number of
microorganisms, the highest number of milk samgesut of class (78.52%), followed
by class | (11.85%), while the class E milk is tbast represented (9.63%). It should be
noted that milk that is out of class is mostly ba border for class I.

[-73



Tahmaz et al.

Table 1 . MeanX) and standard deviation (SD) of milk quantity (kg)ifferent milking

systems
Amount of milk, kg
The milking system The husband's period
morning evening Average
Semsi;ttaet:r?”ary 11.47 + 2.64 10.8 +3.95 11.13+3.32
Mobile system 9.87+242 9.13+2.33 9.50 + 2.36
Stationary system | 8.53+1.25 7.53+1.19 8.03+1.30
Average 9.96 £ 2.46 9.16 £ 2.99 9.56 +2.75
Statistical significance
The milking system 0,007
The husband's perio 0,054
xthe milking period 0915

According to the research of Mij(2001), milk quantity was higher (P < 0.001)
during the morning milk by 2.86 kg (Holstein breeaid 1.88 kg (Simmental breed). The
cause of these differences is due to the unequalititerval between these two milkings,
the throat at night, etc. More milk during the maghmilking is cited by Skvocsov and
Kuharski (1977 and Naumann et al., (1997).

Raw milk quality depends on at least three factangmely chemical
composition (milk fat, protein, lactose), microlaglcal safety and udder health (mastitis,
somatic cell count). The following tables presem tresearch findings on all these
factors. The analyzed results of milk quantity aade existing statistical significance
between milking systems ( 0.001). Most milk was measured in the semi-statipn
system, then mobile, and the least in the stationd@lking system. The results of milk
analysis on milk fat have no statistical significann different milking systems. Evening
milking had a higher percentage of milk fat thanrmimg milking, while the mobile
milking system had the highest percentage of naitk Also, it was found that there is no
statistically significant difference between themsstationary and stationary milking
systems, while the average protein content in thabile milking system is slightly
different and is at the very limit of statisticagsificance (P< 0.05). In relation to the
milking period, no statistically significant diffemce was observed, which tells us that the
protein content is approximately equal in milk reidkduring the morning and evening
milking.



Influence of different milking systems on hygieaizd microbiological quality of raw cow milk

Table 2 Meanx) and standard deviation (SD) of somatic cell cdunt in different

milking systems

Somatic cells (SCC / ml)

The milking
system

The husband's peri

averag

Morning

evening

aaverage

Sem-stationary
system

182,800 + 168,987

258,000 + 276,612

220,400 + 228,444

Mobile system

199,000 + 179,908

262,200 + 247,741

230 600 + 215 146

Stationary systen

192,400 + 168,034

259,900 + 254,130

226,150 + 214,445

Average

191,400 + 168,564

260 033 + 253 823

225717 + 217 001

Statistical significance

The milking 0,908
system
The husband's 0.161

period

Petrovska and Jonkus (2014) state in their stualyttte number of somatic cells
was significantly higher in the classical milkingsgem in the first (319.0 + 90.69

thousand per ml) and second (119.0 + 26.460 pePmD.05 ) measurement.

Table 3. MeanX) and standard deviation (SD) of total micro-orgams (CFU / ml) in
different milking systems

The milking system

Microorganisms (CFU / ml)

The husband's period

average

morning

evening

Average

Semi-stationary
system

234.400 + 133.438

258,000 + 238,142

246 200 + 190 047

Mobile system

162,667 + 103,644

372 333 + 284 282

267,500 + 235,732

Stationary system

92,533 + 24,518

113,800 + 67,868

103,166 + 51,291

Average

163 200 + 112 718

248 044 + 238 051

205 622 + 190 044

Statistical significance

The milking system 0,000
Thej husband 0,022
period

The milking system

x the milking 0,344
period
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Bava et al., (2009) confirmed the results in défgrmilking systems, and they will place
particular emphasis on cleaning milking equipméi@mely, when it comes to semi-
stationary and stationary milking system, accordimghe author, it is necessary to pay
special attention to the water temperature whenhingsthe system with detergent.
Temperatures lower than ¥D should increase the number of bacteria in th& thiring
the subsequent milking.

Feldhofer et.al. (1999) state in their originalestific work that milk fat is a highly
variable and highly volatile milk component. Theyuhd that milk milk in the evening
milk was slightly higher than the milk of the mangi milk, but there were significant
differences in the percentage of milk fat at thgibeing (1,64-2,09%) and at the end of
the milk (8,57-7,77%). Thoroughly limping the uddsgnificantly affects the higher
average fat of total milk.

Antunac et al., (1997) indicate in their study thiatdependently of the milking system,
the percentage of fat in milk decreases with a sienw@ll increase of 5 to 12%. The
opposite results are reported by Galton et alQ@20stating that a percentage increase in
fat content in milk is caused by a decrease irydailk production.

The results obtained indicate that there is nassiedlly significant difference between
the individual milking systems in terms of lactosentent at the P> 0.05 level of
significance, and there is no difference in thetdae content between the different
milking periods. There is no statistically sign#it difference in the dry matter content,
both between individual milking systems and betwesking periods. Regarding the dry
matter content, a statistically significant diffece was observed between the milking
systems. The content of fat-free dry matter in roltikained by a semi-stationary milking
system is much lower. On the other hand, thereoistatistically significant difference
between individual milking periods. In the study statistically significant difference
was observed in the number of somatic cells, betiwéen individual milking systems
and between morning and evening milking. The sigaift difference in microbial
content was found between milking periods (P <0.85%ignificantly higher number of
microorganisms was found in milk obtained in thergag milking than in the morning.
Konjacic et al. (2015), in their research on theafof year and season on the chemical
composition and hygienic quality of eco-producedv'somilk, state that fat-free dry
matter showed the same trend as milk fat and protei
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Table 4 . MeanX) and standard deviation (SD) of milk fat (%) irffelient milking

systems
Milk fat,%
The milking system The husband's peri
Morning evening Average
Semi-stationary 3.55 + 0.87 4.70 £ 0.89 413+1.05
system
Mobile system 407+1.21 4.82+0.96 444 +1.14
Stationary system 3.88+£0.41 4.04 £0.25 3.96£0.34
Average 3.83+£0.90 452 +0.83 4.18+0.93
Statistical significance
The milking system 0,290
The husband's perio 0,114
The milking system
x the milking period 0,102
Table 5. Mean %) and standard deviation (SD) of protein (%) infatiént milking
systems
Protein,%
The milking system The husband's period
Morning evening Average
Semi-stationary 3.32+0.23 3.38+0.26 3.35+0.24
system
Mobile system 3.56 +£0.23 3.61+0.23 3.58+0.23
Stationary system 3.47+0.34 3.40+£0.15 3.43+0.26
Average 3.45+0.28 3.46£0.23 3.46+0.26
Statistical significance
The milking system 0,047
The husband's perio 0,840
The milking system 0222

X the milking period

Antunac et al., (1997) state that the total amairgrotein in milk does not depend on
udder health. However, the same author statesrttihé event of mastitis, the amount of

whey proteins (albumin and globulin) and blood e (serumalbumin and

immunoglobulin) increase, as expected, due to tharism's reaction to the presence of

microorganisms.
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Table 6 . Mean X) and standard deviation (SD) of lactose (%) infedént milking
systems

Lactose,%

The milking system The husband's period
Morning evening Average
Semi-stationary syster]  4.42£0.11 4.37+0.12 4.40 +0.12
Mobile system 443+0.21 4.42 +0.27 443 +0.24
Stationary system 4.46 +0.20 4.45+0.25 4.45 +0.22
Average 4.44 +£0.18 441 +0.22 4.43 +£0.20
Statistical significanc

The milking system 0.828

The husband's period 0.588

The milking system x 0.390

the milking period

Table 7 . MeanX) and standard deviation (SD) of dry matter (%difierent milking

systems

Dry matter, %

The milking system The husband's period
Morning evening Average
Semi-stationary syster] 12.20 + 1.07 13.42 £ 0.99 12.81+1.19
Mobile system 12.99+1.24 13.88+1.01 13,43 £1,20
Stationary system 13.94+£1.18 13,49+ 0,80 13.71+1.02
Average 13.04 £1.35 13.59+0.94 13.32+£1.19

Statistical significance

The milking system 0,098
The husband's period 0,024
The milking system : 0,081

the milking period

Dozet et al., (1976) examining the dry matter af ittle breeds found that dry matter
and non-fat dry matter, as well as fat, were witthia range of values characteristic of
good milk composition. There are differences betwdee breeds, however, the small
number of samples of the tested milk of individimkeeds does not allow a final
conclusion to be reached about the dry mattertaeed trait.
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Table 8. Mean¥) and standard deviation (SD) of non-fat dry matg#) in different
milking systems

Non-fat dry matter (%)
The milking system The husband's period
Morning evening Average
Sem-stationary 8.56 + 0.23 8.60 + 0.29 8.58 + 0.26
system
Mobile system 8.85+0.31 8.96 + 0.29 9.91+0.30
Stationary system 8.97£0.35 8.91+0.35 8.94+0.34
Average 8.79+0.34 8.82+0.34 8.81+0.34
Statistical significance
The milking system 0,005
The husband's perio 0,720
The milking systen
x the milking period 0,350

5. CONCLUSIONS

The focus of the research was on checking whetheért@ what extent the variability of
the hygienic quality of milk is notable, using @ifént machine milking systems.

The defined goals were to check the extent to wiliehhygienic quality was met, ie
whether the applied milking system affects the ifalclassification and price of
placement of raw cow's milk.

Based on the conducted research and the resuéisetdf the following conclusions can
be drawn:

The transition from the old milk purchase systerseobon the presence of milk fat to the
new concept of classification by the total numbesamatic cells and micro-organisms
requires conceptual changes both in terms of teehequipment and in the education of
farmers in the process of machine milking.

The results of the study show that the milking systhas an impact on the hygienic
quality of milk and the economic indicators relatedhe milk classification and payment
system in relation to the total number of somat&llsc and micro-organisms. A
significantly lower number of microorganisms wasurid in stationary (103,166 *
51,291) compared to semi-stationary (246,200 + @00, and mobile milking system
(267,500 * 235,732).

A significant difference in the content of microargsms was found between the average
of the morning (163,200 + 112,718) and evening (@48 + 238,051) milking.
Differences in the number of microorganisms betwe@nning and evening milking can
be mainly attributed to the daily activity of mitlg animals. The activity also causes dust
and other contaminants to be raised.
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The results of the somatic cell count test showedsignificant differences in different

milking systems. In the mobile system, the totahber of somatic cells was 220,400 +
228,444, semi-stationary 230,600 + 215,146 andosiaty 226,150 + 214,445. The

reason for the relative uniformity was the factttath the cows during the study period
had identical holding conditions, stable environthenicroclimate and the same feeding
ration during the experiment period.

During the experiment, the milk quality for all cewbased on the geometric mean of the
number of somatic cells, was in the E class (1 3CC / ml). In relation to the number
of micro-organisms, the total milk based on thengewic mean of the number of micro-
organisms was outside the class 159.510 CFU / ml).

Based on the results obtained, we can concludeithatnecessary to work daily to
improve the conditions of milk production, both kgising the level of knowledge of
farmers and the technical equipment of the milléggtem. As part of the improvement
of production conditions, it is necessary to emjdgathe transition from a tie-stall to the
free-stall holding system, which involves the uta stationary milking system.
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Abstract. When the tip of the knife achieve the height ofridige at the bottom of the furrowgjh
the soil slice is formed, and if the conditions ffisr sliding with respect to the knife are met, the
skating will begin. The dynamics of the soil slimetion, which was presumably located in the
middle of the blade, started the relative motiamirthe resting state by sliding along the blade is
analyzed. According to Newton's second law, thatiked motion of soil slice along the blade
occurs: plastic weight, normal reaction and frigtidorce, as well as transmission and Coriolis
inertia forces. The movement of the soil slice ssrthe surface of the knife takes place until the
relative coordinate reaches the value of half thdthvof the knife (L/2). At that moment of time
when the soil slice rejecting the knife the nexagghbegins, a slanting shot. The impact of the
setting angle of the knifechanging, as a result of the curvature of the bladngs, the length of
the relative motion time interval and the relativelocity value at the moment the soil slice is
rejected from the blade, is analyzed in detail.

Key words: rotary tiller, knife shape construction, dynamissil slice

1. INTRODUCTION

In order to determine the optimum design of the rotary tilem the energetic and
ecological aspect, the critical value of the settingekaifigle was analyzed. Depending on
the operating speed variation in the range from 0.43 to 1.08Hmme/sritical (maximum)
value of the setting knife angje ranges from 74.47 ° to 65.11F]. Based on the value
of the knife setting anglg the area of application of already existing rotary tiden be
determined. New designed rotary tillers with blades s#teaoptimum setting angle can
achieve cutting at minimum values of the cutting angladitey to a decrease in the
energy consumption in process of soil tillagg 3. In order to avoid the friction
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resistance from the untilled part of the soil, tmimal knife profile of the rotary tiller
was determinefd]. The optimal knife shape is determined by caldogpthe distance of
individual points on the back of the knife from tpeint of entry into the ground. The
optimum shape of the knife is approximately the satmut the angle of inclination
changes depending on the change in operating spéieein operating speed is in range
from 0.43 to 1.08 m/s, the angle of inclinatiorbi24—-14.41 15]. The critical points of
the blade soil slice removing angle from the blagee determined based on the relative
normal reaction &m and the relative friction forcerfm depend on the change in the
coefficient of friction between the soil slice ati knifey, and the knife setting angje
Based on the analysis of the change in the sektiifg angley, the value should not have
a value greater thgn<60 °[6].

The aim of this research was to determine theivelahovement of the soil slices
along rotary tiller knife until rejecting and totdemine the moment of time and speed of
soil slice when leaves the knife and starts a islgrghot.

2. MATERIAL AND METHODS

The aim of this research was to determine soiestimvement along the knife of rotary
tiller until rejecting. The starting calculation luas wereR = 25 cm,» = 16.038 8
L=0.06 m,vn=0.43 m/s,z=3 i ©=0.35.[6].The equations were solved with SWP 5.5
(Scientific work place 5.5) program. The graphitusons of differential equations were
drawn in SWP 5.5 and CorelDraw X5 (Corel Corpomatiprograms.

3. RESULTS AND DISCUSSION

The height of the ridgeshd) at the bottom of the furrow is determined aséh [7].

When the tip of the knife reaches a point at thiglttédyy the soil slice is formed and if the
conditions for its sliding with respect to the kniare met, the sliding will begin. The
area, in which the soil slice is retained, as wslwhen the conditions for its slipping are

created, is described in detail[B].

At first, the relationship between the height o tidgehy and its corresponding angle
must be determined. The assumption is that theegadve knownvy,, z (number of blades
oriented on the same sid®,L, y, w i p.

Figure 1a shows that:
hy + Rcoda + 7, - 7)=R,

where is:

R-hy

o= arccosT—;/lﬂ/. 1)



Movement of the soil slice along the rotary tilleife until rejecting
b)
y,=const.

Fig. 1 The forces acting on the soil slice as ivasrelative to the knife

The dynamics motion the part of a masswhich was supposedly located in the middle
of the blade at the moment of slip starting, iglgd below. In that moment, the relative
coordinate has values zero (Fig. 1), timés chosen to be zero and the angle
determined by formula (1) or in accordance withpheer{6], is denoted byx . Because
relative movement from a state of relative restimgghere is:

s0)=0, #0)=o0. 2

The unit vector: has the route and direction of the coordira(€ig. 1) while the unit
vectore is perpendicular tes.

Newton's second law for the relative motion of aipke of masan (solil slice) along the
blade (Fig. 1c) takes the form:

rrerel=rrg+FN+FT+Fpi)r;+th1)r- (3
|-83
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where is:
8 =56, Fy=Fye, Fr=-uFye. 4
Suitable form of the gravity force particle (sdits) vectorng:
mg = -mgsinde, —mgcosfe, =
mg = mgcoda + ot +;)e —mgsin(a + ot +7,)e, =
my = mdcosa +wt)cog, —sia+ot)siny Je, —mdsida+ot)cos; +cofa+wt)single,,  (5)
where, in accordance with the pap#); equalities apply

Rsiny Rcosy —L/2

siny; = , COSy; = . (6)
" JR2+(L/2) - RLcosy " JR2+(L/2) - RLcosy

Below, a suitable form for the vector record of tliansfer force of inertiaF";'; is

determined. First, start with the multiplication mfaissm and the transfer speed (that is
the speed of point B), with a minus sign

,Frl)r; =—mag = -Mag +(axo)y (aAIO)T +(@ga )y (aB’A_)TJ'

The acceleration vectors underlined here have sittea equal to zero since, by
assumption, both the speed of the working mackinand the angular velocity are
constant. It is known that the intensities of themal accelerations of one point with
respect to the other (Fig. 1a) are equal to thdywiof the distances of those points and
squares of angular velocity, so finally have

n{a)stmye2 o?(Rcog - L/2+sel] mw?(Rcoy —L/2+s)e,—muRsinye, .
@

Now determine the suitable form for the vector tiotaof Coriolis inertia force™, .

This force is obtained from the multiplication ohasm and Coriolis acceleration, with a
minus sign

Fh = —mag, = —2mo $e, . (8)

By designing the vector equality (3) in the diren8er andez, and with respect to (4),
(5), (6), (7) and (8), is obtaining

s 9 L _Rsinysifia+at) |- ™ 4o L
= ﬁzJF(UZ)Z_RLC(J&KRCO& cho@ﬁat) stsnﬁ»wt)} pe (Rcos 2+sj, )

0= g [(RCO&—Ljsi +at)+Rsinyco +at]+FN— PRsiny 208, (10)
R +(/2*-RLcoy 2 fevel el m
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By eliminating the reactiofry from (9) and (10), the following differential edicmn of
relative motion is obtained

8+ 2um $—0’s=w?(Recosy — L/2— uRsiny)+ b cos(a + o t)- b, sin(a + o t), (11)
where is:
b = 9 (RCOS}/—L—,URS"'I}/],

JR?+(L/2 - RLcosy 2

(12)

= 9 Rsin (Rcos —LH
> \/R2+(L/2)2—RLCOS;[ T T

The initial conditions for the obtained inhomogemedinear differential equation with
constant coefficients (9) are given by expressi@)s Solving differential equation (9)
with initial conditions (2) is obtaines(t) and S(t).

This phase of motion will stop in moment=t when the relative coordinatereaches
the value of L/2. Then the relative velocity of thal slice with respect to the knife will
be s(f) and the next phase of movement will begin a starghot (Fig. 2).

m

@)

v, =const.

Fig. 2 Moment of rejecting the soil slice and sllagshot start

_The analysis was performed for an input d&t0.25 m,»=16.038 &, L=0.06 m,
vm=0.43 m/sz=3 i 41=0.35. On the basis of the procedures describ#tkipapef6] for
input dataR, w, vm, z, calculated ridge height at bottom of furrowhjs1.9872 mm.

In previous paper$6], where the removing angle of soil slice from thade was
analyzed, it was confirmed that the optimum valfi¢he setting angle of placement is
y<60°. In order to eliminate the additional frictiof the wing knife to the uncut part of
the ground, the wing of the knife, depending ondperating speed, must be curved for
values 5,24-14,41F3]. For simplification of marking, the curvature dktblade wing is
shown by changing the setting angle
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Results of relative motion for blade setting angle=58°.

In this case, the angle obtained from (1) and (6) ig = 1.027° .

A tabular representation of the path law and spafecklative motion, that is, of the
solution of differential equation (11) with initigbnditions (2), is given in Table 1, and
the graphical representation is given in Fig. &apSkd time of relative motion obtained
from the conditions

sf)=L/2, (13)
amountst = 0.189s. The relative speed at the moment of rejectiom, (at the end of
relative movement) iss(t')=0.361m/s and the angle corresponding to that moment
equalsa =17482°, determined by the formula

a=a+ot, (14)
, (M .

0.03} 5 M s, [m/s]

0.3
0.02

0.2
0.01 -

t, [s] 1, [s]
0.00 006 012 0.8 0.00 006 012 0.8

Fig. 3 Graphical representation the solution ofdtfferential equation of relative motion
and the corresponding relative speed for the gilada ang=58°.

Results of relative motion for blade setting angle=54°
The anglea obtained from (1) and (6) i =1.266°.

A tabular representation of the path law and spéedlative motion is given in Table 1,
and the graphical representation is given in Fig. 4

The elapsed relative time of motion obtained frapmdition (13) ist = 0.0887s. The
relative speed at the moment of rejectior&';(fs): 0.536m/s and the angle corresponding

to that moment, determined by the formula (14)yis 82.75°.
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s, [m] 8, [m/s]
0.03 0.50
0.02
0.25
0.01
1, [s] 1, [s]
0.00 0.02 0.04 0.06 0.08 0.00 0.02 0.04 0.06 0.08

Fig. 4 Graphical representation the solution ofdifferential equation of relative motion
and the corresponding relative speed for the gilada ang=54°.

Results of relative motion for blade setting angle=50°
The anglea obtained from (1) and (6) i8 =1.541°.

A tabular representation of the path law and spéeadlative motion is given in Table 1,
and the graphical representation is given in Fig. 5

The elapsed relative time of motion obtained frapmdition (13) ist = 0.0680s. The
relative speed at the moment of rejection's(i's): 0.761m/s and the angle corresponding

to that moment, determined by the formula (14)yis 63983 .

s, [m] $, [m/s]
0.03 0.75
0.02 0.50
0.01 0.25
4, [s] t, [s]
0.000 0.025 0.050 0.000 0.025 0.050

Fig. 5 Graphical representation the solution ofdifferential equation of relative motion
and the corresponding relative speed for the gilada ang=50°.

Results of relative motion for blade setting angle=46&°

The anglex obtained from (1) and (6) i8 =1.850°.

A tabular representation of the path law and spéedlative motion is given in Table 1,
and the graphical representation is given in Fig. 6
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The elapsed relative time of motion obtained frapmdition (13) ist = 0.0577s. The
relative speed at the moment of rejectiors';(l's): 0.928m/s and the angle corresponding
to that moment, determined by the formula (14)yis 54869 .

s, [m] 3, [m/s]
0.03 08
0.02 0.6
0.4
0.01 0.2
, [s] £, [s]
0.000  0.025  0.050 0.000  0.025  0.050

Fig. 6 Graphical representation the solution ofdtfferential equation of relative motion
and the corresponding relative speed for the gilsta ang=46°.

Table 1Solution for the relative motion of the soil slialong the knife until rejecting

y=58 y=54° y=50° y=46°

tLIsl | sfeml | § [mys]|sleml | § [nys]| S lem] | & [mys]| S leml | & [mis]

0.00 | 0.00000 0.00000 0.00000 0.00000 0.00p00 0MOP®.00000{ 0.00000
0.01 | 0.03721] 0.07049 0.06291 0.12105 0.08812 07A7p®.11272| 0.21912
0.02 | 0.13381] 0.11947 0.233%6 0.21643 0.331147 0&1[1®.42708| 0.40471
0.03 | 0.27027] 0.15080 0.48898 0.29139 0.70B77 0&12P®.91361| 0.56469
0.04 | 0.43067, 0.16789 0.81109 0.350%1 1.1849 053p1.5502| 0.70593
0.05| 0.60231] 0.17378 1.186[L 0.39789 1.7400 O0&184£.3213| 0.83452

0.0€ | 0.77540 | 0.1713. | 1.604: | 0.4372¢ | 2.4190 | 0.6992( | 3.216¢ | 0.9559:«

0.07 | 0.94300 0.16309 2.0592 0.47215 3.1574 04766

0.08 | 1.1005| 0.15158 2.5482 0.50577
0.09 | 1.2458| 0.13911 3.0714 0.54127
0.10 | 1.3791| 0.12790
0.11 | 1.5027| 0.12003
0.12 | 1.6208| 0.11749
0.13 | 1.7399| 0.12213
0.14 | 1.8680| 0.13569
0.15| 2.0147| 0.15976
0.16 | 2.1913| 0.1958]1
0.17 | 2.4106| 0.24518
0.18 | 2.6863| 0.30904
0.19 | 3.0336| 0.38848

Higher values of relative speed will inevitably saumore intensive soil
crumbling, but will also lead to greater degradatal the soil[8]. By determining the
moment of rejecting of the soil slice, extremelyporant data were obtained regarding
the determination of the optimum value of the kréfetting angley, as well as the
influence of the curvature of the blade.
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The obtained resultants are valid just under appration that compact soail slice is
formed, and slipping is started at the point of ieximal height of the ridge$q) at the
bottom of the furrow.

3. CONCLUSION

By analyzing the relative motion of the soil slalng the knife until their rejecting for
the values of the knife setting angle within thails y= 58°-46°, the time interval for
which soil slice rejection occurs, is shortenedanget=0.189-0.0577 s, and the values
for the corresponding angle corresponding to thenerd of rejection are also reduced

o =17482° —-54.869 . At the same time, the value of the relative spatethe moment
of rejection of soil slice increases significaritiythe boundariesﬁ(t’): 0.361- 0.928m/s.
Higher values of relative speed will inevitably saumore intensive soil crumbling, but
will also lead to greater degradation of the $By.determining the moment of rejecting
of the soil slice, extremely important data wer¢aoied regarding the determination of
the optimum value of the knife setting angles well as the influence of the curvature of
the blade of the knife.

Acknowledgement: This research was supported by the Ministry of Etioa, Science and
Technological Development, Republic of Serbia. Gram 31046, Improvement of quality of
tractors and mobile systems with the aim of indrepgompetitiveness and preserving soil and
environment”,2011-2019.
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Abstract. This study is focused to the mass losses evatuatithe process of alfalfa
mowing by machine equipped with conditioner. Thagvthe process can be divided in
the two main stages: mowing and chopping. Follovtlrggcommon practice, based on
the configuration of production process and mactdasign, the two kinds of hay losses
were measured: losses caused by cutting heights tbeeoptimal value, and those
caused by chopping process imperfectness. Obvjothsytotal loss of hay mass was
calculated by simple summation of these two kirfdesses. The minimum evidenced
percentage of hay mass losses, caused by an inatdequtting height, was 1.02% of
yield, at the self-propelled machine minimum wagkspeed of 4.76 k. Higher
working speeds of the mowing machine increasediittang losses up to the maximum
value of 1.40% at the maximum mowing speed of Bn®31. The hay mass losses,
caused by the imperfectness of the crushing proeegsessed an opposite behavior
with respect to the mower working speed. This kindsses ranged from the minimum
value of 0.27% at the highest machine working \iglagp to the maximum value of
0.39% at the minimum machine speed. The averagepge of total mass lost was
1.54% of hay yield at the average mowing speedldf kKm H.

Key words: mowing, losses, alfalfa, cut height, chopping

1. INTRODUCTION

Alfalfa (Medicago Sativarepresents one of the most widely used foddentplarieties.
Its main advantages with respect to other compstity in the fact that can be used in
different ways: fresh, hay, haulage, silage antdograzing. Furthermore, the alfalfa is

characterized by high nutritive values, and is highdaptive toward different climate
conditions and environments [3].
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Contemporary livestock food production, producesirfralfalfa plants, crucially depends
on the mowing process [1]. Even more, this is th&oductory operation of any
production of this kind. To provide adequate qyatdit the final product, it is necessary to
perform mowing within the optimal agro-technicalripd that will reduce the negative
impact of environment [4]. Efficient exploitatiorf the biological yield of green matter
demands, among others, careful control of mowingcgss that should result with
reduced losses [2]. Thus, when produce the altdéad, farmers meet the two opposing
goals: maximal acquired quantity of green mattexirag} to preventing the damage of the
flap. It is usually accepted that compromise cangaehed by the alfalfa cutting length in
the range between 6 cm and 8 cm. More precisemiideal situation, the plants should
be cut neither over, nor below the optimal valué& @m [9]. In general, losses caused by
inappropriate mowing are most commonly classifiedwo classes. The first kind of
loses occur due to the unnecessarily high cutteight (over 6 cm in alfalfa mowing),
and other losses arise due to the crushing of theetd mass, because the chopped mass
during manipulation with the hay remains on thet.pidaving in mind that the largest
amount of chopped mass represents the parts tfdhies that contain the largest amount
of nutrients the particular attention must be gaithis type of loss [5]. Following [11], a
shorter drying of the alfalfa mowed by a self-pritg mower (until the moisture content
reaches 20% after 28 hours) influences the redudfichake-off losses of the leaves.

Obviously, the increase of both kinds of losseaffected by the working speed of the
mower, as it has been widely recognized a long tage (see [8], for example).
Imperfectness of the cutting process of the salpplied mower "Fortschritt 302" has
been evidenced and reported in [7]. Within theeidstpeed range between 3.71 kin h
and 6.41 km #, they found that cutting height deviation from tbptimal value has

generated an increased mass loss of alfalfa: 1d3#e yield in average.

2. MATERIAL AND METHODS

Testing of the self-propelled mower Fortschritt 30able 1) was performed at the
experimental plot in the village Mkovac, near KruSevac in 2016, located in central
Serbia (48 33' 33"N; 2% 12' 53E). Without irrigation, combined with a draught, the
overall conditions resulted in fairly small yield3.65 t ha) of alfalfa cultivar
KruSevacka-28 in the third to fifth year of use.cBEsing the yield was also caused by
mowing the alfalfa in the tufty phase.

Under optimal growing conditions, this cultivar Hagh genetic potential with respect to
the yield of forage (over 80 t Apand dry matter (over 20 t #a It is suitable for
intensive production, allowing 6 cuts per year withigation present. This cultivar
provides excellent forage quality: crude proteimteat is 20-22 g k§ and crude fiber
about 32 g kg (Institute for Forage Crops 2011).

The yield of green mass was determined by meastmmgass of the alfalfa originating
from a surface of one meter of length in width lné swath, recalculated to the square
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area of one hectare. Well known chronometric metliad applied for the measurement
of working speeds of the mower. The cutting heigas determined at the loss detection
site — separately for each appropriate testing gplathe experimental plot, over which
tests were performed at corresponding working spédéte mower.

The mowing losses were measured for each mowingdspé one meter of width of
appropriate test section of experimental surfaaar(fa surface of one meter of length) -
the same place where the cutting heights were rdeted. Finally, the total losses were
evaluated by summations losses caused by inadequéteg cuts and losses due to
crushing. Experiment comprehended six probes.

Table 1. Technical data of the self-propelled moke@ntschritt E — 302.

MOWER GENERAL DATA

e Length 3960mm

e Width 3200mm

¢ Height 3750mm

e Mass 3950kg

e Axle distance 2400mm

e Steering hydraulic
WORKING SPEEDS

e The first speed 3.3 - 8.4km ht

e The second speed 8.4 —21.%km ht

e The rear moving direction 4.8km ht
TANK VOLUME 1001
CONDITIONER DATA

e Width 1800mm

e Roller diameter 241mm

¢ Roller maximum specific pressure 35N cntt

e Roller tread 120mm

e Mass 500 kg

e Length 260mm

¢ Height 700mm
MOWING DEVICE

e Grip 4270mm

e Cut height regulation 50; 90; 150nm

e Fingers distance 76.2mm

e No. of fingers 55

e The mean blades speed 2.1ms?

e The mean speed of double blades | 3.6m s!

3. RESULTS AND DISCUSSION

The mower applied is designed with grip of 4.7mefficient of design grip exploitation
varied from 0.90 to 0.99. The average value of tusfficient was 0.95, (Fig. 1). In
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general, the clear negative linear trend of redudhme value of this coefficient with
increasing the operational speed of the mowerideet:

B = —0.0153 v + 1.0536 (1)

R-square factor reached very high value of 0.987this case, confirming existence of
strong relationship between facfpand machine working speed.

1.00
[e] o —Fit
(¢] ﬂ I
< 0.95 1
= -0.0153v + 1.053¢
R? = 0.9876
0.90 . . . . . d
4 5 6 7 8 9 10

v [km/h]

Fig. 1 Relationship between the coefficient of grigploitation (coefficien) and mower
working speed.

9.0C
O Hcut —Fit
g

8.50
:I' 8.00 1
3
T Hcut = 0.2012v + 6.528

R2 =0.9514
7.50 1
(e]
7.00 T T T T T
4 5 6 7 8 9 10

v [km/h]

Fig. 2 Dependence of the cutting height on the Wwgrkpeed of the mower.

The average height of stem cut was 7.97 cm, wittawerage speed of self-propelled
mower of 7.14 km # (Figure 3). The smallest cutting height of 7.37was evidenced at
a mowing speed of 4.76 kmthwhile the largest cutting height was 8.60 cma apeed
of 9.95 km ht. Cut height also strongly depended on the moweedp- the positive
linear trend defined by formula
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H,ye = 0.2012 - v + 6.5288 2

was characterized by R-square factor of 0.951.
1.4

1.20 4 o °
o Lcut = 0.0587v + 0.7973
1.00 - o R2=0.9234

0.80 1

Leut [%]

0.60 1

0.40 1

0201 olcut  —Fit

0.00

4 5 6 7 8 9 10
v [km/h]
Fig. 3 Dependence of the cutting loss on the wgrkipeed of the self-propelled machine.

0.4C

[ee)
O Lchop  —Fit

0.30 1
— Lchop = -0.0227 + 0.4824
2 0.20 R2 = 0.9223
Q
o
<
[}
-

0.10 1

0.00 r T T . T

4 5 6 7 8 9 10

v [km/h]

Fig. 4 Dependence of the crushing loss on the wgrkpeed of the self-propelled
machine.

Figures 3, 4 and 5 illustrate relationships depeoeg of the cuttingLut), chopping
(Lchop and total K tot) losses on the working speed 6f the self-propelled machine. In
all cases, trend lines were linear.

Leye = 0.0587 - v + 0.7972 3)
Lenop = —0.0227 - v + 0.4829 (4
Leor = 0.0359 - v + 1.2801 (5)
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and characterized by the following values of R-squfactors: 0.9234, 0.9223 and
0.7924, respectively.
1.8C

1.60 - M
[e}

1.40 1 o
Ltot = 0.035% + 1.2801
1.20 1 R2=0.7924

1.00 1

Ltot [%)]

0.80 1
0.60 1
0.40 1

0.20 1 O Ltot —Fit

0.00 r T T T T
4 5 6 7 8 9 10
v [km/h]

Fig. 5 Dependence of the total loss on the workimged of the self-propelled machine.

Increasing the mower speed resulted in slight asmen losses due to the cut height was
observed (Figure 3). In average, losses due tautieng height amounted to 1.22% of
the yield, and they varied at the tests in the edmgfween of 1.02% to 1.40% of the yield.
In the case of chopping losses, the trend of reduldsses with increasing the speed of
the mower was evident. They varied from 0.27% &f yfeld, and up to the value of
0.39%, having the average value 0.32% of the \ieigure 4). Total losses represent the
sum of the previous two types of losses. During tdsting self-propelled mower, the
average value of total losses was 1.54% of thel yiebtal losses ranged from a minimum
of 1.41% to a maximum of 1.68% of the yield.

4.CONCLUSION

Recommended maximum value of total (mowing + chogplosses is 5% of the yield
mass. The results of performed experiments, relatedlfalfa test mowing by self-
propelled mower Fortschritt 302 at various workapgeds (starting from 4.76 krrt nd
up to the maximum value of 9.95 kr)h verified that this criterion was satisfied. Tlota
losses were in the range between 1.41% and 1.68%v@rage, 1.54% of the yield).

Dominant share in the total losses of yield maggirates from the inappropriate cutting
heights of the alfalfa stems under investigatioms widely accepted that optimal values
of alfalfa cutting height should be within the rargetween 6 cm and 8 cm. In the present
study, the average measured value of cut stem&Wascm. The smallest cutting height
of 7.37 cm was evidenced at a mowing speed of K@61!, while the largest cutting
height was 8.60 cm, at the maximum experimentakimgrspeed of 9.95 knth

Concerning the other parameters, it can be condldldat the tested mowing machine
achieved high values of the utilization coefficiefthe design grip (known as coefficient
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B). Evidenced experimental values were in the rdyegeen 0.90 and 0.99, having the
average value of 0.95.
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Abstract: The importance of soybean (Glycine max L.) arfses the quality of its
grain (high protein and oil content), so it is oaethe most important protein and oil
crop in the world. As biomass of agricultural onigs highly acceptable energy source
from the environmental point of view, soybean tglas in the production of biofuels,
where grain and straw represent raw materials fauid and solid biofuels. The
production of biofuels from grain reduces the antafrgrain for food and feed and in
recent years attention has been focused to thelgmwent of biofuel from the straw.
Straw is also an important source of organic matied has important influence on
biological, chemical and physical properties of @l and should not be considered as
waste. The aim of this paper was to determine tteah amounts of straw that can be
collected after harvesting soybean using existieghmanization on family farm, round
baler with pick-up. The field experiment was setidbcation in Velika Barna with
three soy varieties, Lucija, Galina and lka, regeted in the crop rotation by domestic
farmers. The yield of straw was in the range of24,&g/ha to 2,266 kg/ha and
collection efficiency differed between soybean et@s, ranging from 33.3 % to
48.9 %. The amount of collected post-harvest residiepended on the cultivar, water
content of the straw at the time of baling anddbestruction of combine and baler.

Key words: biomass, harvest index, round baler

1.INTRODUCTION

Soybean Glycine maxL.) is an old crop, grown for over four thousarehss. The
importance of soybean is derived from the qualityite grain (high protein and oil
content), so it is one of the most important protnd oil crops in the world and can be
fully utilized for processing for various purposés.the world in period from 2012 to
2016 the area sown with soybeans increased 15% #©5,350,564 to 121,532,432
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hectares. In the same period, the area sown wjthesms in Europe increased by 47 %,
with 3,446,289 hectares of 2012 to 5,038,132 hestar 2016, which is 3 times higher
than the increase in the world (source: faostat.ofgro-technical significance of
soybeans in the rotation is huge, because wittebiadBradhyrhizobium japonicum at its
root, it enriches the soil with nitrogen, approX-80 kg/ha. It activates and moves
nutrients from the less soluble forms to more aibés forms for plants, thereby
improving fertility and soil structure itself (Viatic and Sudati 2008).

Along the grain in soybean production there is alggbean straw. The term soybean
straw refers to dried soybean stalks, leaves, amgtyepods that remain in the field after
harvest with a combine. Soybean straw is an impbgaurce of organic matter and has
important influence on the biological, chemical ginysical properties of soil and should
not be considered as waste. Good agricultural ipeceéquires incorporation of harvest
residues in soil by ploughing, not their burnindjieh has been banned in the Republic
of Croatia since 2011 (Pravilnik o dobrim poljopgdnim i okoliSnim uvjetima,
N.N. 89/11). Before collecting straw from the figl&onsideration should be given to the
fact that removing it can increase soil erosiorduoe yields and deplete soil with
nitrogen and other nutrients. Straw can be takémbthe field and used in barns as litter
and then be returned to the soil as manure.

Biomass of agricultural origin is a very acceptablel from the environmental
impact point of view, especially the greenhouseegasmissions (Miller, 1992). The
emission of S@ during the combustion of straw is less than theéssion from the
combustion of coal and mineral heating oil, andhkigthan the emission from the
combustion of natural gas, while the NOx emissioomf the combustion of straw is
much lower than in other observed fuels. Like othésmass, straw is generally
considered a Cgneutral fuel (EC, 1997). With all the benefits uding biomass for
energy production, we must bear in mind that thera risk of soil depletion if all the
crop residues are removed from the arable land,ishahe nutrient and organic matter
content of the soil must not be neglected.

Soybean straw is one of the potentially good enemyces. With average amount of
collected biomass 3,112 kg/ha and lower heatingevdl6.87 MJ/kg, Kis$ et al. (2013)
stated that energy value of soybean straw was 994.5Ra, equivalent to 998.5 kg of
heavy oil. Also, soybean straw is a good sourcmaltter for anaerobic digestion due to
the high availability of biomass. Agricultural biass such as maize and soybean straw
contains complex structure lignocellulose and dugtscontain easily fermenting sugars.
Therefore, their transformation to biofuels canheteasily done (Hesami et al., 2015;
Liu et al., 2015; Antonopoulou, 2015; Monlau et aD15). Matin et al. (2018) found that
soybean assortment had an impact on the combuatiblenon-combustible properties of
straw, as well as on the heating value.

Renewable sources of biomass are increasingly deresi important for the
development of a sustainable industrial society &rdmanaging the reduction of
greenhouse gas emissions. Biological fibers fromcaljural residues such as soybean
straw are widespread, cheap, recyclable, versatié,a biodegradable renewable source
of lignocellulosic matter (Liu, 2015). Some resé@rs have also suggested that soybean
straw can be used to produce natural cellulosenieghfibers whose structure and
properties are similar to the cellulosic fibersreuntly in use (Wang and Sain, 2007;
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Reddy and Yang, 2009). These tendencies shouldnigtadd to the value of soybeans
as a crop, but also provide a sustainable sourfibeot

The amount of collected straw depends on the machind also on the condition of
the harvested residues. Different strategies aeel us collecting harvest residues of
different crops. Petrolia (2006) found that effiwy in collecting of harvest residues was
30 % using only baling operations, while using rhelg rakes and balers the efficiency
was higher and was 40 %. Martinov et al. (2014ntbthat it is possible to collect about
40 % of the harvested soybean residues under &vevagther conditions. Increasing
moisture of soybean straw during baling makes batimore difficult because the straw
becomes less and less elastic.

The aim of this study was to determine the actuantjties of collected straw after
harvesting soybeans, using press for round balésanpick-up device.

2.MATERIAL AND METHODS

The field experiment was set at a location in gi#lavVelika Barna, located approx.
100 km east from Zagreb (45° 09’ N, 17° 31’ E). Thenate in this area is semi-humid
with a total annual precipitation of 790 mm anda@erage annual temperature of 11.3 °C
(source: Meteorological and hydrological institafeCroatia). Soil on the site was silty
loam with relatively low organic matter content flea1).

Table 1 Soil properties at experimental site

pH % AL-mg/100g
H20 nKClI humus N POs K20
6.21 5.11 2.08 0.11 11.39 13.00

Sowing of soybean was carried out in the optimalisg period, April 16 and 17,
2017, at a 25 cm row spacing, with a 100 kg/ha sgwate. Three varieties of soybeans
were used - Lucia, Ika and Galina. Lucia is a veayly variety (00-0 ripening group),
resistant to lodging, high tolerance to major saybdiseases and to shattering of pods. It
has a high yield potential (up to 5 t/ha). Ika isdium early variety, O-I ripening group.
Due to extreme adaptability in different climatizdasoil conditions, exceptional stability
and excellent yield potential and quality, it i® thhost widespread variety of soybeans
sown in Croatia. Galina is an early variety, ripgnigroup O, especially suitable for
organic production. In intensive production coratig, it has an extremely high yield,
above 4.5 t/ha, and is characterized by excellesistance to various agroecological
conditions.

The pre-crop on the experimental plots was maiz¢he primary tillage 300 kg/ha of
NPK 7:20:30 was plowed into the soil, then 250 kgffi NPK 15:15:15 was added in the
seedbed preparation. Before sowing, soybean seedse wbacterized with
Bradhyrhizobium japonicum. The protection from weeehs carried out repeatedly with
herbicides Dual Gold (S-metolaklor), Harmony (teHfuron-metil) and Laguna 75 WG
(oksasulfuron). The herbicides proved to be eféectieaving the crop free of weeds.
Monitoring the growth of soybeans revealed a podearelopment of nodule bacteria,
and therefore two additional fertilizations wererigad out. The harvest was on October
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25, 2017. Deutz Fahr 1302, a conventional combaredster with tangential threshing
unit and straw walkers was used.

Prior to the mechanized harvest, plant samplesn(ftont) were taken from each
experimental plot, from which the number of plams m2, average plant height, average
number of pods, then leaf, stem and grain weigrgseevdetermined in the laboratory.
After all these, the harvest index is calculatetl. rAsults were calculated with 13 %
moisture content. After harvest the soybean stras eollected and pressed into round
bales (125x125 cm) using a Welger RP 220 Farmesspsith a pick-up device of 2.20 m
working width.

Statistical analysis of data was done with compptegram SAS (SAS, 2002) using
analysis of variance (ANOVA). The significance dffefences between the observed
parameters were indicated by F-test at the levptabability p = 0.05.

3.RESULTSAND DISCUSSION

Based on the data obtained from the analysis ofpksmmtaken manually before
harvest and data after harvest and baling, thedpalificiency was determined (Table 2).
Baling efficiency is expressed as the amount avetcollected in relation to the total
amount of straw present in the field before harvEsbm the samples of plants taken
manually the moisture content and the amount afwsper hectare before harvest were
determined (theoretical straw yield calculated 8t % moisture). Due to technical
problems, the moisture content of straw at the tifniealing was not determined, but the
value of 40 % was taken as moisture at the timéoading, based on the available
literature data that stated when soybean graintoreiss 13 %, the moisture content of
straw is approximately 40 % (Kogia et. al. 2017; Vratatiand Sudad, 2008).

Table 2 Yield components and baling efficiency (Mealue + St. Dev.)

Soybean variety Lucija Galina Ika
Number of plants per hectare 346,666 + 48,074  Z97+733,555| 342,222 + 20,36}
Number of pods per plant 235+3.7 247 £2.7 20209
Grain weight (kg/ha) 2,572 £ 96,1 2,427 + 187,71 43,6 338,5
Straw weight (kg/ha) 2,266 +54.0 2,095 +121.9 24,8 274.5
Total weight of plants (kg/ha 4,839 +149.2 4,52292.3 3,867 +611.2
Harvest index 0.53+0.01 0.54 £0.02 0.53+0.01
Baling efficiency (%) 48.9 a*+ 0.80 48.0a+2.85 33.3b+4.21

* Different letters indicate significant {p0.05) differences

The number of plants and grain yield varied acremseties, but no statistically
significant differences were found. Although foettka variety has not been determined
smallest average number of plants per hectardpthest yield of both grains and straw
has been determined. The cause of the decreaseim and straw yields in the Ika
variety is the damage caused by the wild animatinduhe period when the crop was
already in its ripening stage. The grain yield lué tka variety was therefore 16% lower
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than that of the Galina variety, and also the wedjtstraw was lower 20% compared to
the Lucija variety.

The total plant weight of the Lucija and Galinaigdes compared to the Ika variety
was greater 15 to 21 %, respectively. From theiobthdata it can be concluded that
with the increase in the number of plants per hecta higher grain yield and a higher
amount of straw can be expected. The resultingasarmndex of 53 % to 54 % was in
accordance to research conducted by Pedersen aed (2004). Baling efficiency in the
Ika variety was, however, 31 % lower than in theijauand Galina varieties.

A very strong positive correlation R = 0.9715 (0. was found between total straw
weight and grain weight (Table 3). A very strongsitige correlation was found for both
total plant weight and grain weight R = 0.9944 (p34), and also a very strong positive
correlation was found for total plant weight andrast weight R =0.9911
(p <0.01).

Table 3 Correlations between yield components atfiddpefficiency

Number of Grain Straw Total plant Harvest
plants / ha weight weight weight index
Grain weight -0,1643 -
Straw weight -0,1153 0,9715** -
Total plant weight -0,1436 0,9944** 0,9911* -
Harvest index -0,1029 0,5916 0,3919 0,5068 -
Baling efficiency -0,1345 0,5155 0,5044 0,5142 ams4a

Fertilization value of the soybean harvest residues estimated based on the
nitrogen, phosphorus and potassium content of soylséraw taken from the research
conducted by Kish et al. (2013), according to whiah average nitrogen content in straw
of the 5 selected soybean varieties was 3.95 dikg, average phosphorus content
2.95 g/kg and the average potassium content 4K gcording to this assessment and
the straw collection efficiency determined in thesearch, on average 3.89 kg/ha of
nitrogen, 2.91 kg/ha of phosphorus and 4.43 kgftotassium were taken out from the
field with post-harvest residues, which shouldddeh into account during fertilization in
the next season.

4, CONCLUSIONS

Based on the results of this research, it can beleded that the amount of harvest
residues that can be collected from the field ddpesn several factors. The grain yield
and straw quantity differed for the varieties ugedhis study, and with the increase in
the number of plants per hectare the total straantity also increased. A strong positive
correlation was found between straw weight andngreéight, total plant weight and
grain weight, and between total plant weight amdvstweight. Mechanized collection of
soybean straw has revealed that it is possiblelteat, using a press for round bales with
a pick-up, almost half (48.9 %) of the total aviaidastraw in the field after the harvest.
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The statistically significant differences foundthe efficiency of collecting soybean
straw between the varieties are probably due tactimelition of the crop before harvest
(damaged by wild animals). The collecting efficigraf the straw is also influenced by
the cutting height in harvest, the construction tbé combine (threshing system),
collecting strategy and the crop itself. Therefanegprder to better understand the factors
affecting the efficiency of straw collection, adaiital research is needed in the area of
collecting crop residues, which are not coverethis paper.
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Abstract. Farm buildings play a central role for the sustlility of the rural
environment. Conceived to host biological produttithe farm building constitutes
indeed a unique example in the wide epistemologieator of building construction,
due to its architectural and technical issues,eatight from other building sectors. The
originality of what happens inside the farm builglicorresponds to what happens
outside. The role that buildings have historicallpyed is strictly connected indeed to
the surrounding context, due to the need of thenéarto live in close contact with
agricultural land and animal husbandry. In this wayuman activities have often
strongly influenced the agricultural environmentdathe visual perception of its
landscape. The increasing sensitivity about theceph of sustainable development of
the built environment is currently stimulating tvedorisation of farm buildings, as well
as the assessment of their impact on the rural deage. In the present article, a
general literature review about the role that farbwildings play on the rural
environment is presented, with a special focushenvtider opportunities enabled by
the implementation of new technologies for the egnanalysis and planning of the
interactions among farm buildings, rural environrhand landscape.

Key words: Farm buildings; Rural environment; Cultural landgees; Built heritage;
Geographical Information System; Spatial analysis.

1.INTRODUCTION

Rural heritage is a very important aspect of onei®y’s identity. Agricultural
fields, orchards, natural places are landmarks ¢bahect generations and city dwellers
to their origins. Families trace their roots toalwillages, while culinary traditions begin
in the countryside. The spirit of a community iscambination of many seemingly
unconnected elements: buildings, objects, nataraddcapes and traditions. Traditions or
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‘intangible heritagkare often the strongest link between places, leeapd generations.
Preserving a way of life and the identity of a commity is more important than
preserving only its physical form. Living, vibranbmmunities give meaning to their
surroundings and create a sustainable environmeptéserving culture.

Very often this intangible heritage is the mosgfi@and difficult to sustain. Without
it, places lose their meaning, the natural envireniris subjected to degradation, and
connections within the community and with nearbymomunities sharing similar
traditions are lost. Unfortunately, rural commuestieverywhere are currently susceptible
to long slow declines, if agriculture is no longeconomically viable and younger
generations move to cities in search of more at&acopportunities. In rural
communities this phenomenon has been acceleratingeéent decades indeed, as
transportation becomes easier and less expensivan wreas offer better opportunities
and globalization reaches every corner.

Most rural areas have unused or abandoned stractia¢ could serve as places to
stimulate the education and culture of their comitresn The characteristic appearance
of natural and cultural landscapes in rural arsashiaped by the traditional building
culture of the specific region. However, the tramtial building styles are often no longer
respected by modern, rapid, featureless construtéichniques and materials. Therefore,
the characteristic appearance of rural environraent landscape is under serious threat
there. The responsible building authorities at lléeeel often lack the capacity and expert
knowledge to ensure certain quality standards ammhg and construction of new
buildings, as well as in the reconstruction or taidation of existing buildings. New
strategies have to be found to raise the awareakghese officials and the local
population, to ensure respect for traditional bogd and the landscape, as well as to
advise persons requesting a building permit.

The rural built heritage is in a constant statecbhénge. Agricultural fields are
abandoned or aggregated, traditions and custonigeewo are forgotten, farm buildings
are demolished or adapted to new uses, the whotgbla heritage decay. Decay starts
the day after restoration. Most damages are smdiish and easy to repair if noticed.
However, small damages grow rapidly if no measarestaken. Consequences can be
severe, such as the loss of historical value, bagts of restoration and even loss of the
building. Yearly visual, non-destructive inspecgaend immediate repair of small-scale
damage have proven to reduce restoration costsigindf damage caused, for example,
by neglect or fire. Half of the activity of the iruction industry is spent on repairing
and maintaining existing heritage. To successfollyry out preventive maintenance,
suitable information and data are needed, whileciSpeanalysis targeted to the
preservation of the rural built heritage are neagss

In the present paper, a review on current achiemésnim the scientific literature
about the connections between farm buildings aedrtinal environment is presented.
Special attention has been devoted to define tha ommponents of rural buildinge.:
construction materials and techniques; typologiceharacteristics; settlement
development. The relevant impact on the surrounding environment may be therefore
assessed, even with the aim to implement new téagical tools able to support policy
makers and rural planners in surveying, analyzimg) glanning the rural landscape in all
its components of the total environment.
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2. FARM BUILDING FEATURES

Farm buildings, designed over the centuries togperftheir primary agricultural
function, have marked the surrounding environmentai distinctive way, playing a
central role in the sustainability of the rural Bomment. Designed to house organic
production, the agricultural building is truly aigne example in the vast epistemological
sector of construction. The birth, growth and depaient of living plant and animal
organisms contained in these volumes raise indeghdtectural and technical problems
which are deeply different, when compared to thafsether building sectors. Designed
to produce optimal environmental conditions fornggaand animals, while protecting
health and safety of workers involved in daily giems for the care of living organisms
at different stages of their development, the rupallding is therefore a unique
technological model [1].

Furthermore, these buildings express a widespredthfe that in some cases has an
irreplaceable architectural value thanks to thaestpbeing in many Countries even more
than centenary. Farm buildings are currently registy a renovated interest too, often
even pushed by the recent expansion of rural touregistered in Europe as well as in
other Countries in the World [2, 3]. This makesécessary to monitor farm buildings,
both to preserve them as historical and culturaitdge and to re-develop in the
perspective of sustainable tourism planning [4, 5].

According to Ruda [6], the rural environment inasdhree components. They are:
the land for agricultural production; the naturaireundings and human settlements; the
architectural area. Human, natural and architec®m&ironment co-exist and interact
among themselves, so contemporary projects shoakkpre and reconstruct the essence
of tradition. The main characteristics of farm dinlgs, which make them different from
other examples of constructions, have been analypsedeveral Authors, who have
focused their analysis mostly on three main aspdats building materials and
techniques; typological characteristics; settlenfierrhation.

The valorization of locally available building me#d, used in agriculture for the
realization of constructions, both for housing ms® and for the realization of each
single element within the farm, is one of the nmaharacteristics which differentiate farm
buildings from other construction typologies [1, This choice, that was at the time one
of the pillars at the base of the formation of hlaadscape, has its roots in the tradition
left by our forefathers, since they had no choi@ntrealize farm buildings and ancillary
elements using the local material. Indeed, evetradlitionally based mostly on an
economic reason, this has very interesting conseeseon the current perception of the
rural landscape - since the colour of the buildggimilar to the surroundings [8, 9] - as
well on the agricultural environment — this matebiaing able to be incorporated, at the
end of its useful life, in the same context.

The typological characteristics of popular arcHiteg, mostly when applied in rural
areas, have been historically influenced by thedn&e design buildings in close
relationship to their usefulness as a barrier agathe climate. This has been a
fundamental parameter, since builders have haddeknical resources, and the research
of natural solutions has paid an enhanced attetidhe interaction of form and energy,
leading to a “bioclimatic” approach in vernacularal building techniques. Bioclimatism
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has been therefore one of the most common wayefinching solutions able to maximize
the exploitation of natural sources of energy —Heating, ventilationetc. — leading to
the creation of a well-identified scientific sectavhich has recently experienced a
renewed attention by several scientists [10, 11].sbme cases [12] bioclimatic
architecture was also proposed as a new modedé¢overy vernacular construction.

Vernacular architecture in rural areas has involveddesign of traditional-functional
buildings for housing owners and/or their worket8,[14]. In figure 1 it is reported the
facade of two centenary vernacular farm buildirggsd¢alled: tasseri®), located in the
Basilicata region (southern Italy), having a cudtuinterest and protected by specific
regulations, surveyed through terrestrial photognetnic techniques [15].

T

L | . 1 1

]
Fig. 1 Facades ahasseridocated in the Basilicata region (southern Itasgrveyed
through terrestrial photogrammetric techniques.[15]

Other different examples of vernacular farm buildirhave been also analyzed with
reference to their typological characteristics amdhitectural solutions, as those for
protecting animals in stone-fenced corrals [16faoragro-industrial production, as flour
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mills [17, 18], wineries [19]etc. In figure 2, some centenary flour mills locatedthie
Apulia region (Southern Italy) are showed.

. )
¥ T I

Fig. 2 Centenary flour mills located in Apulia regi(Southern Italy).

The formation of human settlement in rural areas theen affected by the particular
vocation of rural activities as well, including i holistic approach the role of the
surrounding environment [20, 21, 22]. The settlenggmamics are especially interesting,
having played an important role. Several tracesxtinct settlements and their access
routes are usually still visible in many today'sréhean landscapes. Some specific
analyzes have been conducted to assess how theizemlon, occurred at large scale
during the past centuries, has contributed to stia@émage currently perceived from a
landscape, evaluating the impact on rural envirartroédifferent settlement patterns and
relevant accessibility routes [23, 24].
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3. FARM BUILDINGS AS DRIVERS OF THE RURAL ENVIRONMENT

The originality of what happens inside the farmlding corresponds to what happens
outside of it. The role that these buildings haistdnically played is strictly connected
indeed with the surrounding context, due to thedr@fehe farmer to live in close contact
with agricultural land and animal husbandry [1]. Wthe organization of human beings
involved in the activities of the industrial or tiary sector allowed aggregation in urban
centres, the need to live in constant contact Wghagricultural production developed a
synergetic function of close proximity to the extrdan land [25, 26]. This aspect led to
the spread in rural areas of many examples of imgidthat served for farming, storage
and processing of agricultural products, while tituing, at the same time, housing for
the farmer and his family. This form of settleméat been - and still is - a unique way
by which humans have populated, in harmony withrisieiral elements, the agricultural
territory, joining the primary production needed fuman nutrition with the control and
care of rural land. So, the activities made byNan have often strongly influenced the
agricultural environment and the visual perceptbits landscape [27, 28].

The stratification during time of the interactiarmong all the components of the total
environment 4.e.. atmosphere, hydrosphere, biosphere, lithospheteaathroposphere -
is the driver of the formation of the landscapeadfiven territory [29]. Anthroposphere
plays a pivotal role, because it strongly influenedeing influenced in turn - the other
natural components. The environmental changes matduring the last decades, mainly
caused by human activities and changes in land heee been dynamic, since they
"evolved" considering the needs and the socio-emimoonditions, being influenced by
the natural forces and continuous interactions whth surrounding context as well.
Under this approach, a rural landscape may beetbfis the System of many concurrent
ecosystems, in a mutual correlation with humanvat@s'. It is indeed the holistic result
of the evolution of free natural elements and r@afg\human dynamics of land use, land
management practices, agricultural policies andoseconomic modifications imposed
by the populations living there.

A growing interest is currently registered towatlds ecological effects of the farm
buildings on the rural environment, then on theantgnce of applying a sustainable rural
development strategy to improve the protection afitats and ecosystem services [30,
31, 32]. As reported by Haller & Bender [22], thésea strong link between biodiversity
and conservation/restoration of grassland, whicltesgarily passes through the
preservation of the rural built heritage. This Bpecially true for some Natura2000
priority habitats, such as the semi-natural drysglends code 6210 [33, 34]. Monitoring
farm buildings and rural environment, considerihg tnultidisciplinary and the spatial
component of the information, requires thereforesuitable approach, now possible
through the use of new geographic technologies3B8537].

4. ADVANCED ANALYSIS OF FARM BUILDINGS AND RURAL ENVIRONMENT

Several studies have analyzed the potential of rmmhdhtools applied to the analysis
of the mutual interactions between farm buildingd ¢he surrounding rural environment.
Most of them are based on the implementation of g&gghical Information System
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(GIS), able to include and link all the informaticglated to the farm buildings. In this
way, it has been possible to connect different statacoming from both field survey
(measuring, photographic report, field databases) spatial analysis work (studies on
land use and surrounding landscape, socio-econandltysis, viewshed analysis, index
creation) so as to create a single GIS-based nmaid@rm buildings [38, 39, 40]. This

database model can be exploited for several puspesg planning and management;
protection and conservation of the built rural taye; valorisation of the existing farm
buildings; strategic decision on the localizatidmew farm buildings; implementing and
monitoring concrete valorisation actions [41, 42].

The potentiality of a GIS applied to the monitoripgeservation and enhancement of
the rural heritage of one southern lItalian regios, the Basilicata region, has been
recently explored [43]. After the creation of alpnénary geo-database of rural buildings
and spatial data related to the rural landscapey tmethodologies have been
implemented: the first one was aimed to evaluate ritie and impact of the rural
buildings in the conservation of semi-natural eowinents of the surrounding context;
the second one has been focused on the assessimnéet safeguarding of the visual
quality of the rural landscape, through an intesibility assessment of rural buildings.

Other studies [44] have employed a methodology d¢oeabwith aMulti-Criteria
Decision AnalysigMCDA), which borrows GIS capabilities to evaludite suitability of
one region, in order to optimally chose the loaaiof new agro-tourism building. More
recently, a web-based Multi-Criteria Spatial DemisiSupport System (MC-SDSS) has
been developed, validating it to assess the sliftalof new rural tourism buildings
integration occurred in some Spanish landscapek [@ther Authors have used the
Analytic Network Process and Dominance-based R&ggtApproactior the sustainable
requalification of traditional farm buildings in Gnern Italy [46].

Finally, the analysis of geographical informaticrided from historical maps within
a GIS has proved to be a very powerful tool forettdy-informed decision-making and
management of the farm building heritage in thetexinof the surrounding rural
environment [29, 47]. Three-dimensional reconstamctduring different time periods
(figure 3) obtained through Digital Terrain ModéBTM) have so enabled to highlight
the role of farm buildings, as well as to evaludie land cover changes, demonstrating
how these latter have affected the quality of tredt ecosystem in the area. The final
results obtained comparing historical documents audrent maps, enabled the
evaluation of the multi-temporal, morphological avegetation variations in this rural
landscape [48].
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Fig. 3 Implementing historical maps into a GIS fiaral landscape analysis [29].

5. CONCLUSIONS

The main results coming from the scientific anatyrnénich have been conducted so
far would be the basis for a valorisation of farmildings in the context of their
surrounding rural environment. The relevant compede should be addressed through
the development in:

-) Education: an increase in the level of scientifinowledge, competences and skills
for students, expert practitioners and other stalkiens in the management of rural
development, in respect of the preservation/vadting of the rural built heritage;

-) Research: stimulation actions, aimed to suppesearchers in completing and
deepening their knowledge and scientific activitlessed on the use of cutting-edge tools
(ICT; 10oT; etc) supporting preservation and valorisation of rimailt heritage;

-) Dissemination & Exploitation: new actions aimed valorise the results of the
activities involving every kind of stakeholder begpng to theQuadruple Helixi.e.: a)
Public Institutions (Ministries; Regional/local Agrities; Development Agenciestc);

b) RTD performers (Universities; Public/private eaech centers; Technological Parks;
etc); c) Private companies (Industries; SMEs; farmeetevant associationgtc); d)
Civil society (NGOs; Citizen associatioretg).
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Abstract: Bee pollen is very important in the nutrition ofekesince it provides them with
proteins, lipids, vitamins and minerals. Bee polléso has a significant nutritive value as a
supplement to human nutrition. Fresh bee pollentaios a large quantity of moisture
which favors development of various microorganisinsorder to preserve pollen from
spoilage its dehydration in controlled conditiorss Gommonly performed. In this paper,
freeze-drying was proposed as a conservation metRegults showed increment in the
drying rate and improve the product quality comphte traditional hot air drying. The

current work provides theoretical and technical ereince for applying this type of
technology.

Key words: Bee pollen, drying, vacuum drying, freeze-drying.

1.INTRODUCTION

Bees voluntarily collect pollen and nectar fromse#d rape and on this melliferous
pasture bee keepers in Serbia prepare bees forja ivlack locust pasture. Due to
abundance of pollen that are bees willing to cellen this pasture, bee keepers involve
the use of pollen traps and thus obtain a significuantity of pollen. A part of oilseed
rape pollen is later placed on the market for hue@msumption while the rest is used for
making the brood food.

In the nutrition of honeybees a pollen represengsircipal source of protein, fats,
vitamins and minerals (Nedet al. 2003). The number of broods in beehivelandth of
life of worker honeybees depend to a large degrequantity of nutritionally available
pollen (Jevit et al., 2009; Di Pasquale et al., 2016). Polleantical composition varies
depending on the plant from which it was collectéed on the way of its keeping and
storing (Campos, 1997; Campos et al., 2010). Gilsepe pollen has a solid content of
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crude protein ranging from 22.8% to 26.1% and it alect a development of bee colony
(Rayner and Langridge, 1985).

Besides its extraordinary benefit for bees polenged also in human nutrition and in
apitherapy. Due to its valuable nutritive and bgidal ingredients the oilseed rape pollen
is used as a natural diet supplement in China. \dlifeed rape pollen supercritical CO2
fluid extract the trials are conducted on its efffen benign prostatic hyperplasia (Yang
et al., 2014).

Pollen brought by bees is being collected in astate by placing special pollen traps
at the entrance of beehive populated with beesatemcontent has a crucial effect on the
maintenance of its quality which in fresh pollemocaary from 20 to 30 g in 100 g
(Bogdanov 2004). In order to preserve valuable @rigs of this product a good bee
keeping practice directs bee keepers to colledepavery day and then to dry it in the
temperature of 400C. If it is not done, because dfigh water content, fresh pollen
becomes susceptible to fermentation, mould growthdevelopment of mycotoxins and
reduction in vitamin C content due to potential @egtion of ascorbic acid in aqueous
environment (Petroviet al., 2014; Kosti 2015). In dry pollen the water content should
be in the range of 4 to 8% (Mustaers, 2005; thacfaff Gazette of the Republic of
Serbia, 101/2015).

Freeze drying is a process whereby water or otbkeest is removed from frozen
material by converting the frozen water directlyoirvapor without the intermediate
formation of liquid water. Of the various methodk dehydration, lyophilization is
especially suited for substances that are heatitisensAlso, freeze drying has been
extensively used in the preservation of biologicalstrients and food properties due to
the nondestructive nature of this process. (Cinkenaal., 2019)

2. MATERIAL AND METHOD

For the purpose of pollen drying a fresh samplpatfen was used in the experiments
collected with pollen traps placed at the entramicbeehive on oilseed rape melliferous
pasture (Brassica napus L.). Up to the moment yihgra fresh oilseed rape pollen has
been vacuum packed and stored in a deep-freezer.

This research used oven-dry method as one of tenomest methods of determining
sample moisture content. It consists of taking deposample, determining its exact
weight, and dry the sample in an oven at a temperaif 105 centigrade for 3 hours,
then weighing the sample and determining the m@diss by subtracting the oven-dry
weight from the moist weight. (Shreve et al., 2006¢ obtained resultes showed 23.48%
of water content at dry basis in fresh pollen sampl

Moisture analyzers (MA) type BTS110D was used fastfand precise moisture
determination of a sample based on mass loss dimaging process. Drying proces
parameters (40°C and 50°C) were set on the badéswohorms and available chemical-
physics data of pollen samples. Moisture analyasgsdesigned to work in food industry,
construction materials industry, biotechnology, mpiecy, environment protection and
others. Main field of use is quality control. Maist analyzer use 2x100W halogen
radiators for the material heating. Density redmetision was 0.1%.
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Labconco FreeZone® 18 freeze dry (FD) system wasd ufor laboratory
lyophilization procedures. The pollen samples weapt in deep freezer at -70°C before
freeze drying process. During the lyophilizatioe t collector temperature were
maintained at -40°C and the chamber pressure ¢onditas vacuum less than 0.133
mBar.

3.DISCUSSION ON THE RESULTS

Bee pollen samples were dried in thin layer withsiginificant overlapping of the
pollen layers (Fig. 1). All experimental measureteewere performed with the initial
mass of the pollen between 10 and 30 grams for experiment. The results were
obtained as average from several measurementgpetiraental setup.

Fig. 1 a) Fresh pollen sample; b) freeze-dryingaifen

Moisture content of the material during time (Fi@) is shown by various
temperatures and drying methods. Moisture analyasrused for moisture determination
of a sample at 40, 50 and 60°C temperatures wibpiorox. 3 hours period. Similar
drying parameters were used by other authors (&tykd. 2018; Kanar and Mazi, 2019).
Freeze dryer was used for the determination ofndryiharacteristics of pollen twice.
First sample was frozen at -70°C and then driefliwityophilization process in absolute
vacuum. Second sample was exposed fresh to arutbsacuum at room temperature of
25°C without any thermal pretreatment.

Results showed that moisture content decreasedfisagnly during the first hour
(approx. during first 4000 seconds), and decreatmally afterwards. As expected, the
increase in drying air temperature will speed uyirdy process. Drying temperature of
40°C that is commonly used in commercial bee pallrers caused the lowest moisture
losses of the material, i.e. longest drying proc€msequently, the temperatures of 50
and 60°C provided significantly higher moistureskes and faster drying, especially
during the first hour.
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Fig. 2 Experimental moisture ratio (MR) vs. dryimnge (MA — moisture analyzer,
FD — freeze dryer)

However, these temperatures cannot be applied corrattg because of the negative
effect on bee pollen chemistry. Vacuum regimes gibthat initial moisture losses were
significantly higher than losses from conventiomlying regimes. The best drying
kinetics was achieved in lyophilization processéth wimost 50% moisture losses within
first half an hour of drying process. This effectsraalmost concurrence with conventional
60°C regime during this period.

4, CONCLUSION

Moisture content of the material during time byieas temperatures and drying
methods were analyzed in this paper. Three typedryohg procedures were analyzed:
conventional sample heating (drying temperatur@s %0 and 60°C), vacuum drying at
room temperature and freeze-drying of samples @C temperature (lyophilization).
The higher moisture loss was achieved with lyophtion process, especially at the
beginning of the drying process, i.e. first houripg The conventional drying off bee
pollen at 60°C showed similar drying rate at iniséages of the drying period. Pollen
lyophilization can be recommended from the pointiefv of the efficiency of the drying
process.
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Abstract. The inspection and sorting of agricultural prodsicts a necessary
technological operation in the agricultural and fbandustries. Research in this area
shows significant potential in improving the insfi@e and evaluation of fruits,
vegetables, the quality of cereals and other adiral products, as well as the
evaluation of the quality of prepared food produgysnon-destructive methods. As an
integrated system, machine vision has been widsdg wo test, monitor and control
various industrial processes. The increasing anchglex performance requirements of
modern machine vision systems require their furtimprovement through the
development of new, intelligent solutions. Automatin-destructive recognition of the
qualitative characteristics of different types @ fproducts is a constant challenge for
researchers, where the imperative is on product arethod which is applicable in
industrial conditions. In this regard, there is arde number of works with
experimental and numerical data collected for défe construction solutions and
operating conditions. This paper will analyze thevelopment of machine vision as
well as its application in agriculture over the tafive years. A special part will be
guidelines for the direction of further researchthime field of optical recognition of
agricultural products

Key words: machine vision, sorting, fruit, vegetable, macHaening

1.INTRODUCTION

Agricultural and food products are different fromher industrial products in that all
human senses are included in the purchase: siglel], gaste, touch, and even hearing.
For the last two decades, the importance of consuemeotions has been given
importance, various studies have been conductedtt@groduct has been created in
accordance with the results. It can be said thatekperience' of this product is being
sold. In all research, visual experience playsmidant role by buying products and later
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in other periods, e.g. during consumption, somesesersuch as taste and smell are as
important as the appearance of the product itsE]f But the imperative is that
appearance is one of the main parameters thatatberas a product from purchase to
consumption. When referring to the visual effet@algso includes the packaging of the
product itself (images on the packaging, colorstute of the packaging material, etc.)
[2, 3]. Or, if fresh produce is concerned, the wely the product is packaged in the so-
called counters, the combination of colors witheotlexposed products, or even the
different possible shape of the product influertee ¢hoice of the product purchased or
provoke a reaction of expectation of a certaingdtthe product. All of the above shows
the importance of the technological operation ofeaéng, inspecting and sorting
agricultural products in industrial processing pkarin general, the external quality of
fruits and vegetables is judged mainly by physateracteristics: color, visual texture of
the surface, size, shape and visual defects [D&§criptive parameters can be created
through color parameters, and in most cases thist&tal measures are the mean and
standard deviation. In addition to color, textseanother significant sensory qualitative
characteristic most commonly used in external ¢walhspection and sorting of
agricultural products. Texture analysis can playimportant role in identifying and
segmenting defective objects when selecting adurll products [6]. Visual texture of
the surface can be said to be one of the widelgt isicators that a consumer uses when
purchasing to evaluate the quality of an agricaltuoroduct. The aforementioned
characteristics (features, attributes) of agricaltuproducts can be represented by
numerous values, while statistical methods reptesea basis for predicting and
classifying sets of these values data.

Industrial processing of fruits and vegetables ir@gumechanical inspection where a
machine vision system is used. Machine vision i®pfical, non-destructive method of
screening bio products and the system or machied imsindustrial plants is generally
called the color sorter. The color sorter subsystemsists mainly of multiple optical
devices (cameras, lasers) that capture the prahat based on the output signal and
parameters, the central control system generatéisefuprocessing data using different
decision-making approaches. A schematic representat one of the possible solutions
of the recording subsystem is shown in Fig. 1. Tdhessification is most often
encountered when using machine vision in the inspeof agricultural products, which
has the task of separating non-conforming prodfroi® those that are in conformity.
Agricultural products are classified by class (éegof maturity, size ...) or by variety,
where machine learning algorithms have shown eiwiabsults in the recent period.
Research in the field of agricultural product gtyalassessment can go in several
directions: improvement of existing classical meihoof statistical indicators of
organoleptic properties of bio products, developnarmobile online applications and
finally the application of artificial intelligencag machine learning algorithms for the
detection, localization and classification of oltgecf interest.
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Fig. 1 Schematic representation of machine inspecti
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2.MACHINE VISION —A BRIEFOVERVIEW

The need for the usage of automatic sorting qurality assessment of fruits and
vegetables is becoming increasingly apparent wodelwTo this end, various non-
destructive methods of inspection of agriculturebducts in technological lines have
been developed, and machine vision is a promisiogfor quality control. This type of
inspection is based on image analysis and proaessth multiple implementation types
in the agricultural industry. Probably the first Plihesis related to machine vision,
written by Larry Roberts in 1963. called “Block Wb where the visual world was
simplified into simple geometric shapes, wheregbel was to recognize them and later
reconstruct them to their original shape. Nearlyyé@rs later, some of the fundamental
problems of machine vision are still being studied it is one of the most important and
fastest growing areas of artificial intelligencear\bus physical systems have been
developed to avoid subjectivity when analyzing oaptic characteristics of
agricultural products that can be evaluated viguafid / or with specific instruments.
Conventional instruments that analyze e.g. colghefproduct, they do so on a small part
of the sample and are not always adequate for ptediat usually have a heterogeneous
surface. In order to overcome these problems,i@atif visual systems have been
developed in recent years to make the analysis momprehensive and accurate,
including the total product areas during proces§mgThe need for an accurate, fast and
objective way of determining these characteristitshe tested products is constantly
growing.

Algorithms that are still in widespread use todagdn to evolve mainly in the 1990s
or a little earlier. Sonka [8] stated in his woHat more than 1000 papers are published
every year in the field of computer vision and imagocessing. The trend of progress in
image processing continues. However, the currématsdn shows that classical methods
for classifying fruits and vegetables have beereltged for a limited number of classes
of fruits and small sets of products. By applyingfigial intelligence algorithms to
inspection problems and evaluating the qualityiofgroducts, the field of agriculture is
brought to a new higher level. Machine learningogthms in agriculture are used for:
classification, clustering, segmentation, regressind as recommendation systems. The
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general machine learning cycle is shown schemétizaFigure 2. Considerable research
has been done to design and analyze the clasdifietsyperdimensional features that
require high computational power to optimize thedelo Machine learning can also be
used to automate repetitive tasks in this fielde TBupport Vector Machine (SVM)

method [9] is one of the most widely used in mai®ds, as is the Backpropagation
algorithm [10] that allows neural network weights lie adjusted to fit minimized the

error on the set of vectors belonging to the pattecognition problem. The great
progress that began in the 2000s can be attriiotdetter image quality that has been
improving rapidly. Therefore, it has better qualifydata to process, in addition to all the
known features of the Internet and greater proongsgiower of computers. Matlab

software is used in many studies to analyze thegémdt is necessary to note the
development of mobile applications in assessinggtledity and quantity of agricultural

products that has been gaining in importance iarregears [11].

M Test phase/
Training data Updatlng weights
[Model (|n|t|a|w2|ghts]H Training model ]

Fig. 2 Machine learning cycle

3. DISCUSSIONOFPOSSIBLESOLUTIONSOFA NON-DESTRUCTIVESORTING

After analyzing the available scientific literaturfewas concluded that the problems
lie in the following items: The previous classis#dtistical methods used characteristics
that were mainly designed by researchers and rgicaple to all products; classifiers
are in most cases simpler structures, so therebmaymapping failure for more complex
features until the final identification result. Asdustrial machinery inspection systems
generally use multiple optical devices such as caséolor cameras, IR, spectral and
hyperspectral cameras, lasers, etc.), many stogiesthe last five years have raised the
idea that color camera cameras are used to detectclassify agricultural products
sufficient. This is where machine learning algarithand the latest developed field of
deep learning and convolutional neural networkseamo play. Although there are no
scientific papers directly related to the applioatiof machine learning algorithms to
color sorting and inspection machines in induspialduction, considerable research has
shown the potential of machine learning in fruispection and evaluation [12, 13],
vegetables, cereal quality [14], legumes, bruigeam®n and disease [15, 16] as well as
evaluation of the quality of finished food produ§is, 18], meat products [19] and in
combination with machine vision [20, 21]. In adadliti to this application, machine
learning algorithms have been successfully implegstkim combining menus, recipes,
diet recommendations [22], in predicting customehdvior, and similarly. Machine
learning is also an attractive approach to canagy detection. In the paper [23] an SVM
algorithm was used to identify objects in an ordharhen harvesting. The texture
parameters of the products from the selected regifrinterest were used. On the test,
accuracy was more than 86%, even on products thatad reach their full maturity and
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under different lighting conditions, which is oné the leading problems of image
analysis in this area. So the result is satisfgclor real-time and conditions needs with
respect to the four previously proposed work meshttht do not involve machine
learning. The combination of machine vision and rabwunetwork for real-time
classification of poultry parts is described in theper [19]. The machine has a capacity
of ~0.85 t/h which corresponds to the real industregdacity of the meat industry. The
accuracy of the proposed method was 94% at a maxiocanveyor speed of 0.2 m/s.
The authors agreed that deep neural networks wgiuddfar better results when it comes
to this issue.

The advancement of machine vision has been largahyributed by deep learning
algorithms. As this area is relatively young, agftigral applications are best described in
a review paper [24]. These networks are widely usegrimary agricultural production
and a detailed analysis of the application of deeming for fruit detection is presented
in [25]. Compared to the highly represented mod#l&lassical neural networks, the
application of deep neural networks in the indastprocessing of agricultural products
has not been found in recent literature. One ofntlaén directions for the entire field of
agriculture is the detection of plant diseaseshan farm / field itself. It could in some
future research be linked to disease detection athine inspection of agricultural
products in industrial plants. The quality of thweaf product depends on pre-harvesting
factors that play a far greater role. It is estedathat 80% of the quality of the harvested
fruit and vegetables is defined before the cragisoved from the field, and only 20% of
the quality is influenced after the harvesting éast[26]. A large number of studies on
the application of machine vision are related te tketection and evaluation of plant
diseases on the crop orchard itself. The detailppliGation of image processing
techniques for the detection and classificationiwéis plant diseases is described in [27].
In crop disease detection, the first research wilie use of high-performance
convolutional neural network was presented in thpep [28]. The paper [29] used deep
neural networks to recognize and classify maizegésa detect disease, and determine
plant growth rates, all to optimize production. Tmple model is capable of accurately
identifying healthy leaves, backgrounds, unheafilants, as well as mapping problem
areas on the farm. The average accuracy of thdtgesn the developed model was
99.58%. The paper [30] gives an overview of 23rddie papers, which include different
approaches of convolutional neural network and itecture in the challenges of
agricultural production, as well as practical résubf application of these. The
application of a convolutional neural network ire tidentification of missing sugar beet
vegetation in the field using drone imagery hasnbggecifically demonstrated in the
paper [30]. With such good classification resufilgnt treatment plans can be easily
formulated as soon as possible, send a signaletatitomated machine to implement
appropriate measures, or map the required plaatntents with GPS coordinates. These
results are far better than previously used imawgdyais techniques, and demonstrate the
ability of the model to accurately predict the treant solution, to make the soil equally
fertile, and therefore to optimize production.

The use of convolutional neural networks as a nsindetive technique for
classifying objects of interest in many agricultyseoducts has greatly beat the results of
traditional techniques [31]. Most authors agred tha successful implementation of a
convolutional neural network depends largely ondize of the set and the quality of the
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input data used to train the model, in terms ofaklity between classes and labeling
accuracy. Also, a small number of training sammlas lead to an underfitting model
[32]. However, recent research has shown enviagdelts on the smaller data sets
available. Emphasis has also been placed on ondiaktime detection applications,
which are one of the leading machine vision prolsle@ombining multiple machine and
deep learning algorithms, some of the leading #@lyos have been developed, such as
R-CNN [33, 34, 35] and Yolo [36, 37, 38] algorithnwhich have three versions each.
Yolo is most commonly used for real-time applicaicand unifies object localization
and classification into a regression problem. Ye®is good enough to detect small
objects too, but much research has yet to be dondetect agricultural products in
industrial processing plants. Previous researctherapplication of these algorithms has
focused directly on fields and orchards, with the af tracking the growth of yields and
guantities of vegetables and fruits. Analyzing plagers that applied convolutional neural
networks and Yolo algorithms, it can be concludeat the same models give satisfactory
results while considering different problems, ahattthere is a possibility of modifying
the models in order to improve the results. AltHotige main ideas of these algorithms
were devised relatively long ago, in the 1990sy theve been increasingly used over the
last five years, due to the far greater computioggr of collecting and processing data.
The full implementation of this type of detectiamdeclassification is only expected when
guantum computers for widespread use are emerging.

The following Tab. 1, presents a brief chronolopmeerview of the above methods
for digital image processing.

Table 1 Chronological representation of digital g@grocessing methods

Color and color space

RGB, CIE L*a*b*, HSV, HSI...

Statistical approach

Anova, PCA, PLSR...

NN (1943), (1981)

Neural Networks

SVM (1995)

Support Vector Machine

CNN (1990), (2012)

Convolutional Neural Network

R-CNN (2014)

Regions with CNN features

FAST R-CNN (2015)

Fast Regions with CNN features

FASTER R-CNN (2016)

Faster R-CNN: Towards Real-Time Object Detectiothwi
Region Proposal Networks

Yolo (2015)

You Only Look Once: Unified, Real-Time Object Ddten

Yolo 9000 (2016)

YOLO9000: Better, Faster, Stronger

Yolo v3 (2018)

YOLOvV3: An Incremental Improvement
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CONCLUSIONS

A system, such as machine inspection of agricdltymaducts in industrial
production, requires a new approach to the objecatecision-making on the acceptability
of compliant products. The future goal is to créamart factories” where autonomous
systems monitor physical processes and make desjsend the ultimate goal is to
increase productivity and efficiency through conitpetness in the global market. The
development of efficient algorithms, models andwafe for non-destructive inspection
of agricultural products is imperative in the creatof new technologies in the field of
agriculture and food industry.

Acknowledgement: This research was supported by the Serbian MinisifyScience and
Technological Development — projects “Research deadelopment of equipment and systems for
industrial production, storage and processing ofits and vegetables” (Project no. TR 35043).
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Abstract: Export of raspberries to the European Market riegsi controlled
application of agro-technology. Winter raspberryofgction is of major importance
for high and quality yield, which is why proper aqdality protection is necessary.
On small raspberry fields, application of phytopheceuticals is applied with
motorized knapsack sprayers. The high-level ofafsmotorized knapsack sprayers
results from its affordable price in comparisonttactor sprayers, bigger range than
non-motorized knapsack sprayers, as well as bigdficiency and effectiveness of
work. Farmers on the ground are not familiar wphoper handling of this tool,
which can result in various unwanted consequentks.aim of the research was to
establish optimum parameters of treatment whichuite speed of movement of the
applicator, the position of flow-rate dosing eleemhich is reflected in the quality
of protection and loss phytopharmaceuticals in foofdrift. The measurements
encompassed various speeds of movement of applaradovarious positions of flow-
rate dosing element. The testing of protection ipavas done with water-sensitive
papers, which were subsequently analyzed in the FRGBéftware. The loss of
phytopharmaceuticals (drift) was analyzed by ugiager towels. The average flow-
rate of the nozzle had significant statistical @éeins with respect to defined factory
norms. The processed measuring results indicatedpamum parameters of setting
of motorized knapsack sprayers are 1.20 km/h fer dheed of movement of the
applicator and position 3 for the flow-rate reguwat Sprayers with such set
parameters provided optimum plant coverage and menended consumption of
phytopharmaceuticals. The loss of phytopharmacaisti@rift) amounted to 84.48 %
of the overall amount used.

Key words: Motorized knapsack sprayer, raspberry, phytophamndcals,
plant protection, water sensitive paper.
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1. INTRODUCTION

In Bosnia and Herzegovina is a great representaticsmall agricultural raspberry
producers, which raise the plantations on the sariaf 1000-2000 # For raspberry
protection, the most represented are motorized da@dpsprayers. Their representation
increases due to a more acceptable price, congermiather machines for application of
phytopharmaceuticals (in future text FFS), increasenge compared to back sprayers,
faster and more efficient work. The advantage @fpeack sprayers compared to normal
sprinklers is that it reduces the expenditure db & five times compared to the normal
sprinklers, reduced fuel consumption, higher spafetteatment, knapsack sprayers are
lighter than normal sprayers and less compactedhand simpler pumps, because the
distribution of FFS is made by air current [Winter raspberry protection is of major
importance for high and quality yield and it is bgg with preparations based on copper
and mineral oil. Winter raspberry protection is leggp before bud swelling for
extermination Byturus tomentosus, Agrilus rubicola, Aphis idaedboG Didymella
applanata Saccetc [2]. To make the protection successful, itnecessary to pay
attention to the proper settings, correctness, amsepatible and modern devices for
application of FFS. Allowing the production of hisafood, environmental protection and
to reduce production costs, it is necessary toigeoa controlled application of FFS, and
that is only possible with properly working and wdpble sprinklers [3]. The properly
performed calibration is one of the most importprérequisites for an effective FFS
application [4]. Often agricultural producers irtground aren’t familiar with the proper
device handling, which could result in different wanted consequences. The
consequences are reflected in the application gheni or lower doses than the
recommended, higher concentrations of active sobet harmful influence on the
environment and the health of the applicator (tpeayer operator). Also, improper
handling of the device results in higher monetaxpemses, which can significantly
increase costs of raspberry production. For thegng settings of knapsack sprayer
farmers needs to adhere to certain rules. Those tarenderstand potential dangers for
environment and personal health, to use propeegtive equipment, to use the correct
and configured device for the FFS application angdssess the necessary knowledge to
treat different plant species. The huge savingsratection could be achieved by short
training of farmers in the field and thus avoidithg unnecessary scattering of FFS [5].
Considering the listed problems, the aim of thec@esh was to establish optimum
parameters of treatment which include speed of mewve of the applicator, the position
of flow-rate dosing element, which is reflectedtve quality of protection and loss FFS
in form of drift.

2. MATERIAL AND METHODS

The experimental part of the research worked oregxgntal polygon at Butmir
within Faculty of Agriculture and Food SciencesSarajevo, where are located multiple
plots of different raspberry cultivars. Raspbernjtivar namedwillametteselected for
the experiment. The application of FFS performethvai motorized knapsack sprayer,
modelStihl SR 420Analysis of the quality of protection and plamverage with FFS
performed with water-sensitive papers. The amofif=& which are holding back on the
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plant was determined by the mass method of keptdrHSaper towel. The test conducted
in three separate parts. In the first part, thaéaden of the nozzle flow checked against
the factory standard, which ranges from 0.12 I/monl1.81 I/min. The second part
included testing the application of the FFS in ¢hdifferent speed modes of applicator
movement (0.72 km/h, 1.20 km/h and 1.66 km/h) dwee different positions of the
flow-rate element (positions 2, 3 and 4). During thsearch strictly adhered to a constant
distance from the treatment object of 1 meter #achtangle of treatment of 45 degrees.
The third part consisted of data processing in Wwiiater-sensitive papers processed by
a digital method of recording, format of water-séws papers were 26x76 mm, an then
analyzed by a computer image analysis software d&idP on anASUS VivoBook
S15notebook model. Digital recording performed alfiaral lighting and distance of 10
cm from the subject. The photos taken with a psiesl digital camera, using a camera
tripod. The digital photos had a resolution of 38876 pixels and saved in JPEG
format. For analysis iGGIMP software, each photo cut into a 2400x700 pixelsgiendn
the applied mass method, used dry towel paper,rdifoes 92x119 mm, which weighed
before and after the FFS treatment and the obtanesdlts converted into exact
indicators of the retained FFS, which kept on thenpsurface. Besides the mass and
digital methods, still used: treatment area deteatn method, calculation and
statistical methods. Because of the need to deterthie total area of treatment, the used
method included measuring the height, width andbbemof last year’s raspberry shoots.
The results processed BM SPSS Statistics v2@hich intended for statistical analyses,
and as part of that used T-test, two-factors ANOatfd Tukey testMicrosoft Office
2019 used for the spreadsheet view and graphical prasem of the results. During
research used equipment like: motorized knapsa@yspmodel Stihl SR 420, complete
protective equipment, digital scale, professiongital camera, tripod, caliper, meter,
stopwatch and markers.

3. RESULTSAND DISCUSSION

The first step was to check deviation the flow-ratehe nozzle against the factory
standards. All 6 flow-rate dosing element posititested and the results shown in Table
1.

Table 1 Flow of six different positions of the flenate dosing element (ml/min)

Position 1 Position 2 Position B Position 4 Posith Position 6
X +Sd 200+7.9 600+15.8| 1300+93.6 1850+68.4 2122+53.1 2216
Factory 120 440 860 1270 1580 1810
standards
Deviation of
factory 80* 160* 440* 580* 542* 406*
standards
Percentage o o 0 o 0 0
deviation 40% 27% 34% 31% 26% 18%

* statistically significant deviation with significee level of 0.05
Sd - standard deviationx - average value

l-137



Omerovt et al.

Table 1. shows that the flow ranged from 200 to&&1/min. Compared to factory
standards, deviations observed from 80 to 580 ml|/mvhich is from 18 to 40 %. The
smallest deviation observed at position 6 of tlevftate dosing element (18 %), while
the largest deviation observed at position 1 (40l deviations at all 6 positions of the
flow-rate dosing element were statistically sigrafit relative to the factory standards
(sig<0.05). According to European Standard EN 13788 nozzle considered correct
until the flow-rate increased by more than 15 % pared to the factory standard [6].
When checking the nozzle flow deviation, all sixsjions of the flow-rate dosing
element had a deviation of more than 15 % fromfaleeory standards, which considered
a significant deviation for the correct nozzles.

In winter raspberry protection, it should be coesidl that it is often done before
tying the raspberry shoots. This means that thetshwere still laid and free standing.
Based on this, it is very important to determine &lctual amount of FFS that will retain
at the raspberry shoots and achieve its goal. Risr reason, accessed to raspberry
treatment with all combinations of applicator speéanovement and positions of flow-
rate dosing element, with paper towels placed ésite rows. Paper towels weighed
before and after treatment and the results showialre 2.

Table 2 The amount of FFS retained on the surfhegpaper towel of 109,25 énfg)

Positions of flow-
rate dosing 0.72 km/h 1.20 km/h 1.66 km/h
element/Speed of
movement
Moistened | Only Moistened Only Moistened | Only
paper (9) | FFS(g) | paper(g) | FFS(g) | paper(g) | FFS (g)
Position 2 1.54+0.05 0.38 1.44+0.06 0.2§ 1.38+0.p8 0.22
Position 3 1.70+0.07 0.54 1.60+0.0F 0.44 1.54+0.p5 0.38
Position 4 1.98+0.05 0.82 1.88+0.08 0.72 1.78+0.p4 0.62
Mass of blank pape 1.16+0,05
towel

From Table 2., it can conclude that the amountetdined FFS on paper towel is in
interval 0.22-0.82 g per surface of a paper toWwké smallest amount spent at applicator
speed of movement of 1.66 km/h and at positionf the flow-rate dosing element (0.22
g or 0.22 ml), while the largest amount spent atliagtor speed of movement of 0.72
km/h and at position 4 of the flow-rate dosing ed&in(0.82 g or 0.82 ml). The results
form tab 2. are graphically represented by Figure 1
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Fig. 1 Graphic presentation of the amouhES8 per surface of paper towel of 109,2%cm

Two-factors analysis of variance (ANOVA) did notosh statistically significant
effect of the interaction of applicator speed ofverment and position of the flow-rate
dosing element on amount of FFS retained on treatefthce (sig=0.958). However,
mentioned test showed a statistically significaffeat of separate factors, applicator
speed of movement and position of the flow-ratérdpslement (sig<0.05). The mention
impacts can be clearly seen in Figure 1., whererdgucing applicator speed of
movement, the amount of retained FFS increasedcandersely. Also, by reducing the
position of the flow-rate dosing element, the antooh retained FFS reduced and
conversely. According to obtained results, it sogbossible to obtain the amount of FFS
spent to treat 1 meter of row length. The averdg® Eonsumption per 1 meter of row
length, relative to applicator speed of movement position of the flow-rate dosing
element, shown in Table 3.

Table 3 Average consumption of FFS per 1 meteagpberry row length (ml)

Positions of flow-rate
dosing element/Speed of 0.72 km/h 1.20 km/h 1.66 km/h
movement
Position 2 69.57 51.26 40.27
Position 3 98.86 80.55 69.57
Position ¢ 150.1: 131.8: 113.5(

From Table 3., it can see that the consumption ks fper 1 meter of row length
ranges from 40.27 to 150.11 ml/m. The lowest conqgion achieved at applicator speed
of movement of 1.66 km/h and at position 2 of tlewvfrate dosing element (40.27
ml/m), while at applicator speed of movement o20k/h and at position 4 of the flow-
rate dosing element results in the highest consommif FFS (150.11 ml). Based on
obtained results, it can clearly conclude that #pplicator speed of movement and
position of the flow-rate dosing element, play gngficant role in the consumption of
FFS. The difference in consumption of FFS at theeki speed and the lowest tested
position of flow-rate dosing element, versus thghkst speed and the highest tested
position of flow-rate dosing element, is over 110/mm of FFS. Based on these
parameters, farmers can significantly save on RitGa the same time preserving the

-139



Omerovt et al.

environment. If these results linked to the tomhsumption of FFS per unit area, then it
is very important to take care of planting distasoel about the height of raspberry
shoots. The raspberry plantations are usually base®.5 and 2.8 meters planting
distances. Accordingly, the total treated area laints has changed, so at planting
distance of 2.5 m treated area is larger than 2.8able 4., shows the total consumption
of FFS per 1000 fof planting area at both planting distances.

Table 4 Total consumption of FFS per 1000 af planting area at planting distance of
2.5and 2.8 m (l)

Positions of flow-
rate dosing 0.72km/h 1.20 kmvh 1.66 kmvh
element/Speed o
movement
Planting distance| 2.5 m 2.8m 25m 2.8m 25m 2.8m
(m)
Position 2 36.513 31.949 26.906 23.541 21.13p 83.4P
Position 3 51.887 45.401 42.278 36.998 36.51B .04
Position 4 78.792 68.943 69.183 60.53b 59.574 52.1p

From Table 4., the smallest amount of FFS for tneatt of raspberry plantations area
of 1000 m2 consumed at the highest applicator spéedovement (1.66 km/h) and at
position 2 of flow-rate dosing element (12.139rteised for planting distance of 2.5 m
and for 2.8 m spent 18.496 liters). The highest wmhoof FFS for treating same
plantations area, consumed at the slowest applisped of movement (0.72 km/h) and
at position 4 of flow-rate dosing element (78.78@r$ used for planting distance of 2.5
m and for 2.8 m spent 68.943 liters). Dependinglamting distances, variations in the
amount of FFS consumed range from 2.643 to 9.8d&liFrom this, it can conclude that
at a smaller planting distance, a larger amourk$ consumed, and deviations from a
lager planting distance can be up to 9.849 I/10@Q0 @ften, the recommended dose for
winter raspberry treatment is between 40 and F0s/it000 i From Tab 4., it can
conclude that optimal applicator speed of movereft72 km/h or 1.20 km/h and using
position 3 of flow-rate dosing element. At theséuea of parameters, the recommended
dose for winter raspberry treatment achieved.

To determine the actual amount of FFS retainedhsplrerry shoots, it is necessary to
determine total area of raspberry shoots in the totated area. Counting, measuring the
height, width and surface of last year's raspbshyots performed for these purposes.
Table 5., shows the results of the mentioned paemaith the average values, standard
deviations, minimum and maximum values.

Table 5 Average height, width, surface and numbeaspberry shoots

Height of shoots | Width of shoots | Surface of shoots| Number of
(cm) (cm) (cr?) shoots (1m
row length
X +Sd 131.22+27.54 1.012+0.20 135.792+49.78 15.03+3.849
Minimum 15 0.60 16.50 10
Maximurr 17¢ 1.5C 243 27
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At the time of research this problem and from Tdhleaverage height of raspberry
shoots was 131.22 + 27.54 cm, average width wak21+00.20 cm, average surface of a
shoot was 135.792 + 49.78 cm2 and average numbshagts per 1 meter row length
was 15.03 + 3.89. The height of shoots ranged ft&mo 179 cm, width from 0.60 to
1.50 cm, surface from 16.5 to 243 Tand shoots number from 10 to 27. According to
research by many authors, average shoot heigtgually to 2 meters, but it should in
mind that the study included treatment immediatfter the hibernation of plants, so
average shoots height is much lower than indichtgght. The presence of shoots based
on the surface was also examined, where resultseshthat the largest distribution of
raspberry shoots had a surface between 100-150venich is 40 % of the total tested,
while only 2 % of shoots had a surface below 58.cdrhe average number of shoots per
1 meter of row length is 7 to 8 for Willamette respry cultivar [7]. However, it should
in mind that winter raspberry treatment done befeheots tied up and before winter
pruning done. Considering this information, suckam@e number of shoots per meter
(15.03) is nevertheless relevant information aral cendition of raspberry plantations.
Based on these results, at a planting distance5ofn2between rows, the plantation area
of 1000 ni represents 800 m of length of treated raspberrysriogcause the treatment
carried out on both sides of the row. At plantingtahce of 2.8 m between rows, the
plantation area of 1000%mepresents 700 m of length of treated raspbemg.r8ased on
length of the treated row in the total plantingeaasd average height of raspberry shoots,
information of total treated area can be obtair&da planting distance of 2.5 m, total
treated raspberry area is 1049.76 and at a planting distance of 2.8 m, it is 918 m
Based on mentioned values, it can conclude thatsahaller planting distance, the total
treated area is larger than at larger plantingadist by average value of 131.22%cm
which results in a higher amount of FFS total spBaised on results presented earlier,
Table 6. shows the amount of FFS that reachesriget and holds on raspberry shoots
and loss of FFS during the drift.

Table 6 Amount of FFS retained on treated rasplsropts and loss during the drift

Planting distance Total treated area Area occupied byy The amount of | The amount of
(m) (m?) raspberry shoots| FFS retained orf FFS lost during

(m?) the plant (%) the drift (%)

25 1049.76 162.95 15.52 84.48

2.8 918.54 142.58 15.52 84.48

From Table 6., it can see that area occupied kpbeasy shoots in total treated area,
at planting distance of 2.5 m is 162.95and at planting distance of 2.8 m is 142.58 m
Obtained results show that only 15.52 % of thel toémted area occupied by raspberry
shoots and others 84.48 % is empty space. Bas#dspronly 15.52 % of the total spent
FFS reaches its target and hold on raspberry shobtte the rest of FFS lost in the drift.
This information calls into question the use of anizted knapsack sprayer for winter
raspberry protection because it achieves enormé&s I6ses. This information is very
important for all farmers because they must take of the amount of FFS which they
will spend to provide the best quality protectigecording to conclusion that only a
certain amount of FFS retained on raspberry starudsa large part lost, there is a need to
test the mentioned quantities depending on plardiegnces. Table 7. shows quantities
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of FFS retained on raspberry shoots in relatioplamting distances, applicator speed of
movement and positions of flow-rate dosing element.

Table 7 The amount of FFS retained on raspberrgtshzer 1000 mof plantation area at
both planting distances (liters)

Positions of flow-
rate dosing 0.72km/h 1.20 km/h 1.66 km/h
element/Speed of
movement
Planting distance 25m 2.8m 25m 28m 25m 2.8
(m)
Position 2 5.678 4.968 4.184 3.661 3.287 2.876
Position 3 8.068 7.060 6.574 5.752 5.678 4.968
Position 4 12.252 10.721 10.758 9.41 9.234 8.106

Based on Table 7., it can conclude that the smadlemunt of FFS retained on
raspberry shoots at the highest applicator speeaiafement (1.66 km/h) and at the
position 2 of flow-rate dosing element (for a fiag distance of 2.5 m it is 3.287 liters
of the total spent of 21.139 liters, and for a filedistance of 2.8 m is 2.876 liters of the
total spent of 18.496 liters). The maximum amounElS retained on raspberry shoots
at the slowest applicator speed of movement (0.Ahkand at the position 4 of flow-rate
dosing element (for a planting distance of 2.5 g i12.252 liters of the total spent of
78.792 liters, and for a planting distance of 2.& is 10.721 liters of the total spent of
68,943 liters). Drift is one of the biggest probkem plant protection because it reduces
the amount of FFS which needs to reach the platsiteirthe same time it pollutes the
human environment [3]. Considering the importane rof drift in application of FFS,
Table 8. shows the quantities of FFS lost in tkattnent of raspberries in relation to the
planting distance, applicator speed of movement pasition of flow-rate dosing
element.

Table 8 The amount of FFS lost on raspberry shpets1000 rf of plantation area at
both planting distances (liters)

Positions of flow-
rate dosing 0.72km/h 1.20 kmvh 1.66 km/h
element/Speed o
movement
Planting distance| 2.5 m 2.8m 25m 2.8m 25m 2.8 m
(m)
Position 2 30.835 26.981 22.720 19.880 17.85p 16.6p
Position 3 43.819 38.341 35.703 31.241 30.83p 26.98
Position 4 66.540 58.222 58.425 51.12p 50.31p 44.0p

Based on Table 8., it can conclude that the snia®sunt of FFS lost at the highest
applicator speed of movement (1.66 km/h) and aitipns2 of flow-rate dosing element
(for planting distance of 2.5 m is 17.852 liters2df139 liters total consumption, and for
planting distance 2.8 m is 15,620 liters of 18,488s total consumption). The highest
amount of FFS lost at the slowest applicator spafechovement (0.72 km/h) and at
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position 4 of flow-rate dosing element (for plagtidistance of 2.5 m is 66.540 liters of
78.792 liters total consumption, and for plantingtahce 2.8 m is 58.222 liters of 68.943
liters total consumption). The protection qualifyfruit crops depends largely on size of
droplets and their distribution per plant. Knapsspkayers are machines that additionally
break down droplets by air current to make themlisa® possible, unlike normal
sprayers, where droplets size conditioned by tloécehof the nozzle. This feature is very
important for the protection quality of plants. dsknapsack sprayer has a flow-rate
dosing element with six different positions. Atfdient positions of flow-rate dosing
element, different sized droplets should come Batcheck it out, we used positions 2, 3
and 4 on flow-rate dosing element and three diffeegpplicator speeds of movement.
Water-sensitive papers placed in the rows of rasigseand droplets diameter measured
using GIMP software by analyzing digital photoswedter-sensitive papers. The digital
measurement method can consider a reliable andusanin measuring the FFS
application [8]. According to their research, themas no statistically significant
difference in results of droplet size measureméntshe digital method opposite the
microscopic method. Accordingly to the importanéelmplets sizes, is necessary to give
a representation of droplets distribution at déferpositions of flow-rate dosing element
and applicator speed of movement. For these puspaseplets classified according to
their diameter into: very small (1), small (II), aiem (IIl), large (V) and very large (V)
droplets. Based on this classification, Table 9vegi an overview of droplets
representation in relation to two tested factors.

Table 9 Droplets representation in regard to th&tjpm of flow-rate dosing element and
applicator speed of movement

Position 2 Position 3 Position 4
Size Representation| Size Representation| Size Representation

(%) (%) (%)
I 30 | 0 | 0
0,72 Il 37 Il 17 Il 3
km/h 1T 23 1T 50 I 33
\Y 3 \Y 27 \Y 40

\Y 7 \ 6 \ 24
I 20 | 0 | 0
1,20 I 77 Il 37 Il 3
km/h 11 3 11 40 1l 24
[\ 0 [\ 23 \Y 33

\Y 0 \ 0 \ 40
I 33 | 0 | 0

1,66 Il 33 1 40 1l 23
km/h 11 4 11 60 1l 63
\Y 0 \Y 0 \Y 14
\Y 0 \Y 0 \Y 0

From the attached Table 9., it can conclude thagtosition 2 of flow-rate dosing
element the most represented are very small and dnaplets, at position 3 the most
represented are small and medium droplets, whifsition 4 the most represented are
medium and large droplets. Based on this, it recenttad to use positions 2 and 3 on
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flow-rate dosing element and position 4 only foedfic FFS. When applying contact
FFS, it is important to cover the largest poss#ldace of plant and use fine and medium
droplets and for application systemic FFS, do maojuire complete plant cover and it
recommended medium and large droplets to use [8towling to the results of this
study, it recommended to use position 3 for coni&€®s and position 4 on flow-rate
dosing element for systemic FFS. One of the mogomant features of good crop
protection is coverage of the treated surface of.FW/ith small droplets and good
distribution throughout plant, achieved optimal nilacoverage and best quality
protection. Practice has shown that the use ofdaxdpsprayers results in better coverage
and smaller droplets, which is not case with usiogmal sprayers. For the purpose of
coverage analyzing surface coverage by FFS, arthl¢iggtal photos of water-sensitive
papers byGIMP software and coverage results expressed as anpagee which shown
in Table 10.

Table 10 Coverage of water-sensitive papers atréifft positions of the flow-rate dosing
element and applicator speed of movement (%)

Speed Position 2 (%) Position 3 (%) Position 4 (%)
0.72 km/h 16.45 46.37 50.80
1.20 km/h 15.83 32.28 54.40
1.66 km/h 9.81 38.94 43.03

From Table 10., it can see that the lowest pergentoverage of water-sensitive
papers, is when using position 2 of flow-rate dgs#hement and it ranges from 9.81 to
16.45 % depending on applicator speed of movemEm. percentage of the highest
coverage of water-sensitive papers is when usirsifipo 4 and it ranges from 43.03 to
54.40 %. When it uses position 3 of the flow-ratsidg element, coverage ranges from
32.28 to 46.37 %. A coverage of 20 % of plant szefés the minimum for effective
protection, and a coverage of over 70 % is thenopth protection [10]. However, for
good protection, it can not only look at percentageerage, but it must look at the size
of droplets and compare the water-sensitive papéhsstandard for protection quality.
By comparing digital photos of water-sensitive gapwith pictures of standard for
protection quality, and based on recommended dosevinter protection, the water-
sensitive paper, which results from use of positsoof flow-rate dosing element and
applicator speed of movement of 1.20 km/h giveshbst coverage. Also, percentage
coverage was 32.28 % at mentioned conditions. Basel analyzed parameters, which
determines coverage of water-sensitive papers aalbityof protection in general, it can
conclude that optimal applicator speed of movengt20 km/h and optimal position 3
of flow-rate dosing element. In this way, it wilbply the recommended dose of FFS for
winter raspberry protection and small and mediumpldits and will achieve optimal
plant coverage.
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4. CONCLUSIONS

Testing the optimal parameters of setting of matmiknapsack sprayer, analyzing
and comparing results with literature data, théofeing conclusions have been reached:

()

The average flow deviation, at all six positionglofv-rate dosing element from
factory standards, ranges from 80 ml/min to 580mim/ which is in range of
18-40 %. This indicates mandatory testing and adhjest of both, new and used
sprayers.

Applicator speed of movement adjusts to the flote-ief the nozzle. The flow-
rate of the nozzle should accord by type of cropativer and climatic factors
and type of phytopharmaceuticals. For winter ragglgrotection, the optimum
applicator speed of movement was 1.20 km/h, withzleo flow-rate of 860
ml/min. This adjustment is optimal for raspberryg¢ up to 2m, with 80.55 ml
phytopharmaceuticals consumed per meter of raspbew. The optimum
consumption of phytopharmaceuticals for a 2.5 nmtptg distance was 42.28
1/1000 nt, and for a planting distance of 2.8 m was 36.9000 .

Optimal consumption of phytopharmaceuticals per01®& of the surface
requires calculation of treatment area. The totaheof raspberry shoots in
plantation, at a planting distance of 2.5 m, wa2.9% n%, on plantation area of
1000 ni. The surface of shoots at planting distance ofr2.&as 142.85 f
Tested raspberry shoots occupy only 15.52 % ofrdated area.
Phytopharmaceuticals consumption is correlated vétplicator speed of
movement and position of flow-rate dosing elemémtreasing speed by 0.46
km/h reduces phytopharmaceuticals consumption 6 9/1000 M and
reducing the phytopharmaceuticals rate by 0.48 kndleases the consumption
by 9.61 /1000 i Reducing position of flow-rate dosing elementtfwsame
speed) to position 2, the consumption is reduce@i®$7 1/1000 rh Increasing
position of flow-rate dosing element to position 4ponsumption of
phytopharmaceuticals is increased by 26.9 /1080 m

A nozzle flow of 860 ml/min (position 3) and applior speed of movement of
1.20 km/h gave the optimal relationship of dropkte and plant coverage.
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Abstract: Modern grapevine production technology involvess ithplementation of various
technological operations, among which grapevineoliion has an important place.
Defoliation is an ampelotechnical measure of remg\a certain number of leaves from the
cluster zone. Removing the leaves changes the ctimede conditions of the grapevine
(light intensity, temperature, humidity, ventilatjp which affects the yield, structure of the
clusters and the quality of the grapes. Leaves x@ican be done manually, with chemical
agents (defoliants) and with the use of machindgh dévelopment of different technical
solutions and different designs of defoliation maek, the productivity of work today is
significantly increased compared to the manual remhof leaves, which is still dominant in
Serbia region. The technological parameters of grape plantations necessary for efficient
and rational application of defoliation machineslivde presented in this paper. Modern
technical solutions and basic operating parametsfrsnachines commonly used in practice
will also be presented in this paper.

Key words: grapevine, defoliation, technical solutions, wioigk parameters.

1.INTRODUCTION

The main goal of viticultural production is the guztion of high quality grapes with
the optimal amount and ratio of chemical componeggponsible for the quality of wine
(Sabbatini, 2015). Modern grape production techgwlanvolves the application of
various ampelotechnical measures which are morenam@ often implemented using
modern technical systems intended for certain djpgrm (Lanari, at al., 2013;
Clingeleffer, 2013; Morris, 2000; Morris, 2007).efliation represents one of the
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measures that occupies an important place in tgegporoduction technology (BeSlat
al., 2016). With mature pruning, leaving a certaimber of winter buds on the vine, it is
not possible to fully balance the formation of vagige and generative organs (2), the
operations of green pruning and defoliation areliagpas supplementary measures.
Defoliation represents the removal of a certain bemof leaves from the zone of
bunches. The removal of leaves changes the mioratdi conditions of the grapevine
(light intensity, temperature, moisture, ventilajiowhich influences the yield, bunch
structure and grape quality (Noyce et al., 2016tsKodis at al., 2012; Beé|i at al.,
2018; Almanza, at al., 2011).

The removal of leaves can be done manually, witmébal agents (defoliants) and
with the use of machines. Thanks to the developnaemt refinement of different
technical solutions, various constructions of defan machines are increasingly used in
practice today, which significantly increases tharkvproductivity in relation to manual
removal of leaves, which is still dominant in owgions. Modern defoliation device
constructions can be applied from the phase of flmeering until just before grape
harvesting without the risk of damage to the pland fruit. Given that modern
technology of grape production involves defoliatias obligatory ampelotechnical
measure, the procurement and use of machines fdormeng this operation is
increasingly economically justified.

2. TECHNICAL SYSTEMSAPPLIED INVINE DEFOLIATION

Today, in practice, one can encounter various coctsbns of devices intended to
perform vine defoliation. These devices appear telaments that are aggregated on
standard tractors from which they are driven fag thork of working elements. The
devices for removal of leaves can be aggregated ftee front (figure 1a) or from the
rear side of the tractor (figure 1b). There areo dlschnical solutions which can be
installed on self-propelled machines which are i@plpin pruning, protection, harvesting
and other operations in grape production (figufe 1c

Mechanical removal of leaves from the zone of beschby applying modern
technical systems, can be performed in various er@ni®©ne group of technical systems
uses low-pressure compressed air which is preciisdgted to the zone where the leaf
mass is to be removed. The device is aggregatestardard tractor which, through
hydraulic system and connecting shaft, enables iwgrland control of the working
organs of the device. Connecting shaft of tractored the compressor which enables the
compression of air intended for the removal of leafss. The compressor is mounted on
the rear of tractor and through elastic lines casaped air reaches working head which
can be mounted on the front or rear part fig. 2pdrdulic system of tractor, performs
positioning and control (adjusting) of the workifgad during the procedure of
defoliation. The device can have one, two or adamgumber of working heads thus
simultaneously performing defoliation in two rovig. f2a.
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Fig. 1 a) defoliation device aggregated from tlomfrof tractor; b) defoliation device
aggregated from the rear of tractor; c) defoliatiewice aggregated on self-propelled
machine

Fig. 2 a) device with a larger number of workingig; b) position of compressor and
working head mounted on the front of tractor
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During the process of removal of leaf mass, workiegd slides across the surface of
the rank in the zone in which defoliation is penfied. Inside the working head, there are
two rotors that carry nozzles through which comgedsair is passed through (fig. 3). The
outer side of working head is covered by stainksgl sheet with slits to protect the
rotors with nozzles from leaf mass and to enablebstiucted work of the rotors. By
alternating rapid pulsation of compressed air thhorotating nozzles, short and sharp air
currents are generated. The action of alternatinguwrents causes the leaves to be

Fig. 3 Working head of defoliation device

The carrier is designed to allow the rotation af thorking head and adaptation to
different growing forms and required technologiévioe production. By rotation of the
working head as shown in figure 4. the width of Waking zone in which defoliation is
performed can be adjusted. Changing the angleeoivtirking head as shown in figure 5.

enables the removal of leaf mass from the desioeé zvhich is the most suitable for the
given growing form and ampelotechnical measureisateapplied.

A. B. C.

11”7 20" kj 23-112”
o

Fig. 4 Positions of the working head dependinghenwidth of the working zone
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Fig. 5 Position of the working head in relatiorttie growing form

The newer technical solution is a defoliation dewwith vertically mounted pair of
rollers fig. 6. During operation, the rollers r@dh opposite directions whereby leaves
come into the space between rollers which grip taechcut them. One roller is made of
PVC material with embossed surface in order to robdhe effect of gripping the leaves.
The other roller is made of elastic material witke goal of increasing the friction on the
spot where the roller touches the vine leaf. Durvagk, the elastic roller vibrates and
enhances the procedure of cutting the leaves. dinéfigure 7) is mounted on the inside
of the rollers. During operation, the fan createsietion air stream which is directed into
the space between rollers. The task of the suetiostream is attracting vine leaves and
bringing them into the interspace between rolletsctv grip them and cut them. After
cutting, the fan air current blows the leaves duhe device. The drive of the rollers and
fan is made through hydro motor driven by hydraslistem of the tractor on which the
device is aggregated. The joint frame of telescopgie enables the adjustment of the
device to the form of rank and the zone in whicfolilgtion is performed.

-

. 'f 3 F = -

Fig. 6 Device for defoliation with vertical pair ofllers
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Fig. 7 The fan of defoliation device

The construction of defoliation device shown inufig 8 consists of vertically
mounted perforated drum and a rubber roller whiching) operation rotate in opposite
directions. The central part of the drum is coneéatith the fan which inside the drum
creates suction air current. Around the edge ofdhen there are openings through
which suction air current attracts leaves and glhem to the surface of the drum. Due to
the rotation of the drum, the attracted leavesbaogight into the interspace with rubber
roller which rotates in the direction opposite twtt of the drum. The rotation and
gripping of leaves by rubber roller result in cogfileaves. By further rotation, the edge of
the perforated drum enters the zone in which thigigcof the suction air current ceases,
which causes the removal and falling of separatadds from the surface of the drum to
the ground. The fan, perforated drum and rubbdenralre driven through hydro motor
driven by hydraulic system of tractor. The devisemounted on the joint carrier of
telescopic type which allows for the freedom of exment of the working part in all
directions and the application in different growiftyms of grapevine. This device has
the possibility of installation and application standard tractors and self-propelled
machines.

Fig. 8 Device for defoliation with perforated drum
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Fig. 9 Device for defoliation with perforated draggregated on the tractor from the
rear side

3. CONCLUSION

The removal of leaves from the zone of bunchesbeasme an increasingly popular
ampelotechnical measure which is regularly applegractice. The removal of certain
leaves significantly improves the brightness andtén of bunches, which contributes to
the better and higher quality ripening, lesser tmwaent of diseases and easier
performance of the operation of manual or machnage harvesting. In our country, the
procedure of defoliation is mostly done manuallpjeh is the consequence of the lack of
monetary funds for procurement of defoliation desicThe original technical solutions
of these devices did not satisfy necessary reqeintsrrelated to possible damage to the
very plant, which was another important reason #hawed down the introduction and
application of mechanical procedure of defoliationhe technology of grape production.
Recently, due to the lack and high price of workégmanufacturers increasingly opt for
procurement and application of various constructieoiutions that can perform
mechanical removal of leaves from desired zone tiheroreason for the introduction of
mechanical procedure of defoliation to practicehat modern technical systems can
realize great performance with satisfactory quatitywork and minimal possibility of
damage to the fruit and vine tree.

REFERENCES

1. Almanza, P.J., G. Fischer, P.A. Serrano, H.Hadera and J.A. Galvis. 2011. The effects of teafioval
and cluster thinning on yield and quality of grajfgis viniferalL., Riesling x Silvaner) in Corrales, Boyacé
(Colombia). Agronomia Colombiana 29(1): 48-59.

2. Beslt, Z., Stefanovi, D., Radovanoyi, B. (2018): Uticaj vremena defolijacije na vegifait prirast,
elemente prinosa i kvalitet grdet i vina sorte Kaberne sovinjon u Negotinskom vorpg Zbornik nagnih
radova XXXII Savetovanja agronoma, veterinara, tébga i agroekonomista, Vol. 24 (5): 75 — 85. Gagck
2018.

[-153



Zivkovi¢ et al.

3. Beslg, Z., Todt, S., Markové, N., Przé, Z. (2016): Influence of early basal leaf remoea yield
components and must quality on cv. Sauvignon bl&mmnals of the University of Craiova - Agriculture,
Montanology, Cadastre Series, Vol 46 (1): 31-35NS1841-8317.

4. Clingeleffer, P.R. (2013). Mechanization in aakan vineyards. Acta Hortic. 978, 169-177 DOI:
10.17660/ActaHortic. 2013.978.17

5. Kotseridis, Y., Georgiadou, A., Tikos, P., Kdilaka, S., Koundouras, S. (2012): Effects of sgvef post-
flowering leaf removal on berry growth and compiositof three red Vitis vinifera L. cultivars growmder
semiarid conditions. Journal of Agricultural ancbBdChemistry, 60, 6000-6010.

6. Lanari, V., Lattanzi, T., Borghesi, L., Silvesti, O. and Palliotti, A. (2013). Post-veraison imetical leaf
removal delays berry ripening on 'sangiovese' mutepulciano’ grapevines. Acta Hortic. 978, 323-33

7. Morris, J. R. 2000. Past, present, and futurérafyard mechanization. Proc. Amer Soc Enol&V&®' Ann
Mtg. Seattle. 51(5):155-164

8. Morris, J. R. 2007Development and Commercialization of a Completeeyard Mechanization System.
American Society for Horticultural science, Volume 17: Issue 4, 411-420,
https://doi.org/10.21273/HORTTECH.17.4.411.

9. Noyce, P.W., Steel, C.C., Harper, J.D.l., Wd®d.. (2016): The basis of defoliation effects oproaluctive
parameters in Vitis vinifera L. cv. Chardonnay lieshe latent bud. Am. J. Enol. Vitic. 67, 199-205

10. Sabbatini P. 2015. Early leaf removal: a tooldontrolling yield and improving quality of gragpgrown in
cool and wet climate. Ohio Grape and Wine ConfezeRebruary 16-17, Dublin (OH).

I-154



Nna
o A o '@\\Qﬁl S

conment,,

(B) Fe revfioone: & 8 % ISAE 2019
9}_ ; .’;} 5’ Belgrade; Sernbia;

/’”fa | E\\Q‘.\‘\ 31:October- 2:November2019

PREDICTION OF FRUIT FIRMNESS INVOLVING MODERN
COMPUTATIONAL TECHNIQUES
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Abstract: Firmness is an important component for determirtirg quality of any fruit.

In this study, the data obtained for different apphtegories were used. Once these
experimental data were validated, they were useddggendent variables for the
construction of a high predictive power model usihg QSPR (Quantitative Structure
Properties Relationships) technique. In order totaib the specified model, the
firmness values for the different categories ofleppvere correlated with the firmness
values for other fruit categories and with the Ygumodulus values. The obtained

model was statistically validated, obtaining dataaccordance with the experimental
data.

Key words: firmness, apple, fruits, QSPR technique, Youngutosd

1.INTRODUCTION

The firmness is one of the most important indicegarding the ripening and the
quality of the fruits and is used in various resbas in the field [1]. Maturity at harvest
can affect the firmness of some categories of appgBolden Delicious apples show a
decrease in firmness at a later harvest [2] whiteocultures (Starking Delicious) are not
affected by harvest time [3].

The maturity at harvest can also affect the spe&ld which apples are softened
during storage. For example, previously harvestegh@e Pippin apples from Cox have a
higher retention during storage than apples haedekdter [4]. Although the ethylene
production of apples is associated with increaseaturity, fruit firmness is not
necessarily linked to ethylene production [5].

Fruit firmness can be determined by destructive motdestructive methods. In the
destructive method, the amount of force requiregenetrate the apple flesh (skin and
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pericarp) and the deformation value can be recordedther way is to determine the
force required to deform the tissue at a certadtiadice or by determining the degree of
deformation for a given applied force [6]. This veadled a destructive method.

Techniques for nondestructive firmness and matwetysing of fruits and vegetables
have received much attention due to consumer exjpes for better quality and the
increased competition brought on by the globalmatf the fresh fruit and vegetable
trade [7].

2. MATERIALS AND METHODS

Firmness (peak force in N) was determined on faposite sides of the surface of each
fruit (equatorial region), using a TA-XT2i textu@nalyzer (Stable Micro System Ltd;
Godalming, Surrey, England). After that, two sli¢2snm thick) were obtained from opposite
sides of each fruit and dried (105 °C for 3 h) nmdep to gravimetrically determine the
moisture content. Finally, the remainder tissuenfitbe 20 apples was individually juiced
using a commercial juice extractor and TSS% wasctiyr measured in the obtained juice
using a Pal-1 hand refractometer (ATAGO, Co. IG$aka, Japan) [8].

The data obtained by J. J. Ornelas-Paz [8] werd faethis study. The firmness of
the apples from the Golden Delicious variety wagdemeined after several days,
obtaining the data presented in Table 1.

Table 1 Determining the firmness of Golden Delis@pples after 167 DAFB [8]

Days after bloom (DAFB) Firmness (N)
107 89.6
122 82.4
137 70.2
152 66.1
167 63.0

For the same category of apples, the values of §eumodulus of elasticity were
determined [9]. These values are presented in fable

Table 2 Determining the Young module of Golden €elis apples after 167 DAFB [9]

Days after bloom (DAFB) Young modulus (MPa)
107 2.3¢
122 2.2¢
137 2.25
152 2.10
167 2.09
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The values obtained in tables 1 and 2 were coeglasing computer techniques [10] and
in particular the QSPR (Quantitative Structure-Rrop Relationships) technique [11].
The following correlational model is obtained:

Firmness (N)

Y=94.87(+24.41)X — 135.4 (+54.01) 1)

T T T T T
2,10 2,15 2,20 2,25 2,30
Young modulus (MPa)

1
2,35

Fig. 1 The correlation Firmness vs. Young modulus

In order to validate the model presented in equoatidhe following statistical parameters
presented in Table 3 were obtained.

Tabelul 3 Statistical parameters for the validattbthe model presented in equation 1

R-Squar

Residual Sum of Squal

F Value:

0.778

84.78

15.09

3. CONCLUSIONS

The values of firmness of the Golden Delicious appand the values determined
experimentally for the Young module were used tdaimba statistically validated
correlational model that can be used to determihergarameters for various vegetables
as well as fruits. Because the obtained model fagistical significance, the experimental
data for obtaining the model have been taken fiwenspecialized literature according to
the quotations presented.
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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;
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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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5| ¢ g 5
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1 1 1.00| 1.00f 100 100 10p 0.8 1.00 100 08696 0.
2 2.2 0.66| 0.78/ 0.7 050 0.69 0.66 0.p5 0|86 0.64300
3 14 0.42| 0.76/ 0.7 0.61 0.82 0.8 1.00 0/,96 03794 0.
4 12.24 | 0.12| 039 049 O05p 0.61 0.38 O0f/5 07140361
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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
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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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Abstract. Moving tractors and mobile systems around the sesults in excessive

compaction, causing multiple negative consequenths. results of the influence of the
running mechanism of tractors and mobile systemshamges in soil compaction and cone
resistance at penetration at a depth of 0-35 crauinflower production are presented in the
paper. The resistance to cone penetration into sbié was measured on the track and
between the tracks of the tractor wheels and theilmgystems in the inner part of the parcel
and at headlands in the germinating and harvesgesaof sunflower, by the Eijkelkamp
pentrologer. Combining the possibilities accordihg given criteria, the results were

obtained based on which we used numerical intatfi and created eight topographic
maps showing penetration resistance in eight cheritic cases. The obtained results
indicate that at a depth of 0-5 cm in the sunflogerminating phase by 32.86% the soil
compaction was less between the tracks than irtréek of the tractor wheels, while at a
depth of 30-35 cm the compaction was less by 22.98%e harvest phase at 0-5 cm of
depth between the wheels the compaction was le$4%ythan in the track of the wheels of
tractors and mobile systems, while at 30-35 cm diféerence was 21.53%. Similar

differences in soil compaction were observed indter variants tested.

Key words: soil, penetration resistance, agricultural mechatian, sunflower.

1.INTRODUCTION

Beside of benefits that tractors and mobile systénrgy to plant production, pressing
soil leads to the forming the unfavorable condgidor the normal development and
fruition of plants, with permanent damage to thd, seduced yields and increased
production costs. Agricultural machinery has theagest impact on intensive soll
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compaction, with harvesting due to firefighting byoving mechanism and transport
being one of the main forms of degradation andésent in total degradation with 11%,
while in Europe the cause of degradation is 33ionilha of arable land [1, 10]. Soil is a
three-phase system whose compaction changes tleeofasolid, liquid and gaseous
phase to the detriment of gaseous and liquid pHz8e When designing a mathematical
model of soil compaction by a moving mechanismpastant change in soil moisture,
which has a significant impact on compaction, mhesttaken into consideration [21].
Movement of tractors and other mobile systems om ghound, especially in wet
conditions, results in permanent soil compactiohjcty, though difficult, can only be
resolved by basic tillage [17]. The negative conseges of compaction are multiple,
with an increase in the volume of the soil, whigads to greater resistance of the
machines to cultivation and resistance to the gnaftthe root system, which adopts less
water and food, which negatively affects the yi@d6, 11, 20]. Due to the lower turning
speeds and the large number of passages, soil ctiomp& more expressed at headlands
than the interior of the plots [9, 15]. Soil comfyac due to field machine wheel or track
action causes undesirable soil changes. This ecesly the case with the soil containing
a higher amount of clay. Soil compaction causese peolume decreasing, that
deteriorates internal air-water transfer and consetly plant growth and development
[8]. Up to a depth of 50 cm, soil compaction is eantense and water and nutrient
uptake difficult, with an increased risk of erosi@md energy consumption for cultivation
[2, 3, 4, 16, 23]. Compaction is particularly exgsed after the first passage of
mechanization along the wheel track so that at @hdef 24 cm, soil compaction is
higher by over 39% compared to a depth of 34 cm 4Z]. Applying lighter
mechanization can significantly reduce soil comipacand reduce energy consumption
[12]. At the beginning of the sunflower stem elotga phase, the average soll
compaction at a depth of 7-28 cm in the inner pathe plot was 1.29 MPa (max. 1.57
MPa), and at headlands 2.12 MPa cm (max. 2.39 MiPacrease of 63.96% [14]. The
same authors emphasize that in the sunflower hamgeghase, the average compaction
in the interior of the plot was 2.27 MPa (maximu®3MPa), and at gaps 2.95 MPa
(maximum 3.35 MPa), which is a difference of 30.084aring 5 years of research, it has
been shown that in sunflowers the average increfiseil compaction at headlands in
relation to the inner part of the plot is 23.01%tie germination phase and 28.43% in the
harvesting phase, and the decrease in yield dbebdlands by about 26% compared to
the inner part of the plot [18]. According to thresults reported by [19], soil compaction
at a depth of 7-28 cm after sunflower germinatiorthie inner part of the plot was 1.22
MPa, and at headlands 2.05 MPa, an increase 00%7.7The aim of the study was to
determine the influence of soil treading on charigene resistance at penetration at O-
35 cm depth in the production of sunflower.

2.MATERIAL AND METHODS

The impact of the moving mechanism of tractors mnodile systems on soil compaction
was examined during 2018. in the agro-ecologicahdidmns of central Serbia
(44°07'08.2 "N 20°50'25.1" E) on vertisol soil tygaring the production of NS Ronin
sunflower hybrids. The technological maps defire ¢tassic tillage with plowing as the
basic tillage, bearing in mind that it is the mairesented tillage system under the given
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conditions. Mobile systems were formed using adfucal machines represented in the
test conditions. During the compaction measurentéstload was not considered as a
particular consideration, having in mind that tleatact surface between the tire and the
wheel increases slightly with the load increaseaamal soil humidity. In the production
of sunflower, conventional agro technique was &gbland all the aggregates used were
aggregated with a tractor of 36.9 kW, weighing 245 with tires 7.50-20 (front) and
13.60-28 (rear). The rotation of tractors and n®kystems was carried out on a 10 m
wide recess on the plot adjacent by the road. Swefl harvest was done with ZMAJ 142
combine, weighing 6250 kg, with tires 18.40-26 fftjcand 7.50-16 (rear).

&

Google
Fig. 1 The satellite snapshot of the field of teearch

Soil compaction was measured with an Eijkelkampp&6trologer, 11.28 mm diameter
cone with an angle of 60°, in accordance with NEIM® a penetration rate of 2 cm3gc
according to ASAE S313.1. The actual soil moistwess measured by Theta probe and
was expressed in % vol of air-dry soil. Resistamm®rding was performed at a depth of
0-35 cm in the interior of the plot and at headk&(fdst criterion), between and along the
tracks of tractor wheels and mobile systems (secoritgrion), as well as in the
germination and harvest phase of sunflower (thiitgigon). This way, by combining two
possibilities within each of the three possibleecia, 2 = 8 typical cases were examined.
In each of these cases, the compaction measuremgsnperformed at depths of 5, 10,
15, 20, 25, 30 and 35 cm at 11 measuring pointsdistanced, so that 616 compaction
values were obtained (7 x 11 x 8) , on the basiwhi€h, using numerical interpolation,
eight topographic maps were created showing pei@traesistance in the above eight
characteristic cases. Measurement was conductebeirdirection tractor and mobile
systems was movememuring the germination phase of sunflower, the ageraoil
moisture in the interior of the plot was 24.82%aofdry, at a headland 26.14%, while at
the harvesting phase in the interior of the ploe tmoisture was 17.80% and at a
headland 16.43% of air-dry soil. The data obtainede processed using Penetroviewer
6.03 software and R-Statistics.
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3.RESULTSAND DISCUSSION

Figures 2-9 show the values of cone resistance wbemetrating the soil during

sunflower production according to the variantsddstThe obtained results show that
different values of cone resistance were measuaed, soil compaction generally

increased along the depths of the measurementshwtearly show brighter surfaces at
greater depths. Darker colored surfaces show lcavet brighter higher penetration
resistance values.

In the sunflower germination phase, less soil cartipa values were measured between
the tractor wheels and the mobile systems thahdnatheel track, both in the interior of

the plot and in the headlands. Based on the olatagmults, it is observed that the lowest
soil compaction was measured between the tracteelstand the mobile systems, at a
depth of 0-5 cm and amounted to 0.70 MPa, whileatleyrage compaction of 0.93 MPa
was measured on the track of the tractor wheelheatsame depth, which expressed
higher compaction by 32.86%.

0

Depth [cm]
~
Depth [cm]

Distance [m] Distance [m]

Fig. 2 Compaction of soil in the interior Fig. 3 Compaction of soil in the inner part
between the wheel tracks in phase by tracks of wheels in the phase of

sunflower germination [MPa] germination the sunflower [MPa]

Compactness of 1.42 MPa was measured betweerattiertwvheels in the interior of the
plot during the sunflower germination phase at atldeof 30-35 cm, while the soil
compaction was 22.53% higher along the wheel teauk averaged 1.74 MPa, which is
the highest value in this test variant. Similafefiénces in soil compaction were observed
at other depths of measurement in the sunflowemnigettion phase in the interior of the
plot for both variants examined (Figs. 2 and 3).

Higher values of soil compaction were measurectattands compared to the interior of
the plots, which was expected considering the losmged at turning and the large
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number of passages caused the compaction of theodm more expressed. The lowest
values of soil compaction in the sunflower gernmioratphase at gaps of 1.05 MPa were
measured between the wheels tracks of the traatasdepth of 0-5 cm, while the track
compaction was higher by 33.33% and amounted ® MEa. At a depth of 30-35 cm in

this test variant, the highest compaction was nredsalong the track of the tractor

wheels and averaged 2.84 MPa, while the compabgbween the wheel tracks was 2.40
MPa, which is a difference of 18.33% (Figs. 4 apd 5
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Fig. 4 Compaction of soil at headlands Fig. 5 Compaction of land on headlands
between wheel tracks in the germination by track of wheels in the germination
phase of sunflower [MPa] phase of sunflower [MPa]

Similar differences in soil compaction were observat other depths of
measurement at this stage of testing.

Comparing the soil compaction in the interior ok tplot and at headlands in the
germination phase of sunflower, it is observed thdhe interior of the plot at a depth of
0-5 cm the compaction of the soil between the trastheels was reduced by 50% (0.70
MPa interior, or 1.05 MPa headlands), while at ptidef 30-35 cm the difference was
69.01% (1.42 MPa inside the plot, or 2.40 MPa-tezad)l. In terms of the wheel track,

the compaction in the interior of the plot was 8045(0.93 and 1.40MPa) less in relation
to the headland, while it was 63.21% (1.74 intermr 2.84 MPa-headland) at 35 cm
(Figs. 2-5).

The results of cone resistance measurements showncaease in soil penetration

resistance in the sunflower harvesting phase coedp@arthe germination phase in all the
variants tested.

At a depth of 0-5 cm in the interior of the plotthts measurement stage, the lowest
compaction was measured between the tractor whesdk and amounted to 1 MPa
while along the wheel tracks was 1.14 MPa, whictkesaa difference of 14%. Between
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the tractor wheels at a depth of 30-35 cm, lowdrczmmpaction was also measured and
amounted to 2.09 MPa, while along the tractor witveelk compaction amounted to 2.54
MPa, which is a difference of 21.53% (Figs. 6-7).
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Fig. 6 Compaction of soil in the interior Fig. 7 Compaction of soil in the interior
between the wheel tracks in sunflower along the trace of wheels in sunflower
harvesting phase [MPa] harvesting phase [MPa]

In the sunflower harvesting phase, higher soil cactipn values were measured at the
headlands related to the interior of the plot. Bt the wheels of tractors and mobile
systems at a depth of 0-5 cm, soil compaction 8 MPa or 1.64 MPa per wheel track
was measured, which represents a difference 0626. At a depth of 30-35 cm between
the wheels, an average soil compaction of 2.75 M&ameasured, while the track of the
wheels at this depth measured the highest soil aotigm at all and averaged 3.54 MPa,
which is a difference of 28.72% (Figs. 8-9).

Comparing soil compaction in the interior of thetpghnd at headlands during the harvest
phase of sunflower, it is observed that in therinteof the plot at a depth of 0-5 cm the
soil compaction between the tractor wheels wasaediby 30% (1 MPa interior of the
plot, or 1.30 MPa-headlands), while at a depth®B8 cm, the difference was 33.50%
(2.09 MPa inland and 2.75 MPa-headland). Alonghtottace of the tractor wheels, the
compaction in the interior of the parcel was 46.4P244 and 1.64 MPa) lower in
relation to the headland, while it was 39.37% (2a6d 3.54 MPa) while at 30-35 cm was
lower by 39.37% (2.54 and 3.54 MPa) (Figs. 6-9).

During the harvest phase of sunflower, the aversmje moisture in the inland was
17.80% and at the headland 16.43%.

The results obtained show that the running mechamif tractors and mobile systems
significantly influences soil compaction and adeechanges, with compaction being
more pronounced in trace than between trace whdetsmactors and mobile systems,
which coincides with results reported by other atghj7, 8, 17, 22].
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Fig. 8 Soil compaction at headlands Fig. 9 Soil compaction at headlands
between the wheel tracks in the sunflower along the track of the wheels at the
harvest phase [MPa] sunflower harvesting phase [MPa].

Due to the slower turning speeds and the large Burabpassages, soil compaction is
more pronounced at headlands than the interionefarcels, both between the track of
the tractor wheels and the mobile systems at alfjest of testing. Soil compaction
increases with depth of measurement. Similar resalé reported by other authors in
their studies [2, 3, 4, 9, 14, 15, 16, 18].

4, CONCLUSION

Based on the results obtained, it can be conclutiatl soil compaction generally
increased with depths of measurement across albntar tested during sunflower
production. Lower soil compaction values were meadbetween tractor wheels and
mobile systems than compaction along wheel tradghét values of soil compaction
were measured at headlands compared to the intdribie parcel, which was expected
given that due to the lower turning speeds andtdube large number of passages, soll
compaction was more expressed.

In the sunflower germination phase between tragtbeels and mobile systems, soil
compaction in the interior of the plot at a depth0Oe5 cm was reduced by 32.86%
compared to compaction along the wheel track, wailen depth of 30-35 cm it was
reduced by 22.53%. At the headland, the compadi®tmween the tractor wheels at a
depth of 0-5 cm in the sunflower germination phdsereased by 33.33% compared to
the compaction along the wheel track, while at 3&® the difference was 18.33%.
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Comparing soil compaction in the interior of therqgeh and at the headlands in the
emergence phase of sunflower, it can be concludgidhietween the tractor wheels at a
depth of 0-5 cm it was 50% lower in the interiomgzared to the headlands, while at a
depth of 30- 35cm, the difference was 69.01%. Alttreggwheel tracks, the compaction in
the interior of the plot was 50.54% lower thantie headland, while it was 63.21% lower
at 30-35 cm.

In the sunflower harvest phase, higher resistanamhe penetration at soil penetration
was measured related to the emergence phasevafrialhts tested, and differences in soil
compaction were reduced. At 0-5 cm of depth betwkerwheels, the compaction in the
interior of the plot was 14% lower than the comacper track, while at 30-35 cm the
difference was 21.53%. At recesses between thelsvbé&actors and mobile systems at
a depth of 0-5 cm in the sunflower harvesting phasé compaction was reduced by
26.15% compared to compaction by the wheel tratklewat 30-35 cm compaction was
reduced by 28.72%.

The soil compaction between the wheels of the mabjstems in the interior of the plot

in relation to the headland in the phase of suréloharvest at the depth of 0-5 cm was
reduced by 30%, while at the depth of 30-35 cmdifference was 33.50%. Along the

track of the wheels of tractors and mobile systeims,compaction in the interior of the

plot was reduced by 46.42% in relation to the hezadil and by 39.37% at the depth of
30-35cm..
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Abstract: The aim of this study was to determine the actw#nt of weed damage in
corn fields and to suggest the most efficient @dmrethods for corn producers in the
Adana region. A total of 36 growers in the Adanancproducing districts (Imamoglu,
Kozan and Ceyhan) were individually interviewedttie year of 2018. The survey
included 30 questions aimed to determine the extemteed damage and their control
methods. Results of the survey exhibited thateiytajority of growers have been using
certified seed, ii) less fertilizer usage in corroguction areas, iii) in general, the
growers care the cleaning of tillage equipmen), d@ii least, the half of the growers do
not recognize the weeds in corn areas, iv) thelyimbse due to weeds is moderate, and
the weeds are more damaging when they are in estdges in corn areas, V) the
majority of the growers have been preferred chehtoatrol methods against weeds.
The present findings represent important findinggarding the infestation of weeds in
corn areas due to lack of knowledge and phytosaniteeasures.

Key Words: Corn, weeds, Zea mays, survey, Turkey.

1.INTRODUCTION

The corn Zea maysL.) a member of the Poaceae family, is a cereaingr
originating from southern America. Maize is widelyitivated throughout the world, and
a greater weight of maize is produced each yeardhg other grain (Anonymous, 2013
Corn is the third main food after wheat and ricke Teasons for this are related to the
cultural and social preferences of some countnigsia some countries corn is grown as
animal feed (Secchi et al., 2011; Wallington et 2012). In recent years, corn plant has
been used as biofuel. For these reasons, the etomaine of this plant has increased.
Corn production has greatly contributed to the potidn of animal protein in Turkey. In
recent years, along with aris of irrigated agrictdt land in Turkey it has gained
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importance in corn production. In addition, corareh, glucose and corn oil obtained
from the grain of grain is of great importance énnts of raw materials in the economy
(Suzer, 2007). Water is an important factor in oiitgg maximum corn yield. The corn is
mainly grown in summer seasons and the irrigationessential for higher yields.

Worldwide, among the countries that are most comynamade of corn production it

ranks seventh in TurkeyAnonymous 2016) Corn growing areas and production
guantities by years in Turkey are given in Table 1.

Table 1.According to the year in Turkey corn growing areasl production quantities
(Anonymous, 2018).

Years Area (da) Production (tons)
2001 5500 000 2200 000
2006 5360 000 3811 000
2010 5940 000 4 310 000
2014 6 586 450 5950 000
2017 6 390 84. 5900 00!

Weeds in agricultural lands are harmful to the tmwment of crops. They cause
developmental disorders such as fine roots, stemtli;g formation and yellow plant
leaves in cultivated plants. In addition, they tesua reduction in grain yield by about
10% each year (Qiang, 2009). Crops and weeds cenipetplant growth resources
including light, nutrients and especially waterridahl, 1999).

The aim of this study, was to determine the actxé&tnt of weed damage in corn fields
and to suggest the most efficient control methaats dorn producers in the Adana
(Imamoglu, Kozan and Ceyhan ).

2.MATERIAL AND METHODS

This study was conducted during 2018 at Adana poevilocated at the South
Turkey) and in Kozan (12), Imarg (12) and Ceyhan (12) with a total of 32 face to
face interviews with the farmers (Fig. 1, 2). Thewey included 30 questions aimed to
determine the extent of weeds damage and theiraanethods. In this areas, in order to
identify the problem of weeds; fertilizers, irrigad water supply focused on questions
etc. The data were analyzed using the generalrlimealel of SPSS statistical software
(SPSS, 2009).

I-12



Determination of weed problems of corn growing ar@&a mays$) In adana/turkey

@ KAYSERI / Tutanbeyil’,

| <
NIGDE ' " ‘““*\m' 4 i
' m A \n‘
| - \.’__ 4
Ty s

ige siurlan »  lige merkezi

&
‘II y — lzmian @ I merkezi
MERSIN ADANA ILI HARITAS]
L
] ) 50 i
AKDENIZ Karatas / cogrutyatants com

Fig. 1. The districts where the study is carried out in Adana

Fig. 2. Corn production areas and interviews with farmers in Adana (Imamoglu, Kozan
and, ouhanty,

I-13



Turap H and Kaya I.
3.RESULTSAND DISCUSSION
This study focuses on problems in corn productioochsas the used seeds, fertilizer,

irrigation source, weeds control etc., which atatesl to weeds problem in corn growing
areas.

Imamalu, Kozan and Ceyhan districts of Adana are impirtguestions asked to
farmers in corn production areas;

A. Producers' Perspective on Corn Breeding

Thereason for corn production of producers

In Adana {mamglu, Kozan and Ceyhan), 33.33% of the farmers stdbed they
produce corn because the land conditions are $itabcorn cultivation (Fig. 3).

® Land Conditions  m Econemic  m Aquaculture Excess efficiency

Fig. 3.The reason for corn production of producers

The preferred irrigation method in corn

In Adana (Imamoglu, Kozan and Ceyhan), 61.11% ef phoducers stated that they
prefer sprinkler irrigation method (Fig.4).

I-14
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m Furrow irrigation = Dripirrigation = Sprinkder = I'm not watering
Fig. 4. The preferred irrigation method in corn

Corn sowing time

In Adana, usually 2 or 3 sowing is done annualtytHe study area, 44.44% of the corn
producers stated that they planted in February Madch (Fig. 5). The weeds that
germinated before or at the same period with coemaore competitive than the ones that
germinated after the corn, which causes highedyadses (Swanton et al., 1999).

m February-March  m April-May = June-July

Fig. 5. Corn sowing time

Where corn seeds are obtained

It was determined that the producers of the regiere conscious about seed production
conditions and the use of clean seeds. Half offéahmers stated that they bought corn
seeds from drug dealers and half of them from catpes (Fig.6).
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' 2,78%

u My own production = From neighbors = Cooperative-institute  mSeeddealers

Fig. 6. Where corn seeds are obtained
Amount of products received per 1000 m?

In the study area, it was stated that the highmstuat of product taken by the producers
was 1400 kg / da and the lowest amount of prodas 860 kg Ha. Almost half of the
producers reported that they got 1300-1500 kgyield from corn (Fig. 7).

® 1100-1300 kg/da = 1300-1500 kgfda = 300-1000kg/da = G00-300 kg/da

Fig. 7. Amount of products received per 1000 m

Important problemsin corn production

Farmers reported #t 52.78% of the most important problems encoudtére corn
cultivation were agricultural struggle problemsdFB). Successful maize production
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depends on the correct application of productigruis that will sustain the environment
as well as agricultural productiodgan du Plessis, 2003).

0,
2.78% ¢ 339

m Aquaculture problems m Agricultural combat problems

m Economic problems m Mechanical problems

Fig. 8. Important problems in corn production

Use of fertilizer in corn

In the study area, 52.78% of the farmers statet ttiey use low levels of fertilizer.
Farmers reported that Adana's land is fertile amebschot require much fertilizer (Fig 9).

Y%

m|donotuse mlamusingasmalllevel = Goodlevel m Absolutelynot using

Fig. 9. Use of fertilizer in corn
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B. Perspective of producers against weeds that are prolptatic in corn
production areas

Thelevel of recognition of weeds by producersin corn production areas

In the question posed to determine the recogniterels of weeds seen in corn
production areas, 8.33% of the producers statedlks did not recognize at all. 47.22%
of the producers reported that | know little, 3@d.bf them know medium level, and

8.33% of them said | definitely know (Fig. 10).

m | don't knowat all = lknow little = | know medium = Definitely know

Fig. 10. The level of recognition of weeds by proehs in corn production areas

Loss of yield caused by weeds

In the question directed to producers about howhmyield loss caused by weeds in
maize plant, 44.44% of the producers stated thadwecause moderate yield loss in

maize plant (Fig. 11).

2,78%

mNone mSmallamount = Moderate m Excess

Fig.11. Loss of yield caused by weeds
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Weed control methods

To the question of how do you fight weeds in ydeld, 69.44% of the producers stated
that they prefer chemical control (Fig. 12).

5,56%

‘

m Integrated control  m Physical control = Biological control  m Chemical control

Fig. 12. Weed control methods

Spraying according to weed density

If you see how many weeds pef in the field, you can apply the spray, almost Iudlf
the producers stated that they are fighting in Bdgg(Fig. 13).

“

m 1-2total wm3total = Stotal m7total

Fig. 13. Spraying according to weed density
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Weed status after chemical control

The question was asked whether the producers ecmddrstand that weed was damaged
after the chemical struggle and almost half of pineducers replied that weeds were
damaged at a low level. Some of the producersdcstate weeds were definitely damaged
(Fig. 14).

5,60%

m | do not understand wm lunderstand little = Moderate m Definitely understand

Fig. 14. Weed status after chemical control
Do you know the resistance to herbicide?

To the question of did you hear the word resistandeerbicides, 30.56% of the farmers
know yes, 30.56% of them heard, but | do not knd®%44% did not know anything and
19.44% emphasized that they do not remember thd vesistance (Fig. 15).

m Yes| know you heard m Yes| don't know you heard

m | haven't heard it, but | know m|do not remember

Fig. 15. Do you know the resisherbicide resistance?

I1-20



Determination of weed problems of corn growing ar@&a mays$) In adana/turkey

Frequency of using the same herbicide

66.67% of the producers stated that they usedah® serbicide 1-2 times in one year,
22.22% 3-4 times, and 11.11% 5-6 times (Fig. 16).

m]l--2 m3--4 m4g-5

Fig. 16. Frequency of using the same herbicide

What do you do if the drug is ineffective at the appropriate dose and at the
appropriate time?

If the herbicide used in corn production areaneffective, the question of what do you
do is asked to the producers and 2.78% of the peduapply to the technical
organization, 58.33% consult the dealers wherepplsuthe herbicide, 36.11% ask the
pharmaceutical company, 2.78%'i have given the andw change where | get the
herbicide (Fig. 17).

2,78% .  _2,78%

m | apply to the technical organization m1apply to the dealer

u | apply to the company m [ don't do anything

Fig. 17. What do you do if the drug is ineffective at thppeopriate dose and at the
appropriate time?
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4.CONCLUSION

Results of the survey exhibited that, i) Farmesdize that some varieties of corn are due
to the presence of a sales market, ii) Used cardsses certified iii) Seed frequency and
irrigation method increased yieid) There is a problem in agricultural productionthe
areas of productionm) Fertilizer is useful when used at low levelg,Pay attention to the
cleanliness of the machines used, vii) Producarsgmrize that weeds at a low rate, viii)
Weed vyield loss is moderate, ix) Chemical contigdiast weeds is generally preferred,
X) It was concluded that the farmers participatethe seminars moderately.
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Abstract: Carrot (Daucus carotavar. sativus Rohl.) is one of the most popular and
commonly consumed vegetables and it is widely gdait the Central Anatolia and
Eastern Mediterranean Region of Turkey. Root dissare among the most important
factors limiting carrot production in Turkey. Crownt causing by Rhizoctonia solani
is one of the important root diseases. Sometintes, ot agents are not found to be
single on root. In this situation, it is necess#ryfind the main causal agent of it. In this
case, pathogenicity test must be performed onsallates and, practical and safe
methods should be choosen.For this aim, carrot $esnghowing root disease
symptoms were collected from culture growing arlesited in Ankara provinces in
Central Anatolia Region,Turkey. Rhizoctonia fundpasl been isolated from necrotic
lesions of the carrot roots.and the above mentidinedal isolates had been identified
on the basis of hyphal and colony morphology aleiify anastomosis reaction with
known tester isolates of the same pathogen.Pathagetests such as hypocotyl test
and carrot disc method,were conducted on threeaissl of Rhizoctonia solani AG4
and one isolate of binucleat Rhizoctonia. The diseseverity values of R. solani AG-4
isolates and binucleat Rhizoctonia were found betwé3,00 to 48,00% and 43,50%,
respectively ircarrot disc pathogenicity tests. Disease valuesvastermined as 67,00
to 84.50 % and 55.50% in hypocotyl test, respebtivin conclusion, the results of
these two methods were almost similar and thud) bwdthods from the present work
proved to be very effective and efficient methodgdthogenicity test

Key words: Carrot, crown rot, Rhizoctonia, pathogenicity tesgthodology.

1. INTRODUCTION

Carrot Qaucus carotavar. sativusRo6hl.) is one of the most popular and commonly
consumed vegetables becauses it is rich in vitamiimgerals and fibers. The marketable
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portion of the crop, the carrot root, is subjected wide range of field stresses which
include diseases, nematodes and variations in carititions. Many biotic stresses
hamper carrot production and specifically, fungaledses cause huge economic losses
[7]. In Turkey, carrot cultivation occupies abou@,849 hectares with a production of
569,533 tonnes.lt is widely planted in the AnatoBgion that includes Ankara province
producing nearly 40 % of Turkey's carrots [1]. Raad foliar diseases, are one of the
most important factors limiting carrot productiomndwide. Among themRhizoctonia
spp. leading to significant root and crown diseasas cause yield losses in carrot.
BesidesRhizoctonidungi are responsible for three important carrat diseases: crown
rot (Rhizoctonia soland.G. Kuhn 1858), violet root roRhizoctonia crocorungPers.)
DC. 1815) and crater roRfizoctonia carotadkader 1948). Crown rot of carrot, caused
by R.solanj was firstly reported by White in 1926 in [1#Rhizoctonia solanKuhn
(telemorph: Thanatephorus cucumerigFrank) Donk) is an economically important
fungus that causes diseases on a great varietiamtspyvorlwide. The pathogen is a soll
inhabitant and can persist in the soil for longgeds as sclerotia or mycelium in infested
crop residues [6]R.solaniisolates are divided into distrinct groups, callethstomosis
groups (AGs), that have different virulence levatsd in some cases preferred host
ranges.The groups affecting carrots are mainly G2 AG-4, occasionally AG-1[10].
Crown rot is caused by the samRizoctoniafungus which causes damping-off when
seedlings are small. On carrot roots, early symptane horizontal dark brown lesions
and as the crop matures the tops may die in patctibe field [5].

To study the seed and soil borne pathogens differeethods have been tried.
Establishment of disease by artificial inoculatisressential for plant pathology studies,
including epidemiology, etiology, disease resistarost-parasite interaction and disease
control.

The aim of the present work was to develop a lowst,capid screening method for
disease phenotyping and identification of resistanaits. For this porpose, a comparison
was carried out among two different artificial intation methods: 1) seed hypocotyl test
and 2) carrot disc test for pathogenesis studiéssaflanifrom carrot.

2.MATERIALS AND METHODS

2.1 Survey and fungal isolation

In order to identify species @&hizoctoniacausing diseases on carrot root, surveys were
carried out in carrot production areas in Ankaravprce, Turkey (Fig. 1). Samples were
taken from carrot fields in Agaand Beypazari districts of Ankara.The infectedraar
crown and root pieces were initially surface-stegil with sodium hypochlorite [1,0%
(w/v)] for 2-3 min then rinsed in sterile water élrtimes before they were placed onto
potato dextrose agar (PDA, Merck,Germany) Petriteglacontaining streptomycin
(50mg/L). The Petri plates were incubated at 24+dfith a 12-h photoperiod for 7-10
days. Fungal isolates were stored on PDA slantstabd°C.
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Fig.1 Geographic location of the survey performad=hizoctoniaspecies identification
from carrot in Central Anatolia Region-Turkey.

2.2 Identification of fungus

Fungal cultures (12-15 day-old) grown on PDA (wWsth mg/L streptomycin) were used
for fungus identification based on both culture pfamiogy and growth rate[4]. In order
to determine hyphal diameter and the number ofeipar cellRhizoctoniasolates were
maintained on PDA at 25 °C and in darkness. Devwetppycelia were stained with
safranin O (Sigma, USA) and 3% KOH [2] and obserwater phase contrast
microscopy at x 400 magnification. Hyphal diametgrs determined by measuring 10
cells. Nuclei were counted in 15 cells.

Anastomosis was tested by pairing isolates withresgntative testers d®hizoctonia
isolates. Tester isolates were activated on PDZ5&C in the dark. Coverslips, sterilized
by dipping in 95% ethyl alcohol and flaming, werated with a thin layer of 0.5% PDA
and placed on water agar plates. Agar plugs withetiey of Rhizoctoniasolates and the
tester isolates were cut from the margins of a grgwolony and transfered to water agar
plates on the opposite sides of the coverslip.rAfteubation at 25 °C for 24-48 h in the
dark, when overlapping mycelia of two isolates wetgserved, the coverslip was
removed from the plate and placed on a slide imibe&ure of one drop of safranin O and
one drop of 3% KOH. Stained hyphae were observedtasgopically. Anastomosing
hyphae were traced back to their source in ordeotdirm the anastomosis between our
isolates and the tester isolates [12, 4]. For thastomosis testing, all pairs were
examined twice. At least 15 cells were identifietBased on the cultural and
morphological characteristics of the isolates, rtipeoperties were compared with those
reported in the literature and their diagnoses weade according to Sneh et al. [15].
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2.3 Pathogenicity Test

Two different methods were used for pathogeniast in order to select the one which
may be standardized for pathogenicity and pathageiability/ aggressiveness analysis:
a) seed hypocotyl test and b) carrot disc test.

2.3.1.Seed hypocotyl test

To determine pathogenicity d®hizoctoniaisolates the “Nantes” variety of carrot was
used. For seed hypocotyl test, 4 mm diameter dissn from 2 day old PDA pure
cultures ofRhizoctoniawere placed in the centre of 2% water agar platesincubated
at 24+2°C with a 12-h photoperiod for 10 days. ¢ same time, 10 sterilized seeds
were placed around 3 cm away from discs (Fig. 2ntl Petri plates contained only
agar discs. After 10 days incubation,the hypocotflghe plants were examined and
evaluated for disease severity by using a 0-5 &leFour plates were used for each
isolate and the experiments were repeated 3 times.

Fig. 2 Petri plates containing PDA and germinatedlized carrot seeds used in seed
hypocotyl pathogenicity tests..

2.3.2.Carrot disc pathogenicity test

Mature cv. "Nantes" carrots were assessed for gathioity of Rhizoctonia spp..Roots
were first washed with tap water and then sliced tliscs (approximately 5 mm thick).
Successively, the discs were surface-disinfestedstégking them in 0,1% sodium
hypochlorite for 5 min then triple rinsed with skerwater and placed on a paper towel
for 1hr to dry. Finally, the carrot discs were m@dcin Petri dishes (20x100 mm)
containing two Whatman No.1 filter papers moistengtth 2 ml of an antibiotic solution
(50mg/L). Carrot discs were inoculated with mydgtilugs (4 mm diameter) cut from the
margins of an actively growing culture (Fig. 3). @wls were treated similarly using
same sized pieces of water agar. The Petri plavesaining inoculated discs were
incubated on wire racks in clear plastic trays ¥6rdays at 242, 12h light with 12-
hour dark cycle. Pathogenicity test was evaluafest 40 days incubation according to a
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0-3 scale [11]. A total of four Rhizoctonia isolstevas tested, and each test was
replicated four times.

2.3.3.Disease assessment

Isolates ofRhizoctoniaspp. were assessed for their pathogenicity in hyjybtest using

a 0-5 scale [9], based on the relative size of @atie area present on the hypocotyl as
follows: 0= no disease, 1= 1-10%, 2= 11-30%, 3-58%, 4= 51-80% and 5= the entire
surface of the hypocotyl was infected.

In the carrot disc method, the severity of the agesymptoms was assessed using a
modified 0-4 scale [11] based on the extent of ehgkt colonization and rot lesions
observed on the surface of carrot discs (0= 0%1%; 2= 2-25%; 3= 26-50%; 4= 51—
100%) as shown in Fig. 3.

LEXS
_

Fig. 3 Carrot discs displaying disease symptonastha 0-4 scale used in the disease
assessment.

The disease severity was evaluated using the Towrldeuberger's Formula [16]. The
data were statistically analyzed using Minitab iSt&t Programme (version 16.1.1)

3.RESULTSAND DISCUSSIONS

3.1.Survey and Identification of Fungus

Surveys done in carrot production areas in Agad Beypazari districts of Ankara
province showed that root and crown diseases were prevalent (8,78%) than foliage
diseases in Beypazari and also the disease rali@ & root diseases was higher
(13,88%).

Fungal siolates belonging ®hizoctoniaspp.have been obtained from necrotic lesions of
carrot roots and identified on the basis of theyphal, colony morphology and
anastomosis reaction with knowhizoctoniaester isolates.

3.1.1 Rhizoctonia solani AG- 4
It has been determined that four isolates obtaiinech Beypazari and Ayadistricts
belong to the AG-4 group &. solani Rhizoctonia solanidleveloped at 25 + 1 ° C and in
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dark conditions with colony colors ranging fromIglish brown to brown at the end of
the 10 day incubation period in the PDA medium @)jig

Fig.4 Colony morphology and sclerotial characteristicsRifizoctonia solanbn PDA.

Sclerotia were formed flat irregularly shaped ariddark chestnut color on PDA.
Multinucleate hyphal cells were clearly stained dafranin O. The average number of
nuclei was 3.1 observed under phase contrast naigpys According to the number of
nuclei per cell with of the main runner hyphae ases were identified &R. solani As a
result of anastomosis testing, three isolates amosged high fusion freguency with
tester isolates belonging R solaniAG 4 (Fig. 5).

Fig. 5 Nuclear structure iRhizoctonia solanfyphae (a) and anostomosis between
hyphae (b).

3.1.2 Binucleat Rhizoctonia sp.

As a result of nuclei staining, one of tiRhizoctoniaisolates obtained from carrot
cultivation areas (Ayg was determined as being a binucle@hizoctonia sp.
Furthermore, this isolate growth on PDA was whitiglow and sclerotia formed in a
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more obscure yellowish color. It were found tha #verage number of nuclei was 2 at
between two septa (Fig. 6).

Fig. 6 Colony morphology of binucleBthizoctoniasp. on PDA (left) and nucleus
number in hypha cell (right).

3.2 Pathogenicity Test

Pathogenicity test such as hypocotly test and tdisec method, were conducted on two
isolates of Rhizoctonia solaniAG4 and one isolate of binucle@®hizoctonia The
binucleateRhizoctoniaisolate showed low disease severity values (5%%hd 43,50%)
in both tests compared to other isolates invesjaWhereasR. solaniAG-4 isolates
exhibited high pathogenicity (Table 1). Some stadiethe world have similar results to
our study [13,14]. On carrot plant, AG-4 and AG2-? isolates killed all seedlings and
caused extensive rot on mature root tissue wheésetetes of binucleatRhizoctoniasp.
damaged neither seedling nor mature root tissue [d4nother study conducted wikh
solani (AG-4) in carrots, it was stated that the agentsea damping of carrot seedling
[13].

Table 1. Disease severity valuesRifizoctonia solanAG-4 and BinucleaRhizoctonia
isolates obtained from Ankara province.

Isolate Seed Hypocotyl Carrot Disc
District Pathogen NoO Test Method
' Disease Severity (%)f Disease Severity (%)f
Beypazari RAZO_'E”' 1-1-6 84,50+6,18 66,75z 8,35
Beypazari R'Azo_'z” 1-15 81,00+7,68 73,00+ 9,21
Ayas RAZO_'L";‘”' 300 67,0045,20 48,00£12,00
Binucleat

Ayas Rhizoctonia 301 55,50+1,71 43,50+ 5,11
LSD (P<0,05) 12.17 15.30

*Each value represents mean+SD of four replicatjperstreatment.
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Results of carrot disc pathogenicity tests shovhad disease severity valueskf solani
AG-4 isolates and binucled®hizoctoniaranged from 43,50% to 73,00%. Whereas,
disease values in seed hypocotyl test, were sjidfigher than in the other method and
ranged from 55.50% to 84.50%. Overall, the outcomiesoth methods were almost
similar. However, usually the virulence Rhizoctoniaisolates was found to be higher in
the hypocotyl test than in the carrots disc metidwoh-inoculated seeds and carrot discs
remained healthy. The pathogen was always re-eblftom diseased hyphocotyl and
carrots and confirmed to Ib& solani.

Generally, forRhizoctoniaspp. several inoculation methods have been usddasiseed
inoculation, root dip and spore suspension methods. In additigpnagar methods,
seedling test, hypocotly test were used dependinigost,Rhizoctoniaspecies, and host-
pathogen interaction [8,13,14]. Baskar et al. [8jd&ed five different methods of
inoculation for sheath blight on rice and, amonegth the grain inoculation and covering
with polythene bags was found to be the best intptdection.

Both methods employed in present work showed tthbemost effective and efficient
methods for pathogenicity test and to check theremgiveness of the pathogen. In
conclusion, these two methods proved to be morg, eapid, practical and reliable
compared to the seed inoculation and the root difhod.
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Abstract: Chia seed is a prehistoric seed variety that haobree popular in recent years due to its
high content of fat, protein and dietary fiber. €lseeds are seen as a healthy food product that is
added to foods in different proportions or foundfoods as a component. What attracts the
attention of consumers are its beneficial propertie health. In this review, chia seeds, bioactive
components of chia seeds, health effects, musitmgperties and application areas in food
industry are briefly given.

Key words: Chia, Salvia hispanica L., seed, composition, tilva properties, human health

1.INTRODUCTION

Chia seed Salvia hispanicd..) is a one-year herbaceous plant that belongs to
the Lamiaceae family and extends from southern Mexd northern Guatemala. It can
be cultivated in tropical and subtropical regioseeds are grown commercially in
Mexico, Bolivia, Argentina, Ecuador and Guatemadidajna et al., 2008). The annual
production of chia seeds, dating back to the Azted Maya, is around 30 000 tonnes
worldwide (Goh et al., 2016; Timilsena et al., 28).6

Chia seed is a prehistoric seed variety that hasrbe popular as super food in
recent years due to its high content of fat, progeid dietary fiber (Cassiday, 2017). Chia
seeds contain approximately 15-24% protein, 26-4H¥bohydrate and 25-40% fat. It
has been the subject of many studies mainly wigh lgjuality fat content, it has almost
55-60% linolenic acid«-3), 18-20% linoleic acide-6), 6% monounsaturated-9 and
10% saturated fat content (Orona-Tamayo et al./7R0h chia seed which is a good
source of unsaturated fatty acids, n-6 / n-3 ratis found to be 0.30. The low n-6 / n-3
fatty acid ratio has been associated with a redus&df cardiovascular disease (Bicer et
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al., 2017). Oil content and fatty acid composit@nChia seed are affected by seasonal
conditions, growing conditions, genotype and geplgical characteristics (Ayerza, 1995;
Timilsena et al., 2016a).

Chia seeds are a promising source of antioxidaoes t the presence of
polyphenoals, chlorogenic and caffeic acids, myngeguercetin and kaempferol, which
protect consumers against adverse conditions ssichrdiovascular diseases and certain
cancers (Ayerza and Coates, 2001; Craig and Sd@®}; Reyes-Caudillo and et al.,
2008; Ixtaina et al., 2011). On the other hand,sbed contains more than 35% of the
total weight of soluble and insoluble dietary fitzerd is a rich source of B vitamins and
minerals (Orona-Tamayo et al., 2017). In addit@m@agnesium, iron, zinc and copper, it
has 6 times more calcium, 11 times more phosphamnds4 times more potassium than
100 g milk (Ayerza and Coates, 2009).

Chia seeds have properties such as gel formingJsdiau and stabilizer in
foods. With its high omega-3 and omega-6 contér, an important source in enriching
nutrients in terms of functionality (Erddu & Gecgel, 2019).

Chia seed is considered as a functional food dits &ssential nutrients (Ergene
& Bingol, 2019). Functional foods have attractedsiderable attention in recent years as
components of healthy life. The term functionabsed to refer to a regularly consumed
food for physiological benefits, or to reduce tlgkrof chronic disease in addition to
essential nutritional functions. Functional food®vide health benefits in addition to
nutritional values contained in their chemical casigion, and they play a potential role
in reducing the risk of chronic degenerative dise@@acheco and Sgarbieri, 2001; Al-
Sheraji et al., 2013). It has protective effectailast cardiovascular diseases, nervous
system diseases, inflammatory and diabetes (E@eBiagol, 2019).

2.HISTORY

2.1. Chia Seed in General

Chia seed (Salvia hispanica L.) is a one-year lvexass plant belonging to the
Lamiaceae family, extending from its native Mextoosouthern Guatemala (Ergene and
Bingdl, 2019). It is known that it was used by Azeand Mayans since 3500 BC
(Ulbricht et al., 2009). Traditionally, chia seellsve been used by the Aztecs and the
Maya people in the preparation of folk remediesndf@nd canvas (Armstrong, 2004).
Chia seed was not only used as a food, but alsveuffto the Aztec gods (De Meester
and Watson, 2008).

In Mesoamerican societies, chia seeds were addeslater and cooked by
mixing with flours from different cereals (Valdiviadpez and Tecante, 2015). It is
known that the Aztec and Mayans used chia seedspast of traditional medicine for
medicine making, dyeing and increasing the stremgith endurance of warriors. Chia
seed was defined as running food by Aztecians lsecau is a nutrient that the
messengers carrying messages at that time fregusorisumed in order to give energy
(Mufioz et al., 2013).
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The word Chia comes from Nahuatl, an ancient A@guage which means
that the word ian Chian "is" fatty “. When the Chpéant blooms, it blooms purple or
white. The seeds of the Chia plant typically hageywvsmall and oval shapes. Chia seeds
generally have an irregular color combination tbah include black, brown, white or
gray tones (Kog, 2018). Chia seeds have an ovglesivith a diameter of approximately
1.9-2 mm in length, 1-1.4 mm in width and 0.8-1 mmthickness (Imran et al., 2016).

The polysaccharide structure that can form musilagke shell as a result of the
contact of the seed with water forms a gelatincstme like a capsule around the seed by
holding water (Moreira et al., 2012). Mucilage @ncentrated in the outer part of the
seed shell and constitutes 5-6% of the dry weifjtii® seed. Mucilage structure is easily
soluble in water (Ergene and Bingol, 2019). Thiktjeous musilage structure contains
components such as xylose, glucose and 4-methguighaic acid (Yurt & Gezer, 2018).
The mucilage structure consisting of 2:1 xyloseicgse has a molecular weight of 800-
2000 kDa (Timilsena et al., 2016a).

Chia seeds have the ability to hold up to 27 tinte®wn weight and quickly
form mucilage when it meets water (Mufioz et al.130 With this feature, chia seed
stands out as a potential natural thickener thatreplace commercial thickeners used in
the food industry (Ozbek and ¥gubuk, 2018). In addition, the gel formed is also
suspending agent, emulsifier, adhesive and binglealde of water retention (Alfredo et
al., 2009). It is thought that chia seeds can legl uisstead of fat, eggs and sugar in the
food industry (Mufioz et al., 2012).

2.2. Cultivation Place and Climate Conditions

Worldwide, countries that produce food productstaiming chia seeds and chia
seed production in Mexico, Argentina, Australia/iiia, Colombia, Ecuador, Nicaragua
and Paraguay (Ramos et al., 2017). Chia seedesemmial and hermaphrodite plant that
grows in tropical or temperate climates. Chia sd@dem in summer and the length of
this plant is approximately one meter, the lendtthe leaves is 4-8 cm and the width is
3-5 cm (Yurt and Gezer, 2018). Seeds are oval, 8maad bright and their colors are
black, gray and black to white. Their size is betwel mm and 2 mm (Ayerza and
Coates, 2005).

Agriculturally, chia plants require temperatures 1df-36 °C for growth and
development, while optimum growth conditions arealibed 16-26 °C by Bochicchio et
al. (2015). It was reported that it grows on saadg well-drained soils with pH 6.0-8.5
and can adapt to low nutritional concentrationsb@h et al., 2014). Chia plant is
resistant to salt concentrations, seed oil of glagrown in saline soils significantly
reduced (Heuer et al., 2002). The plant can growewg well drained clay and sand soils
with a reasonable salt and acid tolerance (Ulladl.e2016).

While chia production is carried out in certain emesuch as Bolivia and
Paraguay, other countries such as Mexico, Austealid Argentina have started to grow
chia plants in the last decade (Orona-Tamayo £2@17). A value of $ 8,000-12,000 per
ton was reached in 2013 and then demand for prissugicreased in 2014 (Orona-
Tamayo et al. (2017). They reported chia productimnidwide and it is clear that there
was an increase in production in 2014. Boliviang of the largest producers of chia that
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exports this seed in large quantities. At the stime, Bolivia was the largest producer in
2013, while Argentina's production was the higle&014 (Kog, 2018).

There are many factors that can cause changeg icothponents of Chia seed.
Depending on the planting area, climate changeelsaryear, soil conditions, total oil
content of chia seeds may vary between 25-40% (Malhet al., 2012). Ayerza and
Coates (2011) examined the changes in chia seegawnts grown in different
countries and different conditions. They observeal protein content decreased with
increasing elevation and polyunsaturated fatty sacidecreased with increasing
temperature. In addition, it is reported that cke®d oils grown at low altitude contain
more saturated fatty acids compared to those dt higtude (Ayerza, 2010). Early
harvesting of Chia seeds resulted in a 23% loss-lifiolenic acid content and an
increase in linoleic acid and lignin levels (Pdirahd Gai, 2009).

3.BIOACTIVE COMPONENTSOFCHIA SEED

100 g of Chia seed contains 42.1 g of carbohyd®Qe, g of fat and 16.5 g of
protein, giving about 486 kcal of energy. The seedtains high amounts eflinolenic
acid (ALA, n-3) which is one of the essential fadigids. Although calcium, phosphorus,
potassium and magnesium content is high, sodiuom and zinc content is low. In
addition, niacin, vitamin A and dietary fiber contés rich and vitamin C is insufficient
(Yurt & Gezer, 2018). Chia seeds were found to teafe levels of heavy metal content,
did not exceed the maximum metal levels in termdoofl safety and the seeds were
found to be free of mycotoxins (Bresson et al.,80@nother important feature of Chia
seed is that it does not contain gluten. With fieisture, it is an alternative food for
individuals with gluten allergy (Bueno et al., 201Chia seed has a higher vitamin and
mineral content compared to other cereals. Theze6atimes more calcium, 11 times
more phosphorus and 4 times more potassium thak indn content is higher than
spinach. Calcium, phosphorus and potassium coigdngher than wheat, rice, oats and
corn (Mufioz et al., 2013).

In literature studies, it was observed that chiedsecontain approximately 25-
40% fat, 15-20% protein and 26-41% carbohydratei@Tamayo et al., 2017). Some
of the average nutrient components of chia seedseinlJS Department of Agriculture
database are shown in Table 1. The energy valu®®fg chia seed was reported to be
about 486 kcal. It is reported that calcium, phasph, potassium and magnesium are
335-860 mg in 100 g chia seeds and 4.58-16 mgdiusyg iron and zinc (Erd@u and
Gecgel, 2019).

Chia was once considered to be the main sourceradh dor the people of
Mexico and Guatamala, but now has a large propodfoconsumers (Jamboonsri et al.,
2012). Because of its nutrient content, chia sesmds seen as a functional food to
maintain and improve health (Marcinek and Krejp@017). Often as seeds, flour can be
obtained and added to various foods, oil can bewoed as a nutritional support. For
example, chia seeds and flour may be added to fastadereal, bread, cakes, sweets and
various beverages. Chia seed has become a populetiohal food due to its health
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effects, particularly in relation to its promindatty acid pattern and antioxidant capacity
(Oliveira-Alves et al., 2017).

Table 1: Chia seed energy and nutrient compos{iamt and Gezer, 2018).

Component Quantity (100g)
Energy (kcal) 486
Carbohydrate (g) 42.1
Protein (g) 16.5
Leucine (g) 1,378
Phenylalanine (g) 1.016
Lysine (g) 0.970
Valine (g) 0.950
Isoleucine (g) 0.801
Threonine (g) 0.709
Methionine (g) 0.588
Histidine (g) 0.531
Tryptophan (g) 0.436
Oil (g) 30.7
Saturated fatty acids (g) 3.3
Monounsaturated fatty acids (g) 2.3
Polyunsaturated fatty acids (g) 23.6
Linoleic acid (18: 2) 5.8
Alpha linolenic acid (18: 3) 17.8
Dietary fiber (g) 34.4
Calcium (mg) 631
Iron (mg) 7.7
Magnesium (mg) 335
Phosphorus (mg) 860
Potassium (mg) 407
Sodium (mg) 16
Zinc (mg) 45
Vitamin C (mg) 1.6
Thiamine (mg) 0.62
Riboflavin (mg) 0.2
Niacin (mg) 8.8
Vitamin A (IU) 54
Vitamin E (@ tocopherol) 0.5

3.1. Protein Content

The protein content of Chia seed varies between ab&623% (Yurt & Gezer,
2018). With a protein content of 20%, chia has gpstential to correct and prevent
protein energy deficiency. The protein content bk tseed depends largely on
environmental and agronomic factors. The protememt of Chia seed is greater than the
protein content of most grains (Ullah et al., 20I®)erefore, corn (14%), wheat (14%),
rice (8.5%), barley (9.2%), oat (15.3%) and amdrafit4.8%) cereals were higher
compared to the protein content (EFSA, 2009). Téwedscontains all essential amino
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acids in an appropriate amount. It is also a sowfcéood that celiac patients can
consume because it does not contain gluten (Ma<@nd Krejpcio, 2017).

The amino acid profile does not constitute a retstm for the adult diet, but
may be found to be insufficient for preschool ctéll due to the limited content of
lysine, leucine and threonine (Capitani et al., 20Xhia seed contains all essential
amino acids, but also contains high amounts of essential amino acids such as
glutamic acid, arginine and aspartic acid (Timiksest al., 2016b; Timilsena et al.,
2016c). Protein structure consists of 4 differerdacfions and the most important
component is globulin. Along with globulin, albumiglutelin and prolamine are among
the fractions that make up the structure. 52% efttial protein fraction was composed
of globulin and the remaining fraction was equalotber fractions (Timilsena et al.,
2016c¢).

Chia seed contains globulin (52%), albumin (17.3%l)adin (14.5%) and
prolamine (12.7%) proteins (Sandoval-Oliveros amgeBes-Lopez, 2012). The highest
globulin protein; glutamic acid, aspartic acidemine and histidine. Glutamic acid is an
important amino acid for metabolic activities asllves stimulates the central nervous
system, increases immune functions and increaséisramce for athletes (Brosnan and
Brosnan, 2013; McCormack et al., 2015). Chia seedl rontains sulfurous amino acids
(cystine and methionine; 2.7 g), arginine (4.2agpartic acid (4.7 g) and glutamic acid
(7.0 g). Aspartic acid helps regulate nervous syshenctions, and arginine may have
protective effects against cardiovascular diseéSasdoval-Oliveros and Paredes-L6pez,
2012; Boger, 2014).

3.2. Oil Components

Recent assessments of Chia's properties and possibs have shown that it has
a high fat content (32%), and that 60% is linoledid, which is associated with a fatty
acid type omega 3, which has various benefits tisgmer health (Rosamond, 2002).

Chia seeds are a rich source of unsaturated feittig.aChia seed oil is unique in
that it contains a higher proportion of omega $ith# known natural sources (Ayerza,
1995; Coates, 1996). Chia oil contains quite umagitn. The content of polyunsaturated
fatty acids is about 83%. The linoleic acid cont@gm®) is approximately 18% and the
linolenic acid content (ALA) is about 64%, whichusique among general vegetable oils
such as sunflower, rapeseed, olive and soy. Chis also qualitatively different from
the less common vegetable oils such as flax wifkLA content of 53.3% with a high
content of PUFA (Bhatty, 1993).

Chia seeds contain 30-35% oil on average (Mufical.e2013). The location,
temperature and time of harvesting of Chia seeelcathe amount of fat and the fatty
acid pattern. Decrease in height of the chia pleoth the sea and increase in ambient
temperature may cause an increase in saturatey &afid levels. The rate of
polyunsaturated fatty acid may decrease due taonttrease in air temperature of seeds
growing in April-May (Ayerza, 2009).

The n-6/n-3 ratio of fat was determined to be @Bich may reduce the risk of
cardiovascular disease due to its low rate (Timéset al., 2017). The ratio of n-6/n-3 in
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chia seeds is quite low compared to other vegetildesuch as corn (76.5), canola (2.2),
soy (6.7) and olive oil (17.8) (Alvarez-Chéavez ket 2008).

3.3. Dietary Fiber Content

Chia seed contains 34—40 g dietary fiber per 1@hd the contribution of an
adult person to the amount of dietary fiber reqiipper day is high. Dietary pulp fraction
of Chia seed consists of soluble dietary pulp witah be used in 53-56% metabolism.
The emulsifying activity of corn gluten, which ised as a commercial emulsifier in the
food industry, is 49.3%, the stability of the reégg emulsion is 39.7%, whereas the
emulsifying activity of the chia seed dietary fibher53.3%, the stability of the resulting
emulsion is 94.8% (Alfredo et al., 2009).

Dietary fiber found in foods and especially wholeaigs is an important
biocomponent due to its potential health benefitnldrous research studies have shown
that fiber consumption has an effect on reduciegribk of coronary heart disease, type 2
risk of diabetes mellitus and various types of ean(Reyes-Caudillo et al., 2008).
Dietary fiber consumption is associated with inseghpost-meal saturation and reduces
subsequent hunger. According to the American Det&ssociation, dietary fiber has
provided benefits for health care and disease ptewe(Ullah et al., 2016).

3.4. Phenolic Compounds and Antioxidant Effects

Chia seeds contain phenolic compounds with higloxidiant capacity. (Uzbek
and Green Sticks, 2018). Chia seeds and oils ¢&ttdiom chia seeds are rich in point of
various natural antioxidants such as tocopheroltqstierol and carotene (Alvarez-
Chavez et al., 2008; Ixtaina et al., 2011). It aisntains chlorogenic and caffeic acid-
containing phenolic compounds that protect consanfeom various diseases and
promote human health (Capitani et al., 2012).

An important part of these phenolic compounds acegherols. Flavonoids and
tocopherol are the main components responsibléhfoantioxidant capacity of the seed.
The antioxidant capacity of Chia seeds is 84/g tmd value is very close to the
antioxidant capacity of blueberries (96/g) (Pelieiget al., 2003). The high antioxidant
capacity allows the seed to be stored for a lomgeti(Yurt & Gezer, 2018). The
tocopherol content (238-427 mg/kg) of Chia seedéniglar to the tocopherol content of
peanuts (398.6 mg/kg). In addition, the tocophemttent of chia seed is low when
compared to the tocopherol amounts of flax see®.B&g/kg), sunflower seed (634.4
mg/kg) and soybean (1797.6 mg/kg) (Mufoz et alL 320

The majority of phenolic compounds in Chia seed dierogenic acid (7.1 x
10-4 mol / kg), caffeic acid (6.6 x 10-3 mol / kgjyercetin (2 x 10-3 mol / kg) and
kaemferol (1.1 x 10-3 mol / kg). It has been reparthat the antioxidant properties of
these components are much stronger than the afaiatxproperties of vitamin C, ferulic
acid and vitamin E (Mufioz et al., 2013).
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4. THEEFFECTOFCHIA SEEDONHUMAN HEALTH

In recent years, chia seeds have become incregsingbrtant in human health
and nutrition due to their higérlinolenic fatty acid content and beneficial headffects
when consumed (Coates, 2011). Clinical studies lesvn that consumption of chia
seeds can provide metabolic control of type 2 deband cardiovascular diseases as
well as weight loss in obesity due to nutrient eomtof the seed (Yurt & Gezer, 2018).
Another important factor in increasing consumeeriest in chia seeds is due to its role in
regulating blood pressure control and blood sugrls and in the treatment of disorders
such as reflux and heartburn (Timilsena et al. 620Research studies have reported that
the seeds and biochemical components of Salviahisp L. help maintain serum lipid
levels, increase saturation index, and protect rsgjainflammation, nervous system
disorders and diabetes (Jin et al., 2012). A lasgkmolenic fatty acid source improves
antioxidant status, fat oxidation capacity, n-3gahain polyunsaturated fatty acids
content and reduces the activity of fat synthesiopical tissue (Rincon-Cervera et al.,
2016). With soluble pulp content, it keeps the wareits structure and increases the
feeling of saturation, slows down digestion, arasl insulin release by providing a slow
rise in blood glucose after meals (Vuksan et a@07). In addition, it changes the
intestinal functions in a positive way, decreades gerum cholesterol by inhibiting the
absorption of bile acids and reduces the risk ofcea with its antioxidant properties
(Borderias et al., 2005). Chia seeds can be searealthy food product that is added to
foods in different proportions or can be found @ods as a component. What attracts
consumers' attention is their beneficial properteshealth. The recommended usage
amount on the market is around 15-25g/day. Benefitdaily consumption; It can be
listed as lowering cholesterol and blood presshedping to lose weight, reducing joint
pain, increasing endurance and antioxidant effgadg, 2018). Toscano et al. (2014) and
Vuksan et al. (2007) reported that chia consumpdfoB5 to 37 g per day has beneficial
effects on health. Orona-Tamayo et al. (2017) ttepothatw-3 and -6 fatty acids
contained in chia oil act as epidermal barrier aneent melanin hyperpigmentation.
Therefore, it is one of the important benefits fué application on the skin. It has been
suggested that it can benefit the cosmetic andhmhaeutical industries.

5.USAGEOFCHIA SEEDIN FOODSECTOR

In addition to its rich content and beneficial effeon health, Chia seed is a food
with many properties that can be used as thickemaulsifier and stabilizer in the food
industry. Thanks to its high content of chia gamena mucilage-forming properties, it
has a high potential to replace commercial thickeifaraki et al., 2016). Unlike other
thickeners, chia seeds are expected to replace eociahthickeners as they have other
functional components in terms of nutrition (Ozlaaid Yeilgubuk, 2018). Chia seed is
not allergic, does not show any toxic effects adithle by participating in food has been
proved by scientific studies (Borneo et al., 201Dhia is often consumed as chia seed
salad. Chia seeds can also be consumed as drarksls; salad dressings or raw (Mohd
Ali et al., 2012). The approval of chia seeds by European Parliament as New Food
has led to the high use of chia seeds in a widietyaof foods. It is already known that
Chia has no anti-allergic, anti-nutritional and itoeffects on human health. Biscuits,
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pasta, cereal bars, snacks, yogurt and cakes aadlyusupported by chia seeds (Borneo
et al., 2010). In 2000, the US Dietary Guidelinesommended the use of up to 48 g of
chia seeds per day. The European Commission detednthat the use of chia seeds in
bread products should not exceed 5% (Mohd Ali gt2012). Looking at the updated
2013 proposal, baked goods, breakfast cereals, fruis and seed mixtures should not
contain more than 10% chia seeds. In additionctmsumer should be informed that the
packaging does not contain more than 15 g/daysdeds on the product label (Guevara-
Cruz et al., 2011). In the studies using bread @itka seed flour, it was determined that
the use of Chia seed flour did not complicate tread making process. Adding Chia
seed mucilage to bread dough increased doughistalaiettel et al., 2015). Chia seed
flour is an alternative food product with high ntiemal value and suitable for
consumption of celiac patients because it doesmoatain gluten (Ozbek and ¥kgubuk,
2018). By using chia seed flour instead of wheatrflin the bread, it was observed that
the nutritional value of the end product increaaad the staling rate decreased, and an
increase was observed in slice volume and hard@sho and de las Mercedes Salas-
Mellado, 2015; Pizarro et al., 2015). Costantinakt(2014), it was observed that total
phenolic content increased with the addition of 16Bta seed flour to bread, 75%
increase in total antioxidant capacity and suitdtegluten-free bread production.

It has been determined that breads prepared udirmgsgeds (11.0g /100g) and
flour (0.9g /100g) have an approximately 3-fold remse in the amount of
polyunsaturated fatty acids and may be preferredhbyconsumer (Coelho and de las
Mercedes Salas-Mellado, 2015). Zettel et al. (20itB)heir study using 5 g and 10 g /g
water formed chia seed gels were added to wholen dgtaur in 1-3%. When the
appearance, stability and softness of the brea@ wealuated, they observed that an
optimal dose of chia gel prepared with 5 g /g wated added with 2% dough or 1%
added chia gel with 10 g /g water was formed. Bsepitpared with chia gel can be
consumed as a functional food (Yurt & Gezer, 202)art from bread, chia seeds have
been widely used in the food industry of variousrddes such as USA, Canada, Chile
Australia, New Zealand and Mexico for different Bgpgtions such as oily breakfast
cereals or oily cereals, bars, juices, cakes agarydBorneo et al. 2010). In addition to
bread, the use of Chia seed flour has been a Rty material in bakery products such
as cookies. It was observed that nutritional qualitd physical parameters improved in
oatmeal cookies, which were made by replacing oaltméh Chia seed flour, but height
increased as the diameter of cookies decreasektttfieg al., 2014). Chia seed or flour
has been the subject of various studies in theuatiah of the appearance and flavor of
the final product due to the addition of nutrier@®orey et al. (2012) using chia flour as
an alternative to unhealthy chips in his study;aot#d high omega-3 and gluten-free
chips with high dietary fiber. Chia flour was useddifferent amounts (5%, 10%, 12%,
15%) in cips and they observed differences betweelor, odor and appearance.
Consumers' preference was chips with 5% chia fliMenga et al. (2017) aimed to
increase the nutritional profile of pasta by usiciga seeds and chia musilage as
thickening agent in gluten-free pasta productiomds stated that the nutritional value of
the pasta added with chia increased and the pleecafitent was higher than the pasta
prepared with wheat. In this study, instead ofcétas used for the development of the
structure in products prepared as gluten-free meg#, a product with high nutritional
value and adhesive properties such as chia has freposed. In a study using Chia
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musilage gel instead of oil; It was observed thatdppearance, texture and flavor of the
cake did not change when chia musilage gel wasdbithdéead of 25% of the oil used for
cake (Felisberto et al., 2015). In the food indystine musilage-forming effect of chia
seed is used in foods such as mayonnaise, saudegoguart in order to make the fom
structure more stable (de la Paz Salgado-Cruz,e2Gi3). It has been observed that chia
seed mucilage extracted under optimal conditionsuitable for use as stabilizer and
emulsifier in ice cream (Campos et al., 2016). dsvalso observed that chia oil added to
ice cream increased the amount of omega-3 fattysamnd antioxidant properties in ice
cream (Ullah et al., 2017).

In another study, sugar-free marmalade was prefarediding chia seeds and it
was aimed to develop a high-nutritional breakfasidpct for diabetic patients and
individuals aiming to lose weight. In the study daoted by Ozbek (2016), chia seeds in
strawberry marmalade were used instead of pectmtiweir thickening properties. It was
observed that the gelling capacity of chia seedshigher than that of chia flour and that
the gelling properties of chia seeds were veryeckosthe modified pectin species. The
value of 5% for the addition of Chia seeds was €btm be the most acceptable level.
While the pH of the control sample was 3.43, thevallie of the chia added marmalade
was determined to be 4.43 and it was emphasizeditbagH level could pose a risk for
microbial deterioration. It was determined that mble compounds increased by
15.45%, dietary fiber by 168% and energy value efesed by 48%. It was also observed
that the viscosity of marmalade increased withatidition of chia seeds. Thanks to the
positive results obtained, chia seed added, sugarstrawberry marmalade product was
evaluated as functional food.

6. CONCLUSION

As can be seen from this summary information, eéads have effects on
nutrition and health. Chia seed has a high lipidhtgdn and fiber content compared to
other seeds. Fiber, one of the Chia seed compagrisritaportant for the production of
other products as emulsifiers due to its high watg#ding capacity (Coelho and Salas-
Mellado, 2014). In addition to being functional ramaterials in the food industry, chia
seeds and products obtained from chia seeds imcteasutritional value of the nutrients
they adapt to their formulations (Ozbek andsiléabuk, 2018). To date, some studies
have reported beneficial and protective effects abfia seed consumption on
cardiovascular diseases and diabetes, hypertersmhother diseases (Vuksan et al.,
2007; Toscano et al., 2014; Valenzuela et al., R0l content of omega-3 fatty acids
of Chia seed appears to have a positive effecthenmechanisms of these chronic
diseases (Jin et al., 2012). It has been repohiidchia seeds containing high phenolic
compounds with antioxidant capacity can providelthebenefits when used in food
products (Coelho and Salas-Mellado, 2014). In aumtry, it has gained importance in
diets targeting body weight control because it @aimist a high proportion of dietary pulp
and thus reduces the feeling of hunger (Ozbek amiicdbuk, 2018).
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Abstract: In dairy farms, energy is used in several acegtione of the most energy
consuming phase is the milk cooling. This operati@mtessary to guarantee the safety
of the product, takes place in cooling tanks poddrg electric energy.

On the other hand, farms must provide large amadnvater for cow daily drinking
needs. The water is usually supplied by naturalsa@i aqueduct, in some cases water
temperature can be so low that cows are discourdgan drinking, with consequent
risks for animal health and production losses. Bus reason, a few heat exchangers
have been designed to pre-cool milk, taking adwgetiom cow drinking water and
allowing considerable milk temperature reductiondaslight water temperature
increase. Even though this operation cannot replaceling tanks, it reduces the
energy needs. Recent studies have shown the pditeegtiof the application of shallow
geothermal systems to food processing buildingsdiat energy efficiency. Shallow
geo-exchangers configurations can be used to dissipxcessive heat in the ground.
Unfortunately, the dissipation potential of the gnal is limited, so a large number of
geo-exchangers is usually necessary, with relaigh bost and need of space. A newly
developed configuration of spiral geo-exchangerth wlibuble circuit could tackle this
issue, by dissipating the heat partially to thegrd and partially to a secondary fluid.
For the specific case of barns, a double advantstyzuld be expected since the waste
fluid (water), heated up, can be used as cow dnigkvater.

The aim of this work is to assess the potentialitiethe application of the system in a
dairy farm. The study uses experimental data frothemmal response test campaign
carried on a shallow geothermal system and datawiater consumptions of a farm
located in Bologna countryside (ltaly).

Key words: dairy barn, geothermal energy, renewable energyergy efficiency,
shallow geoexchangers
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1. INTRODUCTION

Energy consumptions will significantly increasealth energy-consuming sectors in
the future decades [1]. Agri-food is a very compdgrergy-consuming sector since it is
based on several feedstock and manifold produstieps. Therefore, understanding the
total energy content of final agriculture produatsl possible applications of renewable
energy solutions is currently challenging. Besi@degijculture and livestock are the major
energy consuming sectors and they are responsitpdghter for 34% energy embedded in
food-production in Europe [2], [3]. According to @GP [4], in the OECD area, 68% of
the direct energy consumed in agricultural sectaims from fossil fuels whereas only
4% comes from renewable energy sources entailingnamediate change oriented to
energy efficiency and sustainability.

Within this context, the dairy cattle farming sedcharacterized by relevant energy
demand. Energy requirements for the permanent ewrnp are mainly due to milk
refrigeration, milking operations, artificial lighy, forced ventilation, manure removal.
The animal welfare turns out to be an importaneeasfor both production quantity and
milk quality, but at the same time requests spedaifiloor parameter ranges [5]. A proper
environment requires from 50% to 80% of relativenidity [6] and needs of adequate air
exchange (Flaba et al. 2014). These parametersuswally summarized by the
Temperature-Humidity Index (THI) [7]:

THI=0.36 Tgy+41.2 1)

where T, represents the dry bulb temperature [°C] aggfie dew point temperature
[°C].

In the warmer season, in order to mitigate the b&ass, which represents a serious
threat to cow’s welfare and milk production, enefgy microclimate control is needed.
Moreover, a slight warming of the drinking wateradvisable, especially in the cold
days, in order to stimulate water intake so to waprmilk production. The scientific
literature [8] indicates, as optimal, a warmed watith temperature around 18°C.

Energy saving in dairy cattle barns representsgeatly, an unavoidable design target.
In particular, the dairy facilities can reuse ewegj highly consuming milk cooling
process to warm up the drinking water for cows.

Besides energy issues, a few concerns about theoemental impacts of livestock
production have grown especially in the last twoadies. Livestock productions have
been acknowledged as intensive consumers of freshwesources: beyond the usage for
growing feed crops or forages, also drinking, degrand processing animal products
call for significant water volumes.

Thus, just for example, a cow weighting 750 kg,duwing 35 kg of milk/day, with an
average temperature of 35°C and 50 g/day of sodniake, will require about 136
kg/days of water according to Mekonnen and HoeKSira

Energy efficiency strategies, including smart systefor optimal energy use and
innovative renewable energy systems, also at ttme §gale, are crucial for the progress
of the livestock farming sector. Among the most owattive energy solutions,
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implementation of geothermal systems and utilizatib heat waste including use of heat
pumps was considered, in recent years, in sevatanal and international projects in
the agricultural sector, all of them emphasizing itmportance of respecting the specific
needs [10], [11].

The use of ground as heat-bank, so to overcomentbmatch between availability
and needs, is called Underground Thermal Energsa§¢o(UTES) and can be used for
both long and short-term purposes [12]. Most commygpes of UTES are confined
aquifers [13], Borehole Heat Exchangers (BHEs) [&#d caverns [15]. Recently,
Underground Water Tanks (UWT) have been hypothdsiae purposes of UTES, too
[16]. By using UWT, the heat capacity of the wateedium gives the possibility to
consider planned and controlled charge/dischargdesy Moreover, several studies
debate the potential of submersing the BHEs inmplaater and surface water, primarily
because of the benefits of induced convection pinena and additional capacity for heat
exchange [17]. Recently, Focaccia and Tinti [18]efleped a laboratory prototype of an
innovative configuration of BHE inserted in a pidtee casing filled with water. The
research has shown, both by analysing thermocoapde visual records, that natural
convection movements are triggered in the wateidénthe UWT, due to the thermal
activation of the BHE.

Following the encouraging results of the applicatid shallow geothermal system in
the agri-food facilities [19], [20], this paper pents a pre-feasibility study for an
efficient application of UWT as UTES in the liveskosector, with focus on the cow
barns needs. Specifically, the aim of this workoistudy the feasibility of in integrated
system able to both pre-cool the produced milk wadm up the water used for cows’
needs (drinking and soaking) by means an innovathalow geothermal system. The
system can also be used as storage of water atalgémperature. Two scenarios will be
tested:

- final milk temperature as variable;

- initial water temperature as variable.

2. MATERIALS AND METHODS

The farm “Montagnini” was selected as case studhénpresent work. The farm has
two main facilities hosting the cows: a new modeann for the lactating cows and the
older stable hosting the dried cows and heifers famubsing the milking parlour of the
farm. The new barn building is in the Emilia-RomadRegion (in the North of Italy), in a
plain countryside about 25 km North of Bologna. 23€&ating cows were reared in the
barn. The plant of the barn can be seen in Figure 1
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Indoor thermo-hygrometric conditions are controliso through forced ventilation,
by means of high-volume low speed (HVLS) fans whitinizontal blades. Further cooling
benefit is achieved through low-pressure, largeslétovater soaker lines installed above
the feeding lanes. This sprinkler system completedys the cows by soaking the hair
coat.

In addition to the study case farm, the researchas studied several dairy cattle
barns in the Bologna countryside allowing to cdlleevide data set on sprinkler systems
in order to gather information and assess the wat@sumptions for each cow (see
Figure 2).
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Fig. 2 Soaker water consumption in a typical summenth (1st July — 30th July).
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As reference values, from the analysis of the m@drdata, we obtain an average
water consumption of about 200 liters per cow @arid the typical summer month.

The milking system is represented by a recent 2xdBingbone milking parlour
hosted in the older barn. Regarding the colleci&a dn-site visit to Montagnini barn,
daily average milk production per cow is aroundkgb Since a precise survey for the
drinking purpose is missing, an average water aopsion of 200l per cow per day was
considered according to a sample of farmers irggr@d. This value is consistent with
scientific literature.

Figure 3 shows the functional scheme of the integraystem. The water is supplied
by the well, fills the baskets in the geothermaldj receives the heat from the milk
(through an exchange fluid) and goes in the barnséaking and drinking. The milk
(through an exchange fluid) releases heat to therwa

For a precise simulation, a specific test was edrrout. The experimental test
conducted to verify the efficiency of GeoUWT schemeolved two HHES: the first one
was buried in the ground, 2.0 m deep, and the skooe was installed inside a UWT,
positioned at 4.0 m of distance, both together flognthe GeoUWT [21]. The reason for
selecting a helical configuration lies in the féwat it provides higher heat transfer per
meter of unit comparing to conventional BHEs [22gtailed description of the test site
and installation procedures can be found in Tin&le[21]. Figure 4 shows the GeoUWT
functional scheme and the test setting.

Extensive field thermal response test (TRT) andteel monitoring campaign were
performed for several months in both summer andewiseasons, to conduct power and
efficiency analysis and comparison between the HiiEs subjected to heat injection in
the ground (thus cooling a hypothetical end user).

WATER WELL

e

) | o

Milking Refrigerator

Fig. 3 Simplified operating scheme showing theéhparts of the system: the cow barn,
the milk refrigerator and the GeoUWT
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Moreover, thanks to the monitoring system of growechperature during the test
period, it was possible to verify that GeoUWT dit nause a faster thermal depletion of
the surrounding ground than conventional HHE. Gndbntrary, theoretical efficiency of
injected heat dissipation was higher in GeoUWT timoonventional HHE: 1.5 - 2.5 %
in summer season and 5 - 10% in winter season [21].

Despite the claimed advantages for cooling, somssipilities should be further
explored for a continuous work during the wholeryeaerall to avoid freezing problem
in winter season. These reside in the potentialnfecting and storing heat in winter and
for the potential of re-using and changing the watéhe annulus, thus partially restoring
the natural state condition.

Additionally, thanks to the monitoring system obgnd temperature during the test
period, it was possible to verify that GeoUWT dit nause a faster thermal depletion of
the surrounding ground than conventional HHE. Gndbntrary, theoretical efficiency of
injected heat dissipation was higher in GeoUWT timoonventional HHE: 1.5 - 2.5 %
in summer season and 5 - 10% in winter season P2iKsible explanations for this reside
in the larger heat exchange area and the indudedah&onvection effects inside of the
casing.

The GeoUWT can provide extra potential for heathexge and storage and keep the
surrounding soil indefinitely below the completeimal saturation state. A secondary
functional usage of the extracted fluid would gareadditional value to this concept.

For the specific case study, the following assuamgtiwere made:
- Milk temperature after milking: 40°C;
- Milk temperature for storage: 4°C;

- Water temperature: 14°C (constant, taken fromet at 50 m depth in confined
aquifer);

- Optimum temperature of drinking water for cow8°Q.

A dedicated TRT was conducted on GeoUWT on 21daatiary 2019, to recreate a
similar situation to that of the cattle barn caelg (see above). Period of heat injection
(with subsequent cooling of the M-TRT machine’s ktamater) and heat exchange
between the HHE and the water inside the GeoUWSigda1.9 h, with total power of
heat exchange 1861.8 W. Therefore, 977 Wh of cgatipacity could be assigned to
HHE in the test conditions and they can be usedh®renergy improvement of the cow
barn case study. At the end of the test, temperatiuthe outlet fluid from the HHE was
19.54°C while the average temperature of the waside the GeoUWT was 17.8°C.

A research survey allows to analyse different rpil&-cooling solutions in case-study
region. Currently, milk direct pre-cooling systeniculate wastewater used for cleaning
and provideAT of 10-12 °C, with milk temperature decrease frdt to 30 °C,
approximately. On the other handT of approximately 20 °C from dedicated TRT
indicates the opportunity for significant milk-posting potential of GeoUWT concept.
Final temperature of the water inside the GeoUWTinisthe range with optimal
temperatures of the drinking waters for the cow#hWhe available information related
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to the water and ground annual temperature profilés possible to consider the storage
function of the GeoUWT for the water at requestdgerature range.

Fig. 4 On the left: simplified GeoUWT scheme shagvihe the case and the internal
helicoidal pipe. On the right the test site.

INPUTS OUTPUTS

Milking system Heat exchanger

[onwao]

Refrigerator tanks

Milk Variable in Scenario 1
< - 1= 3
Pump ]

|Energy consumptionl
=

T=18.5°C
Water supply Drinking water
Water ? ‘— #
s i Geothermal
Variable in Scenario 2 - |basket

Fig. 5 Simplified operating scheme showing the éhparts of the system: the cow barn,
the milk refrigerator and the GeoUWT
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3 RESULTSAND DISCUSSION

For the case study, two different scenarios haem lbensidered. In the first different
target temperatures of the milk were taken intosa®ration, with fixed number of the
cows in the case study. This allowed to compareréselts of necessary number of
GeoUWTs to suit the energy demand of single mikkseEm with different targeaT of
produced and precooled milk. Table 1 reports tealte of this simulation.

Table 1 Results of Scenario 1

Target En/session nNeeouwt |Elpump/year|Yearly pump| Initial
Tmilk (°C) (kwh) (milk (kwWh) energy cost | investment
precooling) (€) (€)

29.0 60.04 62 4 526.0( 1357.8 52 377.6
28.0 65.5Q 68 4 964.0( 1486.20 57 446.40
27.0 70.96 73 5 329.0( 1598.7 61 670.4
26.0 76.42 79 5 767.0( 1730.1 66 739.2
25.0 81.89 84 6 132.0( 1839.6 70 963.2
24.0 87.33 90 6 570.0( 1971.0 76 032.0
23.0 92.79 95 6 935.0( 2 080.50 80 256.00
22.C 98.2¢ 101 7 373.0¢ 2 211.9( 85 324.8
21.0 103.71 107 7 811.0( 2343.3) 90 393.60
20.0 109.17 112 8 176.0( 2 452.8 94 617.6

According to the set milk final temperature, resi@how the energy produced by the
baskets (therefore saved by the milk refrigeratit®d, needed number of GeoUWT, the
electricity need by the pump and costs.

Then, for Scenario 2, the final milk temperaturesvezt a 23.0°C, the well water
temperature was considered as variable, and \ar&tin terms of GeoUWT energy,
pump energy consumption and heating water time heesn calculated and shown in
Table 2. Comparison are referred to 15.4°C, thelrtemperature of Scenario 1.

Table 2 Result of Scenario 2

15.4°C |10°C |12°C 14°C 16°C 18°C 20°C

Th. Energy/GeoUWT/(kwh) 0.977 | 1.296 | 1.1180| 1.064| 0.947] 0.83( 0.718

Percentage difference (%) | 0.0% | 32.7%| 20.8%| 8.9%| -3.1% -15.10427.0%

Pump energ 0.11< | 0.10€ | 0.09¢ | 0.08¢ | 0.08¢

consumption/session (kW 0.119

0.100

Heating water time 0.0% | 18.9% | 13.8%| 6.4%| -2.3% -11.206N/A

This Table exhibits the performance variations teslato the water temperature
change, this in fact can show a high variabilitgupplied by the aqueduct. Both the table
can be very helpful for the system sizing helpimg farm to find its best configuration.

4 CONCLUSIONS

The present study shows the theoretical feasibfitsgn integrated system water/milk
heat exchange, taking advantages of the initiaptaatures of both fluids. The system is
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simple since just a circulation pump is needed,ldber for construction is limited and
the materials are easy to find in the market, floeeeit proved to be affordable and
farmers can consider a homemade installation.

An added value of the system, is given by GeoUWat, tihesides the enhanced
power, can work as water thermal storage, guarsugetne proper temperature for
drinking and soaking all day long. The system gjziaquires the definition of several
parameters, such as water and milk initial tempeeat number of baskets, water need,
final water temperature and final milk temperaturbis allows a high flexibility of the
system according to farmers possibilities and nedawther parameter could be the
water amount, but for sustainability reasons, thehars believe no additional water
should be added to the water that the barn usoakbgs in order to increase the system
efficiency. This work was based on this principhes results shows its validity.

Future works will focus on system optimization lthes costs and farmers’ specific
needs.
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Abstract. The introduction of renewable energy sources &eddesign of energetically
high-performance structures are two of the mostoirtgmt features requested to new
building generation. Nowadays, these aspects ptayrgortant role also in the design
of new rural buildings or in the energetic retrgfibf the existing constructions. In fact,
the total energy consumption of food processintdmgs is relevant, and often related
to food safety and quality. Then, the researcthefrhost promising strategies in order
to design an efficient building is strictly corréda with the choice of wall and roof
constructions, shading, glazing, orientation andlow/heating needs. It is important
to recall that the energy behavior of buildingsstsongly influenced also by external
factor like weather conditions and the effect ahelte change increases the complexity
to model the building behavior. In this contexg firesent paper provides some useful
insights into the most important variables to cohtn order to limit or contain energy
consumptions by means of computer energy simutatibime evaluation is performed
by considering a case study building with differemtended use, desired indoor
temperature ranges, and different architectural anthterial choices. The main
objective of the paper is to identify possible etations between the energy
consumptions and the variables considered in thgepan order to define which are
the parameters most influencing the final buildérgergy consumptions.

Key words: Energy efficiency, energy saving, rural buildingoling system, building
retrofit, envelope.

1.INTRODUCTION

The data about the impact of building sector in dlerall energy consumption [1]
pushed the European Commission and Member Statg®toulgate stricter and stricter
laws to improve the thermal performances of newdings also encouraging use of
renewable energy [2, 3, 4, 5, 6, 7]. The wide raonfiebuilding solutions and the
increasing diffusion of thermal simulations in thesign drove also to the development of
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new methods for the energy need calculation andhiel software. Hence, the building
sector can take advantage of the synergy betweenntiovation coming from new

technologies and the solutions provided by the ldgveent of energy software, also due
to more and more precise process of calibrationvalidation of energy models [8, 9, 10,
11].

The described innovations involving the buildingtse have been so far especially
finalized to upgrade the residential but limitednier of studies analyzed the efficiency
of the most widespread energy-saving solution oitdings operating in other sectors
[12, 13, 14, 15, 16, 17, 18, 19, 20] like the agjtioral sector that shows a remarkable
energy use [21, 22, 23]. Even if not comparablé wésidential, the agrifood processing
buildings exhibit relevant energy need mainly duwe lighting, hot water, food
transformation phases and indoor thermal condiignDue to the rise of energy costs
and thanks to the increasing attention of both pceds and consumers for sustainability,
farms are showing interest in buildings with lonesgy demand. Obviously, the market
offers a wide range of solutions, as explained teefut, since they were optimized for
residential purposes, their efficacy has not bestet yet on food-processing building
needs and, in few cases, they proved to be moigeaff than in residential sector [6].
For example, in the agrifood sector, the thermadsediffer from residential ones for
desired temperature ranges, periods, air changep@mer. A typical example can be a
winemaking and storage building, where the peakef@rgy cooling is requested from
September to November (in the Northern hemisph@#hours a day, and the storage
area can request temperatures ranging from 8°@1€ 2ccording to the stored wine
type. Another typical example can be the cheestorias, in which low temperature
ranges, from 0°C to 8°C, should be provided allrylemg, or again the storehouse
groceries where the packaged food is usually statedom temperature (around 20°C-
22°C) since designed for the human presence. Fuortite, the lack of specific sector
legislative constraints does not provide any refeeefor the building design, allowing
the personnel involved in the project to avoid thelr systems as results of the adoption
of passive solutions. Moreover, in the last decadeveral buildings changed the
intended use, sometimes entailing different indbermal requirement. This study aims
at testing the effectiveness of envelope charatiesi (walls, roof, glazing, orientation
and sun shading) referring to six different tempermranges (TRs) selected to cover a
wide temperature band from 0°C to 24°C and diffegerars. It aims at investigating if a
single building configuration shows good performemin all the thermal ranges or, on
the contrary, the most energy efficient solutiorss different for each thermal range. To
achieve this result, the present work, for eachptature range, studies and evaluates
the influence of each architectural characterishic the thermal behavior. The
methodology is applied to a case-study buildingated in Italy. The results on the
building thermal behavior are evaluated assessimgnfluence of temperature ranges and
the influence of architectural characteristics gpiblogies.
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2. MATERIALS AND METHODS

2.1. Architectural characteristics and typologies

We consider the following building architecturahferes: external wall typology (w),
roof typology (r), openings glazing typology (gyepence or not of shading system (s)
and geographical building orientation (0). In ortiefinvestigate and quantify the effect
of each architectonical feature on the buildingriited behavior, different possible
typologies for the same features have been seleéieace, in the rest of the paper the
label architectural feature identifies a buildingvelope component or system, whereas
the typology collects the set of parameters charaing the thermal performance of that
feature. In the following sub-sections both ardttiteal features and typologies are
deeper detailed. For details on features and tgiedcsee Torreggiani et al. 2018 [24].

2.2. Definition of the ideal Temperature Ranges (TRs)

In the present paper, six target temperature rawges selected according to different
needs. Their ranges are typical of food presematind ageing. The last one is also
similar to human thermal comfort. For the firstgarnhe ideal temperature goes from 0°C
to 4°C and is considered the optimal temperatuse fek keeping fresh cheese and in
general all the foods to be conserved in the refatpr cell. The second range 4°C-8°C is
the optimal temperature for the processing techespf fresh fruit and vegetables. The
third temperature slot 8°C-12°C is the most suédbl second fermentation of classical
method wines, while 12°C-16°C and 16°C-20°C are itteal temperature ranges for
conservation of respectively white wines and redesi Finally, the last temperature
range 20°C-24°C investigated here, can be refetoedtorehouse groceries usually
storing food at room temperature close to humanfedmange.

2.3. Description of the case study building and energy modielg

Previous studies [24] allowed to use the energyehofl an Italian winery as base
model for the present work. The model was calilotated validated on experimental data
on an existing winery. The building belongsBranchini farm(Figure 1) and is used as
wine-making and storage room. It is an rectangedenstruction, with the main axis 32°
NE oriented, it is 27.75 m long and 18.50 m widee Teight is variable, between 5.30 m
and 7.00 m. Six equidistant pillars are locateah@lthe main axis and virtually divide the
internal space in two zones: the north-east zoséshbe area of wine-making phase, the
south-west zone is used as storage for bottled. Wihe building envelope is made with
traditional materials with low thermal performandée exteriors walls are made with 32
cm thick plastered concrete brick panels; the figorn 30 cm thick concrete slab while
the roof is made with a non-insulated slab pourieectly on the ground. Five single
glazed windows are located on the north-east wadl, metallic doors are located on both
the two short sides and a canopy on north-westsigtects the grape deliver space.

The indoor space is naturally ventilated and hasina@onditioning or ventilation
system. The wine kept in the storage area is predein bottles (unconditioned
containers), differently, the wine in the winemakimrea is stored in fermenters
(conditioned containers), entailing the wine in #terage area is more sensitive to the
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room temperature variations. For this reason, @salt analysis is applied solely to the
storage area. The farm has 20 hectares of vineyards

The present research aims to provide an assessihdm all-possible combinations
of 6 wall constructions, 6 roof constructions, 4iding orientations, 2 windows solutions
and 2 sun-shading situations from a thermal pdinview. Totally 576 different building
combinations are obtained, each building combinakias run twice since two different
years (i.e. 2007 and 2013) are used as referemcaufdoor environmental conditions.
Thus, 1152 simulations are run and their resul&dyaed. The building is subdivided in 4
thermal zones: the wine making area, the wine-geoeaea and other two zones between
the previous zones and the roof, as shown in Figure

Fig. 1 The case study building.

The shading surfaces have been modelled as Enesyytading Surface Objects
with solar transmittance equal to 1. Then a spe@fihedule Object has been created to
control the transmittance according to the seasdolér coverage over the year.
Specifically, the transmittance coefficient varfesm 0.15 in summer to 0.90 in winter,
taking into account both the foliar coverage areddteel structure.

Scripts elaborated through Matlab software easedctieation of the architectural
element variations combining them in the 1152 madd&he model nomenclature is
thought to ease the comprehension of the analyaedbination. The energy performance
analysis for conditioned buildings is based on gpereed (EN). This indicator drive
directly to economical assessments such as opgratist, due to energy demand, and
payback analysis, obtained by the comparisons legtwperating and construction costs.

Fig. 2 Thermal zones subdivision in the energy mdewvine-making area; 2) wine-
making roof area; 3) storage area; 4) storageaed.
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3. RESULTS AND DISCUSSION

The investigation we considered is relative to #fgects of the combination of

different architectural features and typologiestlom evaluation of the thermal behaviour
of the case study building. In this context, itules appealing to properly identify and

quantify, for the various cases, the architecttgature most influential on central value

and scatter of the outcomes. In order to idenfdy,each TR, the architectural features

that most affect the energy performance of the nspdan in-depth statistic data
elaboration was adopted. We consider the boxpfwesentation reported in Figure 3.
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Fig 3 Boxplot representation of EN indicator foe thix temperature ranges (TR) for the

year (a) 2007 and (b) 2013.
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Figures 3a exhibit, for 2007, the annual EN disttidn of the data set relative to each
of the 20 typologies belonging to the 5 differerdhétectural features. In each subfigure,
the first left boxplot is relative to the total daget.

The typologies of the same architectural featumeshéghlighted by means of the
vertical green coloured strips. On each box, thgrakred mark indicates the median, the
bottom and top edges of the box indicate the 2§ttartile 1: Q1) and 75th (quartile 3:
Q3) percentiles, respectively. The whiskers extémdhe most extreme data points
outliers excluded. Then, the outliers were ideatifas the values falling outside the range
from Q1-1.51Q and Q3+1.51Q where IQ is the intertjlea distance. The outliers are
plotted individually using the red '+' symbol. Theshoice for the graphs can help to
visually identify the typologies most affecting thmerformances by analysing the
interquartile distance 1Q. As a representative gptarwe consider w01 of TR1 in Figure
3a (this boxplot shows the performances of all f®odentaining w01). It is visible that
the best performance would be higher than 92000 k¥gardless the other typologies
and 50% of all models containing r01 (interquar@i&-Q3) returns performance in a very
limited range (99000kWh-108000kWh). Under this tighe interquartile distance can be
taken as reference for the single typology infleena building thermal behaviour: the
smaller the interquartile distance, the higheritifleence of the typology on the building
thermal behaviour. As far as the main outcomescaneerned, the typologies showing
the major influence are w01, w02, w05, r01, rO11wBspectively from TR1 to TR6.
Similar results can be found by considering ther @3 by confirming the validity of
the outcomes (see Figure 3b). In conditioned gsiwalls and roof always prove to be
the most relevant feature. This outcome highligta® the influence of each feature is
affected in a significant way also by the chosenperature range and by the scenario,
confirming that those input data should be cargfieken into account during the design
phase for new and existent building overall wheangfes of intended use are considered.

4. CONCLUSIONS

The research aimed to assess the influence of tectimial characteristics and
typologies on the building thermal behavior, andsthto help the professionals involved
in the design of new buildings or retrofit intertiens to analyze the suitability of the
building with temperature/humidity control systems,host food or, as alternative, to
host human activities. These evaluation are madesamg the thermal performance
achieved varying the architectural elements.

All the investigated building combinations showti@sg temperature swing reduction
with respect to the outdoor environment. More ddly, among the analyzed
architectural set variations, walls and roof protecave the highest influences on the
thermal behavior, but their thermal properties €ishift and transmittance) can provide
positive or negative effects on the comfort lewet@ding to the temperature range TR.
For example, the most insulated materials havetipeséffects for temperature ranges
close to the yearly average, TR2 and TR3, and iegldr TR1, TR6. High values of
time shift (therefore low level of decrement fasjoseem to play a positive role. The
orientation does not play a crucial role in therthe behavior; nevertheless, we consider
this result strongly connected to the building €hggymmetrical, wide surface, small
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height). Likewise, wall and roof variation, the ¢dbution of sun-shading and high-
performance windows can be positive or negativerreél to the TR.

Summing up the high-performance solutions desigaeéduce energy consumption,
do not necessarily give a positive contributiorcamditioned building. We observed that
TRs with the lowest energy demand are those cldsen yearly outdoor average
temperature at the site. It was visible how sormaatteristics affect the building thermal
behavior being more effective than others are.Heurtfor TR6, we found that some
typologies, such as walls, if worsen in terms oérthal capacities can improve
performances in a conditioned scenario. In the exdnbf an energy retrofitting
interventions design, this last outcome entailst tttee strategy to improve the
performance of a building must be carefully seléas a function of the optimal indoor
temperature requested by the processes in theiritéducing in a drastic way the
number of effective solutions to adopt in a design.

Finally, simple statistical analyses defined thesmanfluential typologies and
architectural characteristics on the thermal pentorces of the building. Remarkably, the
introduction of a specific typology could producery different effects. This outcome
highlights how the influence of each characterggology is affected in a significant
way by the chosen temperature range and by theasoeronfirming that those input
data should be carefully taken into account dutirggdesign phase for new and existent
building overall when changes of intended use arsidered.
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Abstract: Biomass, as well as any other fuel, emit certaiflugents during
combustion, which should not be neglectéde emission of nitrogen oxides (NOXx)
generated during biomass combustion, especiallyargan one, is one of the key
challenges for the use of this fuel. In order teestigate the potential of emitted NOx
reduction, the experimental denitrification chambeas designed. The secondary
denitrification technique of selective non-catalyteduction (SNCR) on a synthetic
mixture of gasses simulating real flue gasses dubiomass combustion was tested.
This paper provides a description of the experimledénitrification chamber as well
as the experimental results obtained as the functb flue gas temperature, NO
concentration, and NH3/NO molar ratios.

The optimization of the denitrification process endontrolled conditions provided by
the experimental denitrification chamber is thertitigy point for the optimization of the
SNCR process on real-scale plants combusting bisnmasany other fuels with
increased NOXx emission.

Keywords: biomass combustion, NOx emission, denitrificat®iNCR

1.INTRODUCTION

The harmonization between the growing energy neefismodern society and

environmental protection promotes the use of bienaasa substitute for fossil fuels and a
viable option to reduce greenhouse gas emissiongswekker, there are some
disadvantages related to the combustion of biormsssfuel, such as relatively high NOx
emissions. This is of great importance for theizgtlon of agricultural biomass, as a
renewable energy source containing a high percentdgnitrogen due to the protein
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nutrient properties and use of nitrogen fertilizgts 2]. Therefore, the investigation of
possibilities of flue gas denitrification duringetitombustion of agricultural biomass and
their continuous control represents a great teelhicallenge especially because of more
strict environmental regulations.

NOXx reduction measures are generally related tdalf@ving measures:

e pretreatment - the usage of low N-content fuel, ifiyoty fuel composition by
additives, different N-content biomass mixing aorbiass and coal co-combustion;

e primary (combustion control) - acting on the contimrs process itself, inhibiting
some of the influencing factors (combustion tempees the residence time of
combustion products, L&oncentration) to nitrogen oxide emissions, and

e secondary (flue gas treatment, FGT) - removingaalyeformed NOx from flue
gases.

Improving environmental parameters with less inwvestt is the driver of the use of
biomass as fuel, so this concept has to be corsidehen choosing deNOx technology.
Economically observed primarye. combustion control measures are the most cost-
effective because they implied modifying the contiaus process without the use of
additional pollution abatement equipment behind thain combustion zone. As
combustion of biomass usually occurs at relatiVely temperatures in order to inhibit or
alleviate alkaline-related problems, these measares limited to reducing oxygen
concentrations in the combustion zone and improvinixing conditions. In the
combustion of biomass, the influence of N contenfuel has a dominant effect on NOx
emissions [1], so combustion control techniquesntedves are often not sufficient to
meet strict emission limits. The necessary redactb nitrogen oxides is achieved by
applying more efficient FGT measures, especiallyNinich biomass, but with higher
investments. The most widespread dry secondary dedChniques are a selective
catalytic reduction (SCR) and selective non-catalsgduction (SNCR). The last listed
deNOx technique is the theme of this paper.

SNCR is the reduction of NOx to.Nh the presence of Qn reactions with reagents on
the amino base, either ammonia er urea (CO (Nhk)2) at a temperature of 800 -
1100 °C (Fig. 1) with a higher temperature neeaedHe urea. Although the reagent can
react with numerous smoke components, it preferedot with NOx rather than the far
more plentiful oxygen, O2, for a certain temperatuwange; therefore, it is a selective
chemical process [2, 3].

NH,/(CO(NH,),) Flue Gas Temperature
| — 800-1100 °C
% o NH, @0
®— NO, < ®— NO, o\
Flue > . Clean
Gas . € X N, O "0 gy .
®— O, { o— \O, o\
0< Y=o NH, . - H,0

Fig.1. Scheme of selective non-catalytic reduction
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The key to the SNCR process is an optimizationeafgent injection with the flue gas
within a specific temperature window. For ureasthiindow is approximately 950°C-
1150°C. For ammonia, the window is slightly lower820°C-980°C. The reagent is
directly injected into the combustion chamber. Ubaged SNCR has a certain advantage
over systems based on ammonia due to urea nontjyoxigeater stability, and easier
storage and manipulation. The fact that the uregslinjected into the boiler penetrate
further, mixing better with flue gases, favorsatgplication in large plants. In addition to
being more expensive, urea-based SNCR systemgeeugher temperatures, which is
not appropriate for the temperature range in whiolmass is combusted 770-870°C [2].

2. DESCRIPTION OF THE EXPERIMENTAL DENITRIFICATION CHABER

For the purpose of better acquainting the mechanisselective non-catalytic reduction,
the most commonly used measures of secondary ifieaiion, an adiabatic chamber for
denitrification of a mixture of gases, which sintelathe composition of flue gas from
biomass combustion, was designed, with the accoympgmeasuring and acquisition
equipment, given in Figure 2.

peristaltic pump /£ ammonia solution
> =1 or oz [ s
udlsnlle analyzer

air flue gases heater water e T

=

-
synthetic
gas

mixture

L]
deNOx chambe

L
insulation ——e . o
i chamber  chamotte insulating |§

heater bricks  carrier

Fig. 2. Scheme of experiment setup with denitrtfama chamber

The isolated denitrification chamber dimension ®2q x 400 x 500) mm with one
bulkhead (allowing better mixing of flue gases),cizated with a chamotte brick and
coated with multilayer insulation with a total thiess of 180 mm (Fig.2). In the deNOx
chamber, an electric heater in the ceramic is plasghich maintains the desired
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temperature for the SNCR process. The insulatethbbais located in a tin casing. Flue
gases (an appropriate mixture of carbon dioxidep, G@rogen, N, air and nitrogen
monoxide, NO) are introduced through the heatimeg pinto the denitrification chamber.
The air duct consists of an air blower, a voltagdator, which adjusts the desired flow
and rotameter flowmeter. All gases and air makagpropriate representative mixture of
flue gases in front of a heating pipe introducingnh into a tempered adiabatic chamber.
The flue gas composition corresponds to the cortipasdf the actual flue gas produced
by the biomass combustion, and the predicted teayrers in the chamber should be
such that thermal NOx does not occur so that teeriad NO simulates the amount of
nitrogen monoxide released during the combustidniahass: 230-600 ppm [1].

2.1. Acquisition

Temperature acquisition during denitrification tegtis performed by the KEITHLEY
acquisition system with continuous data recordihgaaselected sampling time of 2
seconds. The MRU Air fare Varioplus Industrial gamlyzer, with the continuous data
recording, performs analysis of the flue gas cortiposat the outlet of the chamber,
before and after the reagent dosing. The flow aegavas measured and regulated by
valves and corresponding rotameters. A low-flowigtaltic pump dosed ammonia
solution or distilled water continuously through small-bore probe in the first
displacement of the chamber. The flue gas ratetaadlow measurements have been
calibrated by an anemometer and rotameter, respécti

2.2. Chemicals

A synthetic gas mixture that simulates real fluesega was obtained by mixing

commercially available gases nitrogen, carbon dexand 2% NO in nitrogen, all

purchased from Messer, Serbia, with air. Ammonia%p was used as a reagent for
denitrification. Distilled water was used in theaatber directly as well as for the
preparation of ammonia solutions of concentrationghe range of 0.5 - 4 %. In a
synthetic gas mixture, NO concentrations were ie ttange 230 - 566 ppm,

corresponding to values at agricultural biomasshgtion. Denitrification was tested in
the range of NEINO from 0.47 to 3.5. Oxygen concentration was sigit to correspond

to concentrations in flue gases obtained from besm@@mbustion ( 8.8 -11.1%).

3. RESULTS AND DISCUSSION

In order to get to know the mechanism of denitafion, a series of experiments,
presented in fig.3, was performed. Based on theticges kinetic curves presented in
Figure 3, it can be observed that the decreaseOnchincentration induced by NH
addition (A), as well as the re-growth of NO-indddzy water addition to the gas mixture
(W), can be described by the kinetics of pseudsi-firder (exponential dependence).
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Fig. 3. Representative time dependences of NQ, @and CQ concentrations after
addition of ammonia solution A and distilled watr(moments of addition are indicated

by arrows)
a) 1.0% ammonia solution; initial NO concentratR85 ppm; temperature 1094 K
(821°C)
b) 0.5% ammonia solution; initial NO concentratR82 ppm; temperature 1139 K
(866°C)
¢) 1.5% ammonia solution; initial NO concentratZ8B8 ppm; temperature 1095 K
(822°C)
d) 4.1% ammonia solution; initial NO concentratB80 ppm; temperature 1100 K
(827°C)
Table 1. Denitrification process parameters
E
X overall rate overall rate
p N';'asii'(\)lo NO d;crease constant1 | constant2 82 C;/OZ
e 0 min't min't 0 0
r.
a 1.49 28.09 6.67 + 0.44 5.88 + 0.35 9.92 7.60
b 1.04 32.76 8.33+0.28 6.67 + 0.58 9.09 6.51
c 1.94 33.7¢ 7.69+059 | 435+0.19  9.70 7.78
d 2.42 36.96 4.35+0.76 455+0.21  10.74 5.60

Based on the experimental results presented, avident that the addition of reactants
significantly reduces NO from the gas mixture, dahdt by injecting water vapor and
discontinuing NH, NO returns to its original concentration while Né&creases slightly.
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It is also evident from Table 1 and Figure 3 ti&t NO reduction process is more intense
with a higher molar NEI/ NO ratio as well as at higher temperatures.

4, CONCLUSION

The optimization of the denitrification process andontrolled conditions, enabled by
the experimental denitrification chamber, is thertatg point for the optimization of the
SNCR process and the capacisgessment of the real scale denitrification sydterthe
combustion of biomass and other fuels in which riteogen oxide emissions during
combustion are expressed.

The functionality of the designed denitrificatiohaenber was confirmed by a series of
experiments, of which the most representative oaes presented in this paper.

Experiments have shown that the degree of dendtifin, in addition to temperature in

the molar ratio of reactants, is also affectedh®ydhemistry of the process, i. e. chemical
reaction overall rate constant.

The experimental deNOx chamber can also provida dat the influence of various
parameters:

» flue gas flow,

» guantity and selection of the reagent,

+ the influence of the enhancersy(t6n the reduction of the temperature denitrificati
window,

» the influence of the furnace temperature,

» the time of flue retention in the furnace, as vasll

» the impact of the CO on decreases in the concé@niraf nitrogen oxides.

Also, the same data can also be used in the fasmadf mathematical models of
denitrification processes in the combustion of kass) as well as other solid fuels.

The advantage of the experimental deNOx chambexrshio relation to those available
in the scientific literature, is that it stimulaté® real conditions in the furnace:

» the walls of the chamber are from the chamotte ¢rmatoth)
» and there is turbulence in the flow of flue gashs to the presence of an obstacle
(not just a simple laminar flow).

In addition, by a simple modification of the chambehich implies the installation of a
catalyst in a chamber with a temperature rangeb0f400 ° C, the same principle can be
tested and optimized the selective catalytic redngirocess - SCR.
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Abstract This article represents an attempt to improve tbe of available biomass for
energy purposes. It represents a compilation ofléheratory's long-term experience
on projects considering the development of techgietofor the application of biomass
and other renewable energy sources. The basic toéde for the adoption of the
solution for popularization and the specific applion of biomass for energy purposes
have been presented through four basic considessdes:available resources and
possible combustion technologies,the concept ofstoaction of the plant, a
multidisciplinary approach to the problem and te&dency for more intensive use of
biomass in district heating systems through thepKéarm project.

Keywords: biomass combustion, DHS, KeepWarm

For the last decades, the research team at therdtabp for Thermal Engineering

INTRODUCTION

and Energy INN Vigda, LTE, has been intensively addressing the proloémiomass

combusting. As a result of these activities, tedbay for the combustion of baled
agricultural biomass with combustion in a fluidizeed of ash has been developed. LTE
also has a demonstration - industrial boiler, mawegr of 500kW, with fluidized bed
combustion technology (FB), located within the &rig boiler room of the Institute,
where experimental tests of combustion of diffetgpes of biomass fuels (paper sludge,
corn kernels, hazelnut husks, etc) have perfornsethemes and photographs of both
facilities are given in Figure 1. In addition tee#ie industrial-type facilities, LTE also has
a number of experimental apparatus that can be tsetudy virtually all aspects of
combustion of this type of fuel in an efficient arahtrolled manner, by varying different
parameters. Expertise and competence in the fieldomnass energy use, proven both in
practice and in numerous scientific publicationd sechnical solutions, gives us the right

to give recommendations for more efficient usehs tenewable fuel.
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1

KOTLOVSKO POSTROJENJ
1.5 MW

SEMAKOTLA SA

b)

Fig. 1 a) Industrial 1.5 MW boiler of baled biomassPKB, exchangers, buffer,
hydraulic bale feeder and 1 hectare of a greenhdysgemi-industrial 500kW FB boiler
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2.  AVAILABLE RESOURCES AND POSSIBLE COMBUSTION TECHNOL®IES

According to the official data of the Ministry ofifes and Energy of the Republic of
Serbia, the biomass has the largest potentialngfwable energy in the country, which is
about 61% of the total RES [1]. Of that amount, dl@0% are agricultural production
residues and the rest is wood/forest biomass. miffees in the characteristics of
agricultural and forest biomass as fuels are st and are based on mechanical
properties, chemical composition, thermal poweerage moisture content, bulk density,
ash quantity and composition, ash melting charetites, method of collection, transport,
storage and preparation for combustion, etc. Alffedences directly affect the
combustion characteristics and consequently, tt@cehof combustion technologies.
Wood chips and chopped straw, for example, canoob fin the same way due to
different ash sintering temperatures (about 100@t@ 800°C, respectively). The
different bulk density (wood chipsb00 kg/m3, weighed strawl00-150 kg/m3), makes
it impossible to apply the same fuel feeding armhdport systems [2-5]. Using of
different types of biomass in a single boiler cdesably complicates its operation. These
problems are more pronounced for boilers with senapacities.

Environmental issues, gaseous and solid combugtioducts, must also be taken into
account in selecting the appropriate combustiohrtelogy. The forest biomass contains
significantly less ash than agricultural; therefdree particulate matter control system in
flue gases is smaller for wood biomass. It wouldpbeferable if the biomass ash were
returned into the soil of biomass origin, reduding use of artificial fertilizers, and using
it as a manure stabilizer. When returning the asihé field, attention should be paid to
the content of heavy metals in it (concentratethanfine fractions caught in the flue gas)
[6]. As for the emissions of pollutants, it is nesary to bear in mind that the burning of
agricultural biomass can increased nitrogen oxiésson [7,8], which is not common
for forest biomass. In that case, the systemshi®meutralization of harmful gases must
be foreseen.

Table 1. Overview of biomass combustion technolo{$é

Form of biomass
Combustion technolog Firewood W(.)Od Rowder Pellets | Briquettes Straw
chips | biomass|

Open fire 0 - - - 0 N
Household ovens + - - - T .
Automatic burners -- + - ++ - +

Combustion in batches 0 - - - - +
Inclinated grate -- + - + N N

Travelling grat -- ++ - ++ _ T
Vibrationg grate -- + - + - T
Furnace -- + - + - N
Powder burners -- - + -- - -

Cigarette combustior -- - - - - T+

Fluidized bed** - ++ ++ ++ - 0

* Baled straw, ** Added by authors of the article
Legend: (--) unapplicable, (-) not suitable, (O¥gible, (+) suitable, (++) very suitable
- 29
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In choosing combustion technology, a report of Eig Institute of Energy, Peten,
Holland [9] should have a significant impact. Ttable 1 shows that no combustion
technology is suitable for all the forms of biomaBased on the explanations given so
far, as well as the information in the table abatés recommended to select biomass
combustion technologies according to the "++" m&#&nerally, for all types of biomass
plants, frequent outages are not advisable; thanizgtion of the operation should be
continuous, with as short and slower power os@iliet as possible.

3. CONCEPT OF BIOMASS PLANT CONSTRUCTION

This issue depends on several variables: availbibl@ass resources in the immediate
location of a future plant, established energy poder needs, phase-building, the cost-
effectiveness of investment, property relationg(jotprivate partnerships, etc.).

Taking into account the overall energy efficiendgnbass with the largest available

potential in the immediate vicinity in a form thegquires the least preparation for

combustion should be used. For example, it is meobdrto separate the energy efficiency
of plant fueled with pellets, from the amount okrgy consumed to make pellets from
raw wood. This amount of energy is at the leveB@%o of the total energy potential of

raw wood [10, 11]. Bearing this in mind, the peiketreasonable to be used in a smaller
capacity, up to 100 kW and that reasonable uniacipto which the use of pellets is

recommended authorities should determine. In exidias already stated, more than one
type and form of biomass should be avoided in glsihoiler.

The concept of storage for forest and agricultbramass is very different. Agricultural
biomass is collected in a significantly shorterigetrduring harvesting, and if is collected
in the form of bales, the moisture and the posgiif self-ignition must be taken into
account. Therefore, smaller biomass storage near plant facilities, and more
warehouses near the collection site, are recomnoenidés reduces the possibilities of
self-ignition and the engagement of mechanizatibrharvest time when it is most
needed. Wood biomass can be collected almost weale and the possibility of self-
ignition of this biomass is less, so warehoused ftein be smaller.

The concept of energy demand refers to heat (H8) aogeneration (CHP) plants.
Heating plants transport produced heat by hot flases, hot air, warm or hot water,
steam (saturated, superheated) or hot oil, usirfgritresidential heating or industrial
processes. It should be kept in mind that in owmates the heating system in the heating
season usually used on average 45% of the maxiragoired power, 18 hours per day.
Therefore, consideration should be given to thenupation and to power control
capabilities of planned HS. The use of heat stogrgatly helps in choosing optimal
solutions. It is also recommended, to harmonizeoiperation of heating plants with the
industry needs, extending the plant's exploitatitne to a whole year, positively
affecting the investment repayment period. Heatpignts, designed for industrial
purposes, are usually specialized and work throuigtiee year without a need for heat
storage or with a need for those with significasthyaller capacity.

Cogeneration plants (CHP) are attractive to inwesbecause of the preferential price of
electricity produced from RES (feed-in tariff). Hewer, the monetary income (investor
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earnings) should not be a decisive factor for CHfe construction of facilities that do
not have the ensured consumption of "waste" hedgithe entire operation time should
be prevented. Otherwise, a plant that produces elalgtricity would have irreversibly
dumped up to 75-85% of the biomass energy inputisTiit is even better to leave
biomass in the fields to rotate there.

Generally, two CHP types are used: steam with cathmeal steam turbines and so-called
ORC (Organic Rankine Cycle) systems with hot oildse and steam turbines working
with the silicone oil steam. In general, the stetumbine is better for larger system
(>10MW;) while for smaller ORC system is preferable.

The concept appropriate to energy needs is alwelgded to the energy medium. In
heating systems, the energy medium is usually wadrh0°C) or hot water (>110°C). If
thermal energy is consumed both for heating andhfiuistrial needs, the plant is usually
adapted to the industry demands. Technologicalgzs®s require hot gases (e.g. brick
industry), hot air (e.g. dryers of agricultural gucts), or warm and hot water and steam
(e.g. slaughter industry), etc. Sometimes the ndéedslifferent heat carriers (hot and
warm water, steam, hot air) are simultaneous. lrair matter, boilers with thermal oil are
the most suitable solution since the subsequertt éxadange between the thermal oil
and the required energy carrier takes place in sanple heat exchangers, and boilers
work in a manner of hot water boiler but with highemperatures of the working fluid -
thermal oil. Similar conclusions apply also to cogeation plants.

Construction of biomass energy plants can be

e phased (modular), with phased installation of sglvemaller units in order to
reach the planned overall capacity of the plant, or

e construction of the complete energy plant with fnfitalled capacity in a single
stage.

Energy needs will be better matched by phased wmtiin of several smaller units
compared toone large power plant because:

- biomass infrastructure (logistics centres and suplphins) in Serbia is limited,

- biomass market in Serbia is still not organizegeeglly agricultural one,

- a couple of smaller units provide better energypgugecurity than a single large
boiler plant, because it is less likely that twonoore plants/units will deteriorate at
the same time,

- power regulation is easier and can be done in @&mmbwer range if multiple
modular units exist, and

- phased construction implies phased investmentwbith may be more convenient
for the investor than investing in complete planbrace, despite higher overall cost.

A modular approach is also possible with CHP. Bypgishe ORC system, the possibility
of phase construction of CHP is increasing, sinctbeamal installation (boiler) can be
started first. A thermal oil boiler can be easitgtalled in heating systems, industry or
combined, with minimal energy losses. Hot oil boiWeorks at low pressures as well as
hot water ones, only their outlet oil temperatigehigher than the output water in the
water-heat boilers. After gaining experience in tperation of hot oil boilers in the
thermal regime, parts for the electricity produetomuld easily be connected. Because of
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the lower pressures in the hot oil boilers the gskxplosion is reduced so the necessary
safety measures are lower than those for steamarboilherefore, the required level of

training of the staff managing these boilers isdowhan that of the steam boiler, which is

not negligible, especially if plants are built inral areas. The presence of high-

performance personnel in steam boiler operatiandadatory. Phased construction of a
steam cogeneration plant is not rational.

4. MULTIDISCIPLINARY APPROACH

To make the use of biomass widespread, a stratapjmoach which involves
synchronous and mutually coordinated governmeiract needed:

- Ministry of Mining and Energy ,

supporting high energy efficiency projects that ame accordance with the
recommendations of the combustion technology sele¢fab. 1) and to set criteria for
that;

- Ministry of Agriculture, Forestry and Water Management,

taking care that companies participating in tharaes supply chain must also have an
obligation to prevent the devastation of forest agdcultural land, by afforestation and /
or leaving part of the crop plants to plow;

- Ministry of Economy,

favouring biomass plants, whether HS or CHP, whiakie year-round production and
heat consume supply;

- Ministries of Education, Science, and Technological Devagyment,
financing R&D projects of RES energy production asdsumption;
- Ministries for Labour, Employment, Military and Social Aff airs,

influencing the revitalization of rural areas bymaying their population in the biomass
supply and subsiding small biomass plants that gismluce heat for technological
purposes, such as drying agricultural products;

- Ministry of Environmental Protection,

taking care that the construction of biomass-fuklgants does not have a negative
impact on the environment (cutting of forests tlegtds to soil erosion, landslides and
like, as well as unauthorized emission of harmfillssances either of solid or gaseous);

- Chamber of Commerce of the Republic of Serbia,

mediating between producers of energy equipmertengial investors, local authorities
and interested consumers of biomass energy, and

- Local governments/authorities where the biomass plant would be built,

providing favorable conditions for the biomass f@eenergy purposes in their territories
and thus attract potential investors.
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5. KEEPWARM APPROACH INDHS MODERNIZATION AND USE OF BIOMASS FOR
HEATING

Combustion of all kinds of fuels is linked to eniiss of certain pollutants. This needs to
be kept in mind constantly; therefore it is necegsda use biomass in the energy
systematically and in a controlled manner. The beia¢effect of district heating (DHS)
on the local air quality should be pointed out. dear and professionally-maintained
boilers with flue gas cleaning and with high stackplace many individual heating
installations of low efficiency, with low stacks@poorly controlled pollutant emission,
especially in urban areas. If a heating plant plaas to use renewable energy sources in
an energy-efficient manner, its chances of attngcinvestments for modernization are
greater.

As a competent partner, LTE was recognized by thern@an Corporation for
International Cooperation GmbH (G1Z), engaging L0 the project KeepWarm. This
project has several major goals that are pictundiji 2. The first successfully completed
task in the modernization of DHS was the trainifighermal power plant personnel and
other external stakeholders (Work package N°22¥ig.

KeepWarm

Improving the performance of district heating systems
in East Europe

- WP Lead: ICLEI

WP5 Development of
Multi-Level Policy Plans
- WP Lead: JSI

WP4 Pilot Projects
— WP Lead: REGEA

WP3 Development of Business
and Financial Models
— WP Lead: LWK Styr

WP2 Capacity Building
of DHS Operators
— WP Lead: FSB

WP1 Project Coordination — WP Lead: GIZ

Fig. 2 KeepWarm chart

The trainings were organized from January 30th &y 242nd, 2019. LTE acknowledged
the participants’ feedback during training needseasment and organized training as
two-day workshops. The workshops were organizea sexies of lectures with room for
discussion. Besides lectures, field trips to netghiing plants were organized to present
good practice examples and enrich the lectures witpractical demonstration. The
lecturers were employees of ¥ Institute, academic professionals and employées o
companies involved in DH with relevant knowledged eexperience. The participants
were mostly employees of DH companies, but othdereal stakeholders such as
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representatives of development and energy agengiembers of academia and local
government also participated in training sessions.

Training materials were mostly printed scripts gmdsentations and are also available
online http://www.keepwarmeurope.eu/countries-iod@serbia.

To successfully address all aspects of DHS, trgihapics were divided into main topic
groups as follows:

- Capacity development on technical concerns

- Capacity development on the utilization of RES, t@asd excess heat
- Organizational capacity development

- Capacity development on financing topics

- Managerial capacity development.

Capacity building inTechnical topics dominantly for engineers, was organized in Zlatar
as a two-day block consisted of 8 lectures anctld firips - to 0.9 MW biomass (pellet)
plants - Priboj, as well as a tour of the wood shémd pellet production company Jela
Star, Prijepolje. Training in technical aspectshgatd 19 participants, 11 are employees
of 7 DHSs, and 8 participants are external staldshiel In total, training lasted for 20
hours. Many technical topics were addressed, witiptesis on energy loss reduction,
heat storage, system optimization and practicalicapn.

Priboj is a leading example in the transition frémssil fuels to biomass in Serbia. In
2016 light fuel oil-powered boiler was replaced twid pellet-powered boiler, which
resulted in significant environmental benefits, exsally for citizens living in the

narrower center where soot and pollution were comnide plant supplies: a school,
preschool, cultural center and municipal buildiBgiring training, a study visit to Priboj
city was organized, and the operation of a bionbadler (0,9 MW) was demonstrated.

The participants were introduced to the benefitsusing RES - biomass and were
introduced to the boiler operation, starting witle delivery and storage of wood pellets
and ending with an automatic boiler and heat stsygstem. Participants assessed the
training with average training grade equalled 4.T7anging from 4.41 for the
effectiveness of group work to 5.0 for presentergertise and knowledge.
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Capacity building in RES and EE topicswas organized in Vifa Institute for Nuclear
Science as a two-day workshop consisting of 9 testand 2 study visits.

Fig. 4 Photo from training at Véa Institute

The topics ranged from renewable energy in gererapecific biomass preparation and
combustion technologies. The lecturers presentedwable energy in Serbia with an

emphasize on biomass supply, possible models foméss collecting and practical

aspects of experimental biomass testing were edsdbrin presentations and during
laboratory visit. 13 individuals were included i® Bours of training in RES and EE

topics. Eight are employees of 5 DHS operators, arate other stakeholders. They
expressed positive feedback evaluating the trainiitig 4.85 points on average. Training

aspects such as quality of materials and lecturensipetencies were awarded excellent
5.0 points and, on average, 4.73 points were gieenusefulness of the presented
information. Participants especially appreciatee tipportunity to get acquainted with

accredited laboratories and methods for biomasktyaasessment.

Training in organizational topics was held in Sabac and consisted of 8 lectures3and
study visits.

Figure 5. Photos from training at Sabac
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The main objective was to strengthen the capacitysedected Serbian pilot DHS
operators’ specialists and other DHS employeesjean& sector representatives, energy
experts and other interested stakeholders. Thainniwas meant to extend their
knowledge about new tendencies, technologies dret ginovative experiences, to share
experiences among themselves and to see in pragieed solutions in Sabac as a city
that smartly plans its energy development.

The lecturers presented current state and chaberngeDH in Serbia, legislative
framework, energy efficiency in buildings, addrekske issues such as increasing the
efficiency in production and distribution of energgd increasing the quality of heating
services through compliance with standards andemriprocedures on real-life example —
Sabac DHS. Additionally, site visits to Sabac DHSabac swimming pool, and
wastewater treatment plants were organized to ptéke use of biomass, solar heat and
heating pumps. Furthermore, during the capacitylding representative from the
company for plumbing, gas and heating installatipresented thermal energy projects
from design to construction and installation of-preulated pipes. In total, 23 individuals
participated in capacity building in organization@lpics, 17 employees of 6 DH
companies and six external stakeholders. In gertbe} expressed positive feedback and
rated overall training experience with 4.89 points.

Capacity buildingn financing topics was organized in Vifa Institute. Many financing
topics were addressed with a focus on businessddaelopment covering key business
plant elements such as business plan preparatomess, necessary information, market
analysis, capital requirements, financial analyBigncial resources, etc. In relation to
the lectures, a workshop was also organized, whecdno-economic analysis of
replacement of heavy fuel oil boilers with biomé&ssler was presented in detail and a
study visit to the Laboratory for Thermal Enginegrof Vinca Institute was organized.

Figure 6. Photo from training in financing topics

On average, training was awarded 4.73 points witides ranging from 3.92 for the
ability to apply the gained knowledge to 5.0 fore thecturers’ competence and
knowledge.
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Capacity building in management topics was orgahize Herz company in Nova
Pazova. Training for managerial and business stigtaff consisted of 9 lectures and
one study visit where 45 kW biomass boiler was destrated. Lecturers were Herz
Armature company employee and professors fron¢d/institute who presented modern
heating systems, information on the legal frameworkhe application of RES and held
several lectures regarding biomass as a renewable Training participants are the
managerial staff of heating plants or DHSs, andperson is a financial officer in DHS.

Figure 7. Photos from training in management topics

The presenters mostly concentrated their lectunedifferent aspects regarding biomass
powered DHSs such as the use of biomass in citiels densely populated villages,
ecological and economic aspects of biomass useeitgity of supply, techno-economic
analysis of replacement of fossil fuel-powered droilith a biomass boiler, planning and
reconstruction of biomass heating plant etc. Dutiregstudy visit the operation of wood
chips/wood pellet boiler was presented as well tees dperation of boiler house and
regulation and automation of boiler and heat s®@ragaining in management topics
gathered 10 employees from 7 DHS companies andther stakeholders, equalling 12
participants in total. Trainees provided positieedback and awarded the training with
4.57 points on average. The grades ranged from f8:i8the ability to apply topics in
their respective plants to 5.0 for lecturers’ knedde and quick response to questions.

6. CONCLUSION

The objective of the project “Improving the perfante of district heating systems in
Central and Eastern Europe” — or KeepWarm, laundhefipril 2018, is to accelerate

cost-effective investments in the modernizatiorDéfS around the whole region and to
reduce greenhouse gas emissions by improving systeenations and promoting a

switch to less-polluting sources, like renewablEse eleven project partners strive to
ensure that best practices for environmental-fliendheating and cooling will be taken

up across Europe, replicating KeepWarm'’s approadithier countries and regions, even
beyond the end of the project in September 2020.

The intention of the LTE team, to transfer its doegi knowledge in the field of biomass
combustion from the usual scientific environmenbithe domain of real apply, has been
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implemented in the KeepWarm project. Over the yetlrs lessons learned and the
commitment to the rational and sustainable usdarhass in energy and thus the district
heating systems have been successfully transfegdg the capacity building of DHS
operators and other stakeholders. The trainingigeedvenabled the future development
of feasibility studies and business plans for SerbDHS participating in the project,
which will attract investors.

In total, 100 hours of capacity building was helithin five training blocks according to
topics defined in the KeepWarm project. The numbkiindividuals participating in
capacity building in Serbia equaled 55, of whicha28 employees of DHS operators and
27 are external stakeholders from development/greggncies, local and regional public
authorities and ESCO companies. Finally, trainirgpaizers in Serbia exceeded the goal
regarding the number of participants and includeddditional 27 external stakeholders
in capacity development.

The authors hope that this work can help in pojmitey and organizing biomass
applications for energy purposes. In addition, thehors argue that theories from
practice can also help in affirming public-privabartnerships as well as addressing
possible donations and incentives in the diredtiat this work suggests.

Note: The authors reserve the right to presenvidgws expressed in this paper on other
occasions whenever possible.
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Abstract: During the combustion of different types of fualsnerous compounds have been
emitted directly into the atmosphere or have be®rtentrated on the ash particles. In Serbia
agricultural biomass has a great potential of useaarenewable energy resource. Biofuels
are being increasingly used worldwide in order &place fossil fuels. Among pollutants
which can be emitted, there are many volatile amchisvolatile organic compounds. These
compounds are formed due to incomplete combustioreformed in the flue gas. Their

concentrations depend on the fuel composition, emtitn conditions and treatment of flue
gases before emission. Since some of these congosndh as polycyclic aromatic

hydrocarbons (PAHSs) are potentially carcinogenialdoxic, it is necessary to monitor their

concentrations in order to optimize the combustifficiency and to reduce potential

environmental risk. Besides, it is imperative téedmine major (Ca, K, C, O, H, N), minor

(Mg, Na, S, P, CI) and trace elements (Mn, Zn, Bai, Mo, B) in ash samples for their

suitability for soil amendment and as a soil fézéf.

Key words: agricultural biomass ash; major, minor and traceemlents; PAHSs; soil
fertilizer; environmental risk

1.INTRODUCTION

Biomass is important as an energy carrier in teedacades due to its high diversity
and availability [1]. Its combustion technologieavk already achieved a high level of
development. According to the National Renewablergy action plans published in
2014, its consumption in 2020 was projected to 2% digher than it was in 2012 [2].
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Among the most significant advantages of biomasdsfare: very low C@®emission
during combustion, lower CO- and TOC emission Iewamparing to fossil fuels.

The amount of ash produced in biomass combustioessaignificantly on the type
of feedstock material, used technology and opegatonditions [3]. Three different ash
fractions remain after biomass combustion: bottsim ayclone fly ash and filter fly ash.
Bottom ash is incombustible byproduct in the primaombustion chamber, which
accounts for 60-90% wt (d.b.) and can contain naihenpurities. Cyclone and filter fly
ashes include finer particles and account for 1%3&t (d.b.) and 2-10% wt (d.b.),
respectively. Cyclone fly ash is composed of maintrganic material and is collected in
the multi cyclones placed directly behind the biehile filter fly ash contains particles
collected by emission control equipment such astrastatic precipitators or bag house
filters [4].

The elemental composition, mineralogy and crystiéyli of biomass ashes usually
differ due to the extremely high variations of ntois, ash yield and types of inorganic
matter in the biomass. As biomass energy becomes widely used, the utilization of
ash will become more important to reduce landfijlspace.

The combustion of various agricultural biomasse$ie@t straw, soybean straw)
produce ashes with plant nutrients like K, P, Md &a in relatively soluble forms which
makes application of ash on soils very promisirggtikzation by biomass ashes brings to
reduction of artificial fertilizers use which makesatural mineral cycles closed
(soil/nutrients - root/plant - combustion - ashoil)s[5, 6]. Besides, biomass ash has a
high neutralizing potential which enables its useaasubstitute for lime fertilizer in
reclamation work [7]. The use of biomass ash isgaificant environmental challenge
owing to its chemical composition (especially toxiwetal compounds and organic
pollutants such as polycyclic aromatic hydrocarb@®8Hs)) and properties (such as
great sorption capacity for various pollutants dudarge surface area of ash particles)
that pose the risk to the environment [8, 9].

Before a sustainable ash utilization (recyclinggpicultural fields) it is necessary to
examine its composition, especially the contergrofironmentally hazardous substances
such as heavy metals or persistent organic potki{d0]. PAHs are created by secondary
aromatization reactions in char, in the pyrolydiage of incomplete biomass combustion
at temperatures higher than 400°C [11]. For almabidypes of combustion technologies
PAHs are emitted as byproducts in the environm&hey pose carcinogenic potential
[12] and may act as major contributors to the memagactivity of ambient aerosols [13,
14]. High content of heavy metals in ash and thedbile forms under environmental
conditions represents a limiting factor for theedir environmental application of ash
[15].

All over the world regulations concerning the usalifferent ashes are not clearly
defined and harmonized. For example, in Swedemtiyerecommendation regarding to
PAHs from wood ash intended for recycling statethd the overall concentration of 16
US-EPA PAHSs should not exceed 2 mg/kg [16]. Tolmowledge, in Serbia there are no
strict regulations regarding to PAHs maximal allove®ncentrations, so their monitoring
is optional. Further, there is a lack of studiesciwtdeals with environmental assessment
of biomass ash.
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The aim of this paper was to characterize bottothfgnashes which originate from
cigar burner biomass combustion system locatedgiricAltural Corporation PKB and to
estimate environmental risk of potential use of aska soil fertilizer.

2. MATERIALS AND METHODS

2.1. Chemicals

LGC standard PAH-Mix 14 (PAHs concentration 2000nplg in acetone/benzene as
solvent (Dr. Ehrenstorfer GmbH, Augsburg, Germanlg)ch contains 16 priority PAHs
and additionally 1-Methyl-Naphthalene and 2-Methigphthalene.

2.2. Sample collection and storage

The soybean straw is applied as fuel for greenhdusating in Agricultural
Corporation PKB more than a decade. Around 2 Kgotii bottom (BA) and fly ash (FA)
were taken. BA was collected from combustion chanalmel FA from cyclone of plant.
Ash samples were homogenized and stored at a ¢k pnder the temperature below
15°C.

2.3. Loss on ignition (LOI) and ultimate analysis of soylsn straw and ashes

The combustible components were determined acaprtinstandard methods EN
14775:2009 and EN 14774-1:2009 adjusted to theravogetric analyzer LECO TGA
701. Ultimate analysis (content of C, H and N) was deieed on LECO CHN 628
series, while total S was determined by separateo&ule of this analyzer according to
the standard methods BS EN ISO 16948:2015 and ABBML6:2008, respectively. The
oxygen content was calculated as the differenasonfbustible components content and
sum of C, H and N.

2.4. pH measurement

5 g of each sample was mixed with 50 mL of deiothizeater on an IKA KS130
orbital shaker (560 rpm) during 90 min. MeasuremeinpH was performed using a
calibrated pH meter (WTW Gmbg INO Lab, Germany) ipped with a glass WTW
SenTix 61 pH electrode. Measurements were perforimedplicate and obtained pH
values represent an arithmetic mean of those 3urements. Except water extracts, pH
measurements of acidified extracts were done, too.

2.5. Determination of inorganic ash content

Sample preparation was done on a MILESTONE Ethasy Balvanced Microwave
Digestion System. 0.2 g of ash samples or soybeamgr (up to 200 um) was mixed
with 8 mL of conc. HN@ (Fisher Chemical) and 2 mL of.8, (Alkaloid, Skopje) in
TFM vessels. Digestion lasted 30 min (vessels hgdtiom room temperature to 200°C
lasted 15 min and then hold at 200°C for 15 mirfjeiAdigestion, samples were diluted
by deionized water up to ratio 1:10 (v/v) and fitteé by 0.22um nylon syringe filter
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ESF-NY-13-022 of 13 mm (Kinesis) prior to furthemadysis. Below in the text these
filters are noted just as syringe filters.

Acidified extracts of metals were obtained afteximg 5 g of ash/soybean powder
with 50 mL of deionized water acidified with HN@p to pH 4.1. Extractions were done
by an IKA KS130 orbital shaker (560 rpm) for 12 lmuAfter extraction samples were
filtered by syringe filter and diluted tenfold byidnized water acidified by 30 pL of
concentrated nitric acid.

For element determination ICP/OES spectrometer IGABO DUO Thermo Fisher
Scientific (Ca, Mg, Mn, Zn, Fe, P, B, Cu and Mo)daRlame Photometer Sherwood
model 360 (K and Na) were used. For determinatpi/OES multi-element standard
solution IV with 23 elements (Merck, 1000 mg/L) wesed.

Chlorine was determined by standard method ISO1R87..

2.6. lon chromatography

5 g of each sample was mixed with 50 mL of deiathizeater on an IKA KS130
orbital shaker (800 rpm) for 180 min. Anions (swf#s, nitrates, phosphates and
chlorides) were determined by ion chromatographnBxo AQUION, Thermo Fisher
Scientific. Column Dionex lonPac AS22, RFIC, 4x250n was used as a stationary
phase. Column and cell temperatures were 30°C &(d, 3espectively. Isocratic method
with mobile phase 4.5 mM N@0s/1.4 mM NaHCQ was used. Flow rate was 1.2
mL/min and injected volume of diluted sample extrée L. Run time was 15 min.

2.7. Determination of PAHs by LC/DAD

PAHs were extracted from the soya ash samples bglid-liquid extraction. For
extraction of ash samples n-hexane (p.a. gradép Gaba), acetone (p.a. grade, Zorka
Pharma) and 18.2 & deionized water were used. 5 g of ash was mix¢d 99 mL of
1:1 (v/v) hexane:acetone mixture, and stirred onlk¥d KS130 orbital shaker with
maximum speed of 800 rpm for 90 min. After thag timixture of ash samples with
solvents was filtered through Whatman No. 44 filpaper and ash was washed out
several times with in total 20 mL of acetone:hexamneture (1:1). Then, the extract was
transferred quantitatively into separating funrdgjonized water was added and after
shaking extract was divided into two layers. Theermphexane layer was dried by
anhydrous Ng5Q: (Sigma Aldrich) and concentrated up to 1 mL byaauum rotary
evaporator (Heidolph Instuments GmbH, Germany)eAthat the concentrated extract
was evaporated to dry in a nitrogen stream, 0.5ofrdicetonitrile was added and filtered
by syringe filter prior to further analysis. In emdto check the reproducibility of
extraction the procedure was done in triplicate.

A Thermo Fisher Scientific Dionex UltiMate 3000 HBLsystem with diode array
detector (DAD) was used. Envirosep-PP 125x2 mmnmaojuwith particle size fum
(Phenomenex) was used. All analyses were perfousigd) a mobile phase consisting of
10% acetonitrile in water and acetonitrile in geadiconditiond17] at a constant flow
rate of 0.35 mL/min. For chromatographic separatidPLC grade acetonitrile from J.T.
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Baker and deionized water were used.The softwarer@déeon 7 was used for setting
experimental conditions as well as for the analgéisxperimental data.

3.RESULTS AND DISCUSSION

3.1. Loss on ignition and ultimate analysis of soybean straw drashes

As it is shown in Table 1 unburnt carbon and L& kigher in fly ash than in bottom
ash which indicated increased content of biomasas thFA sample. That is indication
that soybean straw is quality fuel and that cigarnbr biomass combustion system
worked at optimal operating conditions. The toibon content in ash depends on the
biomass type. For instance, for ashes from dec&lvenod combustion lower unburnt
carbon was noted comparing to coniferous trees [18]

Table 1 Combustible components and results of aténanalysis of soya and ashes

combustible ‘ moistur+ N | C ‘ H o
sample -
% dry basis
BA 0.92 0.49 0.07 0.66 0.04 0.16
FA 1.72 1.65 0.17 1.38 0.06 0.11
Soya 99.05 5.14 0.83 4522 6.00 46.99

3.2. Characterization of ash samples

3.2.1. Acidity of ash samples

Acidity higher than pH 13 observed both for BA aré in aqueous and acidified
extracts indicate that they are highly basic irirtreav form, possibly due to the presence
of the soluble alkaline and alkaline earth oxideshsas KO, NaO, CaO and MgO.

Table 2 pH values of ash extracts

acidified water
water extract
sample extract
pH
BA 13.6 13.2
FA 13.8 13.5

Biomass ash is highly alkaline (Table 2) which kdd higher concentrations of
metals (particularly heavy metals) and thus in@edhsir mobility and toxicity potential.
This results with the need to monitor metal conediuns. As the comparison pH values
of aqueous and acidified extracts of soybean poade6.2 and 5.7, respectively.

3.2.2. Inorganic ash content

Both aqueous and acidified water extracts contagtala in forms which after
leaching can easily penetrate into groundwatereQtietals which remain in the ash can
get into the environment under more specific céodd such as the action of either more
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aggressive extractants or microorganisms [19].itn F concentrations of metals which
are important as plant nutrients, determined inewand acid extracts are shown. It is
seen that the potassium and sodium exist as watabls salts while calcium and

magnesium may exist in a more complex form.

Av i ch
8?_2%

BA

6 on10.9%

0.3%

FA

- e Pz
I Fh [_IMg 7AMg
Su [_]ca A ACa

Fig. 1Determined concentrations of cations (C) and anidh&xtracted by addition of
distilled water {) and acidified water, pH 4)in BA and FA

According to literature data in biomass ash theeemany mineral species in which
these metals are included. Among them are: Ca,dkMmas silicates, then K, Na and Ca
as chlorides, then Ca and Mn as oxides, as wel,a8a, Mg and Na as carbonates,
sulphates, and phosphates (doesn’t occur in chal[£8].

The content of analyzed elements in the BA, FA soybean straw is shown in Fig.
2. Among major elements (>1% of dry weight of aah): C, O, H, N and Ca, while
minor elements (1-0.1%) are: Mg, Na, S, P and @c@& components (less than 0.1% of
dry weight) include mainly: Mn, Zn, Fe, B, Cu aneM he content of metals in biomass
ash depends on many factors, such as: the typeragid of biomass, fertilizer, applied
pesticide doses, harvesting time, collection temij transport, storage, pollution and
combustion technology. The bottom and fly asheschegacterized by high content of
alkaline substances - in particular calcium andaggitim oxide [20]. During biomass
combustion at high temperature the compounds ameralized and the basic cations are
transformed into oxides, which are slowly hydragetl subsequently carbonated under
atmospheric conditions [3]. Several trace metalsn,(Mre, Zn and Cu) seemed
occasionally to be enriched in FA samples compaiigdBA samples.
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Fig. 2 Parallel representation of concentrationsajor, minor and trace elements in BA,
FA and soybean straw

More than 80% of the total sulphur, phosphorus @hmldrine also exist in the form of
sulphates, phosphates and chlorides.

3.2.3. Determination of PAHs

Table 3 shows a list of investigated PAHs in BA &#dsamples, their abbreviations
and concentrations. As it can be sedineighteen PAHs are found in the FA sample,
while DahAand IP are not detected in BA. PAHs concentratfon$-A are found to be
higher than for BA. The high level of PAHs in astnple is associated with high carbon
content [21].

PAHSs fraction in BA and FA are equal to: 27.4 argd1% (3 rings) and 56.7 and
62.5% (4 rings), respectively. Three and four riRdHs are commonly found in
combustion byproducts as an indicator of lessieficcombustion. The less abundant are
PAHs with 6 rings which account 0.3 and 2.4% foitdmm ash and fly ash, respectively.
According to literature data the most dominant agnomividual PAHs are: Fla, Pyr,
BaA, Chry, BbF i BaRH22]. Sum of their concentrations reach 59.6 and%btof overall
PAHs sum. As seen from Table 3, the concentraidrida, Phe and Pyr are fairly high.
Together they account 60.4 and 76.6 % for BA and feapectively. In Table 3 rows
with the most toxic PAHs are marked.

It is obvious from Table 3 that BaP concentratienmuch higher for fly ash
comparing to bottom asBaP toxic equivalency factors (TEFs) are used koutate BaP
equivalent concentrations (BapR It is equal to sum of products of each individBaH
concentration with correspondent TEF value. &a® used in order to estimate risk of
soil contamination with PAHs. As measure of toxatemtial, Bak, values for BA and
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FA are equal to 1.80 and 39.01 ng/g, respectivdbcording to Canadian Council of
Ministers of the Environment [23], the safe BaWlue is lower than 600 ng/g.

Table 3 List of tested PAHSs, abbreviations, ringnivers and determined concentrations
in BA and FA with corresponding standard errorg] awerall PAHs concentrations with
measurement uncertainties

Concentration
PAHs Abbrev. nuljri?)%rs (ng/g)
BA FA
Naphthalene Nap 2 2.86+£0.18 16.17 +0.85
Acenaphthylene Acy 3 1.53+£0.12 92.14 £+ 4.64
1-Methyl-Naphthalene 1mNap 2 1.32+0.11 19.55 +0.92
2-Methyl-Naphthalene 2mNap 2 2.57 £0.15 16.71 £0.89
Acenaphthene Ace 3 0.27 £0.05 1.94+0.15
Fluorene Flu 3 11.26 +0.52 57.64 +2.92
Phenanthrene Phe 3 11.80 £0.57 371.86 £18.45
Anthracene Ant 3 0.52 £0.04 2474 +1.15
Fluoranthene Fla 4 32.55+1.45 773.78 £ 38.46
Pyrene Pyr 4 11.69 +£0.65 300.60 +15.12
Benzo(a)anthracene BaA 4 5.17 £0.32 40.79 £2.13
Chrysene Chry 4 3.15+0.23 64.48 + 3.20
Benzo(b)fluoranthene BbF 5 2.32+0.15 27.46 £1.39
Benzo(k)fluoranthene BkF 5 5.05+0.32 6.46 £ 0.36
Benzo(a)pyrene BaP 5 0.43 +0.07 26.45+1.35
Dibenzo(a,h)anthracene | DahA 5 <0.05 0.33 +0.05
Benzo(g,h,i)perylene BghiP 6 0.24 £ 0.06 2592 +£1.32
Indeno(1,2,3-c,d)pyrene P 6 <0.10 19.61£0.91
Sum of PAHs 92.73 +14.8% 1886.63 + 301.86
astandard errorsPmeasurement uncertainties

4, CONCLUSION

It is well known that application of biomass ashuldoreduce usage of artificial
fertilizers. In this paper we examined bottom ahddsh from cigar burner biomass
combustion system. The combustion of soybean speyduces ash rich with plant
nutrients such as K, P, Mg and Ca. These nutrigmgsavailable in soluble forms which
facilitate their uptake by plants. Due to potentiak to the environment, it is of great
importance to characterizsh content.
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Since PAHs emitted as combustion byproducts artie tjmmpounds, the estimation of
of soil pollution related risks is done by BaP emqlgnt concentrations. Obtained BaP
values for BA and FA are lower than maximal allowetich means that the ash is
convenient for use as a fertilizer.
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Abstract: During combustion of coal and biomass different poomds have been generated.
There is increasing concern regarding the negagwsironmental impact of GOformed
during coal combustion. Biomass, as a source oéwable energy, could play a significant
role in the reduction of greenhouse gases conceatraThe ashes generated by burning of
biomass or coal may pose threat to the environmeatto the presence of toxic pollutants, so
it is necessary to determine their content in orieestimate the environmental risk. Biomass
and coal ashes are not so often characterized fgamic compounds such as polycyclic
aromatic hydrocarbons (PAHSs). Their distribution ash particles is important because of
their toxic and carcinogenic effects to humans amimals. In accordance to this, the
determination of PAHs by HPLC/DAD in extracts dfi@s from combustion of soybean straw
in PKB and coal in Thermal Power Plant was donethis paper environmental impact of
PAHSs in biomass and coal ashes was estimated aicgptd their physical and chemical
properties.

Key words: semi-volatile compounds, biomass ash, coal ashpadson, HPLC/DAD

1.INTRODUCTION

Coal is used worldwide as a main source of poweegaion. Fossil fuels resources
are limited, and therefore using different kindsbadmasses, with different physical and
chemical properties, is increasing. Biomass ig@elst source of renewable energy and it
contribute to lower emission of CO and total orgacérbon (TOC), but there are also
some problems related to emissions - more volatile semi-volatile hydrocarbons such
as polycyclic aromatic hydrocarbons (PAHs) and unéd char. The main producer of
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electricity in Serbia is Elektroprivreda Srbije &Pwith capacity of 7662 MW, while
main source of renewable energy is hydro power wétpacity of 2835 MW, and only
4% comes from other renewable sources. Ashes dedefimm combustion of coal or
biomass can pose threat to environnjéhtdue to presence of toxic substances. Because
of that, ashes are often characterized for heawglsebut not so often for toxic organic
compounds, such as PAHSs.

PAHSs represent stable hydrophobic organic compowvidsh contain between two
and seven aromatic rings. They belong to persistegeinic pollutants (POPs). PAHs
content in ashes depend on: type of a fuel whialsed (H/C molar ratio, chlorine and
sulphur content, ash and volatile yield), combudigre and combustion conditions
(temperature, air inlet etc[2]. There are different classifications of PAHs @cling to
their physicochemical properties, toxicity, cargeaicity or environmental fate.
According to ring number PAHs are classified by esolar weight in following three
groups: low molecular weight (LMW), medium moleaulaeight (MMW) and high
molecular weight (HMW) (Table 1). Differences iretktructure and size of individual
PAH result in variability in their physical and ¢hial properties and, consequently their
behavior in the environment. As molecular weiglir@ases, the carcinogenicity of PAHs
also increases, and the HMW PAHs are known to beerpersistent and toxic in the
environmen{3].

United States Environmental Protection Agency (h\Elisted 16 PAHSs as priority
pollutants due to their toxic, mutagenic and cargemic effectq4]. The most toxic
among them are: benzo(a)pyrene and dibenzo(a,ny@etie. Some recent studies
investigate PAHs formed by combustion of coal ammass both in fly and bottom
ashegq5-7]. But still the published data on PAHs contenbiomass and coal ashes are
limited although they are very necessary becaudieeaf toxic effects to humans, animals
and on the environment.

The aim of present study is to investigate contérit8 PAHs, where 16 among them
are listed as primary pollutants, in: fly and bott@shes, collected from a plant for
heating greenhouses using soybean straw as fégrinultural Corporation PKB, in fly
ash from thermal power plant Kolubara and to commavironmental risk of potential
usage of these ashes.

2. MATERIALS AND METHODS

2.1. Chemicals

For the qualitative and quantitative analysis dbnbéss and coal ash extracts, a
standard solution of PAHmIix 14 (Dr. Ehrenstorfer & Augsburg, Germany), 2000
pg/mL in acetone/benzene was used. The list of Pgddsent in PAHmIix 14 is shown in
Table 1. For the preparation of the mobile phasetaaitrile (HPLC grade, J.T.Baker)
and deionized water (18.2() were used.

For extraction of the biomass and coal ash sanfplésving reagents were used:
acetone, acetonitrile, hexane (all reagents were(Hrade and purchased from
J.T.Baker) and anhydrous sodium sulfate (Sigmaiétijlr
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Table 1 The list of 18 PAHs present in PAHmIx 14haabbreviations and details about
PAHSs distributions used in this paper

PAHSs distribution relative to:

PAHs | Abbrev.[ying molecular | octanoliwater [ . o
number weight partition coeff. Y
Naphthalene Nap 2
Acenaphthylene Acy 3

1-Methyl-Naphthalene  1mNaj

2 LMW Kow3

2-Methyl-Naphthalene  2mNap

Acenaphthene Ace

Fluorene Flu

Phenanthrene Phe 3
Anthracene Ant
Fluoranthene Fla
Pyrene Pyr n
Benzo(a)anthraceng BaA

Chrysene Chry

BbF

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Dibenzo(a,h)anthracen

[©)

Benzo(g,h,i)peryleneg

Indeno(1,2,3-c,d)pyrene

2.2. Sample collection

2 kg of fly (FA) and bottom ash (BA) were collectéwbm a plant for heating
greenhouses using soybean straw as fuel in Agui@llCorporation PKB. The plant uses
the technology of cigarette combustion of baledvsirCoal fly ash was collected from
Kolubara thermal power plant (PPK). The samplesewstored in a dark place in the
laboratory at a temperature up to 15°C.

2.3. Proximate and ultimate analysis

The proximate and ultimate analysis of coal andrlaiss used as a fuel was ddne
using of the standard test methodSN( 14775:2009, EN 14774-1:200ASTM
D7582:2012, BS EN ISO 16948: 2015, ASTM D5373-1420ASTM D5016:2008)
The combustible components and ash contesite determined by thermogravimetric
analyzer LECO TGA 701. Elemental analysis using=£0 CHNG628 Series and LECO
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CHNG628 Series Sulfur add-on module were appliedetermine elemental content of N,
C, Hand S, while oxygen content waculated according to the Equation 1:

0 (%) =100%—C (%d.b.)—H (%d.b.)—N (%d.b.)—S (%d.b.)— Ash (% d.b.) (EQ. 1)

where d.b. stands for dry basis.

2.4. Ash samples extraction

5 g of ash was mixed with 50 mL of acetone:hexamdume (1:4, v/v). Extraction
was carried out by Grant XUB ultrasonic bath, Griastruments (Cambridge Ltd, UK)
and it lasted 70 min. Afterwards the mixture of astmples with solvents was filtered
through Whatman No. 44 filter paper and ash wahe@®ut several times with in total
20 mL of acetone:hexane mixture (1:4). Then, thieaek was transferred quantitatively
into separating funnel; deionized water was addetladter shaking, extract was divided
into two layers. The upper hexane layer was drigd amhydrous Ng&Q, and
concentrated up to 1 mL by a vacuum rotary evapor@eidolph Instuments GmbH,
Germany). After that the concentrated extract waperated to dry in a nitrogen stream,
0.5 mL of acetonitrile was added and filtered b2Qum nylon syringe filter ESF-NY-
13-022 of 13 mm (Kinesis) prior to further analydis order to check the reproductivity
of extraction the procedure was done in triplicate.

2.5. Chromatographic separations

A Thermo Fisher Scientific Dionex UltiMate 3000 HEBLsystem with quaternary
pump, autosampler, column compartment and dioday adetector (DAD) was used.
Envirosep-PP 125x2 mm column, with particle sizenb (Phenomenex) was used. All
analyses were performed using a mobile phase ¢nsisf 10% acetonitrile in water
and acetonitrile in gradient conditiofi8] at a constant flow rate of 0.35 mL/min. The
software Chromeleon 7 was used for setting expetiaheonditions as well as for the
analysis of experimental data.

3. RESULTS ANDDISCUSSION

3.1. Proximate and ultimate analysis of fuels

PAHs formation process can be associated with cacbatent, H/C molar ratio and
volatile yield of fuels[9]. Fuels properties were determined by proximaie atimate
analysis and summerized in Table 2. In the cassogbean straw, ash and moisture
content are lower, while volatiles, carbon contamd H/C molar ratio are higher
comparing to lignite (Table 2). Higher H/C molatioas indication of lower contribution
of aromatic structure in soybean strfd@], higher volatile matter can be beneficial for
ignition and combustion processgkl], but it enhance tendency for increasing PAHs
content in ash. Higher total carbon content in Esmshows better characteristics as a
combustion feedstock, but increase adsorptive fard@AHs[12].
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Table 2 Part of the results obtained by proximaté @timate analysis of the soybean
straw sample used as a fuel in plant PKB and coat thermal power plant Kolubara

Soybean straw | Lignite used in PPK
dry basis

Moisture 5.14 14.07
Ash 0.95 38.75
C-fix 21.53 21.59
Volatile % 77.52 39.66
Total carbon 45.22 40.44
Hydrogen 6.00 3.68
Nitrogen 0.83 0.69
Oxygen 46.99 15.68
H/C molar ratio 1.59 1.09

3.2. PAHs content

In Fig. 1 concentrations and percentages of eadivitual PAH in fly and bottom
ash from Agricultural Corporation PKB and fly agbrh thermal power plant Kolubara
are presented.

2000
- 100
S 1500 -
= L75
G <
c o
2 z
E =]
£ 1000 L50 =
g g
C - —
S s
T =S
E 500 | 25
0- Lo

BA FA PPK BA FA PPK

Fig. 1 PAHs concentration in bottom ash (BA), fshgFA) and ash from power plant
Kolubara (PPK) (left) and their portion in thestess (right)

The concentrations of overall PAHs in FA, BA andkP&sh are 1.99, 0.10 and 0.38
mg/kg, respectively. In literature PAHSs in fly asbm thermal power plants range from
0.20 to 32.4 mg/kg7, 13], and in wood and straw biomass ash PAHsconaried from
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15 to 733 mg/kg14]. As it can be seen from Fig. 1, the highest BAKHncentration is

observed in FA from PKB, and the lowest in BA, whis not expected to have any
organic material. The greater abundance of PAH$&Anis probably due to higher

specific surface area than bottom ash.

3.3. Enviromental aspects of PAHs distribution

In Fig. 2 a) the dependence of PAHs concentratame®rding to number of rings is
presented. Phenathrene (with 3 rings) and fluoemgh(with 4 rings) are the most
abundant among PAHSs for all ashes. Their conceoistire the highest probably due to
lower quality of combustion processes. Some authgrggested that incomplete
combustion could be the reason why fluoranthenehigtgest yield in ash samplgk3].

In Fig. 2 b) LMW, MMW and HMW fractions of PAHSs iash samples are shown.

4ol

concentration of PAHs (ngig)

4
Ie number ofrings

EEwvw My W
PPK

)
S
e

BA

k=]
E_

0 0 80 100
b % to the total PAHS

Fig. 2 PAHs concentrations as the function of theber of rings (a); comparison of
LMW, MMW and HMW PAHs fractions in BA, FA and PPIsla (b)
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The highest contribution of HMW PAHSs is in BA andr LMW PAHs is in PPK
sample. Higher amount of HMW PAHs is noticed conmgato BA samples, which is in
accordance with literature ddt.

The distributions of 18 quantified PAHs according octanol/water partition
coefficient (Kow) and their toxicity (T) are presed in Fig. 3. In accordance to the
values of Kow, PAHSs are divided into three grougfswl, Kow2 and Kow3, while there
are four groups according to toxicities: T1, T2,argl O (see Table 1).

The octanol-water partition coefficient (Kow) iphysiochemical property useful for
evaluation of fate and transport of organic polhigan the environment. The higher Kow
value indicates the greater tendency of some argawoilutant to be sorbed by
soil/sediment or to be accumulated in biota. PAHe divided into three groups
according to their rising Kow values. PAHs with kagyv values between 3.07 and 4.01
are included into Kow3 group, while those from 4t845.52 and from 6.11 to 6.70 are
included in groups Kow2 and Kowl, respectively. Tighest PAHs content is noticed
for Kow2 group.

1500
1000 4
5004
. !

PAHs concentration (ngfg)
b =

)
3

Kowl Kow2 Kowl

1500 4
10004
500

w
=3

]
=

=
L

PAHs concentration (nglg)

o
L

Fig. 3 PAHs concentrations as the function of oolfavater partition coefficient (Kow)
and toxicity (T)

The toxicity of PAHSs is one of key concerns. Gehlgrahe higher ring number and
molecular weight the higher toxicity of the PAHss e most toxic one benzo(a)pyrene
is taken as a toxic benchmark, with toxicity eqleéway factor (TEF) equal to 1. In order
to evaluate the toxicity of a particular sampleryveften, total PAHs concentration is
expressed as BaP equivalents (8pPBaRq value represents a sum of products of
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individual PAH concentrations with correspondent-T&lue. In the case of T2, T3 and
O group of PAHs, TEF values are 0.1, 0.01 and Q.B&pectively. Among ashes which
are investigated in this paper, FA has the higBa$t, which is equal to 39.82 ng/g. This
value is under the limit which is recommended by&#an Council of Ministers of the
Environmen{15].

4, CONCLUSION

In this paper concentrations of 18 PAHSs in bionfassind bottom ash, and coal fly
ash have been quantified and compared. The PAHsmoin ashes varied widely among
the samples. The highest content of total PAHs § B ng/g) is found in biomass fly
ash. In general, fly ashes (FA and PPK) containhmhigher levels of PAHs than bottom
ash (BA), while HMW PAHs concentration is higherB samples. Due to incomplete
combustion, Phe and Fla are the most abundant ameasgtigated PAHs. FA contains
the highest amount of most toxic PAHs (BaP and DafiAe highest PAHs content for
all ash samples has been noticed in Kow2 fractidiich has moderate logkow values.
It is of great importance to estimate BaP equiiat@mcentrations on ash particles. As a
measure of ash toxic potential BaRalue is the highest in FA sample (39.82 ng/gj,iu
is still safe because it is lower than 600 ng/g.

Acknowledgement: This work was supported by the Ministry of EduaatidScience and
Technological Development of the Republic of Sei®é@bia (Project§R33042 and 11142011).
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Abstract. Agricultural sector is of great importance to eyexociety. It is also a great
energy consumer. Based on the relevant statistlatd on the use of various energy
sources, it can be concluded that diesel is thet meed fuel in Serbia today. It is used
to run the agricultural machineries. Therefore hetmodynamic analysis of energy use
in the agricultural sector of Serbia was conductedsidering the fuel consumption for
the ten-year period from 2008 to 2017. The pape¥sents an energy and exergy
analysis of the use of energy products for the se#dagricultural mechanization in
Serbia. A comparison was made with the availabta mm other countries.

Key words: energy efficiency, exergy efficiency, agriculturabchinery, transport
diesel, diesel gas oil

1.INTRODUCTION

Agriculture has a great importance for every sgcittensures not only the food security
of the country but also the production of raw miater for its own purposes and for the
demands of other branches of the economy. Furthentaking into account the world
trade of agricultural products, agriculture has agéh impact on the social and
demographic aspects of every country. Considetiegsignificant available natural and
human resources and the achieved level of productiod processing, agricultural
activity in the Republic of Serbia is one of theyleeonomic activities.

Serbia's agricultural sector is also a major energgr, using 2% of total final energy.
Based on the data of the Total Energy Balance &y 20], an overview of the use of total
final energy by different sectors is shown in Figar
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Fig. 1 Utilization of total final energy by diffenésectors in 2017 [1]

Agriculture consumes large quantities of scarcedeilivatives. Based on the relevant
statistics on the use of different energy produrctthis sector, it can be concluded that
diesel fuel is the most used energy source in 8ddday. A comparative overview of
diesel fuel use in agriculture and other econorotivities [2] is given in Figure 2.

1 — Agriculture

Diesel fuel use, %

200 2 — Water management
3 —Forestry

4 — Road traffic

w00 5 — River traffic

PR— - 6 — Rail transport

1 2 3 a 5 6

Fig. 2 Use of diesel fuel by different economicities in 2003

A comprehensive approach considering energy usigeimgricultural sector involves not
only the amount of energy used, but also its qgalithich can be achieved through
exergy analysis. This paper analyzes the energy exsigy needs for agricultural
machinery in Serbia and compares it with availaala from other countries.

2. THEORETICAL BASIS OF ENERGY AND EXERGY ANALYSIS

The first law of thermodynamics is the law of enecgnservation. However, it does not
provide information on how, when and where amouhtperformance is degraded.
Exergy or work potential is the quantity that pdes this information. In
thermodynamics theory exergy is usually definednasimal useful work, which could
be obtained by existence of thermodynamic non-dygjiuim between the observed
system and environment [3]. Unlike energy, in eggngpcesses exergy is lost, destroyed,
which means that energy loses quality (energy diagien takes place). Exergy analysis
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allows us to locate processes and devices whengemgiality is lost and to devise
strategies and measures for thermodynamical impnenés.

Energy and exergy balances of an open thermodynaysiem, at steady state process,
can be written in the form:

Q+W+Z|; my (R + €ut Bud =.Z M Ch+ &+ o8); (1)
and
B+ B+ My §uii =2 My R+ B @y
uli izl, j

Where m, and m, represent, respectively, the mass of the substantering the
system and the mass of the substance exiting #terayQ is the heat transfer between
the system and the environmeriix, is the exergy by heat transf€; W, represents
the work performed by the systenkx, is the exergy transfer by workd,; Ex,,
represents exergy losses. The working substancer wotisideration is at temperatdre
pressurep and has specific values of enthalpy kinetic energye, , potential eNergye,
and flow exergyey .

Exergy losses due to thermodynamic irreversibiitying the process are determined on
the basis of the expression:

E)ggub = TOA Ss (3)
Where Ex,,,, > 0 for an irreversible process arik,,, = 0 for a reversible process.
The exergy by heat transfer is determined by apglgiquation:

T
The exergy transfer by work equals the work perftm
Exy =W ®)

When it comes to flow exergy of a working substaficeonsists of the exergy of
macroscopic kinetic energ%, the exergy of potential energ%F, and the physicak

and chemical part of exerg?th, arising from the thermodynamic imbalance of tiuédf
flow with respect to the environment. The envirominés in equilibrium at constant
values of temperaturd, and pressureg, while the concentration of individual
components in the environment is different fromirth@ncentrations in the working
substance itself. In the general case the flowgsxean be written in the form:

ex=8+6+ ¢+ g (6)

In the case of hydrocarbon fuels, including didsel, (assumingg, =0 and e, =0) the

physical part of exergy at conditions close to éh@ironment is approximately equal to
zero ¢ =0. What follows is that the flow exergy of a fuel égual to its specific

chemical exergy, which can be written in the fo@¥b|:

ex =&, =7 H (7
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where y, is quality factor of the fuelH, is the higher heating value of the fuel. The
value vy, , which depends on the fuel composition, is deteealiaccording to the models

available in the literature. Table 1. givék , e, and y, for the most commonly used

fuels. The values shown are determined for a cohstdierence state of the environment
- air at temperature, = 25° C and pressuregy, =1 atm.

Table 1 Properties of appropriate fuels [4]

Fuel H; [kJ/kg] e, [kJ/kg] s [

Gasoline 47.849 47.394 0.99
Natural Gas 55.448 51.702 0.93
Fuel Oil 47.405 47.101 0.99
Diesel 39.500 42.265 1.07

The performance of the device can be described riergg (n) and exergy f.,)

efficiencies, which are defined in the usual wags-the ratio of useful and input value.
The useful effect of agricultural machinery is Iretform of mechanical work, which is
obtained at the expense of motor fuel combustiohatWollows is that the energy and
exergy efficiency of machines using a certain tgpéuel can be expressed in the form
of:

My = ®)

and

Nexm = = 17— (9)

3. DATA ANALYSIS, RESULTS AND DISCUSSION

The analysis of the amount of energy products usethe agricultural sector was
conducted on the basis of database Balance ofdilQil Derivates within the annual
energy statistics of the Statistical Office of tRepublic of Serbia. The analysis covers
the share ofransport diesel(diesel label) andliesel gas oillgas oil label), which are
assumed to be used in their entirety as an enengge for the operation of agricultural
machinery. The participation of the remaining egesgurces is very small, which is why
it is neglected in this paper.

The overall energy efficiency of oil and oil deriga use in the agricultural sector of
Serbia is determined by the expression:

N = Ngieser TN gas oil— N m,diesel f diesdh N m,gas 'oiI.r gas (10)

while the following is used to determine the ovekatergy efficiency of oil and oil
derivates use:
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MNex =M ex,diesel+ n ex,gas ol n ex,m,dies'elf diestM negas oil” f gas oil (11)

which on the basis of expressions (9) and (10)bearepresented in the form:

— nm,diesel_ f nm,gas oil_ f

_ Ndiesel + n gas oil (12)

diesel+ gas oil—
Ydiesel gas oil Y diesel Y gas oi

nex

Energy fraction of fuel f represents the energy share of a given type of ifu¢he

considered sector. When it comes to the energygiefity of agricultural machinery, its
value is about 35% [6] in the case of modern maafyinConsidering the characteristics
of agricultural machine park in Serbia, energyaidiicy ranges from 30-35%. In practice
agricultural machines do not operate continuoudlyn@minal regime, their energy
efficiency is slightly lower. It is estimated thiatreal conditions the energy efficiency of
agricultural machinery in Serbia is around 27%.04erview of the used data [7], as well
as energy fraction of fuels, for the ten-year pfrom 2008 to 2017, is given in Table 2.

Table 2 Data on energy use in the agriculturaloseaft Serbia

Energy input [TJ] Energy fraction of fuel Estimated energy

Year [%] efficiency [%]
Transport diesel Diesel gas oil fdiesel fgas oil Hm
2017 2400 3079 43,80 56,20 27
2016 2138 3391 38,67 61,33 27
2015 1777 2380 42,75 57,25 27
2014 1766 2990 37,13 62,87 27
2013 5099 - 100 - 27
2012 4827 21¢ 95,6¢ 4,32 27
2011 227( 25 98,91 1,0¢ 27
201C 192:¢ 172 91,7¢ 8,21 27
2009 2899 100 96,67 3,33 27
2008 1924 43 97,81 2,19 27

Based on the expressions (10) and (12) and theemess statistics, energy and exergy
efficiency of agricultural machinery in Serbia ihet period from 2008 to 2017 were
determined (Figure 3).

The diagram clearly shows a decline in the useafsport diesel, with a simultaneous
increase in the use of diesel gas oil starting @42 This is due to the ban on the
production and marketing of D2 diesel in the domcestarket, which was introduced to
follow European Union standards. As a substitutetffiis fuel, which was used as an
energy source for agricultural machinery, new, bigiuality fuel was introduced - diesel
gas oil 0.1.

The comparison of the diagrams shows that the gnargl exergy efficiency of
agricultural machines in Serbia are very close @oheother. This is also true when
comparing the efficiencies of machines that usespart diesel, and those that use diesel
gas oil, and it also applies when comparing thealvenergy and exergy efficiency of
oil and oil derivates use.
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a) Energy efficiency of agricultural machinery
b) Exergy efficiency of agricultural machinery
Fig. 3 Efficiency of machines in the agriculturattor of Serbia from 2008 to 2017

This is due to the use of high quality fossil fudsdrive mechanization in the Serbian
agricultural sector, which have quality factorgteé fuel around 1.

Average values of energy and exergy efficiency gficalltural machinery for the
analyzed types of fuel, which are equal to the pco@f machine efficiency and energy
fraction of a given type of fuel, as well as theell average energy and exergy
efficiency of oil and oil derivates use in the agitural sector of Serbia, are shown in
Table 3.

Table 3 Average energy and exergy efficiency oficatfural machines for the period
from 2008 to 2017

Average energy Average exergy
Types of fuel efficiency [%] efficiency [%]
Transport diesel 20.07 18.75
Diesel gas oil 6.93 6.48
Overall average 27 25.23

Based on the presented values, it is concludedhbabverall average energy and overall
average exergy efficiency of oil and oil derivatese in the agricultural sector of Serbia
for the period 2008 to 2017 are respectively 2T 25.23%.

A comparison of these values was made with theallvewerage energy and exergy
efficiency of oil and oil derivates use in the agiiural sector of Malaysia [4] and the
transportation sector of Saudi Arabia [8]. Compaeatesults are shown in Figure 4.
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Fig. 4 Comparison of the overall average energyexaugy efficiency of the Serbian

agricultural sector with other countries

The values of efficiency in these countries areraxmate, but in the case of Serbia the
values are slightly higher. The overall averagergxefficiency of all three analyzed

sectors is lower than energy efficiency. This i® da the fact that diesel in all three
countries, along with gasoline in Saudi Arabiaaiprime energy source whose quality
factor is slightly greater than 1.

4. CONCLUSIONS

Based on the available data, an analysis concethingnergy and, for the first time, the
exergy efficiency of energy use in the agricultwsattor of Serbia was conducted. From
the obtained results the following can be concluded

The overall average values of energy and exergigieficy of oil and oil
derivates use for the purposes of agricultural nmecly in Serbia in the period
2008 to 2017 are 27% and 25.23% respectively.

The exergy efficiency of the Serbian agriculturatter has a similar, slightly
lower value than the energy efficiency, due touke of high quality diesel fuel
as a prime energy source.

The overall average energy and exergy efficiencyhef agricultural sector of
Serbia, the agricultural sector of Malaysia and ttesport sector of Saudi
Arabia have approximate values, although in the cdisSerbia they are slightly
higher.

The presented analysis was conducted from the dimatgy use point of view in
the agricultural sector of Serbia. In order to obta more complete qualitative
picture on the basis of which an improvement sgnati@ this sector would be
devised, it is necessary to observe the entire fibenergy transformations from
primary to final energy.

Renewable energy sources have lower factors oferting final energy into
primary energy [9]. In this regard it could be simothat the use of e.g. biodiesel
would be more favorable choice than conventionssifduels.
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Abstract. Agricultural production in Serbia is characterizéy dominance of small family
farms. Majority of them cultivate less than 3 heetaand therefore have very small
economic size (less than 3,999 EUR). One of thes wmyimprove their economic
performance and competitiveness is to use precisgniculture technologies.
Considering the fact that such technologies are momly used on big farms the
guestion arises if such technologies are adequatsrall farms cultivating less than
100 hectares. Therefore, the goal of this analisi® evaluate economic efficiency of
investments in global positioning systems on sfieedh crop farms using up to 100
hectares of arable land. Data for the research gathered by survey of 30 family
farms (operating in the region of Vojvodina) whispecialized in crop production.
Methodology is based on discounting approach feestment evaluation and use of
annualized cost savings. To perform the analysimsaare divided in two groups — first
group cultivates up to 50 hectares and uses stabsidies for investments in such
technology, while second group of farms cultivdtesveen 50 and 100 hectares and is
not suitable for using subsidies. In total, fouresarios concerning investments in
global positioning guidance system are analyzetha paper. As a result, for all of
them break-even number of hectares for variousldewé costs savings have been
determined. State subsidies proved to be signifitacentive for introduction of
precision agriculture technology.

Key words: precision agriculture, GPS guidance systems, imvests, family farms, costs
savings, subsidies

1.INTRODUCTION

According to the results of Agricultural census,iethwas conducted in Serbia in
2012, structure of farms was very unfavorable bseatiis dominated by very small
farms. The census revealed that 60% of farms ssethan 3 hectares, while only 0.29%
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of farms use more than 100 hectaré&®esides, 68% of farms in Serbia have economic
siz€ less than 3,999 EUR of standard output and sudhmsfaultivate less than 3
hectares. Therefore, the question of how to impresenomic results of small farms
arises. Use of advanced technical solutions (sschrecision agriculture technology)
could improve profitability, sustainability and cpetitiveness of farms of all sizes. Such
technologies offer solutions which enable increas@roduction and/or cost reduction
with rather small investments. At the same timecisien agriculture technology
improves food safety and food security which isyvienportant for emerging European
Union (EU) market.

Nevertheless, there are restricted possibilitieséif-financing in Serbian agriculture
“primarily due to lower labor productivity leadirtg lower rate of surplus value” (B@Zi
et al., 2009) so that farmers have to use othendoof financing. This is why size of
farms plays significant role in adoption of precisiagriculture technologies. Therefore,
at the beginning, investments in such technologyeweconomically efficient and
financially feasible only for the biggest farms.dbuld be explained by the level of
investment capacity which is closely related to #gize of farms (Vasiljedi and
Sredojevt, 2005). Nowadays technologies related to precigigniculture are primarily
spreading among farms that cultivate more thanHeéifares. On the other hand, small
family farms cultivating less than 100 hectared sid not have satisfying access to
technologies related to precision agriculture. Spbenomenon is not present only in
Serbia, but also in the EU countries where less @26 of farmers have an access to
such technologies (Dryancour, 2017).

Therefore, state subsidies for agriculture arengwortant incentive for distribution of
precision agriculture technologies among small farnin Serbia, subsidies for
investments in global positioning (GPS) guidancstays are at the moment available
only to farmers cultivating less than 50 hectafBisese subsidies could speed up an
introduction of precision agriculture technologysuking in increase of economic
performance of small farms. Without state supporalsfarms would have difficulties in
future to compete with farms from the EU, as wsliath big farms operating in Serbia
(which have recently increased their investmentspiacision agriculture). Without
production systems related to precision agriculsmall crop farms would be not only
less profitable and competitive but also unabliuli@l ecological standards in the future.

Having that in mind, the goal of this researchoigietermine economic efficiency of
investments in GPS guidance system on family fadirected to crop production which
use less than 100 hectares of arable land.

1 According to “Census of Agricultural 2012 in thefblic of Serbia”, Statistical Office of the Repalof
Serbia.

2 According to the EU methodology defined by the @ussion Regulation (EC) No. 1242/2008 of 8
December 2008) and appropriate approach develop#tklStatistical Office of the Republic of Serbia.
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2.MATERIAL AND METHOD

To analyze possible purchase of high precisionajuid system authors used model
of specialized crop family farm. Data for this rassh are gathered by survey of 30
holders of family farms (operating in the region \@bjvodina) specialized in crop
production which cultivate between 10 and 100 hestaThe farms are divided in two
groups where the first group is made of farms eating up to 50 hectares. Such farms
could use state subsidies for investments in GPilagoe systems if they produce
cereals, industrial crops and forage plants. Thers# group consists of farms cultivating
50 — 100 hectares (farms of that size are not ldeitfor receiving above mentioned
subsidies).

The farms are divided in these two groups havingmimd their ability to use
subsidies, while both groups of farms have to bgistered with appropriate state
Registef. According to the preliminary results of the mostent Farm Structure Survey
conducted in 2018family farms with 10 — 100 hectares cultivate 48.0f utilized
agricultural area (UAA) in the region of Vojvodinkore detailed analysis show that
35.5% of UAA in Vojvodina is used by farms cultireg 10 to 50 hectares while 13.2%
of UAA in the same region is used by bigger farmgt{vating 50 to 100 hectares). All
the data gathered by the survey (questionnaire) raferring to production years
2017/2018 and 2018/2019. The questionnaire is tsedllect data on sowing structure,
technology of crop production, as well as productimsts for all the crops grown at a
farm.

The basic assumption in this research is that fafalms have different sizes and
sowing structure, and that they do not use the ganmduction technology. This is why
production costs differ among analyzed family farfiaking into account production
costs for each crop, as well as participation diidual crops in the sowing structure of
the observed farms authors generated a weightedgeseosts per hectare.

Four scenarios concerning investments in GPS go&lagstem are analyzed in the
paper. For all of them break-even number of hestéoe various levels of costs savings
(which are achieved using precision agriculturéat@togies) have been determined.

Economic evaluation of investments in high precisguidance system is based on
calculation of annual equivalent cost of using #fystem. According to Bierman and
Smidt (2007) the annual equivalent cost is sumnofual equivalent of an initial outlay
(investment) and operating costs per year. The areguivalent of an initial investment
is calculated by multiplying amount of the investrnéy the corresponding capital
recovery factor. This approach is similar to an wtynmethod described by Gdgi
(2014). The capital recovery factor is calculatedalows:

8 According to regulations published in ,Official @te of the Republic of SerfijaNo. 48/18 of June, 23rd
2018 and ,Official Gazette of the Republic of SerbNo. 29/19 of April 19th 2019.

4 Preliminary results of Farm Structure Survey carteld in 2018 by the Statistical Office of the Repubf
Serbia on the sample of 120,000 farms.
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r
Capital recover factor =m Q)
where:
r - represents interest rate per period and

n - life of an asset in years.

Application of this approach assumes that the ppigitision guidance system will be
replaced at the end of its useful life with equérdlinew equipment (technology) having
the same annual equivalent costs.

Prices of high precision guidance systems usekisrésearch are the average market
prices for such systems in Serbia. Useful life ge&rs for the systems is assumed, with a
cautionary note that fast development of technoleguyld make guidance system
obsolete in two to three years. Therefore, estimgati salvage value for these assets is
difficult. Having all that in mind, it is assumebat the guidance system will become
obsolete at the end of its useful life and will @ano salvage value.

Financing of the investment in high precision guoita systems is supposed to be
from equity funds (50%) and from loan (another 50%djer the purchase of the system,
farms cultivating less than 50 hectares would reratate subsidy for the investment,
while bigger farms are not eligible for such typk state support. On the basis of
opportunity costs for equity funds (interest rat&%) and interest rate for borrowed
capital (which is estimated to be 6.5%) authoremeined weighted average cost of
capital (WACC) which is 3.5%. Generally WACC is sofered to be appropriate
estimation of discount rate for investment evalmatprocess (Needles and Crosson,
2005; Weygandt et al., 2002; Brigham and Gaperk®@7; lvanow and Markow,
2018; Ivanow, 2018).

Costs related to repair, maintenance and upgratieeafystem are estimated to be 10
percent of the original purchase price of the agsetyear. It is also necessary to take into
account costs of annual subscription fees for tiga-kinematic (RTK) correction signal.

3.RESULTSAND DISCUSSION

The farm size and sowing structure play an impontele in evaluation of economic
efficiency of investments in high precision guidisygstems in agriculture (Table 1).

Table 1 Sowing structure for farms of various sizes

Crop Farms cultivating Farms cultivating
10 to 50 hectares | 50 to 100 hectares|
Maize 47.78% 49.07%
Wheat 27.93% 20.18%
Sunflower 18.63% 11.31%
Soybean 5.66% 8.20%
Sugar beet 0.00% 11.24%
Total 100.00% 100.00%

Source: Authors’ calculation
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Concerning family farms in question, their sowinigusture is dominated by cereals,
while industrial crops are less important. It idio@able that an increase in farm size
leads to a smaller participation of wheat in sowistgucture, due to sugar beet
production. This phenomenon could be explained dpability of bigger farms to use
sophisticated and expensive agricultural mechabpizavhich is needed for sugar beet
production.

Sowing structure has significant influence on thetavings achieved by the use of
precision agriculture technologies. Farms producirugps that require high input (such as
sugar beet) are also having higher costs (suchesfértilizers, pesticides) which leads
to bigger cost savings due to the use of high pratiguidance systems. Therefore,
higher participation of sugar beet in sowing stuuetincreases economic efficiency of
investments in GPS systems.

Besides, it should be noticed that economic efficyeof such systems also depends
on the size of individual plots as well as on tiee ©f equipment used in production
process. Costs related to material, labor and gihmtuction resources for various farm
sizes (having different sowing structure and préiductechnology) are presented in table
2.

Table 2 Production costs for various farm sizesREigr ha)

- - Fuel, Labor
Crop Seed Fertiliz. Pesticid. M&R costs Total
Farms cultivating 10 to 50 hectares
Corn 82.01 278.88 65 173.41 17.05 616.35
Wheat 81 266.38 21.87 112.6% 13.59 495.48
Sunflower 61.69 252.61 67,8 147.86 16.58 546.54
Soybeans 61.46 218.24 43.63 147.69 19.44 490(47
Farms cultivating 50 to 100 hectares
Corn 78.91 268.34 62.54 243.41 17.39 670.59
Wheat 77.94 256.31 21.04 174.44 14.1 543.82
Sunflower 59.36 243.06 65.24 200.2p 15.31 583)2
Soybeans 59.14 210 41.99 190.4 16.87 518.89
Sugar beet 66.2 384.3 264.04 357.76 27.07 1,099.37

Source: Authors’ calculation

Taking into account participation of certain cropssowing structure (Table 1) and
amount of costs per hectare (Table 2), weightedageecosts per hectare are determined
for various farm sizes (Table 3).



Table 3 Weighted average costs per hectare foyzehfarms sizes (EUR per ha)
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Crop Farms cultivating| Farms cultivating
10 to 50 hectare$ 50 to 100 hectare
Corn 294.47 329.09
Wheat 138.41 109.73
Sunflower 101.83 65.96
Soybeans 27.75 42,51
Sugar beet 0.00 123.55
Total 562.46 670.84

Source: Authors’ calculation

Several authors such as Debain et al. (2000), Gsedeet al. (2000), Stoll and
Kutzbach (2000), Han et al. (2004) and Dunn et(2006) summarize the following
general benefits from the use of guidance systeadsiction in driver fatigue, reduction
in costs, increase in productivity, improved wotatity, improved safety, less impact on
the environment, possibility for work at night amdhen visibility is poor. Kviz et al.
(2014) found that the regular overlap of passesiwalse range between 1% and 6% of
machine’s working width with drivers who were awafeahe test setup. Bombien (2005)
and Reckleben (2008; 2011) assume that overlapas$gs for operations performed
without some kind of visual support for driver %8Some authors assumed (Nieminen
and Sampo, 1993; Griffin et al., 2005) that farnfease a tendency to overlap their work
about 10% of the implements width. Also, as prodsicaove towards larger farming
operations (Key and Roberts, 2007) they are punchasider equipment to speed up
field operations (Luck et al., 2010). As implemaiidth increases, the potential for swath
overlap also increases, especially in end and poims (Luck et al., 2010). Nevertheless,
when the same operations are performed with autongaidance using GPS overlap
decreases to 0.96%. These electronic steering atimmmethods have widely been
developed (Mousazadeh, 2013). Average potentidghgavcaused by use of GPS in PKB
corporation (Republic of Serbia) applying automagigidance for tractors and other
machinery (considering sowing structure in productyear 2009/10) were 15.92 EUR
per hectare. This amount represents only savingspuats and fuel, while some other
benefits also have to be considered. Some of thersavings in number of working
hours and possibility to perform operations wheagibiiity is poor or during night
(Markovi¢ et al., 2012; Markoviet al., 2011). Related to that, average potestgings
caused by the use of RTK navigation system in thpuRlic of Slovenia, on two parcels
(whose size is 172 x 58 meters), and the two wgrkirachines (that are 3 and 6 meters
wide) were 15.7% of the time and 8.66% of the figel a working machine that is 3
meters wide) and 12.6% of the time and 8.28% offileé (on a working machine that is
6 meters wide) (Kelc et al.,, 2019; Vajda et al.1@0 At the same time, authors
emphasized that the main savings originate fromugtoh of fertilizers costs and
pesticides costs.

Production costs differ among family farms of vasosizes due to differences in
sowing structure and production technology. Theaeefoosts savings achieved by use of
high precision guidance systems are different fsmk of various sizes. The range of

IV -6



Evaluation of investments in gps guidance systeraerdian crop family farms

savings generally varies from 2 percent to 8 peradth an average savings of 5 percent.
Keeping this in mind three estimates of savingsraported in Table 4 (2 percent, 5
percent, and 8 percent).

Table 4 Costs savings for analyzed farms sizes (R&tha)

Farms cultivating | Farms cultivating Difference

0 .
% of cost savings 10 to 50 hectares| 50 to 100 hectares (EUR per ha)

2% costs savings 11.25 13.42 2.17
5% costs savings 28.12 33.54 5.42
8% costs savings 45.00 53.67 8.67

Source: Authors’ calculation

Economic efficiency of investments in high precisiguidance systems is based on
determination of annual equivalent costs and tbemparison with appropriate savings
per hectare presented in Table 4. Therefore, areguavalent costs for various scenarios
are calculated in Table 5.

Table 5 Economic efficiency of investments in higbcision GPS guidance systems
on family farms directed to crop production

Farms cultivating Farms cultivating
Elements of calculation 10 to 50 hectares 50 to 100 hectares
Scenario 1 Scenario 2 Scenario 3 Scenario 4

Investment amount — initial outlay (EUR) | 12,000.0( 12,000.0( 12,000.0( 14,400.0{

Investment subsidy (%) 0% 50% 0% 0%

Investment subsidy value (EUR) 0.00 5,000.00 0.0Q 0.00

Salvage value (EUR) 0.0Q 0.00 0.00 0.00
Amount to be recovered (EUR) 12,000.00 7,000.0012,000.0014,400.00

Discount rate (%) 3.50% 3.50% 3.50% 3.50%

Life of the asset (years) 5 5 5 5
Capital recovery factor 0.22148 0.22148 0.22148 0.22148

Annual equivalent of an initial outlay (EUR) | 2,657.78 1,550.37 2,657.78 3,189.33
Annual repair costs (10% of new over life) (EUR) 240.00 240.00 240.00 288.0(

Annual subscription fee (EUR) 300.00 300.00 300.00 300.0(¢
Operating costs per year (EUR) 540.00 540.00 540.00 588.0(
Annual equivalent costs (EUR) 3,197.78 2,090.3Y7 3,197.78 3,777.38

Source: Authors’ calculation

Scenario 1 describes farms cultivating less thamé&gares which do not use state
subsidies, while scenario 2 represents the sammsfavhich use state subsidies for
investments in GPS guidance system. On the othed,gcenarios 3 and 4 represent
bigger family farms cultivating 50 do 100 hectavgsich do not have possibility to use
state subsidies for such an investment. In sce@af@oms invest in GPS system equal to
the system used by smaller farms (described byasimenl and 2). On the other hand
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scenario 4 represents farms investing in more stipated and more expensive GPS
guidance system.

Annual equivalent costs are the lowest for scen@rigvhich assumes use of state
subsidies for investment in GPS guidance systenilpwiney are the highest for scenario
4 (assuming investment in the most advanced GP&agce system while there is no
possibility to receive appropriate state subsidi€snsidering annual equivalent costs, as
well as appropriate cost savings per hectare, auttietermined break-even number of
hectares for each scenario and each level of sastags (Figure 1 and Figure 2). At the
break-even number of hectares the investors (heldiefamily farms specialized in crop
production) are indifferent between possibilityctantinue current practice and an option
to invest in high precision guidance systems.

The results indicated that for small farms which mlot use state subsidies for
investments (scenario 1) it is not economicallyiceght to invest in high precision
guidance system. In other words, such farms haeeltivate 71 hectares to reach break-
even point, which exceeds limits assumed for thigleh On the other hand, for small
farms (cultivating up to 50 hectares) using sulesidior investments (scenario 2) it is
economically efficient to invest in GPS guidancstsyn only if their costs saving level is
the highest possible (8%). In this case their bi@sdn number of hectares is 46, which
indicates that the break-even point is very clasthé upper limit (50 hectares).

300

284

—8—Scenario 1

250 1

—#—3cenario2

200 +

150

Breakeven (ha)

100 +

50

2% 3% 4% 5% &% % 8%

Cost savings (%)

Fig. 1 Break-even number of hectares over the rah@epercent to 8 percent savings for
scenario 1 and BSpurce: Authors’ calculatign
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Considering bigger family farms which cultivate ween 50 and 100 hectares and
which are not able to use investment subsidiesnéste 3 and scenario 4), level of
investment efficiency in GPS guidance system is mhigher. Nevertheless, to keep
break-even number of hectares below 100 it is rsacgd0 have appropriate level of cost
savings — which is at least 5% for scenario 3 (@an number of hectares is 95) and
6% for scenario 4 (break-even number of hectar@d)is

300

Scenario3
282

250 1

——3cenario4

200 T

150 +

Breakeven (ha)

100 -

a0 T

2% 3% 4% 5% 6% % 8%

Cost savings (%)

Fig. 2 Break-even number of hectares over the rah@epercent to 8 percent savings for
scenario 3 and 4burce: Authors’ calculatign

It is necessary to emphasize that savings relatddbior also have consequence on
some managerial issues of family farms. Labor gm/imight be important on farms
where labor is limited resource, while dynamicsadfor use during the year indicate that
labor force could be in deficit at the peak of #esason. On family farms specialized for
crop production the most critical months are Aprid October. According to Mdan et
al. (2008) this problem is especially related torfa cultivating more than 45 hectares
(for October) and farms cultivating over 70 hecsatior April). Use of high precision
guidance systems decreases labor consumption anlitafas labor management in
critical months, so that farmers should also edgnadditional benefits related to the
investments in GPS guidance system.



Todorovk et al.
4.CONCLUSION

Investments in high precision guiding systems aseful tool for improvement of
farms economic performance, primarily due to cestuction, but many other benefits
should not be neglected. Economic efficiency ofestments in such systems primarily
depends on a level of cost savings, as well as ahajicash outlay for purchase of GPS
guidance system and level of operating costs rkladdts use. Results of this analysis
indicated that, in Serbian conditions, purchasehigh precision guiding systems is
economically efficient for small farms (cultivatingss than 50 hectares) only if they use
state subsidies for investments. On the other hamdstments in such system on bigger
crop family farms (cultivating between 50 and 1@&tares) are economically efficient
even without subsidies, provided that they achmargain level of cost savings.

The results indicate that state subsidies for alitice are an important incentive for
distribution of precision agriculture technologiasnong small farms. Without state
support small farms would have difficulties in fteto compete with farms from the EU,
as well as with big farms operating in the RepuldfcSerbia (which have recently
increased their investments in precision agricaltuwithout systems related to precision
agriculture small farms would be not only less patifie and competitive but also unable
to fulfill ecological standards in the future.
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Ministry of Education, Science and Technologicav@epment of the Republic of Serbia No.
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