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INTRODUCTION

In unfavorable agro-technical conditions, and especially in the conditions of dry farming, optimal conditions for high-quality sowing
often cannot be ensured by applying the conventional method. Therefore, new cultivation and sowing systems are being applied in
order to perform high-quality sowing in time. During the experiment, the influences of the tillage system and sowing method on the
sowing depth and the depth of the formation of the tillering nodes were registered.

MATERIAL AND METHODS

The experiments were taken on the fields of Center for
Agricultural and Technological Research ZajeCar plant
during the wheat sowing season.

The results of two-year study are given, where four
methods of tillage were applied, namely conventional

tillage at depths of up to 25 cm and three reduced tillage
methods at different depths.

Reduced cultivation with a discc harrrow was done at a
depths between 8 and 12 cm, and reduced cultivation with
rototiller was done at depths of 5-10 cm and 10-15 cm.
During the tests, the sowing depth and the depths of the
tillering nodes were determined by direct measuring of the
knots positions of the analyzed plants.

RESULTS

By using aggregates in cultivation and sowing wheat at a
depth of 5-10 cm, the largest percentage (78.2%) of the seed
was sown at the optimal sowing depth of 3-5 cm, making this
variant of the experiment the most favorable in terms of
sowing depth achieved.

First | Sec.

: : year | year QUG year | year G year | year et year | year GULIE

The depth of tillage node in dependent 00-15 | 1,16 | 1,08 | 1,12 | 0,76 | 0,73 | 0,75 | 0 0 0 0 0 0
of tillage system of soil 1,6 - 3,0 217 | 226 | 222 | 1,75 | 1,75 [ 1,75 | 2,48 [ 2,38 | 2,43 | 1,65 | 1,70 | 1,68
3,1-45 325 [ 333329 | 0O 0 0 |[328[319] 324 ] 306 346 | 3,26
4,6 - 6,0 0 0 0 0 0 0 [ 398 [358] 3,78 ] 465|421 | 443
6,1-75 0 0 0 0 0 0 | 467 | 400 | 434 | 553 [ 4,30 [ 4,92
7,6 -9,0 0 0 0 0 0 0 0 0 0 | 510 | 4,55 | 4,83
CONCLUSION 9,1-10,5 0 0 0 0 0 0 0 0 0 | 637|525 | 581

| Average [205 181 ] 193 [000]101] 096|361 [313[337[471]419 [ 445 |

Depths of the tillering nodes has a great influence on the res‘stance f wheat plants to low temperatures in winter and also on their

contribute to better resistance of wheat plants to low temperatures

resistance to moisture deficiency during summer dry periods. Fo;‘

s reason, a slightly greater depth of the tillering nodes may
dry growing conditions.
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Abstract: This work is a comprehensive examination that analyses the machine fleet formation and
machine use of plant production farms that grow sweet sorghum too by using computer aided modelling.
It considers the characteristics of machines used at the production technologies of different plants and it
especially focuses on the appliance of machines with the convenient capacity and power level from the
side of costs at different farm sizes.

We can conclude that the difference between the costs of the small and the large-scale farm size is
significant. This all can be explained with the efficiency of the machine exploitation.

In the field of costs there is also a difference between the use of modern and less modern machines. In
case of small-scale farm size, with using less modern power-machines a more advantageous cost level can
be reached, although the quality of the work and the circumstances of the working must be considered. In
case of large-scale farm size, the difference between the operational costs of the less modern and more
modern machines decrease significantly, because the operation of the less modern machines is more
expensive at larger strain and the high-level constant costs of the modern machines decrease significantly,
according to their better exploitation, considering one unit of work.

Key words: renewable plant production, farm size, machine fleet management, machine usage,
machinery cost

INTRODUCTION

This work is a comprehensive examination that analyses the machine fleet formation and machine use of
plant production farms that grow sweet sorghum too by using computer aided modelling.
It considers the characteristics of machines used at the production technologies of different plants and it

especially focuses on the appliance of machines with the convenient capacity and power level from the
side of costs at different farm sizes.

MATERIAL AND METHODS

The surveyed crops

Crop plan including:

 cereal plants for human consumption and for energy production,

« sweet sorghum for animal breeding and for energy production purposes,
 oil seeds — as sunflower for human consumption and for energy production,
« oilseed rape - appropriate for human consumption and energy production.

The significance of machine utilization, the machine families applied, the
parameters of model calculations

cheapest power

_ V¢  — machine families with the highest possible
machine families investment cost demand
Farm size: 30 ha ¢ > 1000 ha

The constitution of the machine system in case of the examined operating sizes

30 hectare farm
1 pcs of 40 kW power machine for soil preparation, soil tillage,
nutritive spreading and plant protection tasks

harvesting works as wagework

1000 hectare farm
2 pcs of 60 KW power machines

for soil preparation, nutritive spreading and plant protection tasks
2 pcs of 120 kW power machines

for soil preparation, soil tillage, ploughing, loosening materials
handling

1 pcs of cereal combine-harvester
silage harvesting as wagework
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RESULTS
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Low-level power-machine fleet - machine usage cost of a 30 hectare farm is 11.785 EUR, that is 393
EUR per hectare.

Modern power-machines - machine usage cost is 14.645 EUR, that is 491 EUR per hectare.

1000 hectare sized farm in case of low level mechanization, of the machines usage cost is 303,5
thousand EUR, that is 303,5 EUR/hectare.

Self-propelled silage cutter machine works in leased work, the machine usage cost of the whole farm
Is 267,8 thousand EUR. The specific value for a hectare is 267,8 EUR.

With the high-level power-machines the machine usage cost of the whole farm is 339 thousand EUR,
specifically 339 EUR/hectare.

Silage cutter machine as leased work - the total machine usage cost is 303,5 thousand EUR.
Specifically it is 303,5 EUR/hectare.

Table 1 The direct machine operation costs of the work processes of the sweet sorghum

production
In case of using low-cost In case of applying modern
power-machine power-machines

Farm size 30 ha 1000 ha 30 ha 1000 ha
Dimensional unit EUR/ha EUR /ha EUR /ha EUR /ha
Stubble ploughing 23 15,4 28,6 17,6
Fertilizer distribution 11,8 8 14,8 8,3
Manure-spreading 34,9 39,8
Stubble care 23 15,4 28,6 17,6
Deep ploughing 69,4 33,8 78,9 37,5
Plough levelling 23 15,4 28,6 17,6
Herbicide spraying 10,9 7 13,4 7,8
Chemical pouring 15,5 10,6 19,2 12,1
Preparation of seedbed 15,5 10,6 19,2 12,1
Sowing 22,3 18 25,9 19,8
Chemical plant protection 10,9 7,0 13,4 7,8
Within-the-row cultivation 19,6 7,7 23,8 9
Harvesting (65,2) 171 (64,1) (65,2) 171 (64,1)
Crop transportation to depot (57,1) 32,9 (65,3) 38,5

The values in brackets show the first-cost of the leased work.

CONCLUSIONS

Besides the introduced machine costs, we must count with the prices of the input materials of the
sweet sorghum production to know the whole cost of the production of the plant. Adding all the cost
of the nutrient supply, the seeds and the cost of the pesticide, we face that a minimal input material
cost is 600 EUR/hectare. Beside this we must not forget about the cost of the insurance and other
supplemental expenses that is connected to the production.

The aim of our research work and the exposition of its results is the professional support of the
machine investment decisions and the machine utilization practice of the different size farms
promoting hereby the creation of the conditions of fruitful farming and rational machine investment
decisions.
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INVESTIGATION OF CONVECTIVE DRYING CHARACTERISTICS AND
SPECIFIC ENERGY CONSUMPTION OF APRICOT AND APPLE TREE DISCS
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Abstract: The aim of this work was to investigate the drying characteristics and specific energy consumption during convective drying of apricot and apple tree. The measurements were
performed in an experimental dryer with disk-shaped wood samples of 20 mm thickness at the temperatures of 40, 50, 60 and 70 °C. The velocity of the air during all experiments was set
to be 2 m/s. Overall 8 experiments were performed — 4 with each tree type. Drying time and equilibrium moisture content were determined for each experiment. Analysis of drying curves
showed that the increase in drying temperature decreases drying time. Based on the results of drying time, air temperature and velocity the specific energy consumption for drying of
apricot and apple samples was determined and analyzed.

Key words: apricot tree, apple tree, thin discs, drying kinetics, specific energy consumption, equilibrium moisture content

3.RESULTS AND DISCUSSION

3.1. Evaluation of drying time and equilibrium moisture content of the samples

Drying time was measured from placing the samples into the drying chamber until the samples reached equilibrium
moisture content and the results were given in Table 2.

.............

Table 2. Drying time in minutes

Temperature Apricot tree discs Apple tree discs
40 3025 3091

50 1791 1320

60 1543 885

70 1228 515

Fig.1. Samples of apricot and apple wood discs
1. INTRODUCTION

In modern technological processes the emphasis is on the energy efficiency and rational use of energy in all industry sectors.
One of the industrial sectors with highest energy consumption is certainly drying sector. Drying is one of the energy most
demanding processes overall, especially in wood processing industry where the majority of energy is consumed for drying.
Therefore, the energy consumption of wood drying is a paramount when assessing the economic value of the dried wood
products. Drying is a critical step in wood processing, since a high energy is required to evaporate water [1]. In conventional
kiln dryers the energy consumption for wood drying ranges from 600 (2160) to 1000 (3600) kWh/m?3 depending on wood type
and thickness. This energy accounts for 50-70% of the total needed energy for wood processing, which is agreement with
other reports on energy consumption for wood drying [The CIPEC survey]. According to [The CIPEC survey] on average,
softwood lumber production consumes 1514 Megajoules of energy per cubic meter of lumber produced (MJ/m3). Of this total,
drying consumes 1000 MJ/m?3 which is round 2/3 of total energy consumption. For solar drying consumption is a little bit
lower round 915 MJ/m? [2]. In [3] the specific consumption ranged from 1.15 — 4 kWh/kg 4.14-14.4 MJ/Kkg, i.e. 2600-8600
MJ/m3. 4.5 to 5.6 MJ/kg [4] i.e. 2700 — 3360 MJ/m? if we assume the density of the wood to be 600 m3/kg. Thus,
optimization of energy consumption, together with drying time and quality of dried wood are the main priorities in wood
industry.

Common types of wood in Serbia are analyzed — apple and apricot tree. The goal of this investigation was to evaluate the
specific energy consumption of wooden discs of apricot and apple tree based on drying time measurements. Furthermore, the
drying kinetics of apricot and apple tree discs was determined and compared to each other. This study aimed to investigate the
energy consumption of thin wooden samples under different drying temperatures.

As it could be seen from the measurements of drying time, the longest drying times for both apple and apricot samples are
recorded for drying temperatures of 40 °C and the shortest drying times are recorded for drying temperatures of 70 °C.
Equilibrium moisture content was calculated with Eq. 2 for all regimes and it is presented in the Table 3.

Table 3. Equilibrium moisture content [-]

Temperature Apricot tree discs Apple tree discs
40 0.03 0.09
50 0.06 0.10
60 0.03 0.05
70 0.22 0.02

3.2. Evaluation of specific energy consumption for drying

The specific energy consumption for drying was calculated using Eq. 3. The aggregate and specific energy consumptions for
each experiment are given in Table 4 and 5, respectively.

Table 4. Aggregate energy consumption [kJ]

2. MATERIAL AND METHODS

The material was acquired from local tree plantation in Serbia. The apricot and apple tree branches were first cut from
the tree, then brought to the laboratory and chopped into thin wooden discs of the 20 mm thickness and approximately 100
mm in diameter (Fig.1). Two identical samples were cut at the beginning of the measurements process, one of which was
placed in the oven at 105°C for moisture content investigation, while the other was placed in the laboratory dryer at
predefined drying regime.
Initial moisture content was determined as follows (Eq.1):

M(}:

my, (7o) [ KGw ] 0

Magm kgdm

For both apricot and apple samples, drying regimes were as follows: air velocity was kept at 2 m/s while the air
temperature ranged from 40 to 70 °C with 10 °C step. The drying was stopped when the sample reached the equilibrium
moisture content at particular drying regime, i.e. when the mass of the sample was not changing anymore. Equilibrium
moisture content is defined by the ratio between initial mass of the samples and mass of the samples at the end of the drying
process (Eq.2).

Equation 2:

m, KGw
M, = -1 \ ] (2)
Mam Kdam

2.1. Evaluation of drying time and equilibrium moisture content of the samples

Drying time was measured from placing the samples into the drying chamber until the samples reached equilibrium
moisture content. Equilibrium moisture content was calculated with Eq. 2 for all regimes.

2.2. Evaluation of specific energy consumption for drying

The specific energy consumption for drying was calculated based on the dryer specifications, which are investigated in
[5]. The specific energy consumption depends on the drying regime, i.e. drying temperature and it was evaluated with
Equation 3:

Temperature Apricot tree discs Apple tree discs
40 85109 86962

50 78799 58282

60 89885 51984

d70 92944 39555

Table 5. Specific energy consumption [kl/kgy]

Temperature Apricot tree discs Apple tree discs
40 907056 1015915

50 773597 685669

60 921045 618857

70 1708845 520456

3.3. Evaluation of drying kinetics of the samples

For determination of drying characteristics, the MR was plotted against experiment time for all experiments for apricot tree
discs and shown 1n Fig. 2. and In Fig. 3 the DR was plotted against time for apple tree discs samples.

1.00 0.4
0.90
0.80

0.70
Temperature [°C]

Qy =a-T1+b 3)

Where represents drying time and the coefficients a and b are given in Table 1 as function of drying temperature.

Table 1. Coefficients for determining the dryer energy consumption

Temperature [°C] | 30 40 50 60 70
a 15.12 28.08 43.56 57.60 74.88
b 230.4 167.04 782.64 1008 991.44

Based on the drying temperature and time, the total energy consumption was calculated for each experiment.
The specific energy consumption is then evaluated by dividing the total energy consumption with the mass of moisture
evaporated during drying, i.e. Equation 4.

Qv [k]]

vy, kg,

)

2.3. Evaluation of drving kinetics of the samples

For determination of drying characteristics, the mass of the samples was continuously measured during the experiments
using specialized equipment and software with KERN precision balance with accuracy of 0.01 g and measuring range up to
3600 g. From the mass measurements, knowing initial and equilibrium moisture content values (Eq.l and Eq. 2). the
dimensionless moisture ratio (MR) is then calculated (Eq. 5) and plotted against the experiment time.

M — M,

MR = M, — M, -] (3)

Also the Drying rate (DR) was calculated as the ratio between the moisture loss and time span between two consecutive
measurements - Equation 6.

DR

_ M) - M(1y) [ KGw ] (6)

kgdm S
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Fig. 2. MR vs time for apricot tree discs samples

Time [min]

Fig. 3. DR vs time for apple tree discs samples

The slope of MR-time curves is greatest for drying at 70 °C, while lowest for drying at 40 °C which 1s expected for wood
drying. The higher drying temperature means more energy is supplied to the wood samples during drying and the bonds
between the water and dry material structure are being broken faster, leading to shorter drying times.

As 1t could be seen from Fig. 3. the drying takes place first in short constant rate period and then in falling rate period.
which is characteristic for wood drying. This also means that both internal and external resistances to moisture transfer play
important role for wood discs drying. The maximal values of DR are observed with drying temperatures of 70 °C and minimal
with milder drying regimes at temperatures of 40 °C.

4. CONCLUSIONS

Wood drying is one of the most energy demanding industries, in which up to 2/3 of the energy requirement for wood
processing goes to drying processes. Therefore, 1t is of crucial importance to investigate wood drying kinetics and energy
consumption. Two common tree types found in Serbia are investigated in this work: apple and apricot. Thin discs of
approximately 20 mm height and 100 mm diameter were subjected to the hot air stream with 2 m/s velocity in order to
investigate drying kinetics and energy consumption. It was concluded that wooden discs drying takes place shortly in constant
and then in falling rate period, which is typical for wood drying. The equilibrium moisture content was in range from 0.03 —
0.22 and 0.02- 0.10 for apricot and apple samples. respectively. The drying times ranged from 515 to 3091 mun, and the apple
samples showed shorter drying time in general compared to the apricot tree discs. Specific energy consumption, i.e. energy
consumption per kg of evaporated water, ranged from 907056 to 1708845 kl/kg,, for apricot drying and from 618857 to
1015915 kl/kg, for apple drying. Generally. apple tree is dried faster with less energy consumption compared to apricot tree.

Acknowledgement: The paper is a part of the research done within the project No. 451-03-47/2023-01/200116, Faculty of
Agriculture, University of Belgrade.
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Abstract :

The growth and performance of agricultural plants is a function of all
environmental factors and their interactions. These factors include weather
factors, soil moisture, food and gases, which increase or decrease plant growth
depending on their amount in the environment.Among these factors, latitude,
height above sea level, distance and gradient to the sea and slope as the most
Important climatic factors and rainfall, solar radiation (including the length of
the lighting period), air temperature, air humidity, soil humidity, soil
temperature and Wind can be named as the most important meteorological
variables that have the greatest impact on agriculture.The temperature of the
plants is not constant and changes under the influence of temperature changes
In the surrounding environment. In autumn and spring, the ambient
temperature changes a lot, so that sometimes the temperature even drops below
zero degrees.

All the vital activities of plants are carried out in the temperature range of 0 to
50 degrees Celsius, which is the coagulation point of proteins. Beyond these
temperatures, the chemical structure of proteins (enzymes) changes and as a
result the biological activities of plants stop, or start to stop.

When the air temperature Is reduced, plants and living beings can partly resist
cold weather. Yet, if the cold increases, it will be damaging. This injury which
Is called frostbite Is a very important and dangerous factor for agriculture and
has been threatening gardens for many years. Due to the rapid temperature
difference in the spring season and the momentary drop in temperature at night
and the rapid blooming of some trees such as apricots, it causes the blossoms
to freeze and the fruit fertility is lost and heavy losses are caused to the farmer.

The device made by the team, which acts similar to the action of the Earth's
atmosphere against sunlight, creates an infrared laser network at the height of
the tree and maintains the temperature between the tree and the ground until
the middle of the night. Field evaluations in the fields showed that there was a
temperature difference of 8 degrees between the top and bottom of the laser
grid.

Device is testing in garden

Design of laser head

Keywords : infrared laser , anti frost,farms,spring

Damage of frost in tea gardens
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4. Create colored layers using the laser light for a beautiful view of agricultural
land.

5. The AFLM is more significantly energy efficient compared with the
traditional anti-frost equipment.

6. Adjustable height of laser signal radiation makes possible to use the AFLM
in various types of agricultural gardens



HEAT FLOW PROCESS IDENTIFICATION USING
ANFIS — PSO MODEL
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ABSTRACT

Chamber dryers are widely used in various industries in order to remove the moisture from solid
materials efficiently. Optimizing the design and operational parameters of chamber dryers plays
a crucial role in enhancing their performance and energy efficiency. In order to maintain the
temperature at the desired level, it is necessary to implement a good control system. To be able
to facilitate the process of finding and setting parameters of the controller, for many control
algorithms it is essential to make the reliable model of the object. The aim is to develop both
reliable and accurate predictive model that can assist in optimizing the design, structures, and
inspection processes of chamber dryers, which will lead to enhanced energy efficiency,
harvesting and improved drying performance.

In this paper, the authors propose a novel approach for modeling heat flow transfer in chamber
dryers using an Adaptive Neuro-Fuzzy Inference System (ANFIS). The Quanser chamber was
selected as the object of the research because of how closely its geometry, material choice, and
air flow resemble the structural properties of a dryer. To obtain the most realistic model
possible, parameters of ANFIS were found using Particle Swarm Optimization algorithm. By
incorporating historical operational data of experimental measurements, the ANFIS model can
learn and adapt to the dynamic behavior of the dryer system.
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Sensor 2
Sensor 1

OBJECTIVES

Considering the excessive noise in the output signal of sensor 3 and the larger error exhibited by
sensor 1, the transfer function selected to describe the system is derived from sensor 2 (s2)
using (1). This particular sensor, located in the middle of the chamber, demonstrates the smallest
MSE, as indicated in Fig. 2. (left). Furthermore, a comparison is made between the model and
the real object, but with a different input signal. In this case, a 4V step signal was introduced
five seconds into the beginning of the experiment. The obtained results, illustrated in Fig. 2
(right), reveal a significantly higher MSE of 1.1888. Moreover, there is an approximate 1.5°C
difference between the model and the actual output signal in a steady state, and this discrepancy
tends to amplify as we move away from the original identification point. Consequently, it is
concluded that when altering the input, this particular linear model is unsuitable for accurately
representing the system. In this paper, ANFIS utilizes Gaussian membership functions, as
shown in (3), where the premise parameters are represented by oi (standard deviation) and ci
(center). The total number of underlying parameters is determined by the sum of parameters
across all membership functions. In this case, there are 40 premise parameters (2 inputs, 10
Gaussian membership functions with 2 parameters). Additionally, the consequent parameters,
denoted as pi, gi, and ri, are identified from the fourth layer, as indicated in (6). The ANFIS
structure in this paper encompasses a total of 30 consequent parameters (3 parameters per rule,
with a total of 10 rules). To summarize, the ANFIS architecture presented in this paper involves
a total of 70 parameters that need to be optimized using the PSO metaheuristic approach.
Evaluating the effectiveness of the ANFIS model on a specific dataset is done through a fitness
function, with the MSE being commonly used for comparison with linear identification
approaches. The ANFIS model was constructed by employing various input voltages, including
1.5V, 2V, 3V, 3.5V, 4.5V, and 5V while maintaining a constant blower input voltage of 3V. To
assess its performance on an untrained input of 4V, the same input was also applied to the linear
model utilizing the second transfer function from (1). Fig. 6 presents the performance of both
models under these conditions, with the ANFIS model yielding a MSE of 0.0003 (blue line).
The results demonstrated that the ANFIS model optimized by PSO outperformed both the
standard linear model (which MSE, in this case, is 1.1888, green line) and even ANFIS — GA
model that has been made in previous research [15] for the same purposes (which MSE was
0.009864). This case study showed that combining ANFIS with PSO algorithm can provide
excellent results in the real world problem of identification dryer model.
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CONCLUSION

This model is nonlinear and it is intended to be valid for the entire state space. For this purpose,
ANFIS is particularly suitable. After conducting experiments outlined in this paper, it becomes
evident that the ANFIS nonlinear identification method exhibits superiority over standard
identification approaches. The standard method relies on a linear model with a transfer function
and delay, which only operates effectively around a specific point. In contrast, ANFIS possesses
the capability to handle highly nonlinear systems and this flexibility is crucial for decision-
making in intricate systems. To ensure optimal performance, the parameters of the ANFIS
model, both premise and consequent, are determined using a well-known metaheuristic method
called Particle Swarm Optimization.

® GA with and
without
modifications

PSO with and
without
modifications

Other
metaheuristic
algorithms

The improvement that this paper provides to the problem of finding the dryer model is reflected
In the MSE, which drops from 1.1888 with the classical method to 0.0003 with ANFIS.
Therefore, it can be concluded that the ANFIS model outperforms basic models, even when
faced with input voltages that were not included during training.

This research could contribute not only to the identification of dryer models, but also to
temperature control in them. Enhancing the performance and energy efficiency of chamber
dryers heavily relies on optimizing their design and operational parameters.

An effective control system is crucial for maintaining the desired temperature levels. To
facilitate the parameter configuration process for the controller, it is imperative to establish a
reliable model of the object. This model will aid in optimizing the processes of chamber dryers,
ultimately resulting in improved energy efficiency, increased yield, and enhanced drying
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ABSTRACT: This study consists at the modeling and the application of numerical methods in order to optimize the performance of a flat-water solar collector under the meteorological conditions of Mali, particularly in
the month of January when the sunshine is low and hot water consumption significant. The results obtained show that when the thickness of the glass pane is increased from 2mm to 5mm, the instantaneous efficiency of
the solar collector at the beginning increases from 41.46% to 41.49% with a maximum solar radiation intensity of 462 W/m? and an average wind speed of 3.5 m/s. When the thickness of the absorber is increased from
4mm to 5mm, the instantaneous efficiency of the solar collector can reach from 40.64% to 41.65%. When the absorber thickness reaches 6mm, the instantaneous efficiency of the solar collector decreases from 42.35 to
42.14%. Increasing the thickness of the collector's absorber plate can significantly improve the collector's instantaneous efficiency. Increasing the thickness of the lateral side insulation does not contribute to improving
the collector's instantaneous efficiency. When the thickness of the lateral side insulation of the collector increases from 2cm to 8cm, the instantaneous efficiency of the collector increases from 53.13% to 53.0%. When
the mass flow rate of the fluid increases from 0.0265 Kg/s to 0.04 Kg/s, the efficiency increases from 53.14% to 59.18%. This study also showed that these parameters have very little influence on the temperature of the

heat transfer fluid

INTRODUCTION

In Mali, solar water heating is used very little because of several constraints, including the high cost of installations, the population's unfamiliarity with this type of device and, above all, the aridity of the climate,
characterized by a period of cold weather (2 months/year at most), which requires a low need for hot water in homes. Mali's solar deposit is considerable, largely unexploited with very high solar irradiation (on average 6
kWh/m2/d), distributed over the entire territory for a daily sunshine duration of 7 to 10 hours [1]. Exploiting solar energy to heat water requires devices that convert solar radiation incident on the earth's surface, such as
photovoltaic panels, flat plate collectors, evacuated tube collectors and concentrator collectors. Several works have been carried out on the optimization of flat-plate solar collectors, with the main aim of improving their
instantaneous efficiency, which is the most significant performance [2],[3] and [4]. [5] have shown that numerical simulation methods could be applied to the study of solar collectors and obtain results very close to the

experiment.

The objective of this work consists at the modeling and the application of numerical methods in order to optimize the performances of a flat-water solar collector under the meteorological conditions of Mali, particularly

in January where the sunshine is very low and high hot water consumption.

The effect of parameters such as glass thickness, absorber thickness and lateral insulation thickness influencing the efficiency and temperature of the flat plate water solar collector will be studied in order to serve as a

reference for an appropriate choice or local production

MATERIA

ND METHODS

The flat-plate solar collector that will be modelled in our work is schematized by there figure 1. It

comprises:
Gladng.

radiation, enabling a greenhouse effect to be achieved; it
also protects the inside of the collector from the effects
of the environment.

- An absorber that absorbs short wavelengths solar
radiation and converts it into heat.
- A heat transfer fluid responsible for transporting the

- transparent cover (glazing) made of materials that are
P :Absnrber

heat stored by the absorber to the temperature source.
- Thermal insulation used to limit heat loss from the
collector on the rear and lateral sides

transparent to visible radiation but opaque to infrared
sulating

Heat transfer fluid

Fig.1 : Flat plate solar collector diagram [6]
Numerical resolution

- Choice of collector model and simplifying assumptions

- Energy balance

- Determination of overall heat exchange coefficients with the environment

- discretization using the finite difference method :
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1. Effect of glass thickness on collector efficiency
42

According to figure 5, we note that the
instantaneous efficiency of the collector *'*®
increases little at the beginning with the

S|
increase in the thickness of the glass pane }:ws
for a solar radiation lower than 462 w/m> g
and an average wind speed of 3.5 m /s. & 4

Indeed, the greater the thickness of the .o
glass, the greater its heat capacity and the
better its thermal inertia, consequently a o 100 200 300 400 500
lower transmission coefficient, hence the Solar radiation (w/m?2)
reduction in collector temperature which
results in a lower efficiency.

Fig.5: Evolution of efficiency as a function of solar
radiation for different values of glass thickness.

2. Effect of absorber thickness on collector efficiency

Figure 6 clearly shows that the instantanecous ~ ** ‘

e1=0.004m
€2=0.005m
€3 =0.008m

efficiency of the solar collector increases Ao ———
with the first two values of the absorber
thickness, then decreases with the last value
of the thickness. Indeed, increasing the g
thickness of the absorber plate increases the g
contact surface between the absorber plate "
and the collector tubes, and then reduces the 8
resistance to thermal conduction, so that the

heat from the absorber plate is more easily ° 100 200
transferred to the working fluid inside the
collector tubes, and the instantaneous Fig 6: Evolution of efficiency as a function of solar radiation
efficiency of the collector is improved. for different values of absorber thickness

300 400 500
Solar radiation (w/mg)

3. Effect of lateral side insulation thick on the collector's inst: efficiency
Figure 7 shows that there is almost no =

difference in the variation of the &

collector's  instantaneous efficiency 25

with different thicknesses of the ;’ &

lateral side insulation used in this 855

study. The efficiency increases &

slightly with decreasing thickness of &

side insulation. This is because it is 85

less exposed to the thermal 50

0 100 200 300 400 500

fluctuations produced by the direct

1 Solar radiation (w/m?)
absorption of solar heat.

Fig.7: Evolution of efficiency as a function of solar radiation
for different values of lateral insulation thickness.

4. Effect of mass flow rate on collector efficiency and heat transfer fluid temperature
It appears in figure 8, the evolution of the instantaneous efficiency according to the mass flow of the
fluid. Indeed, increasing the mass flow rate of the fluid increases the speed of the fluid flow, promoting
heat transfer by convection between the absorber plate and the heat transfer fluid, and therefore
increasing the efficiency of the collector. On the other hand, the higher the flow velocity, the shorter the
time taken to heat the fluid, resulting in a reduction in the temperature of the heat transfer fluid (Figure
9

o ——— M=00265m e
- M=00365m

M= 00265m
—— M=00365m

g

Efficiency (%)
g

B

M=00465m

2
Fluid temperature (K)
8

g
g

8

0 100 200 300 400 500 6 8 10 12 14 16 18

Solar radiation (w/m?) Time (hour)
Fig.9: Evolution of heat transfer fluid
temperature as a function of time for different
mass flow rate values.

CONCLUSION

This study made it possible to elaborate a numerical model, to simulate some external (ambient

temperature, solar radiation) and internal (thickness of the various components of the collector and the

mass flow rate of the heat transfer fluid) parameters influencing the efficiency and the temperature of the

heat transfer fluid of the flat-plate water solar collector in January under the weather conditions in Mali.

The results showed that for a maximum solar radiation of 462 W/m2 and a wind speed of 3.5 m/s:

- Efficiency increases little at the beginning of the day, when the thickness of the glass increases from
0.003 t0 0.005m ;

- When the thickness of the absorber increases from 0.004 to 0.005 m, the efficiency increases and for
0.006 m, the efficiency decreases;

- LeThe efficiency decreases when the thickness of the lateral insulation increases from 0.02m, 0.05m
and 0.08m;

- L’augThe increase in fluid mass flow leads to an increase in efficiency, reaching a maximum value of
59.18%

Fig.8: Evolution of efficiency as a function of
solar radiation for different mass flow rate values.
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use and further development in the food industry.

ABSTRACT: This research aimed to analyze the content of phenolic compounds and the antioxidant potential of the
horseradish leaves pomace, to fully utilize the plant and reduce biomass loss. Total phenolic content (TPC), total flavonoid
content (TFC), total phenolic acid content (TPAC), and antioxidant activity (DPPH, ABTS, and FRAP methods) were
determined by standard spectrophotometric methods. The results showed that horseradish leaf pomace contained
significant amounts of polyphenolic compounds and high antioxidant potential, which makes it a suitable raw material for

AMAPSEEC

INTRODUCTION

Horseradish is a plant that belongs to the Brassicaceae family and is native to southeastern
Europe and western Asia. It is cultivated for its succulent and spicy root, which is used as a
seasoning for meat, soups, seafood, etc. The horseradish root has a much higher culinary value
than the horseradish leaf, which is usually discarded with the rest of the above-ground biomass
and has no use in the food industry. However, the horseradish leaf can be used in the diet in the
form of salad or in the preparation of various dishes, to which it gives a characteristic spicy
flavor. The biological activity of horseradish is expressed as antimicrobial, insecticidal,
anticoagulant, and gastro-protective effects of isothiocyanates, compounds formed by the
hydrolysis of glucosinolates under the action of the enzyme myrosinase. In addition, the
horseradish leaf is rich in vitamin C, polyphenols, and flavonoids, which is why it is desirable to
press it to obtain juice that can be used in the food industry. In that process, pomace lags
behind, which could also potentially be used in the food industry, so the aim of this research
was to analyze the polyphenol content and antioxidant capacity of horseradish leaf pomace.

MATERIAL AND METHODS
The leaves of horseradish (Armoracia rusticana L.) were collected in the settlement of Donja

Livadica, Velika Plana, Serbia (44.347161, 21.135060) in May. Horseradish leaf pomace is left
over after grinding the leaves in a mill, pressing on a mechanical wooden press, and filtering
through six-layer cotton gauze in the juice extraction process.
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Figure 2. Grinding and pressing of horseradish leaves

* Extraction of horseradish leaf pomace for
spectrophotometric analyses was
performed using a conventional extraction
method, maceration of plant material with
80% (v/v) ethanol, as it is a "green" organic
solvent acceptable for human nutrition
models.

Figure 3. Extraction of horseradish leaf pomace

Analysis of antioxidant activity
DPPH method was performed according to the method of Brand-Williams et al. (1995).

Trolox, a water-soluble analog of vitamin E, was used as a standard for generating the
calibration curve, and the results were expressed as mmol TE per kg of fresh weight
(mmol TE/kg FW).

. ABTS method was performed according to Re et al. (1999) and Salevi¢ et al. (2022).
Trolox was used as a standard for generating the calibration curve, and results were
expressed as mmol TE per kg of fresh weight (mmol TE/kg FW).

. FRAP method was performed according to Benzie and Strain (1996). Trolox was used as
a standard for generating the calibration curve, and results were expressed as mmol TE
per kg of fresh weight (mmol TE/kg FW).
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RESULTS AND DISCUSSION

Table 1. The content of phenolic compounds in horseradish leaf pomace

TPC TFC TPAC

(mg GAE/kg FW) (mg CE/kg FW) (mg CAE/kg FW)
Horseradish 7825.50 £ 749.20 9460.00 + 138.60 8905.50 + 336.90

leaves pomace

Table 2. Antioxidant activity of horseradish leaf pomace

DPPH ABTS
(mmol TE/kg FW) (mmol TE/kg FW)

42.30 = 3.80

FRAP
(mmol TE/kg FW)

Horseradish 17.30 + 0.60

leaves pomace

9.00 * 0.70

The food industry generates significant amounts of by-products that are discarded and can
be a serious environmental problem. However, since the results in Table 1. and Table 2.
indicate the presence of phenolic compounds and the antioxidant capacity of horseradish
leaf pomace, the use of these antioxidants from natural sources instead of synthetic
antioxidants to improve food quality could be investigated in the future, thus reducing the
amount of industrial waste.

CONCLUSION
Based on the results obtained, it can be concluded that horseradish leaves pomace contains
significant amounts of polyphenolic compounds and high antioxidant potential, making it a
suitable raw material for the food industry, both from the point of view of waste prevention
and potential enrichment of foods to which it is added (as a seasoning for salads and
dehydrated soups, etc.).

Total phenolic content (TPC) was determined according to the Folin-Ciocalteu method
(Singleton and Rossi, 1965; Singleton et al., 1999). Gallic acid monohydrate was used as the
standard for generating the calibration curve, and results are expressed as milligrams of
gallic acid equivalents per kg of fresh weight (mg GAE/kg FW).

Total flavonoid content (TFC) was determined according to Zhishen et al. (1999) and Kim
et al. (2003). Catechin was used as the standard for generating the calibration curve, and
results are expressed as milligrams of catechin equivalents per kg of fresh weight (mg CE/kg
FW).

Total phenolic (hydroxycinnamic) acid content (TPAC) was determined using the Arno
reagent method according to Matkowski et al. (2008). Caffeic acid was used as the standard
for generating the calibration curve, and results are expressed as milligrams of caffeic acid
equivalents per kg of fresh weight (mg CAE/kg FW).
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INTRODUCTION MATERIAL AND METHODS

Microgreens are recognized as new crops and
potential foods of the future, because they
are a rich source of highly valuable bioactive
compounds with health-beneficial effects.
Besides fresh consumption, microgreens can
be successfully used for the production of
some novel food products. Most often
cultivated and analysed microgreens species
are from Amaranthaceae families, primarily
beet, chard and amaranth. Previous
characterization of amaranth microgreens has
showed a high content of different
biocompounds such as vitamins, phenolic
compounds and betalains. However,
functional products from amaranth
microgreens have only become attractive in
recent years and have not been widely
investigated until now.

Amaranth (Amaranthus tricolor L.)
microgreens juice was obtained by
pressing in a super slow cold juicer and
further analyzed by well-known
spectrophotometric methods such as
Folin-Ciocalteu's assay for TPC and
colorimetric assay with aluminum chloride
for TFC. Antioxidant activity was
evaluated using the following assays:
ABTS* radical scavenging activity
(ABTS*+), DPPH* radical scavenging
activity (DPPH*) and Ferric reducing
antioxidant power assay (FRAP), which
are based on different mechanisms of
activity. Results were expressed in mg
equivalents (gallic acid, quercetin and
trolox) per 10omL of the juice.

a AIM A

The aim of this study was production of cold pressed juice of amaranth microgreens and
determination of its total phenolic (TPC) and flavonoid (TFC) content, as well as evaluation of
\antioxidant activity. )
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Determined TPC and TFC were 50.86 + 0.26 mg
GAE/100 mL and 45.94 + 0.63 mg QE/100 mL,
respectively. Results for the antioxidant activity were
101.61 £ 2.55 mg TE/100 mL for ABTS*+, 14.98 £ 0.06 mg
TE/100 mL for DPPH* and 99.93 + 1.32 mg TE/100 mL
for FRAP. As can be seen, the antioxidant activity of
the amaranth juice high depends on the nature of
amaranth biocompounds and their affinity according
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Cold-pressed amaranth

° ° 1 1 MGS .Uice
to ABTS*+* and DPPH" radicals, i.e., the tendency to ABTS™ radieal seaverping activiiy-ABTS ™ J
reduce the [Fe3+(TPTZ)2]3+ Complex. DPPH® radical scavenging activity-DPPH "
Ferric reducing antioxidant power assay-FRAP
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Finally, the cold pressed amaranth microgreens juice £ . _ b

o
l

showed the high content of phenolic compounds and
good antioxidant activity using some in vitro screening
assays, so it can be potentially defined as a novel
functional product, however further research is

\n\ecessa ry. / Figure 1. Total phenolics and flavonoids (a) and antioxidant properties (b), of dn aIySIS

microgreens juices. Different lowercase letters denote signifficantly
difference between microgreen juices (separately evaluated for all assays),
according to Duncan's test (p>0.05).
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ABSTRACT

The widely recognized insect known as the honey bee (Apis mellifera) has a beneficial impact on both the
environment and human life, making it important to protect them not just for ecological reasons but also
for the economic and social advancement of countryside regions. Their existence is so essential that the
recent decrease in honey bee hives has caused a growing interest in them. One of the reasons for bees'
decline in population is infestation with a parasite known as Varroa destructor. In order to effectively treat
the V. destructor infestation, it is critical to monitor the amount of infestation in hives. While there is at
present no specific sensor for this job, continuous and discrete monitoring of hive infection levels as well
as other critical bee colony characteristics, such as temperature and humidity, is wanted. The use of
chemicals by apiarists is a method of controlling the infestation that is the most common strategy.
Substitute tactics include the use of organic compounds, organic products like essential oils, and
biotechnological techniques like mite trapping. Therefore, successful therapy and preventing harsh
chemical use can reduce bee mortality and economic losses.

INTRODUCTION

What is Varroa? Simply said, Varroa destructor is a mite, a parasite that attaches itself to the bee, like a
tick on a human being. The most dangerous pests to adult and larvae bees, Apis mellifera are Varroa mites.
Adult bee body, weight, life expectancy, and resistance to infections are all decreased as a result of mites
feeding on bees (Jong et al., 1982; Martin S. J., 1994; Buchler, 2015; Roberts et al., 2017). Varroa mites
are from 1.5mm to 2mm wide and one mite approximately weights 0.453mg while one bee weighs around
110mg. Adult female mites spread via phoresy by latching to worker bees and drones. The mites enter into
brood cells occupied by mature bee larvae before worker bees seal comb cells with wax, where they
ultimately consume the fat tissue and hemolymph of the host larvae (McMenamin and Genersch, 2015;
Wallner, 1999). Left unattended, infected honey bee colonies typically die within a year if the mite
population grows unnoticed and untreated (Buichler, 2015). While there are several causes that might lead
to colony death, Varroa infection (Roberts et al., 2017) and the spread of a wide variety related to
bee viruses are often deemed to be the most significant (McMenamin and Genersch, 2015). There is a
paradox in the chemical treatment for varroa mites. It is necessary to apply poisonous substances to kill
mites, however, these chemicals can also have negative and lethal effects on bees and entire colonies. In
order to avoid the accumulation of chemical leftovers and their side effects on bees, honey, and wax while
also preventing the development of acaricide resistance, pesticides must be used at their lowest effective
dose (Wallner, 1999; Ruijter, 1994). Acaricides in lower amounts and greater mite monitoring could help
decrease significantly the quantity of harmful active ingredients used each season. Thus, we examine
studies on mite monitoring advancements, detection, and prevention systems.

Fig. 1: Close up image of Varroa mites parasiting on bee’s,

REVIEW ON METHODS

(Szczurek et al., 2020) describes an innovative method that makes use of E-nose technology. Once the
Infestation affects the chemical makeup of the air inside a hive, it is used to detect varroa. The moment of
detection is what determines if this method is effective.

Good correlation exists between the quantity of these dead mites detected in a hive's waste and the mite
populations now infesting the colony atop (Liebig et al., 1984). In fact, researchers looked at the
relationship between the total amount of mites in honey bee colonies and natural mite mortality. They
discovered that the daily varroa mite deaths found on hive bottom planks can be multiplied by 2040 to
estimate the varroa mite numbers in colonies including brood (Harris, 2019).

The "sugar shake" is an easy non-destructive technique for collecting varroa mite samples from adult
honey bee bodies. The only step in this method is to sprinkle sugar on live bees' body parts. The tarsal
pads of varroa mites will quickly become clogged by the powdered sugar, losing stickiness, and
becoming permanently detached from host bees (Fakhimzadeh et al., 2011). For mite counting purposes,
the sugar shake approach eliminates 77% to 91% of the mites (Fakhimzadeh, 2001; Aliano and Ellis,
2005).

The researchers from (Mrozek et al., 2021) created an experimental system for real-time bee monitoring
utilizing cameras and deep learning techniques. Their idea is based on the Raspberry Pi (RPi) single-board
computer platform and intends to analyze bee video streams in order to find varroosis. Additionally, they
used two Convolutional Neural Network (CNN) models in two different detection procedures, one for
bees and another for Varroa. However, because the camera is outside the hive, it is difficult to detect mites
before they become a problem.

Var-Gor device is an appealing option for the prompt identification of Varroa mites and its early treatment
because of its green and sustainable nature, reliable results, and cutting-edge design (Sevin et al., 2021).
Particularly, the Var-Gor technology identifies the mite using picture capture, pattern matching, color
categorization, and segmentation filters when an infected bee with varroa enters an unaffected hive.
Additionally, the beekeeper's phone receives an alert with a warning.

By manually separating infected from non-infected bees and using a laser to kill the infected ones, the
authors of (Chazette et al., 2016) offer a camera-based method of CNN-trained networks. The
disadvantage of this method as it is now given is the use of single bee image labels and classifications.
Due to the high numbers of bees on each frame, this can perform well at detecting individual bees on the
beehive entrance openings or a white backdrop but substantially worse at detecting bees inside the frames,
where the mites live.

Fig. 2a (left) and Fig. 2b (right): Different techniques of applying the “Sugar shake”
method on infected colony’? 29,

CONCLUSION

It is widely considered in science and the apiarist community that there is no affected bee colony by
Varroa mites. For beekeepers, varroa mite rates between 3 and 5 percent are acceptable. If this number is
higher, control must be carried out right away before the disease spreads to healthy beehives (Lindberg et
al., 2000; Imdorf et al., 1999). Varroa destructor poses a great and direct threat to bees while posing an
indirect threat to human civilization and to life in general on the planet.
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SIMPLIFIED THERMAL CALCULATION AND MEASURES
FOR SAVING ENERGY IN CHAMBER DRYERS
IN THE BRICK INDUSTRY

Edin Tahirbegovi¢, MSc. In Mechanical Engineering
Atp projekt, Belgrade

Abstract: This paper presents the simplified approach to global material and energy balancing of the drying process through cold air thermodynamics. The process of
convective drying of brick products in chamber dryers is analyzed and graphically valued in the /#, x — cold air diagram. The modified /2, x — diagram is presented in greater
detail, with emphasis on its advantages for quick graphical determination of basic drive characteristics of the process. A simplified mathematical expression has been derived for
determining the technological usefulness of energy. There 1s emphasis on certain measures that enable determining the amount of specific heat consumption and specific air

consumption as closely and as simply as possible, and some possibilities for saving energy have been established.

Keywords: energy, matter, balance, (%, x) diagram, drying, saving.

1. INTRODUCTION

The thermal calculation of dryers includes determining the material and thermal balance,
determining the size of the generator which provides the set capacity per dried product, calculation
and choice of auxiliary devices. When determining the material and thermal balance of the dryer,
the process kinetics and the law of transferring heat and matter are not considered. What 1is
considered is the drying process in which the following is given: the initial and final humidity of
the material and the thermodynamic parameters of the drying agent at the dryer inlet (statistical
manner of observing). Apart from that, this calculation assumes that all humidity is available on
the surface of the humid material, i.e. there is no resistance to removing humidity from the
material interior. The statistical calculation, however, enables obtaining certain expressions on the
course of the process, if the entire process is split into multiple final stages and if material and
energy balances are determined for each stage, and all stages, from entry into to exit from the
dryer, are connected.

2. THERMAL CALCULATION OF THE DRYING PROCESS
USING A HUMID AIR DIAGRAM

This paper presents one version of Mollier’s diagram (Fig. 1) adapted to the convective
drying of clay products. The diagram includes all states of cold air which occur 1n this field.
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Fig. 1 — Humid air diagram Fig. 2 — Determining specific consumption

of thermal energy

As an example for the illustration of use of this diagram, we consider the process in an
ideal dryer.

The actual amount of thermal energy is greater than the calculated amount, because in
the calculation, thermal lo ses and losses due to the heating of material of auxiliary and transport
devices were disregarded.

At this point there will be some measurements which enable determining the structure
and amount of specific consumption of thermal energy as closely and as simply as possible, and
thus determine the points where there would be a possibility to save energy.

Fig. 3 shows the diagram of minimum specific consumption of thermal energy
depending on the temperatures of fresh and surrounding air. This diagram is constructed for the
constant value of surrounding air relative humidity of 60%. However, deviations from this value
have no impact on the flow of the curves.
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Fig. 3 — Minimum specific consumption
of energy depending on #sv

In connection with this study, it is necessary to emphasize that theoretical determination
of specific consumption of thermal energy is based on measuring the temperature and relative
humidity of fresh and waste air. Thereby we need to keep in mind that, when measuring humidity
content, and/or relative air humidity content, certain difficulties are encountered, especially at
higher temperatures, and that measurement unreliability is quite high.

For these reasons, this paper describes in detail the modified /4, x — diagram for humid air,
which has undoubted measuring and technical, as well as technological advantages compared to the
h, x — diagram.

As an example for illustrating the application of a modified 4, x — diagram for humid
air, the chamber dryer in the brick industry (Fig. 4) was used.

Based on the energy (thermal) balance of the facility, which determines the equality of
available (introduced to the process) and spent energies (extracted from the process), there 1s an
equality of the right sides of equations (2) and (7), from which we get the expression for specific
consumption of fresh air in the form of:

1 3005
(_j _ | )
Ax SV tSV - tOV + 3

Apart from that, 1f the specific consumption of fresh air, determined by expression (8), 1s
included in expression (2), we get the expression for calculating specific heat consumption in the
form of:

Al 309yt =22 )
Ax t,o—t +3

Fig. 5 shows the modified 4, x — diagram for humid air with drawn fresh air isotherms
and waste air isotherms, as well as lines of constant relative humidity of waste air. At the
intersection between the fresh air and waste air isotherm, we get the operating point of the dryer,
and the specific consumptions of fresh air and thermal energy can be read from the coordinate
axes.
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Fig. 5— Modified /4, x — diagram for humid air

The degree of technological usefulness of energy, which determines the facility’s
efficiency, according to the definition (ratio between useful heat and introduced heat), is:
tSV B tOV + 3

= , 10
Utehn. tSV . 22 ( )

3. ENERGY BALANCE AND ENERGY SAVING MEASURES

Fig. 7 shows the distribution of specific consumption of thermal energy of a single dryer
chamber depending on the fresh air temperature.

Fig. 8 shows the family of curves of theoretical thermal energy consumption for
different states of waste air.
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4. CONCLUSION

The increase in prices of energy-generating products and estimate of the world reserves
of fossil fuels are existential problems of producers in many branches of the industry. For these
reasons, it 1s necessary to give special attention to the measures whose aim is to save energy. In
connection with this, 1t 1s necessary to determine the balance of energy and matter for every
thermic process and to establish such process parameters by which the energy potential would be
used in the most efficient and most profitable manner.

Here we pointed out certain measures that enable determining the structure and amount
of specific consumption of thermal energy as closely and as simply as possible, thereby
determining the points where the possibility of energy optimization of the process would exits.
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bility of a pr can limit reaching the maximum of said process.%ln the technologies of soil mai ance in perenni ntations
b omes imperative that the chemical treatment of the soil, immediately a nt to the plant and within the row, be replaced by chanig@l
cessing. Th s need is primarily aimed at minimizing the use of pesticides in order to respond to the envir tal requir Regular land cultivation is a
L probl The given area is made up of up to 25% of the total land area of the plantation. The paper presents the results of testing a rotary
harrows W|th a deflectlon, which in one pass achi the pr g of a part of the inter-row surface and half of the protective zone. The results of the
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research show that the of of the aggregate carried out in the plantation of the orchard is 1,56 m/s, and in the plantation of the
vineyard 1,23 m/s. Produ t|vrty of aggregates in the orchard 0,24 ha/h, m the vineyard 0,19 ha/h. Fuel consumption in the vmeyard 7,2 l/ha, and in the orchard 6,8

I/h@ Productivity of the : aggregate is largely conditi d by the techni lution of the aggregate and the technology of | tation cultivation.
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INTRODUCTION
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High-quality tillage of perenmal crops also implies the rational of

labor and hanized Soil i in per ial crops during

its exploitation is a tech p job that requnres alot of mechanical work. In the conditions of dry fruit growing, where there is no infrastructure and
availability of water resources for irrigation, h pr g is indisp ble. This treatment is carried out both in the space between the rows and in
the protective zone. Pr ing of the protective zone is a far more plex technol

e g

| procedure and involves the use of far more complex machmes and

devices. The of this pr is most;pftqn consists of a tractor unit and a connecting machine that has the ability to move the worki e

* when they meet the plant and return to the initial position to the inter diat with all the processing time. High-quality mechanical tillage in
“enabling improvement the physical properties of the soil, destroying weed vegetation, ensures sufficient accumulation and rational use of moisture.

° maintenance in perennial crops is especially important in arid areas. :
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MATERIAL AND METOD

In the experiment, the examination was carried out tractor McCormi
140 in the I tary pr ing of the protective zone of orch

thodology of the Institute for Mechani "EoftheF

a rototiller with deflection of the Rinieri EL brand
{ as carried out according to the
tory-field and exploitation tests.
he work of this machine were
of about 71 m. The geographical
ile soil. Soil moisture was very
t to measure tractor motor power

During all phases of the test, the
monitored. The field tests were cal
position currently conditions a m
low, below 6%, idering that

"Rad
al climate, and the domii

consumption during the operation connecting machine at different rev. g Y or PTO shaft. The "Torque and RPM
Transmitter DMN 10 was used t re the resistaﬁce and speed ta operation. The "Torque and RPM
r‘% t and n. Which was mounted directly

on the tractor's connectlng shaft, and the cardan shaft was mounted fi
technologi %peed of the unit was determined by the elapsed time usi p
representation of aggregates of cultivated soil were determined in the Iahoratory.

lements of the rotary harrow. The

Transmitte ?VDMN 10 was used to
1 e, p ness and percentage

e e m '%r‘-l ol = e | '-?l'l
=

m table 1. The engag t of t d. d
ns of the tractor PTO shaft. The obtamed data show tha optil
was 1.56 m/s. At the same time, the torque had a value of 85 Nm and '
2 and was 1.23 m/s, with torque. Aggregate productivity in the orchard
2 O ghard 6.8 l/ha. Aggregate productivity i is Iargely@ﬂetermmed by the technical solu

3 the torque are the result of more int ve pre-.u ing in both 5 d
engagement of drive energy. In addition, the relative y low speed of movement of the aggregates is a dition for the lower pr /uctiv'gﬁ
the processing of both plantatlon§ The higher productivity of the aggregates in the orchard was achieved due to the higher spee “

greater distance between the

 aha
(I/ha)

138 6.8 0,24 2220

1.22 1.12 7.38 0.21 24.14 18.25

1.09 1.54 8.95 0.20 30.60 22.03 23.14

. .aran.!e of aggregate operation in supplemei 2ble entary
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Abstract

This paper provides a comprehensive overview of vertical greenhouses highlighting the importance of vertical
greenhouses today, their advantages and disadvantages, their construction technology, the types of crops that can
be grown in a vertical greenhouse, the challenges, and limitations they face and their main construction details.
An analysis of their future use in agriculture is also referred. The main advantages of vertical farming or vertical
greenhouses are a) Efficient use of space b) Increased crop vield, ¢) Reduced water use, d) Protection from pests
and diseases, e) Energy efficiency. The design and construction of wvertical greenhouses involves careful
consideration of construction materials, lighting and ventilation systems, irrigation and nutrient supply systems for
vertical cultivation, and automation and control systems. Vertical greenhouses face challenges and limitations
that must be carefully considered. High initial investment costs, technical complexity, limited crop diversity,
dependence on artificial light and climate control, and the need for skilled labor and specialized knowledge are
key factors that can affect the successful operation of vertical farming. However, with advances in technology,
continued research and increased awareness, these challenges can be overcome, leading to more efficient
sustainable and diverse crop production in vertical farming systems.
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Introduction

Vertical greenhouses, or vertical farms, are a pioneering concept that has the potential to
transform modern agriculture. These structures use vertical space to grow crops in multiple
stacked layers, utilizing height rather than surface area. They maximize land yield and enable
year-round crop production, making them highly adaptable to urban environments. The
concept of vertical farming dates back to the early 20th century, with the Babylonian Hanging
Gardens being the first known example. Advances in technology, such as artificial lighting,
hydroponics, and automated systems, have allowed for the systematic and practical application
of wvertical greenhouses. Researchers and entrepreneurs have been pioneering vertical
greenhouse systems worldwide to address food crisis concerns, reduce environmental impact, and
increase local food production. This paper provides a comprehensive overview of vertical
greenhouses, addressing their importance, advantages, disadvantages, construction technology,
challenges, limitations, and future use in agriculture.

Advantages and Importance of Vertical Greenhouses

The importance of vertical greenhouses can be seen through the various advantages that they offer in modern agriculture, like efficient land use and year-round crop production. They layer crops, resulting in higher yields
per square meter of land and overcoming seasonal changes. These structures provide precise control of temperature, humidity, lighting, and nutrient supply, ensuring consistent crop production. They also promote sustainability per K lettuce
by minimizing water use, reducing synthetic pesticides and fertilizers, and using energy-efficient technologies. By incorporating renewable energy sources and sustainable resource management practices, vertical greenhouses
significantly reduce the carbon footprint associated with food production. They represent a transformative approach to modern agriculture. Therefore, the main advantages of vertical far are:

e Efficient use of space: produce significantly more food per unit area than traditional farms, making them ideal for densely populated urban areas. 1L

¢ Increased crop yield: achieve higher crop vields than traditional farms by providing controlled environments with precise control of temperature, humidity, and lighting.

¢ Reduced water use: use advanced irrigation techniques to minimize water wastage and often incorporate water recycling systems.

¢ Protection from pests and diseases: provide a controlled and closed environment that protects crops from pests, diseases, and harsh weather conditions.

¢ Energy efficiency: incorporate energy-efficient technologies to minimize energy consumption and greenhouse gas emissions.

Challenges and Limitations of Vertical Greenhouses
Vertical greenhouses offer numerous advantages but also face challenges such as high initial investment costs, technical complexity, limited crop diversity, reliance on artificial light and climate control, and the need for skilled
labor and specialized knowledge. The high initial investment required for installation and infrastructure, including advanced technologies like LED lighting and air conditioning, can be costly. However, as technology advances, 250 L 3.9Kg
the cost of vertical farming systems is gradually decreasing, and the payback period is continuously decreasing. The technical complexity of vertical farming systems requires specialized knowledge and expertise to maintain ideal

Water usage é Crop yield @ Food Km W

2 of land i
per m? of lan In Transportatlon

(lettuce)

VERTICAL

80-120 Kg 70 Km
GREENHOUSE
20L 41 Kg 800 - 1600 Km

OPEN FIELD

growing conditions, monitor nutrient levels, manage lighting and ventilation systems, and deal with technical problems. The limited variety of crops grown in vertical greenhouses may be due to their compact and controlled

environment. Additionally, the reliance on artificial light and climate control adds to operating costs and requires careful management.

Study and Construction of Vertical Greenhouses

In order to achieve optimal functionality and productivity in vertical greenhouses, various factors must be considered carefully.
Key aspects include selecting suitable building materials, lighting and ventilation systems, irrigation and nutrient supply, vertical
growing systems, and automation and control. Building materials like glass, polycarbonate, or acrylic panels provide insulation, light
penetration, and structural integrity. Lighting is crucial for optimal plant growth, especially in environments with limited natural
sunlight. Vertical farming systems, such as hydroponics, aeroponics, or stacked trays, define how crops are arranged and grown.
Efficient water management is essential for vertical greenhouse operations, with automated irrigation systems delivering water
directly to plant roots. Monitoring systems can measure soil moisture levels and nutrient concentrations for optimal plant health.

Automation and control systems upgrade greenhouse operations, improve efficiency, and reduce labor requirements.
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Future of Vertical Greenhouses in Agriculture
A sustainable and efficient solution for food production can be found in the application of vertical greenhouses that have potential for expansion and innovation. As technology advances and costs decrease, vertical farming
systems can be applied in various settings, including urban areas. They can be integrated with other sustainable agricultural technologies, such as renewable energy sources and advanced sensors, to create more efficient systems.
Vertical farming can help address food security and sustainability challenges by maximizing land use, reducing water consumption, and optimizing resource efficiency. It can also contribute to farmers by diversifying crops,
increasing income streams, and reducing reliance on traditional farming methods. Policymakers play a crucial role in supporting the adoption of vertical greenhouses through regulations, incentives, and funding programs.

Cooperation with Urban Planners and Architects
Integrating vertical greenhouses into urban landscapes requires collaboration between agricultural professionals, urban planners and architects. They can be integrated into building designs, turning urban spaces into
multifunctional structures that combine food production, recreational spaces and green spaces. Collaboration between these disciplines can lead to innovative urban agriculture concepts such as rooftop gardens, vertical farms
embedded in residential or commercial buildings, and community-based agricultural initiatives. Such a case, is the architectural project by Romses Architects, “The Harvest Green Project” which was awarded in an architecture
competition focused on structures designed to guide greener development. Vertical farm designs like this one may play a role in the fight against world hunger -- if such ideas can be successfully transferred from sketches and

models to life-size structures.
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Conclusion

Vertical greenhouses have become a significant technology in modern agriculture, offering numerous
benefits for sustainable food production. They allow for efficient use of space, increased crop vyields, reduced
water use, pest and disease protection, and energy efficiency. However, they face challenges such as high
initial investment costs, technical complexity, limited crop diversity, reliance on artificial light and climate
control, and the need for skilled labor. To address these, further research, innovation, and collaboration
between agricultural practitioners, researchers, policy makers, and industry stakeholders are needed.
Advances in technology, plant science, and engineering will optimize and cost-effectiveness of vertical farming
systems. Interdisciplinary collaboration can integrate vertical greenhouses with other sustainable agricultural
practices, urban planning, and architectural design. Vertical greenhouses have the potential to revolutionize
food production, creating opportunities for local, decentralized, and environmentally controlled agriculture.
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INNOVATIVE APPROACHES FOR PROLONGING THE POSTHARVEST FRESHNESS IN THE FRUIT SECTOR
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Abstract: Edible films and coatings encompass thin edible layers that can either be peeled away or ingested along with food
items. Edible active packaging involves utilizing edible polymers combined with natural antioxidants. Edible coatings have
demonstrated their efficacy as a primary packaging solution by effectively retarding the ripening process, maintaining
nutritional attributes, and curbing quality deterioration through the reduction of various inherent mechanisms such as gas

exchange, respiration, and transpiration rates.

In this paper we present recent advancement in the augmentation effectiveness of edible coatings and films through the
infusion of active natural elements with demonstrated antioxidant and/or antimicrobial characteristics. These packaging
materials are classified as active due to their capacity to interact with fresh fruits, constantly eliberating bioactive
components. This integration of active agents within biopolymer matrices not only enhances the fruits resistance to
oxidation but also impedes the proliferation of foodborne pathogens. Consequently, these packaging innovations offer
supplementary safety measures for food products, even in conditions where refrigeration is absent.

| ' . CHITOSAN- AN EXAMPLE OF EDIBLE COATING
e ‘ Chitosan, a unigue pseudo-natural cationic polysaccharide, boasts versatile applications due to its

distinctive properties, including protein recovery flocculants and depollution agents. Its solubility in
acidic aqueous solutions makes it suitable for various systems like solutions, gels, films, and fibers (Talon

et al., 2017).

$wc

(Youssef et al., 2014).

Possessing attributes of non-toxicity, biodegradability, biocompatibility, and resistance to microbes,
chitosan is currently garnering significant interest. Extensive scientific evaluation of its capabilities on a

grand scale is currently underway to uncover its potential applications across various domains (Kona
. ' . Mondal et al., 2022;). Chitosan is thought to exhibit the capacity to hinder the proliferation of

numerous bacteria and fungi. In these processes, its polycationic nature allows the bio-derived polymer

to interact with negatively charged components and subsequently adhere to the surfaces of bacteria .
& ¥ - P . ¥ Other film References
compounds

Chitosan is widely used in the food industry, including in the design of
biodegradable films and coatings, due to its capacity to immobilize

enzimes via its antimicrobial attributes and even as a dietary supplement Film Ii‘nvelig. comestibil Stres

with hypocholesterolemic effects (Jianglian, et al., 2013, Duan et al,,
2019) .

Therefore, in the area of development of films or coatings, chitosan
offers numerous benefits such as antimicrobial, antioxidant and
emulsifying properties, as well as good compatibility with other
biopolymers and lipids (Duan et al.,, 2019). This versatility enables ;
chitosan to create films that can be tailored to a wide range of food- o
related uses. Beyond its inherent antimicrobial capabilities, chitosan can

serve as a carrier for bioactive substances, effectively managing microbial

contamination in fresh or processed foods (Talon et al.,, 2017). This

approach of incorporating antimicrobial substances into edible films or

coatings can prove more effective than directly adding antimicrobial

agents to the food. The rationale lies in the gradual and selective

migration of active compounds from the packaging onto the food surface

(Elsabee and Abdou, 2013).
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In the realm of natural antimicrobials, various essential oils have demonstrated antibacterial and antifungal
attributes against a substantial array of pathogens and spoilage microorganisms. Notably, many of these
compounds have earned FDA approval as flavoring agents and are widely adopted in the food industry.
Consequently, integrating essential oils into food products presents an avenue to confer antimicrobial
functions. Nevertheless, these compounds do have certain limitations, notably their high volatility and the
potential to strongly impact sensory perception. As a result, their application is constrained for a significant
portion of food-related scenarios.

Conclusion: Further research should be conducted in the upcoming years to enhance the advancement of
better extraction and isolation technologies. These technologies aim to more effectively reclaim high added-
value materials from postharvest fruit and vegetable byproduct. Additionally, the utilization of these materials
to uphold the quality and prolong the shelf life of postharvest produce necessitates consideration of potential
effects on food safety and the sensory characteristics of the products.

It's important to note that the effectiveness of antimicrobial films can vary based on the type of
microorganisms targeted, the film's composition, and the specific fruit being protected. Therefore, it is crucial
to validate the efficacy of antimicrobial films for each intended application and ensure compliance with
relevant food safety regulations.
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Abstract: Optimum layout and the appropriate number of maize plants per area unit are the essential prerequisites for successful production. By maize sowing with precision seeders, significant savings in seed and working
time are achieved, and proper and uniform seeds distribution of by depth, length, and width, enables better germination, sprouting, and higher yields. Understanding the importance of correct sowing becomes even more
Important considering the fact that mistakes made while sowing cannot be corrected later with other agrotechnical measures. The paper presents the test results and quality assessment of the Vaderstad Tempo T6 and Sola Prosem
K8 maize seeders. The trial is aimed to determine the work of the mentioned seeders for wide-row sowing when sowing maize seeds in the production conditions of the observed area. The seeders worked in similar test conditions,
and the corn sowing was done in the vicinity of Pancevo, in the Banatsko Novo Selo location. Tests and evaluation of the quality of seeders were performed according to ISO standards 7256/1 and 7256/2. The obtained results
show that with the seeder type A-Vaderstad Tempo T6, the sowing of maize achieved better quality, bearing in mind that higher values of the QFI index (quality of feed index) were achieved, above 96%.

INTRODUCTION

Maize takes the leading place in terms of yield and is one of the most represented crops in the world [1, 3]. In Republic of Serbia, maize is grown on 1,020,337 ha, with an average yield of 5.90 t ha-1 [19]. In the
production of maize, sowing is one of the most important operations because mistakes during sowing cannot be corrected later by other agrotechnical measures. The quantity of seed sown in a row and the distance
between seeds are important factors in production, which have an impact on the uniform growth and development of plants and a stable yield. High-quality sowing implies a proper layout of seeds in depth and length
with minimal damage to the seeds [12]. Maize can be sown with seeders with different sowing devices (mechanical or pneumatic) at a distance of 70 cm between rows. This distance can be bigger, but it is not good to
Increase It, because maize is sown in high densities of the assembly, so the more the distance between the rows for the same assembly increases, the distance between the plants in the row decreases. This increases plant
competition and reduces the optimal use of vegetation space. Pneumatic seeders are widely used due to their advantages over mechanical seeders, such as better quality of work, more accurate dosing with lower seed
damage, and better control and adjustment. When using mechanical seed meters, heterogeneous seeds can clog the delivery mechanism and damage the seeds, resulting in too few seeds being distributed to the soil,
while imprecise metering devices can create unwanted skips or multiples within the row [18]. In addition to the sowing device, the uniformity of the seed distribution in the row is also influenced by the speed of sowing,
the setting and functionality of the seeder, the terrain, pre-sowing preparation, and the shape and size of the seed material. The ultimate objective in precision maize seeding is to have the highest yield and this can be
achieved by having a certain number of plants in a unit area [24]. The pneumatic seed metering mechanisms are responsible for capturing and ejecting the seeds uniformly, operating with variable seed size without

damaging the seeds (which affects germination), should be robust, and use established and proven technology [14].

MATERIAL AND METHODS

In the production conditions of South Banat - Banatsko Novo Selo during the year 2023 (44°58'05.1"N 20°45'33.4"E) tests of

seeders with a pneumatic seeding device were carried out during maize sowing.

The distribution of maize seeds along the length and depth was examined, depending on the defined parameters, with the
Vaderstad Tempo T6 planter, which was designated as type A, and the SOLA Prosem K8, which was designated as type B.

For sowing, seeds of the maize hybrid Pioneer P9911 and DEKAL 5092 with germination of 95% met the basic conditions of
seeds in terms of germination and dimensions [23]. The planned layout was 73,000 plants ha’.

The quality of the work of the examined seeders was related to determining the spacing of the seeds in the row and the achieved

sowing depth.

The values of the achieved movement speed and other indicators were read in the tractor cabin from the display because the

tractors were equipped with ISOBUS technology for the advanced exploitation of agricultural machinery.

The layout of seeds in a row was evaluated based on ISO standards 7256/1 and 7256/2. It is expressed through qualitative
Indices, namely: MULT index (multiple indexes) - represents the percentage share of realized seed spacing in a row that is < 0.5
cm from the theoretical spacing, QFI index (quality of feed index) - represents the percentage share of realized seed spacings in a
row that are >0.5<1.5 cm from the theoretical and MISS (miss index) which represents the percentage share of achieved seed
spacings In a row that are > 1.5 cm larger than the theoretical spacing. Bearing in mind that finding the sown seeds is difficult,
that it requires a lot of time, and that there is a high probability of the seeds being stretched, the quality of sowing is measured and

calculated only after the crop has sprouted.

RESULTS AND DISCUSSION

Based on the obtained results, it can be noted that there was a significant influence of the defined
parameters on the values of the qualitative indices, that is, on the quality of the longitudinal
distribution of maize seeds in the row.

Thus, the highest average values of the MULT index (proportion of achieved seed spacing in the
row in the group <0.5 compared to the theoretical) were obtained when sowing with a Type B seeder
(SOLA Prosem K 8) and yielded an average of 3.43% at the speed of movement sowing aggregate of
7.83 km h-1, while the lowest values of 1.05% were measured when sowing maize with a seeder type
A (Vaderstad Tempo T6A) at a velocity of 11.97 km h-L,

Analyzing the influence of the defined parameters on the achieved values of the QFI index
(percentage of achieved seed spacing in the row in the group >0.5<1.5), it is observed that the highest
average values of 96.29% were achieved when sowing maize with type A seeder at the velocity of the
sowing aggregate of 8.72 km h-1, while the lowest values of 89.10% were obtained when sowing
maize with a type B seeder at the velocity of 10.11 km h-,

When it comes to the values of the MISS index - the share of open spaces >1.5 of the theoretical,
the highest values were measured with the seeder type B (SOLA Prosem K8) and amounted to an
average of 9.07% at a velocity of 10.11 km h-1, while the lowest values of 2.36% were achieved when
sowing maize with a seeder type A at a working speed of 8.72 km h-! (Table 1).

Table 2. Velocity and achieved maize sowing depth
Seeder | \elocity | Planned Achieved seeding depth

type depth Statistical indicators
[km h] [cm] Mean o Cv Min Max
8.72 5-6 5.82 0.36 5.95 5.29 6.34
A 9.58 5-6 5.37 0.65 12.08 4.15 6.02
11.97 5-6 5.06 0.33 6.54 4.55 5.48
7.83 5-6 5.51 0.33 5.91 4.98 5.82
B 9.03 5-6 5.10 0.57 11.29 4.02 5.73
10.11 5-6 5.02 0.25 5.04 4.55 5.30

Vaderstad Tempo T6A - Type A

Fig. 1. Tested seed drills for sowing maize (Photo by Bara¢ S.)

The sowing depth was also checked after crop emergence, taking into
account soll settlement.

All values during the trial were read in 5 repetitions.

The trial was performed in a completely random plan variant, and the
obtained results were processed using the Microsoft Office Excel 2007 package.

Table 1. Indexes of the achieved longitudinal distribution of seeds in the row of tested seeders

Seeder | Velocity | Theoretical Achieved gqualitative indices of seed layout in a row (Average)
type SOWINg MULT index QFI index MISS index
distance
[km h-] [cm] <0.5 Variation >0.5<15 Variation >1.5 Variation

8.72 1.35 0.61-1.83 96.29 05.27 - 98.67 2.36 1.25 - 3.17

A 0.58 19.5 1.16 0.51-1.60 92.89 89.70 - 95.96 5.95 5.11-7.31
11.97 1.05 0.55-1.43 02.11 88.87 - 93.90 6.84 6.59 - 9.11
7.83 3.43 2.24 - 5.61 03.24  95.20 - 98.67 3.33 3.80 - 6.01

B 9.03 19.5 2.03 1.23-2.83 91.35 89.77-9596| 6.62 6.33-9.41
10.11 1.83 1.00 - 2.55 89.10 88.87-93.91 9.07 8.03 -10.08

Table 2 shows the results of the impact of changing the velocity on the realized depth of the maize sowing when
sowing with the test seeders.

Based on the obtained results, it can be seen that the velocity of the type A seeder was within the limits of 8.72 -
11.97 km h-t, while the speed of the type B seeder was within the limits of 7.83 - 10.11 km h-L.

When it comes to the achieved seeding depth compared to the planned one, it can be observed that with the
Increase in velocity, the achieved seeding depth decreased, but the decrease was within the defined criteria.

The largest seeding depth of 5.82 cm was measured when sowing maize with a seeder type A at a velocity of
8.72 km h-1, while the smallest sowing depth was measured when sowing with a seeder type B at a velocity of
10.11 km h-tand was 5.02 cm (table 2).

/& CONCLUSION

)

/ measured when sowing with a type B seeder and it was 5.02 cm

Based on the obtained results, it can be concluded that the tested seeders operated in similar production conditions and
that maize was sown on the same soil type. The defined parameters had a significant impact on the values of the
qualitative indexes, that is, on the quality of the longitudinal distribution of maize seeds in the row. The highest average
values of the MULT index were obtained when sowing with a type B seeder (SOLA Prosem K 8) and they were an
average of 3.43%, while the lowest average values of 1.05% were measured when sowing maize with a type A seeder
(Vaderstad Tempo T6A). The highest average values of QFI index of 96.29% were achieved when sowing with seeder
type A, while the lowest average values of 89.10% were obtained when sowing maize with seeder type B. The lowest
average values of MISS index of 2.36% were achieved when sowing with seeder type A, and the highest when sowing
with seeder type B and amounted to an average of 9.07%. Seeder type A (Vaderstad Tempo T6A) achieved very good
results in terms of sowing quality and seed distribution in a row, which according to the ISO standard qualifies it to be
classified in the group of very good seeders, bearing in mind that the value of the QFI index was within the limits of
91.72 - 96.29. Seeder type B (SOLA Prosem K8) at a lower mode of working velocity also achieved good results
because the QFI index was within the limits of 91.65-93.94 (working velocities up to 9 km h-1), while the results
achieved at higher working velocities at speeds above those classified as moderately good seed drills because the QFI
Index I1s 89.33, working velocity 10.11 km h-1, which leads to the conclusion that higher working velocities are a
limiting factor, while the optimal working velocities for this seeder are in the range of 9 km h-1 for the observed area.
When it comes to the achieved seeding depth compared to the planned one, it can be observed that with the increase In
movement speed, the achieved seeding depth decreased, but the decrease was within the defined criteria. The highest
sowing depth of 5.82 cm was measured when sowing maize with a type A seeder, while the lowest sowing depth was

/
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environment.

Abstract: Biomass is widely recognized as one of the most promising renewable energy sources in the world. Ash is a byproduct of biomass combustion that is produced in large quantities. The environment
could be overburdened and negatively affected by their accunwlation and random return to the soil. Prior to utilizing ash as a fertilizer, it 1s important to determine trace element content and estunate
environmental risk using a variety of ecological indices. Among investigated trace elements, manganese has the highest concentrations in both ashes, wlile contents of cobalt in ash from the combustion chamber
(CCB) and cadmium in cyclone ash (CB) are the lowest. CCB and CB ashes contain substantially lower concentrations than the maxinum European limits for ash utilization i forestry and agriculture for most
harmful trace elements. Based on the crustal enrichment factor, molybdenum displays the highest enrichment (CCB), while manganese and chromium (CB), as well as cobalt (CCB), show moderate enrichment.
The modified potential 1isk index (MRI) is used to demonstrate the possible impact of these ashes to the env:

ironment. MRI value for CB is substantially higher than for CCB, indicating its considerable 1isk to the

Introduction: Biomass is the most promising renewable source and electricity production from biomass is currently gaining considerable interest. More than 60% of biomass potential in Serbia has an

agricultural origin. The growing use of biomass during the previous decade produced large quantities of bott
concentration in relatively soluble forms. Recycling ash into the forest or agricultural soil can maintain the
logging and harvesting. On the other hand, recirculating ashes onto soil may also result in undesired releases
at very low concentrations. Many indices have been introduced to evaluate the metal soil contanunation and
that originate from the cigar burner biomass combustionsystem located in Agricultural Corporation PKB an

Materials and methods:

CEF i
degree of metal contamination.

om and fly ashes. Ash is commonly utilized as a fertilizer due to its high macroelements (Ca, K, Na, P)
original level of nutrients and acid buffering capacity (hugh pH values), which are altered by intensive
of hazardous substances. Heavy metals such as Cd, Hg, Pb. Cr, Ni, and As harm the environment, even
their ecological risk. The aim of this paper was to determine trace elements in the bottom and fly ashes
d to estimate the environmental risk of using ash as a soil fertilizer.

ed as an indicator to estimate the effect of the possible addition ofashes to soils and to deternune the

Bottom ash (CCB) and fly ash (CB) were sampled from the combustion chamber and the cyclone

of a plant in Agricultural Corporation PKB. Sample preparation was done by a MILESTONE Ethos
Advanced Microwave Digestion tem following a previously described procedure.

CEFg, values for all investigated trace
elements range from 1.12 to 50.09 (Fig 1.)
Different trace elements are divided into five

ICP/OES spectrometer ICAP 7400 DUO Thermo Fisher Scientific was used for trace elements

classes based on CEF values.

determination (Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, Zn, As and Hg).

Results and d

1. Trace elements

The total concentrations of the investigated trace elements in the ashes generated by soya straw
combustion are 322 mg/kg and 472.5 mg/kg for CCB and CB, respectively. As and Hg were not
detected in any ash, as well as Cd in CCB. Manganese 1s the most abundant in both ashes, while all
other trace elements have lower content than Mn. Table 1 shows some European countries trace
elements legislation limits in ashes for their utilization as fertilizer in forestry and agriculture as
well as the concentrations ofthese elements in investigated ash samples.

I
ntl

Table 1 Trace elements concentrations in bottom ash (CCB) and fly ash (CB):
European regulative limits for ash utilization in forestry and agriculture (all in mg/kg)

ge0

CEF  Enrichment degree
no enrichment

e

moderate Cd - Co L Croo Cu oo Mmoo Mo o Ni Po  7n
significant

high Fig. 1 Crustal enrichment factor CEFg, of investigated
VelV]]iZh trace elements of bottom ash (CCB) and fly ash (CB)

evaluates the pollution level of trace elements
he bottomand fly ashes.

All trace elements, except of Mo, have
values of Igeo < 0, implying no
environmental contamination. Igeo for

2 CCB CB e :
27 Moin the CB (2.26) is higher than in the
CCB (0.79), indicating varying degrees
a = of pollution from moderately to strongly
= and unpolluted to moderately,
Element CB Denmark Fmland Sweden — - - = i ( 1. © - dtomoderately
e = CCB and CB ashes satisfy — respectively.
As <250 25 30 ; 3 £
~ Sweden, Denmark and =
Cd 0.24 15 1.5 30 : 5 . .
- . Finland regulative and _ -
Cr 19.06 100 300 100 could be used a5 feitilizer W Pollution degree
Cu 3034 (Y 400 since trace elements 49 =0 Unpolluted
Ni 16.34 60 100 70 concentrations in these 0—1  unpolluted to moderately polluted
Pb 331 120 100 300 ashes are much lower. # 1-2 moderately polluted
Zn 102.40 1500 7000 2-3 moderately to strongly polluted

2. Evaluation of investigated trace elements pollution

Fig. 2 Geoacc
elements (Igeo) from bottom ash (CCB) and fly ash (CB)

Table 2 Indicator used to evaluate the metal soil contamination and ecological risk

strongly polluted
strongly to extremely polluted
extremely polluted

indices of in: dtrace

Indicator Abbreviations Equation - .
— —~ Mva isused t‘o assess the extent of heavymetal pollution MRI values (Fig. 3) indicate a
Metal pollution index MPI MPI= (GGG Gy and its potential ecological harm. Gonsdsbla Rk S the crvitotmsit
Crustal enrichment factor CEF for CB and a low risk for CCB
Geoaccumulation index Tpeo cB ’:::::2:5::ﬁZf:::::::::::i:‘:;::55::1:!:5::::35 & f;ﬁ;:;ﬁ;ﬁ;:z::::::::j:"
Modified potential ecological
1isk index ey MRI Risk degree
CCB < 150 low risk
) . o ) - = T ; 150 -300 moderate risk
MP1is a helpful tool for monitoring metal pollution levels in different contaninated media 100 200 300 400 500 300 - 600 considerable risk
MRI > 600 very high risk

MPI values are 9.09 and 8.05 for CCB and CB, respectively. Since MPI for CCB is higher than in
literature (1.5 - 8.4 for wood pellet), it could promote heavy metals accumulation in the soil if ash is
used as a fertilizer during a long period.
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Fig. 3 Modified potential ecological risk index (MRI) of bottom

ash (CCB) and fly ash (CB)
Conclusion

The concentrations of environmentally relevant trace elements (As, Cd, Cr, Cu, Ni, Pb and Zn) in
bottom and fly ashes from the cigar bumer combustion system at Agricultural Corporation PKB have
been determined. Their content is higher in CB than in CCB but far lower than the linuts given by the
European legislation, implying that both ashes can be utilized as soil fertilizers. Hg and As are below
detection limits in both ashes, as well as Cd in CCB. Various ecological indices have been calculated
to estimate the potential environmental risk of ashes. MRI values indicate a considerable 1isk to the
environment for CB and a low 11sk degree for CCB. MPI and MRI values show that long-term use of
ashes as soil fertilizer could lead to soil contanunation, so periodically monitoring trace element
contentin the soil is essential.
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aspects, and predicted environmental effects.

Abstract: Numerous changes occurred in the countries that constitute the former Yugoslavia between 1990 and 2020. This research examines trends in agriculture in these and neighboring
countries throughout the chosen time period. The need for food increased, while production risks grew due to climate change, which reduced the yields of many crops. Agrotechnical
measures such as the use of artificial fertilizers and pesticides were essential since agricultural production was connected with expensive mvestments and the primary objective of each
agricultural producer was to maximize output. Agrotechnical measures in the aforementioned countries are associated with agricultural soil portions, rural population share, economic

Intreduction:

Currently, the global population is around 8.04 billion people, with a 0.88% annual growth rate. Global population growth is
directly related to increased food demand. In 2012, FAO projected that by 2050, food output would be required to grow by 60%.
The ratio of arable land to population in developing countries decreased by up to 55% between 1960 and 2000. The half of the
existing arable land will be unsuitable by 2050 due to a variety of factors. Despite enormous growth in food production and

availability, food insecurity remains unacceptably high.

Chemical plant protection treatments can be considerably lowered/completely omitted by suitable measures to
improve agricultural production. The treatment of arable soil, erosion prevention, control of weeds, vegetation, pests, plant

An overview of socioeconommic factors that influence agricultural
output and comparison of agrotechnical measures over a three-
decade period (1990-2020) new countries originated from the
former Yugoslavia which have different statuses relating to EU
membership.

Table 1. Information on selected countries (abbreviations of country names, EU
membership details, areas and population m cut-off years)

diseases, utilization and disposal of crop residues, maintenance of soil organic matter, and favorable soil structure are some Abbreviaion EU A Population
examples of agrotechnical measures. Agrochemicals such as synthetic fertilizers, growth promoters, hormones, a wide range of countries membership  (km?) (million)
pesticides can be utilized status in 2020 1990 2020
: S ca . - = % 587
« average arable soil portion 44.8% -:lbm_ﬁ :{-' T‘;;l'dm §~j$ 32‘; §§1
*GR, HU. and RO have the greatest proportion of arable soil oesivng 5 . 3 & s
1990 2000 2010 2020 5 L4 44 27
s - [ 0 - « arable soil percentage in 2020 decreased by 35.6% (GR). 22.4% (HU). E{i::e::\’;z BH 31000 4 >
._3 A and 8.5% (RO) in relation to 1990 Bulgaria BU 2007 108560  8.77 6.98
2 « the greatest decrease is in MN (49.0%) and CR (36.6%) grozna (C}Ié :gés 523?0’60 JbSTO .:bw
=] < s 3 5
« increase for SL (8.9%) and AL (3.9% Tee0s 1981 12 103 10.51
g 0 Doceme e (& eyent Al G990 Hungary HU 2004 90530 1038 9.5
5 » average rural population share 41.2% Ttaly T 1958 204140 5676  59.50
°_ - B » the highest reductions AL (39.7%) and MN (35.9%) in 2020 Montenegro MN candidate 13450 0.62 0.63
8.8 compared to 1990 North Macedonia NM candidate 25220 204 211
g % 100 » RO and NM constant g"‘:_’““ ?g zood:’date gzgé‘;o :39-34 19:;4
8 0 DA Slovenia s 500 00 1% an
€ Q average agricultural employment 16.2% ) ~ BH became a0 EU candidate m 2022
g 56 c Q decrease at the end of the analyzed period from 23.6% to 70.5%
52 E ¢
) comparing to 1990 s ’
23 = DS agrotechnical measures
5
38 o] 7 : 7
B £ - agricultural production in accordance with other natural ecosystems
N X D &N N o > . 5 . 3 £ s :
& PRFSES® S x B0 [ J2000 EW2010 2020 - important to take into account soil and water quality, nutrient cycling, soil
Fig. 1 Time dependence of arable soil portion (A), rural population share (B) and ® structure and fertility, and biodiversity conservation
agricultural employment (C) for selected countries (Table 1) 3 A -
Sao 504
3
5,3 251 Fertilizer use was from 16.7 kg/ha for MN (2010) to 409 kg/ha for SL (2000).
& 0 Fertilizer use became more intensive except in for AU, GR, IT and SL (EU
Tzble 2. Tme dependence of mmimal, maximal and average values for selected g - members)
parameters m 13 European countries L) 1000 SR . 5 .
Ve 1550 000 070 3030 2 1 B Average pesticide use for 30-year period was 2.4 kg/ha (from 0.2 kg/ha for AL (1990)
- 2T 500 ] to 84 kg/ha for IT (1990)). The highest increase in utilized pesticide amount is
Agricultural soil portion (%) £S5 noticed for MN and AL (EU candidates).
Mm SL(28.0) CRQ12) CR(239) MN(19.6) = 04
Max GR(LI) HU(S4) RO  RO(90) 8 fertilizers
Average 4895 4523 4385 4113 @ c — - —
Rural population share (%) o7 20] - fertilizer use in EU is strictly regulated
Min GR(@285  GRQ7.0) GR@32)  GRQ02) 32 f? -promotion of organic production (minimal/necessary changes in
Max AL(63.5)  BH(569)  AL(573)  BH(508) 2% ol quality of arable land
:::"1‘“ ""-ssml _4148 2067 31U = PR RS E RS NP o - average fertilizer consumption for all countries in selected period
& ployment \1; zz(r:l ‘l)u(e ( G;T = 5 o around 133 kg/ha
M 112 5.2 3 AUG Fig. 2 Time dependence of agriculture’s contribution to global GDP (&), fertiizer use e . oo - y
M ROGS0D)  ALGOD)  ALG3E  ALGS6) (B), snd pesticide use (C) for selected conmiries (Fable 1) - fertilizer consumption in 2020 mueped double (AL), around 30%
Average 2284 18.68 15.10 10.89 (BU. CR).or around 60% (RO) comparing to 1990 (not EU
Agriculture’s contribution to global GDP (%) ohE membersin 1990)
Min AUQS4) AU AU(14) AU(1D) correlations » -1n AU and GR consumption decreased around 35% and 26%,
Max ROQ14) ALQ21) AL(182) AL(18.7) Table 3. Pearson correlation coefficients for different datasets (D1 — 13 selected respectively
Average 878 849 584 countries; D2 - all EU member countries; D3 - EU members before 2000; D4 - EU P 2
members after 2000; D5 - non-EU members; D6 - ex-Yugoslav republics) T
Fertilizer use (kg'ha) S pest]c]des
M AL@#.D BH(@2.1) MN(16.7) NM(67.3) D1 D2 D3 D4 D5 Dé
Max I‘E(:l? 0) Si.(-z(z?.o) CE(SEM.O) MN (2‘99.0) SPRP 0346° -0440° 0675 - pesncl‘des.(ulse‘ctnndes~ herb‘icides~ fungicides) may ‘ﬂ}lse )
~:":’2; ﬂt—‘i:)’ 1237 1239 Ha6 SP-GDP.. 0503~ 0872 0512 0639 contamination ot‘the soil, surface/underground waters. food and air
““ S -\El_(o > TR T T RP-EM 0538 0369 0485  0.569° 0496 - consumption of pesticides is strictly regulated in all countries
Mm £ 2, A .3) NA .2 NA ») - gy a N . . s - 2
207 . wgnley . i sdecreas reen 2
ot 64 SLO2) 04 MNG2) RP-GDP,, 0397 -0.600° sales in th.e. majority QI EU uouut.ne» decreased between 2011 and
Average 273 220 208 274 EM-GDP,, 0841 0773 0963 0732 0889 0.604™ 2021 (to mitigate environmental risk)
FU-PU 0619 0487 0766 0895 0826™ - In Italy, Romania, and Slovenia pesticide sales reduced by 29.1%,
3 Correlation sigificant atlevel: *0.01 and 0.05 26.8%, and 18.7%, respectively
Conclusion - Austria's sales increased by 67.9%
References

An evaluation of socioeconomic parameters influencing agricultural output and a comparison of
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particle source can be significant at certain times of the year:

Abstract: One of the most prevalent health and environmental problems, particularly in developing countries, is air pollution. It can lead to diabetes, lung cancer; cardiovascular
and other diseases. Particle emission comes from a wide range of both natural and antropogenic sources. Particle emissions in agriculture originate from a number of activities,

including tillage, planting, applying fertilizers and pesticides, harvesting, and controlled burming of plant residues in fields. Burning biomass represents one of the most prevalent

ways of generating particulate matter (PM). Wind erosion of soil (mostly fine sandy and peaty soils) is another particulate matter source containing particles with larger sizes. This

Intreduction:

Natural sources of air pollution include volcanic eruptions, thunders, swface dust, and naturally occurring
particle matter. The most signiticant contributors to air pollution include anthropogenic activities such as
transportation, the burning of fossil fuels, industrialization, power generation, and agriculture . Air pollution is
one of the major environmental and health risks since annually 1t causes more than 4.2 million premature

This article provides an overview of the contribution of different
agricultural activities that generate particulate matter and leads to air
pollution. Open-field fires are an important contributor to fine and
ultrafine particle emissions in agriculture. The content of smoke emitted
during open-fire burning of different agricultural waste is compared.

deaths worldwide . Particulate matter (PM), which mostly appears as solid particles or liquid droplets, is one

of the most important indicators of air pollution. PM sources are categorized as primary (natural and
anthropogenic activities) and secondary (transformations in the atmosphere). According to air quality
regulations, particles are categorized based on their diameter despite the fact that their size, shape, and
chemical composition can vary a great deal. Fine particulate matter (PM, ) and coarse particulate matter
(PM;) consists of particles with maximal diameter of 2.5pum and 10pum., respectively. Both of them may result
with serious health problems. Sulfates, ammonia, nitrates, organic and black carbon, and metals are the main
particle ingredients. Besides, there are also ultrafine particles with diameters up to 1pum. Many studies have
indicated that combustion of agricultural residues, a large amount of ultrafine particles with diameters ranging
from 0. 1pm to 0.3pum is released . Organic components male for more than 70% of ultrafine and fine particle
masses, which make them more harmful to human health and the environment .

Agricultural activities (soil tillage, seedbed preparation, planting, harvesting, fertilizer and pesticide
treatments), industrial processes, wood/fossil fuel combustion, construction and demolition activities represent
some of the primary particle sources . Agricultural air pollutants can cause human health problems through

Open-fire burning of agricultural waste

Open-fire burning of agricultural and garden residues shows some advantages. It is a
rapid method to reduce/dispose of vegetative debris, allowing for land clearance and
the release of nutrients for the next growth cycle, fertilizing the soil, and pests and
weeds elimination.

Simultaneously during a fire, smolke can raise PM content many times. Open fires
and wildfires impose considerable ecological and economic harm; they are a
significant source of harmful air pollutants into the atmosphere with short- and long-
term negative effects on human health. Many studies have shown that ultrafine and
fine particles are more dangerous to human health than coarse PM, since smaller
particles can penetrate the respiratory system more deeply .

exposure to ammonia, hydrogen sulfide, toxic organic compounds, pesticides, particulate matter, and it can
contributes to climate change due to greenhouse gas emissions and aerosols . Except open-fire field burning,
great problem and significant source of the air pollution represent wildfires. Due to climate changes, these
occurrences are becoming more frequent. Except huge quantity of pollutants are emitted during wildfires,
huge damages are caused and also often results in lnunan casualties.

Contribution of agriculture sources to particulate matter emission

0, ¢

ons with 5% and 259

Agriculture contributes to primary PM, ; and PM, , emiss 7 As an example Figure 1

illustrates the portions of different agricultural activities as a particulate matter sources according to literature data for

USA
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Figure 1. Agricultural activities in USA as a source of particulate emission (in
annual emissions of PMa s () and PMio (b)
Uiban air poll

Table 1. Details about content of smoke generated during buming
of different agricultural waste

Initial CD CM Total NH
bi * PM
Tg/year
Overall 540 818 50 7.0
Cumulative 939 459 1.8 6.4
Crop CD CM NOx NH
g/kg (of dry matter)

Com 1261 70.2 34 5.0 10
‘Wheat 1557 61.9 1:2 7.6 75
Soybean 1445 323 11 33 86
Sugar cane 1445 40.1 20 41 11.0
Potato 1445 5511 2.1 5.8 8.6
Average 14306 519 20 52 9.1
Min 1261 323 11 33 75
Max 1557 70.2 34 7.6 11.0

* Total dry mater

In Table 1, the comparison of smoke content depending of agricultural
crops combusted in open-field was done. Literature data concerning carbon
dioxide (CD), carbon monoxide (CM), nitric oxides (NOx), particulate
matter (PM) and non-methane hydrocarbons (NH) in corn, wheat, soybean,
sugar cane and potato smoke generated during their burning. Average,
minimal, and maximal contents are also given. For these five crops there is
no significant ditference.

kt);
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ABSTRACT: SMARTWATER project was launched in 2021. This is a H2020 project, funded by the EC and coordinated by the University of Banja Luka (BiH). The
main objectives are: 1) to reinforce the networking, research and innovation capacities of the University of Banja Luka (UNI-BL), University of Sarajevo (UNSA) and
other BiH institutions in the field of sustainable agricultural water management and 2) to increase their competences and fund-rising skills for a successful participation
In EU projects. Project activities include advanced courses, summer schools, experimental studies, academic exchanges, roundtable debates etc. Four main research
themes include: cloud-based smart technologies, new generation of satellite RS data, water-energy-food nexus optimization and climate change impact in agriculture.
The three-year joint experimental studies are also organized at two locations in BiH. With almost three years of experience, and with most of the activities finished with
success, SMARTWATER consortium continues to contribute to the sustainable land and water management in agriculture, while SMARTWATER network continue to
grow every day, including different target groups (academicians, students, early-stage researchers, farmers, policy makers etc.).

INTRODUCTION
The Horizon 2020 project SMARTWATER started with its implementation on the 1st of January 2021. The main objective of SMARTWATER is to reinforce new
networking, research and S&T cooperation capacities of the University of Banja Luka (UNI-BL), the University of Sarajevo (UNSA) and other connected national
Institutions, in the field of sustainable agricultural water management and to increase the competency of these institutions and fund-raising skills for a successful
participation in the European Union Research Programs. The main research themes are 1) cloud-based smart technologies, 2) new generation of satellite remote sensing
data, 3) water-energy-food nexus and 4) climate change impact to agriculture.

MATERIALS AND METHODS

SMARTWATER project implementation (2021-2023) include different
activities: 3 advanced training courses, 3 summer schools, joint research
activities (experiments) in 3 years and at 2 locations in BiH, 3 roundtable _ S e, /W//%W : B
debates (stakeholders’ meetings), 3 post-graduate MSc students, 13 mutual | R [ i =2 ///%”’,/// ”’%—
staff exchanges, 3 R&I hands-on workshops, participation at international LY ARSI b o VAR

conferences, promotion of 2 smart water management tools, organization
of an international workshop in BiH, co-operative preparation of a new
project proposal and preparation of smart national scientific strategy.

The twinning activities of SMARTWATER will have the following overall
Impacts on the coordinating institution (UNI-BL), UNSA and other BiH

research organizations:

1) Increase research and innovation excellence in the field of sustainable Photos 1 6. Events (from Ieft to right): the 1st summer school the 2nd advanced tralnlng course,
agricultural water management; the 2nd stakeholders’ meeting, participation at the international conference ISAF 2022, MSc

2) Enhance the reputation, attractiveness and networking channels with students at CIHEAM-IAMB, the 2nd R&1 workshop.
national, regional and EU institutions focusing on agricultural water
management and

3) Improve the capacity to compete for national, EU and internationally
competitive research funding, and to succeed in such calls for proposals.

The proposal endeavors to fulfill its objectives through five work packages.

RESULTS AND DISCUSSION £ 0P N B AR L [

Photos 7-8. Experlmental set-up in Aleksandrovac (Banja Luka) and maize sampling on site
« Until August 2023, during the SMARTWATER project implementation
(2021-2023) following activities were completed: CONCLUSIONS
- 3 advanced training courses (Lisbon, Zaragoza, Bari); SMARTWATER project implementation (2021-2023) is still ongoing. Most of the pre-

- 3 summer schools (Trebinje, Sarajevo, Trebinje);

- 3-year joint experiments at 2 locations in BiH (Aleksandrovac, Butmir);
- 2 roundtable debates or stakeholders’ meetings (Sarajevo);

- 3 post-graduate MSc students finished their 1st study year (Bari);

- 7 mutual staff exchanges (BiH, Spain, Portugal, Italy);

- 3 R&I hands-on workshops (Sarajevo);

- participation at 20+ international conferences (BiH and abroad);

- promotion of 2 smart water management tools;

defined activities and events were already organized. Reports were prepared and sent to
the EC. Different target groups (academicians, students, early-stage researchers, farmers,
policy makers etc.) joined project events. Main project objectives are mostly fullfiled. The
main research themes will be covered by future publications in scientific journals.
SMARTWATER consortium will continue to contribute to the sustainable land and water
management in agriculture. SMARTWATER team still put an effort in disseminating
ongoing and future activities within project, work with stakeholders and therefore
Increasing project outreach and legacy.

- Co-operative preparation of a new project proposal (ongoing);

- preparation of smart national scientific strategy (ongoing). Acknowledgments

SMARTWATER: This project has received funding from the European Union's Horizon 2020

° 0 : .
More than 50% of reports were prepared and submited to the EC; research and innovation programme under grant agreement No 952396.

« The SMARTWATER website was established at http://www.smartwater- | | REFERENCES

project.eu/ and the social media pages (Facebook, TW_Itter / X, LinkedIn| |, European Commission (2020). Grant Agreement, project number 952396, SMARTWATER;
and YouTube) and they are regularly updated with news / posts.| |, Kresovié¢ B., Tapanarova A., Tomi¢ Z., Zivoti¢ Lj., Vujovié D., Sredojevi¢ Z., Gaji¢ B. (2016). Grain

SMARTWATER brochure and newsletters are also produced; yield and water use efficiency of maize as influenced by different irrigation regimes through sprinkler
Irrigation under temperate climate. Agricultural Water Management. 169(2016): 34-43;
 The estimated number of persons reached is 5000+ - Zapata N., El Malki E.H., Latorre B., Gallinat J., Citoler FJ., Castillo R., Playan, E. (2017). A

simulation tool for advanced design and management of collective sprinkler irrigated areas: a study
case. lrrigation Science, 35(4): 327-345.
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Using Surplus Fruit and Vegetables to Produce a Juice - A Virtuous Example
Of Food Waste Recovery in the Project S.K.L.P.E.
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Worldwide, 1.3 billion tons of food are currently wasted and this represents a major problem for the planet, as it produces negative impacts from a social, economic and
environmental point of view. The present work aims at carrying out experimental trials aimed at defining a line for processing surplus fruits and vegetables (edible food
that cannot be sold for aesthetic or dimensional defects, and therefore destined to be wasted) into juices, in order to produce a more stable food with a longer shelf life,
and to reduce the impact of food waste. Results were used to design a processing line for the production of juice and for the cost estimation of the process.

Along the food chain are generally recognized food losses and food waste.

« FOOD LOSSES are the losses that occur upstream of the agri-food chain,
especially during the sowing, harvesting, storage and initial agricultural
processing phases.

« FOOD WASTE are the losses that occur in industrial transformation,
distribution and final consumption. Therefore, the losses that occur in the last link
of the supply chain.

In developing countries the greatest generation of FVW (fruit and vegetable
waste) occurs during the harvesting and processing phases, while the
consumption phase produces just 10% of the FVW (Gustavsson et al., 2011).
Poor storage and processing facilities and lack of infrastructure are among the
main causes of this situation. However, in industrialized countries, fruit and

vegetable losses are greater during the harvesting and consumption phases of]
FSC than in the processing phase (Capone et al., 2014; Girotto et al., 2015).

This research intends to carry out an experimental analysis aimed at defining a
processing line for the transformation of vegetable products into juices, with the
aim of processing raw materials excluded from sale, for aesthetic or caliber
reasons, and therefore destined to be wasted. The study is part of the international
cooperation project S.K.ILP.E. (Sharing Knowledge to Increase Postharvest
Efficiency), focusing on Work Package 3 - Optimization of the fruit and
vegetable supply chain and reduction of waste.

The results for the tests carried out after juice extraction, are shown below.

e I N 5 I I
_ [i* a* b* (%) (%) (g citric acid/kg)
35,57 1493 2433 16,64 930  6.13 0.89

2975 10,82 15,92 18,17 570  5.56 2.19

36,08 13,52 24,06 21,02 1390 3.61 3.30

32,58 8,00 17.49 10,17 520 5,84 1,26

Experimental data processing was performed, as a function of time and
temperature, and, consequently, empirical models of destruction kinetics were
developed, following a first-order reaction (on the left: blendl; on the right:

blend2).

! Y= 107861 - 24,288 ——
=SSR RN LtEoEss

-
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This work has made it possible to re-evaluate the raw materials excluded from
sale, for aesthetic or size reasons, and therefore destined to be wasted. Main
results show that there are many juices, smoothies and vegetable extracts on the
market, but none present the raw materials used in this work. On the basis of
the knowledge acquired in this study, the wumit operations considered
fundamental for the transformation of vegetable products were 1dentified, and
two blends of the “experimental” juice were formulated at lab scale.

Juice extractors operate to press fruits or vegetables inserted into the cold juice

extractor, and they separate the juice from the waste parts. An IMETEC model

“Succovivo™ extractor was used for the extraction tests.
|

Based on preliminary tests the following two blends were formulated, differing in
the percentage of rocket, which can affect, due to its bitterness, the intensity of the

flavor of the juices. S E— |

Raw Blend1 (%) Blend2 (%) i
fruits/vegetables

Carrot 35 35

Apple 24 26

Fennel 35 35

Rocket 6 4

After the production of juice extracts, for each blend, glass jars (300 ml volume)
were filled and the thermal treatments were carried out, as described below.

- 60°C/30 minutes (Low Pasteurization);
- 80°C/3 minutes;
- 90°C/1 minute.

The kinetic destruction rate for Vitamin C was assessed in this study.

For the chemical and physical evaluation of juice properties, the products were
homogenized with a laboratory blender (Moulinex, Madrid, Spain), and the
homogenate was used for the following tests: Dry Matter content (DM), Soluble
Solid Content (SSC), Titratable Aci

. B “ i

-~

. SO N | m “‘-—-—-._
Data were analyzed using MatlabTM software (Matlab R2016a, The MathWorks
Inc., Natick, MA, USA). Two-way analysis of variance (ANOVA) was performed
to determine whether there were significant differences (a 0.05) between

treatments.
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TOWARDS RESILIENCE: CLIMATE CHANGE MITIGATION IN PLANT PRODUCTION
THROUGH INNOVATIVE STRATEGIES AND POLICY MEASURES

Alozie Daniel Ethelbert, Osadiaye Ejomafuwe Patience, Edeh Chukwuebuka Paul

Osun State University, Department of Agricultural Sciences, Osogbo, Osun State, Nigeria
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[ Abstract: Climate change poses significant challenges to global food security. This study explores the impacts of climate change on plant productivity and proposes innovative mitigation strategies.
We investigate temperature, precipitation, extreme weather events, soil health, pest dynamics, and regional variations. Mitigation measures include climate-resilient crops, advanced irrigation,
pest management, agroforestry, and sustainable soil practices. Policy initiatives and strategic planning are crucial for effective mitigation.

Keywords: Climate Changes, Plant Production, Mitigation Strategies, Sustainable Agriculture, Climate-Resilient Crops, Integrated Pest Management.

\
\

* Population growth and climate change threaten food security.x Climate change affects temperature, precipitation, and extreme events. * Impacts on plant productivity necessitate mitigation strategies.

Problem Statement:
* Climate change affects crop yield, growth, soil quality, and pests. * Food availability and farmer livelihoods are at risk. * Sustainable, efficient mitigation solutions are essential.

Objective:

‘ 5

{*4Analyze climate change effects on plant productivity. * Evaluate the relationship between climate variables and crops. * Propose and assess mitigation techniques in sustainable agriculture.
\

Scope:
\* Integrates findings from various sources, crop varieties, and regions.*Considers traditional and modern agricultural methods. Addresses policy reforms and regional knowledge.

& Methods
[ DATA COLLECTION AND ANALYSIS:

eData on temperature, precipitation, and extreme weather events were collected from meteorological

records for the study regions.

oCrop yield data were obtained from agricultural surveys and research studies.

oPest and disease data were collected through field observations and literature review.

Soil health data were analyzed using soil samples from various locations.

eRegional variations were assessed through data from different geographical regions.

MITIGATION STRATEGIES:
eClimate-resilient crop varieties: Genetic engineering and traditional breeding techniques were employed

to develop and select resilient crop varieties.
eAdvanced irrigation techniques: Drip irrigation and rainwater harvesting systems were implemented.
eIntegrated pest management: Biological control and cultural practices were applied.
eAgroforestry systems: Trees and crops were integrated to promote biodiversity and resilience.
eUtilization of climate information systems: Real-time weather data and forecasts were accessed.
eSustainable soil management: Cover crops, reduced tillage, and organic matter incorporation were practiced.
eCollaboration and community engagement: Local knowledge and participatory research were incorporated.

POLICY MEASURES AND STRATEGIC PLANNING:
ePolicy development and legislation: Climate-smart agriculture policies and land use regulations were
formulated.
eFinancial support and incentives: Subsidies, grants, and climate-adapted insurance schemes were implemented.
eResearch and innovation: Funding for agricultural research and collaboration with academic institutions
were pursued.
eEducation and extension services: Farmer training and community outreach programs were conducted.
eInternational cooperation and agreements: Regional and global collaborations were established.

Conelusion)

environment, and social well-being. The intricate interactions between climate factors and their multifaceted

consequences on various aspects of plant production, from crop yield and growth cycles to soil health and pest dynamics,

have been examined in this study. The investigation of mitigation techniques, which encompass the development of

climate-resilient crop varieties, advanced irrigation methods, integrated pest management, agroforestry systems,

and sustainable soil management, reveals a complex, interconnected system that demands a comprehensive,
| interdisciplinary approach.
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Results & Discussions

P
' CLIMATE CHANGES AND IMPACT ON PLANT PRODUCTION:
eTemperature and Precipitation Patterns:
Elevated temperatures affected crop growth cycles, resulting in potential yield reductions.
Changes in precipitation patterns led to varying impacts, with some regions experiencing more frequent
droughts and others facing increased rainfall.
eExtreme Weather Events:
Prolonged droughts caused decreased soil moisture, hindering plant growth and increasing vulnerability
to pests and diseases.
Floods and storms disrupted planting and harvesting schedules, impacting crop productivity.
Unanticipated frost and heatwaves posed challenges to plant health and development.
eImpact on Soil Health and Nutrient Availability:
Climate-induced changes in soil health led to nutrient imbalances, affecting plant productivity.

— ~

Plant production faces unprecedented challenges due to climate change, impacting global food security, economics,

N\

eInfluence on Pest and Disease Dynamics:
Warmer temperatures and altered precipitation patterns affected the distribution and behavior of pests
and diseases, necessitating adaptive pest management strategies.

sRegional Variations:
Regional impacts varied, with some areas benefiting from longer growing seasons and others suffering
from droughts or floods. Location-specific research and adaptation were highlighted.

MITIGATION STRATEGIES:
oClimate-Resilient Crop Varieties:
Genetic engineering and traditional breeding techniques showed promise in developing resilient crop varieties.
The selection of climate-resilient crops suited to specific environmental conditions was essential for adaptation.
eAdvanced Irrigation Techniques:
Drip irrigation systems demonstrated water conservation benefits, particularly in water-scarce regions.
Rainwater harvesting offered an additional water source, reducing reliance on traditional sources.
eIntegrated Pest Management:
Biological control and cultural practices reduced pest and disease pressures, contributing to a healthier ecosystem.
Crop rotation and intercropping decreased the likelihood of infestations.
eAgroforestry Systems:
Agroforestry systems enhanced biodiversity, soil conservation, and microclimate adjustments, making
them a potent strategy for climate resilience.
oUtilization of Climate Information Systems:
Real-time weather data and forecasts empowered farmers to make informed decisions regarding
planting, irrigation, and harvesting.
eSustainable Soil Management:
Practices like cover cropping, reduced tillage, and organic matter incorporation improved soil health
and resilience.
oCollaboration and Community Engagement:
Collaboration with local communities and stakeholders facilitated the incorporation of traditional knowledge
and participatory research.

POLICY MEASURES AND STRATEGIC PLANNING:
oPolicy Development and Legislation:
Climate-smart agriculture policies and land use regulations supported climate-resilient practices.
Zoning laws and restrictions played a crucial role in strategic land use planning.
eFinancial Support and Incentives:
Government subsidies and grants facilitated technology adoption and investment in climate-resilient techniques.
Climate-adapted insurance schemes protected farmers from losses due to extreme weather events.
oResearch and Innovation:
Funding for agricultural research and collaboration with academic institutions drove innovation in
climate adaptation.
eEducation and Extension Services:
Farmer training and community outreach programs raised awareness and promoted climate-resilient practices.
eInternational Cooperation and Agreements:
\_ Regional and global collaborations promoted shared learning and resource mobilization.

We would like to express our sincere gratitude to all those who contributed to this research effort.
Our appreciation goes to our head of agricultural department in Osun State University and our
colleagues and peers for their encouragement and valuable discussions. Farmers, communities,
and individuals who participated in this study and shared their insights and knowledge.
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NEW TECHNOLOGY OF READY TO COOK PORTIONED FROZEN VEGETABLE PRODUCTS
AS AN ELEMENT OF AWASTE-FREE MANAGEMENT STRATEGY

Introduction and aim of the project

Project numer: PROW 00052.DDD.6509.00111.2022.15
(01.01.2023 — 31.12.2024)

The overriding goal of the operation Is to develop a technology for
the management of out-of-range vegetables, selected varieties with
specific physico-chemical/sensory properties, in the production of
portioned frozen vegetables from homogeneous paste, subjected to
the briquetting process.

The operation assumes the development of a digital solution that will
support the planning of crops at the Farmer in order to estimate the
common date of their harvest, which will improve production
efficiency and increase his profit, as well as will decide on the use of
the crop In production and processing. Thus, the waste of
agricultural products will be reduced.

Research model

The result of the operation is:

e A new technology of portioned frozen vegetable products of the
"Ready to cook" type as part of the strategy for waste-free
management of agricultural produce. As part of the operation, work
will be undertaken to implement technologies, describe publications
and studies:

e A new line of products - appropriately composed to form puree in
red, green or white, derived from vegetables of appropriate colors,
along with the development of appropriate proportions between the
individual ingredients of the puree and the possible addition of starch
ingredients - The result of the work carried out will be:
implementation, submission of a patent application to the Office
Patent Office of the Republic of Poland and a conference report.

e "Pulling"/briquetting technology of frozen portioned puree. Waste
from the production of vegetable parts (removed e.g. during the
peeling process, broken off, misshapen) was not utilized. Therefore,
the result will be the development of an innovative process for
producing a homogeneous paste from recipe ingredients available in
a specific, common for vegetables, which will be subjected to the
briquetting process. The process involves taking into account factors
that determine the susceptibility of ingredients to form compact
lumps, and then their susceptibility to freezing in the intended
form/shape, stable during storage. - The result of the work will be:
implementation and a conference report

e A new model of organizing farmer's work. The organization of the
farmer's work will consist in growing vegetables of a given species in
accordance with the indicated varieties, in such a way as to program a
common harvest date, which will improve the farmer's production
efficiency, but above all, increase his profit, because the purchase of
vegetables will result in the possibility of using them in production
and processing. the entire crop, not just the sorted part. Thus, the
waste of unused products will be limited - The result of the work
performed will be a conference announcement and a digital solution
in the form of a program.

As part of the planned operation, development work will be required within the meaning of Art. 4 section 3 of the Act of July 20, 2018, Law

on Higher Education and Science in three areas

e Research and development work will be necessary to select the most advantageous varieties in terms of losses during processing. The

works will be carried out in field conditions.

e The second scope of work concerns the development of a recipe for vegetable puree (green, orange and white) from green, red and white

vegetable species from specific and selected varieties.

e The third scope of work concerns research related to the development of technology for producing balls (portions) of vegetable puree in
real conditions. Work will be carried out to determine the impact of technological treatments on the stability of ingredients that determine
the nutritional value as well as consistency and sensory properties. Storage tests will be performed to determine the shelf life of the

vegetable balls.
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Abstract. The implementation of the IPARD initiative in Montenegro has
brought forth significant advancements in the agricultural sector concerning the
provision of agricultural machinery and equipment by equipping numerous
farmers with a diverse range of tools, including tractors, trailers, balers, mowers,
plows, imrigation systems, and more, all aimed at strengthening farming
operations and productivity. The initiative has also encompassed infrastructural
development to optimize the utilization of these assets. The anticipated impact
of this support is poised to be transformative, as recipient farmers are
empowered with the means to enhance theiragricultural capabilities and overall
efficiency. The initiative's effect is reflected in the data from Montenegrin
municipalities, where 333 investments were channeled through four public calls
for support that notably reached beneficiaries across various regions, with a few
exceptions, highlighting areas where further attention is needed to ensure
equitable distribution. While challenges such as crteria fulfilment,
communication barriers, and expectation alignment surfaced, the positive
outcomes underscored the potential of successful collaboration. Efficient
information dissemination and administrative adaptability have showcased the
way forward. This article provides insightful recommendations for the future and
suggests innovative approaches, increasing user engagement in decision-
making processes, transparent communication, and robust capacity-building
Initiatives. These recommendations collectively aim to create an inclusive and
effective collaborative framework, driving agricultural modernization and
sustainability. The lessons distilled from this collaborative endeavor are poised
to guide forthcoming initiatives, enhancing collaboration, and steering
Montenegro's agricultural sector toward modermnization. The qualitative depth of
insights derived from interviews with stakeholders has enriched our
comprehension and informed the ftrajectory of Montenegro's agricultural
evolution.

Methods

In search of comprehensive perceptions into the Modernization of the
Agricultural Sector in Montenegro through the provision of Agricultural
Mechanization facilitated by the IPARD program, our methodology was devised
by merging data extraction from online sources and harnessing statistical insights
from entities like Statista, MONSTAT, and the official documents of the
Montenegrin Government.

In the second phase of our research, the statistics collected from accessible
sources underwent demanding scrutiny, employing conventional research tools
such as SWOT analysis and Technological Advancements and Innovation
Assessment. This research was further enriched through interviews conducted
with key stakeholders.
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Flo 4&5 Momcilo KUVCIJIC from the Extennon Services and
prof. dr Goran Skataric, interviews with the stakeholders

Statements: Challenges in Collaboration: Momcilo Kuvelji¢, Extension services, statement
during the interview: "We discovered that one significant challenge faced in these
agricultural mechanization projects was the adherence to strict eligibility criteria. These
criteria are vital in ensuring that the right beneficiaries are selected, but at times,
potential recipients fell short of meeting these requirements, leading to potential
dissatisfaction."

IPARD in context of support agricultural machinery and equipment 09,

Numerous farmers in Montenegro have received agricultural equipment o -
through the IPARD measure of support to agriculture. The equipment includes
various items aimed at enhancing farming operations and productivity. This
assortment of equipment comprises tractor units with cabins, trailers, balers, .-
mowers, plows, sprayers, irrigation systems, hay collectors, and various other
tools for cultivation, planting, and animal husbandry. Furthermore, infrastructure  *
development such as building structures to be used in support to the delivered
equipment has also been a part of the support. This comprehensive set of
equipment and facilities is expected to significantly contribute to improving the 101
agricultural activities and capabilities of the recipient farmers, boosting their
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Fig. 3 Investment (including VAT, EUR) by municipality, IPARD II, Montenegro

Fig. 2 Equipment delivered to the beneficiary in the municipality Bijelo Polje

Support in funding per Municipality  swor anays
STRENGTHS: WEAKNESSES:
Municioalities Area in | Population Populatlon Support e B e
p km2 in 2023 / km 2023 in (EUR) PZ:z't;vz::z lC‘eonlslta‘beoraufi{',:Itftpaacct{agf..m Colemlmg'cat;oer.zn;ar:gerse:n g@
Andrijevica | 340 | 4532 13 | 18365301 | | R | precaagmenie
Bar 505 | 44057 87 286,546.49 Geographical Distribution: .
Berane 496 26393 53 267,880.15 OPPORTUNITIES: THREATS:
BIJeIO POIJe 924 41642 45 41003:99928 Financing Mechanism Expansion: ... Inequitable Support Distribution: ...
Budva 122 22387 184 - Use{' I_:‘ngagement Et.zh’antfiemi’elnt-: - L:_z:;t Zf Uls-:; 'Ilzfalusi:sno:u.’.‘.ces.
Cetinje 910 15046 17 | 344631138 | | Innovasive Financial spproacies: .. | Technoiogical Leamning Curve: ..
Danilovgrad 901 18287 37 5,098,856.88
Gusinje 194 =5 £ 122,699.07 ?&N?rt;’l::r%:tsation of the IPARD measure has yielded
Herceg Novi 235 30430 130 632,332.60 transformative outcomes in the realm of agricultural machinery
Kolasin 898 7132 8 223.297.27 and _e.quipment.t.TIhis ir)itiativ::‘ t:\‘as szen pumeroushfamers
receiving essential equipment through various mechanisms.
KOt_O'- 335 22793 68 511 ’287'44 Tractorl?nits, trailers, bqaleprs, mowers,%lows, irrigation systems,
Mojkovac 367 7415 20 613,577.64 and an array of other cultivation, planting, and husbandry tools
kiR have found their way into the hands of these agricultural
Niksic 2065 | 68736 33 915264522 ir way ,
Petnjica 173 5045 30 158 597 87 stakeholderg,. Tms Igltlatll\/e exte;\dfgi fbeytondtequtlpment alr?:rhe,
) - encompassing the development of infrastructure to support the
Plav 329 8287 25 46,889.61 effectiv% utilizgation of thesF; assets. PP
P The impactof this supportis anticipatedto be substantial, drivi
Plje‘yha 1346 26996 20 1,059,480.69 sigiilficgi(t: gnhalf\c;rFr)Jtz.\ntslsir;’51 thlgIZ?fiiier?cy as:d ;rondlt?ctivit\;llgf
Pluzine 854 2551 3 287,294.96 fa_lrming ope(ationg. By be_s_towing the recipient famjerg with. a
i iverse toolkit, their capacities are set to expand, aligning wi
Podgorica 1441 | 190488 132 672789428 |  diverse tookt, thelr capacite tt d, al th
BOéaje 415 22982 05 526,780.01 Within the landscape of Mont.enegrin municipalities, IPARD II's
Savnik 595 1527 3 372,498.40 support materialized through 333 investments. Notably, the
: b R Fag 3 Bkt ey i ted.
Tuz 46 | 15005 | 331 119513850 |  LROTY D cantons such as the municpalty of Budva
Tivat 246 12389 50 - Throughthis initiative, areas such as Bijelo Polje, Niksic, Plievlja,
UIcinj 255 20128 79 830,402.22 and Pr?dgi_?rica witnes?teq sttlbgzarjtial ?_Lowtg in‘aggCllJ.Itul_ral
R support. However, certain territories, like Gornje Polimlje,
éab“ak :'gg 1360253%| 1;6 81821 7532814-0402 revealed a need for more focused attention to ensure equitable
eta 521, development.

New IPARD programs should envisage a number of changes compared to the existing programs, including an increase in
the volume of available funds, the amount of minimum available support, greater intensity of incentives, and the
introduction of new measures. In addition to the existing measures for the agri-environment-organic farming measures
and in this specific case in relation to the agricultural machinery support, funding should be provided towards modernizing
equipment for sustainable management of meadows and pastures; for crop rotation on arable land; weeding the inter-row
space in perennial plantings; establishment and maintenance of pollinator strips.
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NAVIGATING THE PATH TO SUSTAINABILITY: AN ECONOMIC ANALYSIS OF BARRIERS
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Abstract: In response to global agricultural challenges, this study integrates economics into sustainable food and feed systems. It examines economic catalysts and impediments in technology adoption.

The study suggests a framework for policymakers and emphasizes a multidisciplinary approach.

Introduction: In a world confronted by pressing challenges related to food security, environmental preservation, and economic development, agriculture stands at the forefront of these critical issues. The urgent need to explore
innovative and sustainable solutions has led us to investigate the often-overlooked yet ivotal role of economics in the realm of agriculture.The purpose of this research is to shed light on how economic factors Shafe decision-making in

agriculture, influencing behavior, policy formation, and technological innovation.

Through this exploration, we seek to identify the economic catalysts driving the adoption })[ sustainable agricultural techno

ogies and to uncover

the barriers that impede progress. Join us as we embark on a journey through the intricate interplay of economic theories, empirical data, and real-world examples. Our findings and proposed framework have the potential to
revolutionize the trajectory ojg agricultural sustainability and food security, offering valuable insights into a more equitable, efficient, and adaptable agricultural system.

Materials and Methods

The methodology employed in this research combines both qualitative and quantitative approaches, providing a comprehensive
understanding of the factors influencing sustainable agricultural technology adoption. This section outlines the methods

used to collect and analyze data, ensuring transparency and replicability.

1. Research Approach: Our research adopts a mixed-methods approach to capture the complexity of economic influences on
sustainable agriculture. Qualitative and quantitative data are combined to offer a holistic view of the subject matter.

2. Data Gathering: Data collection methods encompassed a range of sources to ensure comprehensive coverage:

Secondary Data: A thorough review of existing literature, including government reports and publications, was conducted to
establish a foundational understanding of the current state of sustainable agriculture globally. Primary Data: Surveys and
interviews were administered to a diverse range of stakeholders, including farmers, policymakers, technologists, and other key
players. These primary sources provide firsthand insights into the challenges and opportunities associated with sustainable
technology adoption.

Field Observations: Site visits to farms implementing sustainable practices allowed for direct observations and data collection
specific to real-world cases.

2.1 Methods of Analysis: The analysis of gathered data is essential to draw meaningful conclusions. Our approach includes:
Qualitative Analysis: Thematic coding of interview transcripts and content analysis of case studies were performed to extract key
insights and trends.
Quantitative Analysis: Econometric modeling, utilizing regression methods, was employed to examine how economic factors
impact the adoption of sustainable technologies. This statistical analysis provides a rigorous assessment of relationships within the
data.

2.2 Sampling and Population: To ensure representativeness, our study focused on diverse agricultural industries
across various regions. The sample consisted of:
Small-scale Farmers: Investigating a range of livestock and crop systems to capture varied perspectives. Technologists and
Agribusinesses: Emphasizing innovation and technology adoption in agriculture.
Policymakers: Exploring their role in shaping policies related to sustainable agriculture.

2.3 Ethical Considerations: Ethical standards were upheld throughout the research process, including: Ensuring participant
confidentiality. Obtaining informed consent from all individuals involved in surveys and interviews.

2.4 Limitations: It's important to acknowledge potential limitations in our research: Survey response bias may impact the
representativeness of the data. The case study findings may be limited. Access to confidential information
from certain stakeholders may have been challenging. By adopting this robust methodology, our research aims to provide
valuable insights into the economic dimensions of sustainable agriculture, shedding light on the barriers and drivers influencing
technology adoption in this critical field.

Conclusion

Our journey through the intricate interplay of economics and sustainable agriculture has illuminated
critical insights that hold the potential to shape the future of food security, environmental preservation,
and economic development. In this concise conclusion, we encapsulate the core findings and their broader
implications. Our research underscores the need for a holistic, multidisciplinary approach to addressing
the challenges of sustainable agriculture. To pave the way for a more equitable, efficient, and adaptable
agricultural system, we propose a framework that encompasses: The amalgamation of economic principles
and ecological practices holds the key to addressing critical global concerns such as climate change, food
security, and resource shortages. By viewing sustainable food and feed technologies through a nuanced,
economics-focused lens, we open the door to a more equitable, effective, and resilient

agricultural system.As we navigate the complex path toward agricultural sustainability, the take aways from
this research serve as a valuable compass, guiding us toward a future where the economic dimensions of
sustainability are at the forefront of decision-making. We ivite you to join us in this transformative journey,
where economics and agriculture unite to secure a sustainable and prosperous future for all.
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Results and Discussion
We discuss how economic principles intersect with sustainable agriculture, using tables and figures where
appropriate to enhance clarity.

Adoption Rates of Sustainable Practices by
Region (%)
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Over Time
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Fig 1: Adoption Rates of Sustainable Practices by Region (%) Fig 2: Adoption of Sustainable Technologies Over Time

Importance of Drivers in Promoting Sustainable

. Composition of Economic Incentives by
Practices

Region/Sector

0,
B Increase Decrease otal 60%

35 50%

30 40%

30%
20 3

8 - 1o

Social Awareness

20%

Taxes

[y [y
L} ¥y =] (¥,

Subsidies Market Tools

Technological... B North America ™ Europe M Asia 1 Africa

Economic Incentives Policy Support

Fig 3: Importance of Drivers in Promoting Sustainable Practices Fig 4: Composition of Economic Incentives by Region/Sector

Correlation Matrix for Economic Factors in Sustainable Agriculture Economic Fundamentals of Sustainable Agriculture We

Technological explore the fundamental economic aspects that underpin
Subsidies | Taxes Market Tools Innovation . . .
P : T i e sustainable agncglture.- - - -
Taxes 075 |1 045 07 Efficiency: Efficiency in sustainable agriculture imvolves
Market Tools 0.6 0.45 1 0.55 L : :
SST— T = . optimizing resource allocation, with a focus on two

dimensions:Allocative Efficiency: Achieving optimal
resource allocation where marginal costs equal marginal

gains. Our research indicates that focused investments in sustainable technology have contributed to improving
allocative efficiency (Williamson, 1985).

Technical Efficiency: Enhancing output for a specific set of inputs, often through cutting-edge technology like
precision agriculture. Such technological advancements have the potential to boost technical efficiency in
agriculture

Equity: Equity considerations in agriculture encompass fair resource allocation:

Distributional Equity: Ensuring equitable distribution of gains from sustainable practices, especially among

small-scale farmers (Rawls, 1971). Our findings emphasize the importance of supporting smallholders for

equitable outcomes (Green & Foster, 2016).

Intergenerational Equity: Balancing current resource use with the rights of future generations, aligning with
sustainable development principles.

Role of Technology

Technological innovation plays a crucial role in the economic dimension of sustainability:

Innovation: Adoption of new technologies, such as drip irrigation or genetically modified organisms (GMOs),
has the potential to increase efficiency and reduce environmental impact (Chen & Lee, 2015).

Adoption Barriers: Financial obstacles like high startup costs or limited access to financing can hinder technology

adoption, necessitating targeted interventions (Johnson, 2018).

3.2 Case Studies and Evaluative Research

We delve into specific case studies to provide practical insights into how these economic principles manifest in
different contexts:

Case Study 1: Dutch Precision Agriculture: Demonstrates the positive link between precision farming technology
and farm productivity through econometric analysis (Brown, 2019).

Case Study 2: Support for Smallholders in Kenya: Highlights the interplay of economic incentives and barriers,
including access to finance and market dynamics, based on qualitative interviews (Adams & Smith, 2017).

Case Study 3: California, USA, Water Conservation: Examines successful water conservation initiatives and their
economic impact through empirical analysis (Brown, 2019).

Case Study 4: Brazil's Adoption of GMOs: Explores how technological advancement, such as GMO crops, can
promote sustainability, with insights from econometric models (Nelson & Winter, 2013).

3.3 Empirical Analysis

Our research includes comprehensive empirical analysis to understand the factors influencing the adoption of
sustainable practices. Regression models reveal significant insights:

Fig 5: Correlation Matrix for Economic Factors in Sustainable Agriculture

Table 1: Regression Results for Sustainable Practices Adoption

Variable Coetficient Standard Error Sigmificance

Governmental Support 0.35 0.07 ek (p=0.01)
Technological Access 0.25 0.06 ek (p=0.01)
Market Conditions 0.15 0.05 ** (p<0.05)

Individual Preferences 0.10 0.04

* (p<0.1)

In this hypothetical table:

"Variable" represents the factors being examined, including governmental support, technological access, market
conditions, and individual preferences.

"Coefficient" shows the estimated coefficients for each variable.

"Standard Error" indicates the standard errors associated with the coefficients.

"Significance" displays the significance levels (e.g., *** for p<0.01, ** for p<0.05, * for p<0.1) to determine the
statistical significance of each variable's impact on sustainable practices adoption.

By synthesizing these results, we gain a deeper understanding of the complex relationship between economics and
sustainable agriculture. These findings inform our conclusions and policy recommendations, which are crucial for
advancing agricultural sustainability.
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Absract: Trout farming is conducted in various aquaculture systems all over the world. Significant risks and uncertainties are connected with trout aquaculture, and they can play a decisive role in the production
and financial results of trout farming. This article deals with risks in trout aquaculture in Serbia, Bosnia and Herzegovina and North Macedonia. The analysis has shown that there are numerous risks and that
they are specific to the culture system and the farm's location. There are also some differences in risks between analyzed countries. It is advisable to include risk analysis in any future trout farming investment in
all countries.

INTRODUCTION

Trout farming is organized in different culture systems under various natural, social, business, etc., conditions all over the world. Trout and other salmonid fishes are raised in different intensity systems, from very
extensive to super intensive. Various risks and uncertainties are connected with trout farming, which can have a decisive role in the success or failure of investments in trout farms. Those risks and uncertainties
depend on many factors, such as intensity level, natural conditions for production, subsidies policy in the country, export and import rules, etc.

In the Republic of Serbia, the Republic of North Macedonia and Bosnia and Herzegovina, rainbow trout are raised in different farming systems, which include cages, concrete raceways and plastic tanks. Rainbow
trout fry and fingerlings are bred in plastic and concrete tanks, and bigger fingerlings, pre-consume-size fish and consume-size fish are usually farmed in concrete raceways and cages. This production is
sometimes conducted under very different conditions, which differ between countries, farming systems and individual farms (Canak et al, 2022, Savi¢ et al, 2017).

Risk is defined as the case where the distribution of outcomes is known either a priori or statistically through experience. Uncertainty is the case where probabilities of outcomes of some event cannot be
quantified (Knight, 1921). It should be underlined that the mentioned risk probabilities are often subjective and depend on the person who evaluates them (Hardaker, 2016). According to another source, “risk is
the effect of uncertainty on objectives” and can be positive and negative (ISO 31000).

When discussing risks in agriculture, there are five primary types to differentiate between: production, market, institutional, personal, and financial risks (Komarek et al., 2020). From the past research and
experiences, a need occurred to investigate the nature of risks and uncertainties in trout farming in more detail. This paper is part of the authors' research that should bring new insights into factors affecting
production results and profitability of trout farming in a few Balkan countries and in general. This research mainly aims to identify risks in trout farming in the three analyzed countries, detect their origin and
analyze differences between countries. Few research methods were used during the preparation of this paper, such as semi-structured interviews, telephone interviews, results from previous research and authors’
personal experiences.

RESULTS AND DISCUSSION

Production risks include factors that could affect growth and production results of trout farming in quantitative and qualitative terms. Production risks could be further roughly divided into natural and
technological and technical risks. The following risks belong to this category: trout genetic strain, natural conditions for trout farming, such as water quality and quantity, production system, occurrence of diseases
in the country, water recipient or fish, risks of technical and constructional failure, extreme weather events, etc.

The genetic strain of rainbow trout is a variable that affects the speed of growth (specific growth rate) and feed conversion ratio. If the source and performance of trout are known, then this variable should not
be considered a risk. Water quality and quantity can be considered a risk if one or more parameters change over time. The most influencing water parameters for trout production are quantity, temperature,
dissolved oxygen, turbidity, and content of CO2 and NH3. There are more critical water parameters in recirculating aquaculture systems (RAS), but RAS are not present in trout farming in Balkan countries. It is
very difficult to have a proper risk evaluation of extreme weather events that can influence trout production, such as floods, tropical temperatures, draughts, etc., especially when experiencing many more such
events in the last decade. Some such events are still to be seen as uncertainties and some as risks. The perspective wholly depends on specific farm locations and climate history.

In Serbia, North Macedonia and B&H, trout are farmed in serial water reuse systems in concrete raceways and cages on lakes or rivers. There is one partial reuse aquaculture system (PRAS) in Serbia for
rainbow trout fingerling production. The general rule is that production intensity also causes higher production risks. Higher rearing densities cause a higher risk of disease outbreaks. On cage farms, algae blooms
cause the risk of fish poisoning and illness. Wherever aquaculture equipment is used for water pumping, water aeration and water oxygenation, the risk of electricity shortage or another technical failure should be
carefully analyzed. Considerable differences exist in natural conditions for trout farming in R. of Serbia, R. of N. Macedonia and Bosnia and Herzegovina. Trout farms in B&H mainly located on streams and
rivers with significant amounts of fresh and clean water. In Serbia, trout production is conducted in much smaller farms than. Fluctuations of water quantity and quality are much more noticeable, with expressed
problems of low water flow and high temperatures in summer months. Natural condition for trout farming in North Macedonia are closer to those in Serbia.

Market risks include price and cost changes and market access. In the last few years there have been huge changes in aquaculture industry in general and in the three analyzed countries as well. Those changes
are caused mainly by the COVID-19 pandemic and the war in Ukraine, which can be seen as uncertain and unpredictable events. Usual market risks in trout industry on Balkan market are market reduction based
on the supply of cheap trout big trout producers from other countries, higher feed costs for imported feed, eyed eggs, higher energy costs, etc.

‘When talking about the supply of cheap trout, Serbia and North Macedonia are threatened with the import from Albania and Turkey, while B&H is not. Bosnia with large amounts of high quality trout pose a
threat and risk for variations in wholesale prices in Serbia and North Macedonia. Serbia and North Macedonia are countries that import a lot of trout. The risk of having high electricity costs is much higher on
farms that use a lot of equipment than on cage farms or simple flow through farms. The risk of having high transportation costs could be much higher for B&H because its big trout producers are forced to export
significant quantities abroad. When generally speaking about farm size, big producers have to transport and sell to distant markets whereas small trout producers usually can sell on the farm.

Institutional risks come from changes in the policies and regulations that affect agricultural production, e.g., trout farming. Institutional risks are mostly not under farmers’ control, and farmers have minimal
influence. This risk category includes changes in subsidy policies, export and import regulations, and veterinary, agricultural and ecological regulations that affect trout farming.

Huge differences do exist between the three countries regarding subsidies for table-size trout. In Serbia, there are subsidies for table-size fish in an amount of 0.085€/kg (Official Gazette RS”, no. 139/22). In
Bosnia and Herzegovina (Republic of Srpska and Federation of Bosnia and Herzegovina) different subsidies do exist, in the Republic of Srpska for table size trout the subsidy is up to 0.256 €/kg, and for the
production and sale of trout fingerlings it is up to 0.818 €/kg ("Official Gazette" of the Republic of Srpska, no. 11/23), while in the Federation of Bosnia and Herzegovina for freshwater fish subsidy amounts to
0.92 €/kg (Official Gazette of the Federation of Bosnia and Herzegovina, no. 30/23). In Republic of North Macedonia there are not such financial support for consume-size trout at the moment.

Personal (human) risks are specific to an individual and include factors like health, relations, motivation, qualification level, working ethics, etc., which could influence farm results. Trout farming is mainly
connected with work under the open sky; therefore, younger workers with stronger health should produce less risk. Some recorded cases that fall into this category are bad working habits when working in the
hatchery, sleeping during 3rd (night) shift, bad personal and professional relations, careless and unprofessional use of chemicals and drugs in fish treatments, etc. No significant differences exist between Serbia,
B&H and N. Macedonia regarding human risks, as the authors see this question.

Financial risks refer to all aspects of financing the investment and operation of trout farms. There is the risk that the financial means for financing the operation wouldn’t be sufficient. Changes in bank interest
rates for long-term and short-term credits also fall in this category. Different levels of financial risks are connected with various trout farms and are farm-specific. There have been big changes in bank interest
rates since the beginning of Coronavirus pandemics which affected Serbia, B&H and North Macedonia. There is no evidence that financial risks are more country-specific than farm-specific for the three analyzed
countries.

CONCLUSION

Trout farming in Serbia, B&H and N. Macedonia face numerous risks identified during this research. Differences in the risk elements and the risk severity between countries originate from differences in natural
conditions, farming systems, farm size, market size in the country, country’s policies that affect trout farming, etc. Risks are location and farm-specific, but some general conclusions could be made. Generally
speaking, natural risks could be more significant in Serbia compared to N. Macedonia and B&H. Trout farms in Serbia are mainly located on streams and rivers far away from springs and with lower water quality.
Technical-technological risks could be sligthly more pronounced in Serbia due to a higher number of farms which use equipment in trout farming. On the other hand, market risks could have more significance in
N. Macedonia and B&H. Prices for trout are the highest in N. Macedonia, and B&H exports substantial amounts of its trout. Institutional risks could be the highest in B&H due to a high subsidies for consume-
size trout. Human risks could be the same for all three countries. Financial risks could be more farm-specific than country-specific for the three analyzed countries.

Many risks and their origin were identified in this research in all three analyzed countries. Some of them are farm-specific, and some are country-specific. The authors conclude that future research should include
more risk analysis case studies in B&H, N. Macedonia and Serbia and risk evaluation for each risk type. The final goal should be to define measures for risk mitigation for each risk.
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This paper analyzes the problems related to the reconstruction of a semi-mounted berry harvester into a self-propelled one specified for exploitation
on smaller orchards. The components of the self-propelled machine, their purpose and mutual functional connection are described in details, which
retained the principle of unilateral picking of half the row of bush berries from its semi-mounted predecessor..

INTRODUCTION

Among the most important general design features, the following stand out in particular; the drive of the harvester
working components, which is achieved by means of appropriate combinations of hydraulic and mechanical power
transmissions, which allows it to be highly adaptable to different working conditions on the terrain, and the control
device, which Is designed to maintain the movement of the machine in the direction set by the driver, without decreasing
the safety and passability requirements of the machine itself. ‘

As the harvesting process Is still a limitation factor in

MATERIAL AND METHODS perry fruit production, in addition to reducing costs by

applying mechanized solutions, ‘the subject of the

research IS focused to the new self-propelled fruit

Aggregation type Self-propelled machine harvester.

: Combined: hydraulic and ‘v
Drive ) .

mechanical transmissions

Engine power required Min. 50 kW a -
Maximum allowed rpm diesel engine Nemax = 2000 o-min™
Working speed of the harvester 0,5-3 km/h /‘ —
Productivit 1,5-3 ha/ da . . s :
Width : 5 200 mm : < Basic technical specification of the harvester
Length max. 5600 mm h
Height 2700 mm N . .
Mass 2500 kg
Workers needed Operator + 2 worker RESULTS

3
P1: V=25 cms; Pmax=120 bar;

P2: V=11 cms; Pmax= 70 bar;
P3: Vo=11cm ; . Pmax= 70 bar;
P4: Vo=3,14 cm ; pmax=120 bar.

Basic characteristics of hydraulic pumps

In the of berry fruit production in the Republic of Serbia, the
harvesting process is still the basic limitation factor. Manual

Maximum supply pressure of the orbitrol

o . e Al .

valve for steering the drive wheel: O: pmax=20 bar. picking participates as much as 75% in total production costs.
. . HM1: pmax=120 bar; The costs of mechanical harvesting are between 2.05 and 2.27

Maximum supply pressures of hydraulic : » - : : : . :

T HM2: pmax=70 bar; times lower in comparison to manual picking, depending on

HM3: pmax=70 bar.
RV1: pmax=120 bar;
RV2: pmax= 70 bar;

whether the machine is a towed or self-propelled.

Valve pressure limit values

for pressure relief RV3: pmax= 70 bar;

RV4: pmax=120 bar;
RV5: pmax= 50 bar.

Working parameters of the harvester

The paper also provides a comprehensive analysis of the Rpm PTO with the oscillator on without an oscillator
energy working parameters for both versions of the (min™) M (Nm) P (kW) M (Nm) P (kW)
harvester. The final test results indicate that power losses Rpm engine 750 (min™)
related to rolling and slipping are lower in the case of self- 272 202 5,751 185 5,267
propelled version (10 and 40%, respectively). In contrast, 278 201 5,848 184 5,354
the climbing looses of semi-mounted harvester are 60- 291 206 6,274 187 2,695
70% lower, when compared to the self-propelled version. 285 193 9,755 180 5,369
average 281,5 200,5 5,907 184 5,421
CONCLUSION

The self-propelled design of the harvester with three "support points" (wheels) greatly improves maneuverability when harvesting
over smaller plots, as it allows a greater rotation angles the steering wheel.
With this technical solution, a maximum of 3 ha of berries can be harvested per day, which is an increase of about 50% compared to the original

semi-mounted version. To achieveidentical productivity with -applyng manual harvesting, more than 300 workers should be hired. Thus, the use
of the harvester SP-09 alleviates the problem of labor shortage and increases the efficiency and profitability of production

Acknowledgement: This research was supported-by the Serbian Ministry of Science, Technological Development and Innovation— projects “/mprovement of
biotechnological procedures as a function of rational utilizationof energy, agriculturalipreduets-productivity-and-guality increase” (Project no. TR 31051).

REFERENCES

Petrovic, D., UroSevi¢, M., Radojevi¢, R., MileusniC, Z.," Petrovic, S. 2017: Razvoj hidraulicko-mehaniCkog sistema automatske-nivelacije beraca maline 1 kupine,
Poljoprivredna tehnika, (Print) ISSN 0554-5587 (Online) 2406-1123, XLII, No 2: 1-10, Beograd.

Rabcewicz, J., Danek, J. 2010: Evaluation of Mechanical Harvest Qualityof Primecane Raspberries. Journal of Fruit and Ornamental Plant Resgarch, 18(2) 2010: 239-248.
Spencer, R., Matthews, L., Bors, B., Peters, C. 2013: Saskatoon Berry Production Manual, Alberta
Urosevic, M., Radojevic¢, R., Petrovic, D., Bizi¢, M. 2011: Opravdanost uvodenja mehanizovane berbe maline u Srbiji, Poljoprivredna tehnika, 36(3):79-86 .



E - F/
@G“N} 40«4

The 6™ International Symposium on Agricultural Engineering,
ISAE-2023 O
19t — 215t October 2023,
Belgrade — Zemun, Serbia

Oulvosu o

AMAPSEEC

THE SIGNIFICANCE OF THE FIRST 100 DAYS OF LACTATION ON THE KEY PRODUCTION AND REPRODUCTIVE INDICATORS IN HOLSTEIN-FRIESIAN AND SIMMENTAL COWS
Beskorovajni B. Radmilal’, Canak M. Stevan!, Popovi¢ V. Nikolal, Jovanovi¢ D. Radel, Maksimovi¢ T. Tanja!, Popovac M. Miaden?, Berisavijevié N. Boris!

Unstitute for Science Application in Agriculture, Belgrade, Serbia
2University of Belgrade, Faculty of Agriculture, Zemun-Belgrade, Serbia
*E-mailradabes@yahoo.com

Absract: Contemporary dairy production, due to theincreasing demands of the market, implies continuous improvement. Milk production during the first 100 days of lactation of Holstein-Friesian and Simmental cows can be a valid indicator of production success for the entire lactation period, especially given
that maxximum milk production is achieved 40 to 60 days after calving. The examination of milk yield and quality in the first 100 days of lactation was carried out on 28 farms in the districts of Belgrade, Maéva, Kolubara and Moravica. Important production and reproductive indicators were monitored in 150
Holstein-Friesian and 115 Simmental cows. The average milk yield in the first 100 days of lactation in the population of the Holstein-Friesian cows was 3,159 kg of milk with 3.89% milk fat and 3.28% protein, while the population of the Simmental cows in the first 100 days produced an average of 2,229 kg of milk
with 4.04 % milk fat and 3.24 % protein. The longer average duration of the service period also led fo a longer average calving interval in both breeds.

INTRODUCTION MATERIAL AND METHOD

Market conditions also affect milk production on family farms. Milk production on farms is accompanied by mumerous problems, primarily related toa  The examination of milk yield and quality was carried out on 28 farms, with Simmental and Holstein- Friesian breeds in the districts of Belgrade,
constant increase in input prices and maintaining the satisfactory quality of the milk produced. For successful milk production on family farms, in addition to  Maéva, Kolubara and Moravica The production indicators were established for 115 Simmental and 150 Holstein-Friesian cows, raised on 14 farms in the
raising high-quality. highly productive cows, it is necessary to ensure adequate conditions, primarily in terms of quality nutrition, ion, care and ioned districts. Milk yield 1 was done once a month, alternately in the morning and in the evening, for cows that calved in the period from
health care June 1, 2022. until January 31, 2023. The data on milk production and quality in the first 100 days of lactation were obtained based on the amount of

In terms of breeds, there are two breeds predominant in Serbia: Holstein-Friesian and Simmental breed. Milk production in the first 100 days of lactation of  milk measured on the day of control, as well as the detected content of milk fat and protein, in accordance with the reference method AT;. The calculated
Holstein-Friesian and Simmental cows can be a good indicator of production success for the entire lactation period, especially given that maximum milk  reproductive indicators were, as follows: the average age at first calving, the average length of the calving interval and the average duration of the service
‘production (peak milk production) is achieved 40 to 60 days after calving. Therefore, it is particularly important to monitor and keep records of production data  period.
in the first 100 days of lactation, since it can help better planning and more efficient use of available resources during the entire production.

Reproductive traits are complex and mostly affected by anumber of factors. In addition to genetic factors, they are significantly affected by other factors,

such as: the age of cows, milk yield, calving scason, management, mufrition and many others.

RESULTS AND DISCUSSION

Milk yield traits are subject to continuous variability. The resulting changes come from a constant interaction of genotype and with a smaller
or larger cffect on the manifestation of these frais. Yields of milk, milk fat and protein are the most significant traits from the cconomic aspects and, as such, they have
a special place in breeding and selection programs. The average values of production indicators of Holstein-Friesian cows (HE) are shown in Table 1. The detected
values of milk yield traits are listed according to the order of | actation.

The average values of, production indicators of Simmental cows (SIM)
for aperiod of 100 days are shown in Table 2.

Table 2 Average vaines of production indicators for the first 100 days of lactation, SIM breed
Table 1 Average values of production indicators for the first 100 days of lactation, HF breed

. Average milk | Average protein Average milk | Aver: teir
Number of | A mille yield, : i e
No. "“:“ ""’“lg;o iy fat content. content. P2PL | Aymieniats| Sverans ke prel LY (s et s coritent P21
ys
100 days 100 days L s 100 days 100 days

| 33 3014 388, e 0g 1 28 2,170 403 321 082
2 33 3.297 390 329 085 2 2 2357 401 3.16 0583
3 29 3363 391 328 0.89 3 16 2399 3.99 325 0.82
4 17 2,188 4.07 327 081

4 13 3241 389 327 0.89
5 8 2,005 4.08 324 0.83
5 10 2,830 3.90 33 087 6 6 2,189 41 3.8 0.78
B B 2628 190 128 ™ 7 8 2,129 4.05 329 0.79
8 3 2,163 4.05 327 0.94
4 3 277 386 3% o 9 4 2,146 4.06 325 0.83
8 2 2535 388 33 083 10 3 2,033 4.08 314 081
Total 1s 2229 404 324 0.82

Total 150 3,159 3.89 328 0.86

It was noted that the cows of the Simmental breed had a longer production ife than the cows of the HF breed, as several cows had calved 9
and 10 times. As with the HF breed, the highest average milk yield of 2,399 kg was achieved in the third lactation, while the highest average milk

The cxamination included 150 cows of the Holstein-Friesian breed. 33 of which were heifers and 117 cows in later lactations, from the second to the cighth. As
expected. the highest mille yield of 3,363 kg with 3.91% millc fat was achieved by cows that started the third lactation. fat content of 4.10% was recorded in the cows in the sixth lactation.

The average milk yield, for the observed populations of the HF breed, was 3.159 kg of milk with 3.89% milk fat and 3.28% protein. These yields are higher The protein content was the highest in the first 100 days of the seventh lactation. The observed Simmental cows produced an average of
than the average yields of HF cows recorded in 2022 in Central Serbia and stated in the Expert Report by the Main Breeding Organization. The content of fatand 3779 kg of milk with 4.04% milk fat and 3.24% protein in the first 100 days. Compared to the results achieved by Simmental cows in a standard
‘protein in milk are also higher when the obtained values for the period of 100 days are converted to the standard duration of lactation lactation in Central Serbia, a higher average milk yield was achieved, as well as higher contents of milk fat and protein, when the values obtained

in the research are converted to a standard duration of lactation. The obtained values for the persistence of lactation are in accordance with the
results reported for the Simmental breed.

Reproductive traits are complex and their manifestation affected by a number of factors. In addition to genetic factors, numerous other factors can significantly  The observed Simmental cows calved for the first time at the age of 27 months, which is considered to be the upper limit for this breed The
affect reproductive traits, such as: the age of cows, milk yield, calving season, management, nutrition, health status and others. Table 3 shows the more important  significantly longer average service period also affected the average duration of the calving interval, being 416 days, which is longer than optimal.
reproductive indicators of Holstein- Friesian cows, based on the data from the registry of the Primary Breeding Organization, the Institute for Science Application in  The service period after the fast calving is within the limits considered to be optimal for the Simmental breed.

Agriculture.

Table 3 Average values of reproductive indicators of the HF cows.
Table 4 Average values of reproductive indicators of the Simmental cows

Average age at first calving,

Average calving interval

Average service period,

days days days
787 436 120

Average age at first calving,
days

Average calving interval
days

Average service period,
days

817

416

101

The obtained average values for fertiity traits, both of the Holstein-Friesian and Simmental breed, point to the conclusion that they must be continuously improved, especially keeping in mind these are low heritable traits and that their manifestation is affected by alarge mumber of non-genctic factors. Fertiity
traifs must be payed special attention, since they significantly affect the economic efficiency of milk production.

CONCLUSION

Based on the obtained values for milk yield and quality, it can be concluded that the production in the examined populations of Holsteia-Friesian and Simmental cows was satisfactory when the achieved results are compared with the average production of these breeds in Central Serbia. However, the genetic
‘potential of cows for high production has not been fully achieved, both in terms of yield and milk quality. The reason for this lies is ics detected ‘mostly in terrms of inadequate breeding conditions. accommodation and feeding of milking cows. In addition, a large number of
farmers do not keep records of the costs of milk production on their farms. In order to overcome the current situation and improve milk production on farms, it is necessary that farmers constantly educate themselves and accept the advice of experts from advisory services, primarily advice on brceding techaology,

auirition Genetic i in herd is mainly achieved through the selection of quality bull semen for insemination, but farmers must also be open to use new biotechnologies. The insemination of cows with sexed semen and the use of genomic selection to select the best quality cows in a herd is
the fastest way to gencic prosperity and economically profitable milk production. Equally important is the i of work ivity through the ization of farm machinery, keeping records and reducing total production costs, all to increase the efficiency and profitability of milk production on
farms..
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ABSTRACT: Maize (Zea mays L.) is one of the most important crops having wide RESULTS
Table 1. Pearson’s correlations coefficients (r) between the best selected SRIs

adaptability u.nder different env.ironmental condi.tions. S%nce that r}laize production.is and grain yield (GY) of maize at 4 growth stages: V4, VI/V8, V8/V9, VI/R1
affected by different factors which can reduce yield, rapid estimation of canopy traits .4 g2

and early yield estimation within different environments are important. In this study

during the growing season an active multispectral proximal optical sensors namely Growth stage of maize

Plant-O-Meter (POM) was used in field trails to assess differences and provide early

yield estimation. In a field trial, maize cultivars were grown with four different SRIs V4 ViV V8/V9  VI/R1 R2
nitrogen (N) supplies of 0 (control), 70, 140 and 210 kg ha™'. During the growing NDVIb 0.396%%  0.370%% 0408*¢  0.137 0.175
season, canopy reflectance of maize crop were measured between 4-leaf growth stages

(V4) until the end of blister stage (R2). The relationships between grain yield and GCI 0.3927 0.136 0.216 -0.068 0.186
spectral reflectance indices (SRI) measured during the season were estimated using GRVI 0.392*%%  0.136 0216 -0.068 0.186
Pearson’s correlation coefficient (R). The results showed that variation for SRI differed

on an overall basis, depending from growth stage of maize. Several SRI showed the BWDRVE WhaRpies| Wi | Qe 0138 0.168
strong positive relationship between the grain yields in V4 growth stage, which GBNDVI 0.375%%  (0.253%%  (.4]13%* 0.084 0.175
lgdlcateq tha.t these indices, as well as this stage, can serve as suitable for early maize RENDVI 03T2%  0419%* 0442+ 0077 0.160
yield estimation.

PNDVI 0.369**  0.324**%  0.441%*  -0.081 0.163

INTRODUCTION SR 0.367%%  0.325%* 0053  -0.018  0.182
Maize (Zea mays L.) is a one of the most important cereal crop with the highest global
production, providing human food, animal feed and feedstock for many industrial
products. Maize crop monitoring under various conditions has becomes essential for TDVI 0.358%*  (0.348%*%  0.356%*  -0.148 0.151
the early grain yield estimation. Depending on the function of the crop, over the years,
various different methods for predicting maize yields might be utilized. The traditional
methods for evaluating yield traits based on direct measurements are usually SAVI 0.356%*  0.386%*  0.391%%  -0.157 0.152
destructive, time-consuming and could not meet the needs of rapid testing. Spectral WDRVI 0353%%  0425%% 0432+  -0.164 0.147
reflectance indices based on combination of visible (VIS), infra-red (IR) and near- ’ ’ ’ ’ ’

GRDVI 0.358**  0.262** 0.415**  -0.141 0.160

IPVI 0357*%% Q385FF | 039174 0158 0.151

infrared (NIR) wavelengths represent promising tools for application in field WDRVI 0.351%%  0.430%*  0.444**  -0.165 0.144

phe%notyping .with po.tential to provide complex Aipformation on different traits.of NDVIg 0.345%* 0136 0366*  -0.063 0.165

maize. The aim of this study was to assess the utility of SR measurements of maize

canopy in identification of a specific growth stage in which SRI possess the largest GSAVI 0.345*  0.138  0.366™*  -0.063 0.166

correlation with grain yield in maize (Zea mays L.). GOSAVI 0.345%% 0.136 0.366** -0.063 0.165
GARI 0.324*%  0.228 0.215 -0.149 0.139

MATERIALS AND METHODS

The present study was carried out at the experimental field in Ravno Selo, in Backa NDVI 0.322** 0209 0391**  -0.158 0.151

region, Vojvodina Province (Serbia), during growing season of 2022. The experimental NDRE 0.285%* 0.052 0316**  -0.122 -0.062

material in the research was comprised of four maize genotypes (Zea mays L.) of

different vegetation period. In a field trial, maize cultivars were grown with five LA Q.27 pio 0000 0028 Lo

different nitrogen (N) supplies of 0 (control), 70, 140 and 210 kg ha™!. During the NLI 0.245%* 0.156  0.290**  -0.124 0.200

growing season an active multispectral proximal optical sensors namely Plant-O-Meter *SRI: Spectral reflectance indices, **: Highly significant at P < 0.01 probability

(POM) was used in field trails to assess differences and provide early yield estimation. level; V4: four leaf stage of maize; V7/V8: 7-8 leaf stage of maize, V8/V9: 8-9

POM sensor possess multispectral source that integrates 6 light sources of the most  leaf stage of maize, VI/R1: Tasseling and silking and R2: Blister stage of maize
indicative wavelengths in one optical module (Blue: 455 nm, Green: 528 nm, Red:
657 nm, Red Edge: 740 nm, NIRI1: 810 nm and NIR2: 940 nm). During the season
canopy reflectance of maize crop were measured between 4-leaf growth stages (V4)
until the end of blister stage (R2). The relationships between grain yield and SRI
measured during the both seasons were estimated using Pearson’s correlation
coefficient (R). Statistical analyses were carried out using STATISTICA software,
version 13 (StatSoft Inc., Tulsa, USA).

CONCLUSION

* The majority of tested SRIs, based on different combinations of
wavelengths showed various R values when correlated with the
maize yield whic differed on an overall basis and depending from
growth stage of maize.

» Several SRI exposed the highly siginificant positive relationship
between the grain yields in early, V4 growth stage.

* SRIs which exposed the greatest R values were: NDVIb, GCI,
GRVI, BWDRVI, GBNDVI, RBNDVI, PNDVI, SR, GRDVI,
TDVI, IPVI, SAVI, WDRVI, WDRVI, NDVIg, GSAVI,
GOSAVI, GOSAVI, GARI, NDVI, NDRE, EVI and NLL

ol i PV * These results indicated that these indices, as well as this stage,

e en e can serve as suitable for early maize yield estimation.
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The work investigated the equipment of tractors, attachments and combines in a
medium-sized family farm "Burkovié" in the village of Cestin in the municipality of Knié.
The farm cultivates arable and forage crops for feeding dairy cows and fattening oxen
on an area of 44 ha. The production process is carried out with three tractors, 22
implements, a self-propelled combine for small grains and a combine for silage. One
tractor with an average engine power of 41.4 kV works 14.67 ha of available land with
7.33 attachments. The total available power of the tractor engine is 129.43 kW, and the
energy equipment of the farm is 2.94 kW/ha, which is the average of family farms in
Serbia. If the combine engine power for small grain and silage were added, the energy
equipment would increase to 7.85 kV/ha. Combines are underutilized because they are
used only for subsistence. The average age of mechanization is over 40 years, SO
replacement and purchase of new agricultural machinery is not possible.

MATERIALS AND METHODS

Basic data about the farm were collected on site, based on which the following were determined: the existing level of mechanization, the available land and the sowing structure. Other data
mentioned in the paper were obtained from the official data of the Institute of Statistics of the Republic of Serbia and from the book of the Agricultural Census 2012 of the Republic of Serbia.
Based on the above statistical data, the average area of agricultural land available to a family farm in Serbia was calculated, as well as the number of tractors and implements. In addition, data

from literary sources published by domestic and foreign authors were used.

RESULTS AND DISCUSSION

Numerical condition and age of tractors on the Farm

AMAPSEEC

INTRODUCTION

The high percentage of small family farms, low use of agricultural technology, outdated
mechanization and low percentage of irrigated land have a strong impact on the economic
results of these farms. From the point of view of rational use of agricultural mechanization and
successful organization of agricultural production, land holdings are considered small if they
are less than 30 ha, and medium if they are 30 to 200 ha .The registered farm "BPurkovi¢" is
engaged in agricultural production for livestock needs and cultivates 44 ha. According to the
cultivated area, it is one of the medium-sized farms in Serbia. The 20 ha of land they own is
not enough to provide enough fodder for domestic animals, so they are forced to lease another
24 ha of land. Out of a total of 1,513 selected farms in Vojvodina, 31% produce on an area of
more than 40.01 ha. The aim of the study is to show the sowing structure, technical equipment
with mechanization and to analyze the energy equipment and labor input in a
medium-sized farm.

Numerous condition and age of self-propelled harvesters

Serial A type of Combine Engine Year of Age of_the
number harvester harvester POWET production machine
manufacturer KW/HP (year)
1. combine | hp A GON-133 55 1978 44
harvester
: . CLASS
2. Silo combine JAGUAR 70 SF 161 1981 41

Number of attached machines in Serbia in relation to the village of Cestin

Serial Number Engine Year of Age of the
Manufacturer : power :
number of pieces KW production | tractor (years)
1. IMT-539 1 29.5 1979 43
2. IMT-558 1 42.6 1979 43
3. FIAT-780 1 57.33 1989 33
Total/ : 3 |129.43/41.14 : 119/39.67
average
Energy equipment of the farm with machinery
Number of | Cultivated
: Total :
Equipment : Cultivated Power connected area
: Tractor | engine . :
(unit of (pc) ower area equipment | machines per
measurement) P p(kW) (ha) (kW/ha) | per tractor | machine
(pC) (ha)
Tractors 3 129.43 44 2.94 7.33 14.67
Small grain
harvester 1 | 5500 | 147 1.68 : 14.70
Soybean and
corn harvester
Harvesterfor |, | 46100 | 3.0 53.67 : 3.00
corn silage
Total/Average 3+2 345.43 44 7.85 22[7.33
Numerous state of attached machines on the Farm
Required
. tractor The year of Age of.the
Type of machine Manufacturer : machine
power production (year)
KW/HP y
Plow turners (three furrow) HUARD 265 57/78 1995 27
Plow turner (double furrow) IMT 565 29.5/39 1990 32
The saucer Lemind Leskovac 24 29.5/39 1980 42
A harrow IMT 29.5/39 1980 42
Rotary harrow LEMKEN 57/78 1990 32
Artificial fertilizer spreader Aggrex 29.5/39 2017 5
Manure spreader WELGER LS300 42.6/58 1993 29
Seeder for small grains IMT 632 29.5/39 1985 37
Pneumatic seed drill for hoes NODET 29.5/39 1994 28
Rotary mower KUHN 29.5/39 1998 24
Roller press WELGER RP12 42.6/58 1999 23
Tedder - hay collector IMT 29.5/39 1998 25
Tedder - hay collector Pottinger 29.5/39 2001 12
Singlerow silage harvester Lipham-30 29.5/39 1986 37
Tank for liquid manure KAISER 42.6/58 2000 22
Sprinkler system CROCUS 29.5/39 2019 3
Mixer trailer Trioliet Gigant 500 IMT 558 2002 20
Tractor front loader for large Calvet FIAT 1996
bales 27
Trailer for roll bales Own production IMT 558 2019 4
Trailer IMT IMT 539 1979 44
Hydraulic craneloader Donder IMT 539 2008 15
Tractor rear loader for Ferocoop IMT 539 2012 11
manure

Acknowledgement: This work was supported by the Ministry of Education, Science

and Technological Development of the Republic of Serbia, Contract
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No. 451-03-

The region
Republic of Sumadija Sumadija Municip | The
Area of Serbia and region allty_ of V|Ilage_of
Western Knic Chestin
Serbia
Plows 336,928 118,046 16,379 2,653 125
Subsoilers 14,440 2,697 688 17 0)
Crushers 3,364 562 130 8 0
Plows 146,647 51,968 9,273 1,702 76
Harrows 218,161 86,796 12,596 2,021 71
Sowing preparation 60,453 9,042 1,070 241 7
Tillers 36,685 21,797 1,789 149 2
Mineral fertilizer 95,378 24,206 5,143 906 28
spreaders
Manure spreaders 13,371 4,334 438 73 2
Liquid manure 13,629 6,344 519 71 8
spreaders
Planters 114,710 35,250 4,970 823 25
Sprinklers 138,084 45,890 5,502 944 29
Trailers 298,667 98,560 12,116 1,822 70
Mowers 148,191 74,151 9,119 1,792 76
Hay collectors 92,686 42,758 6,889 1,342 49
Balers 46,706 21,324 3,340 657 26
Total 1,778,100 643,725 89,961 15,221 594

CONCLUSIONS

One tractor with an average engine power of 41.4 kW works 14.67 ha of available land with
7.33 implements. The power equipment of tractors on the farm is 2.94 kW/ha, which
corresponds to the average equipment of family farms in Serbia. The average age of the
machinery is over 40 years.Considering the age structure of tractors and the area cultivated by
the "Durkovi¢" farm, gradual replacement is required Farm cultivated area it is necessary to
gradually replace and acquire new agricultural machinery, especially tractors with higher power,
chisel plows, medium-heavy disk harrows, seeders for planting seedlings and seedbeds.
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INTRODUCTION

Plant stress threatens global food security, necessitating advanced methods
for sustainable agriculture. Environmental stressors like drought, salinity,
diseases, and nutrient imbalances impact crop yields. Traditional methods are
invasive and offer limited insights. Nondestructive optical sensing, with
real-time data collection, emerges as a solution. It measures light interaction
with leaves, improving our understanding of plant stress. Recognizing the
circadian rhythm's role in plant functions and stress responses, hondestructive
optical sensing offers comprehensive insights, enabling precise siress
management in agriculture and enhancing food security [1].

MATHERIALS AND METHODS

Experimental Setup

Our confrolled indoor setup, illustrated in Figure 1 [1], consisted of 20
"channels," each corresponding to a plant leaf. Each channel included a red
LED light source (peak emission at 665 nm) enclosed in femperature-controlled
housings connected to optical fibers. The opfical fibers tfransmitted light to
photodiodes within a shielded box, reducing interference and temperature
fluctuations. A 665 nm band-pass filter was placed in front of each photodiode
to minimize ambient light interference. The leaf holder allowed precise leaf
position and orientation monitoring, with calibration using neutral density filters
(NDFs).

Figure 1. Single measurement channel [1]

RESULTS

Plant Nutrient Stress

Plant nutrient stress profoundly affects agriculture, impacting growth and
vitality. We studied Ocimum basilicum (basil) in a hydroponic system, ensuring
rapid growth and efficient nutrient uptake [2]. In our experiment, one group
experienced nitrogen deficiency for nine days, while the control group
received full nutrients. Nitfrogen is essential for chlorophyll synthesis, growth,
and stress resilience. Figure 2 illustrates changes in transmittance coefficients.
The nitrogen-deficient group showed rapid changes in fransmittance,
signaling stress earlier than fraditional methods, such as chlorophyll
assessment.
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Figure 2: Transmittance (%) over time for control (black) and
nitrogen-deficient (green) groups.
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Water-Induced Plant Stress

Drought stress (Figure 3) significantly impairs plant growth and productivity [3].
Inadequate water disrupts vital processes like photosynthesis, causing wilting,
leaf curling, and potential plant death. Effective water management is vital for
sustainable agriculture.
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Figure 3. Transmittance (%) variations over time (days) in a
water-stressed Ocimum basilicum

Plant Stress: Pathogen Infection

Pathogens disrupt plant functions, affecting growth and vyield [4]. Our study
specifically examined the effects of Phytophthora plurivora infection on sweet
chestnut leaves. Two groups of sweet chestnut plants were compared. The
infected group showed significant changes in daily rhythmes, signifying stress. Our
method provides early stress detection, crucial for effective disease
management.
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Figure 4: Optical transmission dependence of inoculated (red
line) and non-inoculated (black line) Sweet chestnut

Plant Stress and Light Intensity

Plants adapt to changing light conditions. Excess light can harm them, leading
to photoinhibifion, but plants have strategies to cope, like closing stomata to
conserve water [5]. Our research investigated red-light fransmittance in
Variegated Pelargonium zonale leaves under different light intensifie.

24 - 60

23 59

22
4 58
21 4

20 o

19 4 56
18
] 55
17 <

) 54
16

15 . . 53
0

time (h)

Figure 5. The time-dependent optical transmission dependence
of four distinct light intensities

CONCLUSION

Our research demonstrates how nondestructive opfical sensing can transform
plant stress monitoring, enabling early detection and intervention for improved
agricultural productivity and global food security. We used this method to study
four key sources of plant stress: nutrient deficiencies, water scarcity, pathogen
infections, and changing light intensity. In each case, we observed spectral
changes in the circadian rhythm long before visible signs of plant siress
appeared.
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Abstract: RF communication systems are often applied in agricultural communication systems and other applications in smart agriculture. Performance of RF communication system consisting of a
macrodiversity system with 2 SC (Selection Combiner) microdiversity receivers is analyzed in this paper. Processing done on one diversity branch made SC diversity receiver suitable for practical realization.
The SC receiver extracts the branch with the highest signal-to-noise ratio. When the noise power in all branches is the same, branch with the strongest signal in the SC receiver is selected. Two input SC
receiver with k- fast fading and slow gamma fading is considered. Analytical expression of LCR (Level Crossing Rate) for the given system is calculated. Numerical and graphical results based on the given
analytical expression were obtained. Results show LCR behavior and received signal performance of the macrodiversity system depending on several system parameters: Ricean k factor, the depth of channel
shading c and the number of clusters pu.

Introduction

In recent years, opportunities for the implementation of intelligent agricultural production have increased by the rapid development of Internet of Things (IoT) technology. Agricultural IoT refers to a
network in which physical components, environmental elements, production tools and various elements in the agricultural system, are connected to perform agricultural information exchange and
communication. Interconnection of agricultural IoT enhanced farmers ability to control complex agricultural systems, assist in handling agricultural emergencies and manage essential parts of the
agricultural processes. The main challenges that arise in agricultural areas is a lack of connectivity or poor connection quality. In this paper, performance evaluation of RF communication system that can be
used in IoT for agriculture is analyzed. A variety of diversity techniques are used to reduce the impact of fast fading, slow fading and inter-channel interference on RF communication system performance.
Macrodiversity systems are used to reduce the simultaneous impact of fast and slow fading on system performance. Spatial diversity techniques are most often used and they are realized with multiple
antennas placed on the receiver. In this paper, SC (selection combining) spatial diversity techniques is used for it’s simple practical realization and because processing is done only on one diversity branch.

MACRODIVERSITY SYSTEM WITH TWO MICRODIVERSITY SC COMBINERS

Materials and Methods

Macrodiversity system with two microdiversity SC combiners is shown in Figure 4. Derived

SC diversity receiver selects the branch with the highest signal-to-noise ratio. If the noise power is analytical expression for LCR at the output of the macrodsiversity SC combiners (Eg. 2).
the same in all branches, then the SC receiver selects the branch with the strongest signal. The k-p X: o— ) i 4@]«; :,lz gfkﬂ)w;i (ﬂm)zwl_ ,X:TM i(ﬂm)zwlx
distribution is used to describe the variation of the signal envelope in linear environments where sc D e H I 4
there is a dominant component, when there are multiple clusters in the propagation environment, X: o— . S ( kl ] i 1 Z( P (2 (1-0%)) g
] . I y4 i 1T (i S -p? i, T (i,
and when the in-phase and quadrature component strengths are equal. For all these receivers, it is | GBI I(c)(1-p%)p 205" %(i-") ARG
necessary to determine the statistical characteristics of the signals at their outputs, as well as the Yi e— § - L ( ﬂ(kﬂ)xz)izwi (i+a)! (u(k+1))"
performance of the wireless telecommunication system. In order to calculate the performance of y s¢ Eq.2 'ZI” . j;=°('2(i+f :)fl)' X
the second order; it is necessary to determine the joint probability density of the signal and the 2 Xi3+C(Q (1_p2))i3+c 27 = jz)!(Q (1_,;2))"2 X
first derivative of the signal at the output of the diversity receiver. Using transformation methods, 484 T
i 2 R s +1)x°
the joint probability density and Level Crossing Rate (LCR) is determined. The LCR is determined Figure 4. x(u(k+2)x0, (1- 7)) K_il_wis_,.ﬁ,.#ZC_Sﬂ_;[ 50 )
as the mean value of the signal’s first derivative. Using the LCR, the average system failure time is Figure 5. shows the normalized LCR at the output of the macrodiversity system depending on the
determined. The mean duration time of the failure is determined using the joint probability signal amplitude x, for different values of Ricean k factor and depth of channel shading c¢. The
density of the signals at two moments of time and their first derivatives. Figure 1. shows example maximum of LCR is reached faster for higher values of ¢. With an increase in factor k, LCR decreases,
of interconnection of agricultural IoTs with RF communication system. while an increase of factor c leads to LCR increase.
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STATISTICAL CHARACTERISTICS OF THE SIGNAL AT THE SC COMBINER OUTPUT Figure 5. Figure 6.
SC combiner with two inputs is considered (Figure 2). k-u fading is present at the inputs. Figure 6. shows the change in the normalized LCR depending on factor ¢, for different values of k
Analytical expression (Eq.1) of LCR for the given system is calculated. factor and the number of clusters u. LCR increases with the increase of factor c. At lower values of
_ the channel shading depth, LCR increases more slowly. The growth is faster for lower values of u and
2 y(k+1)ﬂz+1 i k(k+1) Nk 1 [ Q, J‘Z“‘ [ u(k+1) ZJ k. Higher values of LCR are obtained for lower values of u and k factor.
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SC /™ 1 2 +p1 2 0.03 , , ,
rtpr(kez o k=) g | |
X: o— = Zﬂ o mx € Figure 7. shows the normalized LCR at the
k i = : — — c o .
k 2 e*Q, ? . =S = C:i, Pzg-g 1 macrodiversity system output, depending on the
Figure 2. Eq.1 . g;z’ g 0.9 number of clusters y, for different values of the
. ! : . : : 0.02 4 i il : :
Based on LCR equation, Figure 3. shows the change in LCR depending on the signal amplitude x, v g:g Pzg-g chanpe:l shading depth ¢ an(.i the (_:orrelatlc?n
for the values of Ricean k factor and the number of clusters g. The maximum of LCR, in the given Ny g;0:8 coefficient p. LCR decreases with the increase in

the number of clusters u. The decrease is much
more pronounced for lower values of the
1 parameter u, so with its increase, LCR tends to

sections, is significantly increased for lower values of Ricean k factor and parameter u. Also, the
maximum value of LCR is lower for higher values of parameter k and parameter u.
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SRR B T T Figure 3: LCR at the output of the zero. For higher values of the parameter c, the
o kel ﬁ;zl microdiversity SC receiver for LCR decrease is much more pronounced. For
o1l |—A—k=1,1=25 ] different values of the lower values of the correlation coefficient p, the
1| v k=3, =15 n Ricean k factor and the 0.00 - 4 decrease in LCR is faster.
+ k=3, p=2 /4 ] number of clusters u | | |
Q=1 «/ W T 1.5 2.0 2.5 3.0 &5
- ) / - ”
A AN | Figure 7.
z 1
' Conclusion
1E-4 4 Smart agriculture has allowed agricultural production to increase while reducing or maintaining system inputs. This can only be sustained by
{ continuous research and investment into novel technologies. Based on the obtained results for the LCR, it is possible to determine the levels of

150 125 100 75 =50 25 oo 25 5o amplitudes and average power of the desired signal on reception, and then, optimize the parameters of wireless transmission and the emission
x [dB] power of the signal, based on the reception characteristics. Using the results presented in this paper, the behavior of different implementations
Figure 3. of RF communication systems can be predicted for different scenarios of mobile transmission and in different propagation environments of

agricultural [oTs.
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Abstract: Free Space Optics (FSO) is a communication technology that enables wireless gigabit data transmission in both directions. Application of FSO systems in loT devices, remote sensing

and production optimization in agriculture is emerging. Channel description using appropriate model for design of a high-performance communication link for an atmospheric FSO channel is of
great importance. There are several models for the joint distribution of amplitudes, although none is universally accepted due to importance of atmospheric conditions. This paper provides an
overview of the most popular statistical models for describing signal propagation in FSO systems: Gamma-Gamma, Log-Normal, Negative Exponential, K-distribution, I-K distribution, Rice, Inverse-
Gaussian, Double Weibull, Exponential Weibull, Double generalized Gamma distribution. Basic characteristics and mathematical models as a function of signal intensity are given. Also, for general
models, reducing one model to another is given.

Introduction

In smart agriculture, efficient control of irrigation and fertigation is primarily based on automatization and crop monitoring. Choosing the equipment that best suits the needs of the crop is
equally important as determination of the ideal communication path between the different actuators and probes to the controller. Measuring the parameters of humidity, temperature, electrical
conductivity in soils and substrates, climatic parameters and agronomic variables in smart agriculture is done with the use of wireless technology. Wireless communication systems are used to
communicate the various actuators in the field and to read out probes, creating the network (mesh) which allows the control equipment to be connected to remote input and output modules. As
a communication technology that enables wireless gigabit data transmission, FSO finds it’s application in Internet of Things (loT) devices, remote sensing and production optimization in smart
agriculture. One of the current challenges in wireless communications is the ability to provide a cost-effective high-speed data link in applications where radio frequency (RF)-based technology
cannot be used or is not suitable. For example, in closed environments with a large population and the "last mile" network, where end users, using RF wireless technologies, encounter lower data
rates and poorer quality services. Nowadays, there is an increasing number of applications that require quality access to data transmission services anywhere, anytime and under all conditions. In
a perfect scenario, all end-users should have access to an extremely high-capacity, high-speed, ultra-low-latency fiber-based backbone. For an environment, like in agriculture, where fiber optic
deployment is not economical, a combination of satellite communications and fiber optic communication technologies would be the most suitable option. This can be quite expensive and
therefore may not be feasible in the long run. Limited bandwidth and the high price of RF technology increased the need to consider alternative technologies. The costs and challenges associated
with the installation of optical fibers, as well as the maintenance of such a network, are quite high, especially in agricultural areas. Therefore, optical fibers are not considered for the last
kilometer access network (last mile network).

M ate ri a I S a n d M eth Od S 3. Negative exponential distribution 4. Rice distribution
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Fig. 1 depicts the various areas where FSO can be implemented, such as hospitals, f, (|)=—e o f (aa)ZZaa(i+ K)e “ | 2a, (_ )
submarines, business buildings, and agriculture farms. In recent years, there has been a I0 ’ aj aj
growing interest in researching and developing new ways of implementing FSO and other
wireless communication systems in smart agriculture and precision agriculture (PA). 5. K-distribution 6. I-K distribution
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10. Exponential Weibull distribution

FSO is a new and promising technology for next-generation wireless communications,
. .. . . Bo-12 ~f-1/2 2 1-(p+a)/2 I—l n
such as short-range wireless communications, wireless cellular networks, last-mile access, F(1) = V. PP g ( 7T)
and free-space laser communications. FSO systems enable signal transmission with a B F(ﬂl)r(ﬂz)
throughput of several Gb/s, while microwave connections enable a throughput of several
Mb/s. FSO technology is readily available, secure and capable of offering low error (GOP Q, P p"g'QY A(q:l—ﬂl),A(p:l—,Bz)
probability as well as high speeds in the range of up to 10 km. Compared with traditional p+9,0 BYBP _
RF communications, the attractive features of FSO technology include license-free L
operation, simple implementation, high data rate and high transmission security. This .
paper provides an overview of the most popular statistical models for describing signal CO"CIUSIO“
propagation in FSO systems: Gamma-Gamma, Log-Normal, Negative Exponential, K-

distribution, I-K distribution, Rice, Inverse-Gaussian, Double Weibull, Exponential Weibull, Unlike radio and microwave systems, FSO is an optical technology and no spectrum
Double generalized Gamma distribution. licensing or frequency coordination with other users is required, therefore, it has great

application in smart agriculture. The aim of this paper is to facilitate the performance
ReSUItS and diSCUSSiOn prediction of an FSO communication link by giving the basic characteristics and
mathematical models as a function of signal intensity. Also, reducing one model to another,
for general models, is given.
STATISTICAL MODELS FOR DESCRIBING SIGNAL PROPAGATION IN FSO
For the design of a high-performance communication link for an atmospheric FSO channel, Refe rences
it is of great importance to describe the channel using an appropriate model. There are

several models for the joint distribution of amplitudes, although none is universally accepted,
as atmospheric conditions are clearly important.

n

S J

|72

1. Wen Tao, Liang Zhao, Guangwen Wang, Ruobing Liang, Review of the internet of things communication
technologies in smart agriculture and challenges, Computers and Electronics in Agriculture, Volume 189, 2021

2. El-Mottaleb, S.A.A.; Singh, M.; Chehri, A.; Ahmed, H.Y.; Zeghid, M.; Khan, A.N. Capacity Enhancement for Free
Space Optics Transmission System Using Orbital Angular Momentum Optical Code Division Multiple Access in

1. Gamma-Gamma distribution 2. Log-Normal distribution
& 5G and beyond Networks. Energies 2022
) \2 3. M. Pande, Milind & Pathak, Shantanu & Choudhari, Nitin. (2013). Hybrid, Hexagonal & Energy Efficient (H2E2)
a+pB In ( | ) n o WSN Platform for Precision Agriculture-Mapping with Standards and e-Governance
2(05,8) 2 a+ﬂ—1 1 1 4. H. Singh, N. Mittal, R. Miglani, H. Singh, G. S. Gaba and M. Hedabou, "Design and Analysis of High-Speed Free

f(1)

2 —_— J— —_
I Ka—ﬂ (2 OC,B| ) fl (I) €Xp 2 Space Optical (FSO) Communication System for Supporting Fifth Generation (5G) Data Services in Diverse
o Geographical Locations of India," in IEEE Photonics Journal, vol. 13, 2021

5. Milind Pande, N. K. Choudhari, and Shantanu Pathak. 2012. Energy efficient hybrid architecture and positioning
of sensors in WSN for precision agriculture. In Proceedings of the CUBE International Information Technology
Conference (CUBE '12). Association for Computing Machinery, New York, NY, USA, 198-203.




	01 ----- POSTER Mileusnic_poster_ISAE-2023
	03 ----- POSTER Poster-ISAE2023-MagoL
	1. dia: The 6th International Symposium on Agricultural Engineering,  ISAE-2023    19th – 21st October 2023,  Belgrade – Zemun, Serbia

	06 ----- POSTER - Andrija Rajković rad
	09 ----- POSTER - serbiaposter merdad fojlaley
	13 ----- POSTER - PosterPresentations.com-A1-Template-Chamberlain (1)
	14 ----- POSTER Conference poster for Kanoute
	17 ----- POSTER - Marković_Poster_ISAE-2023
	Slide 1

	22 ----- POSTER - Belosevic_poster_ISAE-2023
	24 ----- POSTER Nemanja Jovanovic Poster A1
	Slide 1

	30 ----- POSTER - Poster - Edin Tahirbegovic
	34 ----- POSTER - poster u pripremi 6
	35 ----- POSTER - TACHOPOULOS_Poster-Preparation-ISAE-2023
	40 ----- POSTER - poster isae
	43 ----- POSTER - Barac_poster_ISAE-2023
	Slide 1

	45 ----- POSTER Marinkovic poster - ISAE 2023
	46 ----- POSTER Savic 1 poster - ISAE 2023
	47 ----- POSTER Savic 2 poster - ISAE 2023
	50 ----- POSTER Hajder_poster_ISAE-2023
	Slide 1

	56 ----- POSTER - Diapositiva1
	57 ----- POSTER - TOWARDS RESILIENCE CLIMATE CHANGE MITIGATION IN PLANT PRODUCTION THROUGH INNOVATIVE STRATEGIES AND POLICY MEASURES
	58 ----- POSTER - poster_belgrad_2023
	59 ----- POSTER - Spalevic_poster_ISAE-2023
	62 ----- POSTER - NAVIGATING THE PATH TO SUSTAINABILITY
	63 ----- POSTER - Canak_poster. ISAE-2023
	64 ----- POSTER - Radojevic_poster_ISAE-2023
	65 ----- POSTER - Beskorovajni_poster. ISAE-2023.300
	66 ----- POSTER - ISAE 2023 LJUBICIC ET AL 2023 POSTER
	68 ----- POSTER Koprivica_poster_ISAE-2023
	70  -----POSTER - PDF Advancing agricultural_K_Miletic_Posters_ISAE_2023
	71 ----- POSTER - Gvozdic_poster1_ISAE-2023
	Slide 1

	72 ----- POSTER - Gvozdic_poster2_ISAE-2023
	Slide 1


