
THE INFLUENCE OF TILLAGE SYSTEM ON THE WHEAT SOWING 

QUALITY PARAMETERS 

In agricultural production, sowing is one of the most important agro-technical operations that influence the quality of the product and yield. The crops sowing 

quality, including wheat, depends on properly prepared soil, that is, on the quality of soil cultivation. However, despite well-executed soil cultivation, satisfactory 

results cannot always be achieved if sowing is not done in an appropriate manner. The achieved depth of sowing affects the speed of sprouting, rooting, 

resistance of plants to low temperature and drought, intensity of budding, growth and development, and achieving the highest yield in certain conditions. 

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. 

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. 
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The experiments were taken on the fields of Center for 

Agricultural and Technological Research Zaječar plant 

during the wheat sowing season.  
 

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  

CONCLUSION  
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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. 

Diversity of seeds (%) per depth of soil in 

dependent of tillage system soil 

  Seed diversity Average 

Av. soil depth 

 

  First year Second year 

No. of 
plants 

 
% 

Average 

Tillage system 
Soil 

depth 
No. % No. %  

(cm) (cm) 
First 
year 

Second 
year 

 0,1-1,5 12 23,53 6 12,00   9,0  17,82    

Conventional 1,6-3,0 32   62,75 41 82,00 36,5 72,28    

(20-25) 3,1-4,5 7 13,72 3 6,00 5,00 9,90    

 TOTAL 51 100,00 50 100,00 50,5 100,00 2,17 2,21 2,19 

 0,1-1,5 42 84,00 34 69,39 38,0 76,76    

Reduced I 1,6-3,0 8 16,00 15 30,61 11,5 23,23    

(5-10) 3,1-4,5 - -   -   -   -   -    

 TOTAL 50 100 49 100,00 49,5 100,00 0,95 1,20 1,08 

 0,1-1,5 - - - - - -    

 1,6-3,0 3   5,88 11 22,00   7,0   13,86    

Reduced II 3,1-4,5 27 52,94 21 42,00 24 47,52    

(5-10) 4,6-6,0 16 31,37 15  30,00 15,5   30,69    

 6,1-7,5 5 9,80 3 6,00 4 7,92    

 7,6-9,0 - - - - - -    

 9,1-10,5 - - - - - -    

 TOTAL 51 100,00 50 100,00 50,5 100,00 4,39 4,18 4,29 

 0,1-1,5 - - - - - -    

 1,6-3,0 1 2,08 2 4,00 1,5 3,06    

 3,1-4,5 5 10,42 5 10,00 5,0 10,20    

Reduced III 4,6-6,0 21  43,75 14 30,00 14,5 35,71    

(10-15) 6,1-7,5 14 29,17 15 28,00 17,5 29,59    

 7,6-9,0 3 6,25 10 20,00 6,5 13,27    

 9,1-10,5 4 8,33 4 8,00 4,0 8,16    

 TOTAL 48 100,00 50 100,00 49,0 100,00 6,18 6,32 6,25 
 

 Tillage node depth (cm) 

Soil depth 
(cm) 

Conventional Reduced I Reduced II Reduced III 

 First 
year 

Sec. 
year 

Aver. 
First 
year 

Sec. 
year 

Aver. 
First 
year 

Sec. 
year 

Aver. 
First 
year 

Sec. 
year 

Aver. 

0,0 - 1,5 1,16 1,08 1,12 0,76 0,73 0,75 0 0 0 0 0 0 

1,6 - 3,0 2,17 2,26 2,22 1,75 1,75 1,75 2,48 2,38 2,43 1,65 1,70 1,68 

3,1 - 4,5 3,25 3,33 3,29 0 0 0 3,28 3,19 3,24 3,06 3,46 3,26 

4,6 - 6,0 0 0 0 0 0 0 3,98 3,58 3,78 4,65 4,21 4,43 

6,1 - 7,5 0 0 0 0 0 0 4,67 4,00 4,34 5,53 4,30 4,92 

7,6 - 9,0 0 0 0 0 0 0 0 0 0 5,10 4,55 4,83 

9,1 - 10,5 0 0 0 0 0 0 0 0 0 6,37 5,25 5,81 

Average 2,05 1,81 1,93 0,90 1,01 0,96 3,61 3,13 3,37 4,71 4,19 4,45 
 

The depth of tillage node in dependent  

of tillage system of soil  

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

resistance to moisture deficiency during summer dry periods. For this reason, a slightly greater depth of the tillering nodes may 

contribute to better resistance of wheat plants to low temperatures and 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.

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 

machine families 
machine families with the highest possible 

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

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

harvesting works as wagework

1 pcs of  cereal combine-harvester 

silage harvesting as wagework

The analysis of the machine usage costs

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.

In case of using low-cost 

power-machine

In case of applying modern 

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

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

production

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

CONCLUSIONS

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.

MATERIAL AND METHODS
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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.

Fig. 1 The specific machine 

utilisation costs in case of 

different mechanization 

levels at farms with the 

investigated sizes
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                                         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/m3 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/m3 which is round 2/3 of total energy consumption. For solar drying consumption is a little bit 
lower round 915 MJ/m3 [2]. In [3] the specific consumption ranged from 1.15 – 4 kWh/kg   4.14-14.4 MJ/kg, i.e. 2600-8600 
MJ/m3.  4.5 to 5.6 MJ/kg  [4]   i.e. 2700 – 3360 MJ/m3  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.  

 

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 oC. 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 

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 105oC 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): 

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 oC with 10 oC 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: 

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: 

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 
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         Fig. 2. MR vs time for apricot tree discs samples                         Fig. 3. DR vs time for apple tree discs samples 
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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.

Keywords : infrared laser , anti frost,farms,spring

Conclution :
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.
The solution for protecting the plants from frost is to trap the reflected sun's
heat after it hits the surface of the earth. With laser radiation, this device
creates a curtain to the height of the trees and maintains warm air between
the tree and the earth.
1. The laser light frequency scares birds away effectively. Therefore, birds
won't be able to penetrate agricultural land and to damage the products.
2. For near distances of AFLM, it is possible to use considered thermal heaters
and hot winds produces by the proposed machine.
3. Using AFLM as an Agriculture Spray.
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
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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.

ABSTRACT

OBJECTIVES

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.

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

performance.
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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 σi (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, qi, 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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OPTIMIZATION OF YIELD OF A FLAT PLATE SOLAR 
WATER  COLLECTOR BY SIMULATION WITH MATLAB

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/m2 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

Yacouba Kanoute1*, Ivan Zlatanović1, Nedžad Rudonja1, Vojislav Simonović1

1University of Belgrade, Faculty of Mechanical engineering, Belgrade, Serbia 
*PhD Candidate, E-mail: kanoute1993.yk@gmail.com

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

INTRODUCTION

MATERIALS AND METHODS

The flat-plate solar collector that will be modelled in our work is schematized by there figure 1. It
comprises:
- A transparent cover (glazing) made of materials that are

transparent to visible radiation but opaque to infrared
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
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 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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RESULTS AND DISCUSION

According to figure 5, we note that the
instantaneous efficiency of the collector
increases little at the beginning with the
increase in the thickness of the glass pane
for a solar radiation lower than 462 w/m2

and an average wind speed of 3.5 m /s.
Indeed, the greater the thickness of the
glass, the greater its heat capacity and the
better its thermal inertia, consequently a
lower transmission coefficient, hence the
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.

Figure 7 shows that there is almost no
difference in the variation of the
collector's instantaneous efficiency
with different thicknesses of the
lateral side insulation used in this
study. The efficiency increases
slightly with decreasing thickness of
side insulation. This is because it is
less exposed to the thermal
fluctuations produced by the direct
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).

Fig.8: Evolution of efficiency as a function of
solar radiation for different mass flow rate values.

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 to 0.005 m ;
- 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%
1. Effect of glass thickness on collector efficiency

3. Effect of lateral side insulation thickness on the collector's instantaneous efficiency
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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 
use and further development in the food industry.

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.

Figure 1. Place of collection of plant material

Figure 2. Grinding and pressing of horseradish leaves

• 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).

• 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.

TPC TFC TPAC

• Analysis of antioxidant activity
1. 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). 

2. ABTS method was performed according to Re et al. (1999) and Salević 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). 

3. 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). 

DPPH ABTS FRAP

RESULTS AND DISCUSSION

Figure 3. Extraction of horseradish leaf pomace 

Sample TPC 
(mg GAE/kg FW)

TFC 
(mg CE/kg FW)

TPAC 
(mg CAE/kg FW)

Horseradish
leaves pomace

7825.50 ± 749.20 9460.00 ± 138.60 8905.50 ± 336.90 

Sample DPPH
(mmol TE/kg FW)

ABTS
(mmol TE/kg FW)

FRAP
(mmol TE/kg FW)

Horseradish
leaves pomace

9.00 ± 0.70 42.30 ± 3.80 17.30 ± 0.60 

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

Table 2. Antioxidant activity of horseradish leaf pomace

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.).
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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. 
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INTRODUCTION 
 

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. 

MATERIAL AND METHODS 
 

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 100mL of the juice. 

AIM 
 

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.  

RESULTS AND DISCUSSION 
 

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 
to ABTS•+ and DPPH• radicals, i.e., the tendency to 
reduce the [Fe3+(TPTZ)2]3+ complex. 

CONCLUSION 
 

Finally, the cold pressed amaranth microgreens juice 
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 
necessary. Figure 1.  Total phenolics and flavonoids (a) and antioxidant properties (b), of 

microgreens juices. Different lowercase letters denote signifficantly 
difference between microgreen juices (separately evaluated for all assays), 

according to Duncan's test (p>0.05).   
 

AMARANTH 
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Total phenolic and flavonoids content and antioxidant activity of 
cold-pressed amaranth microgreens juice  
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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.

ABSTRACT

INTRODUCTION

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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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; Büchler, 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 (Büchler, 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.
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REVIEW PAPER ON VARROA INFESTATION, DETECTION AND 
PREVENTION IN BEEHIVES

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 20–40 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.

Fig. 1: Close up image of Varroa mites parasiting on bee18.

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 colony19, 20.





Table 1. Energy parameters of aggregate operation in supplementary 
processing of orchards

Table 2. Energy parameters of aggregate operation in supplementary 
cultivation of vineyards
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R.br. M
(Nm)

n
(o/min)

Pv
(kW)

v
(km/h)

Fv
(kN)

Qha
(l/ha)

Wh 
(ha/h)

Eha 
(kWh/ha)

Qe
(MJ/h)

1. 92 495 5.68 1.22 1.44 8,21 0.19 29.89 20.44

2. 86 501 5.72 1.38 1.48 7.35 0.20 28.60 20.58

3. 85 500 5.27 1.49 1.35 7.11 0.21 25.09 19.58

4. 87 503 5.33 1.56 1.38 6.8 0,24 22.20 19.18

5. 91 420 5.07 1.22 1.12 7.38 0.21 24.14 18.25

6. 100 390 6.12 1.09 1.54 8.95 0.20 30.60 22.03

R.br. M
(Nm)

n
(o/min)

Pv
(kW)

v
(km/h)

Fv
(kN)

Qha
(l/ha)

Wh
(ha/h)

Eha 
(kWh/ha

)

Qe
(kJ/h)

1. 87 501 5.96 1.13 1.48 9.61 0.14 42.57 21.45

2. 83 502 6.02 1,23 1.52 7.20 0,19 31.68 21.67

3. 82 500 5.53 1.17 1.41 9.32 0.15 36.86 19.91

4. 85 498 5.81 1.23 1.24 8.62 0.18 32.27 20.91

5. 93 490 5.32 0.96 1.15 9.36 0.16 33.25 19.15

6. 97 485 6.43 0.93 1.58 10.32 0.19 33.84 23.14

Abstract : The sustainability of a process can limit reaching the maximum of said process. In the technologies of soil maintenance in perennial plantations
in recent years, it becomes imperative that the chemical treatment of the soil, immediately adjacent to the plant and within the row, be replaced by mechanical
processing. This need is primarily aimed at minimizing the use of pesticides in order to respond to the environmental requirements. Regular land cultivation is a
technically complex problem. 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 with a deflection, which in one pass achieves the processing of a part of the inter-row surface and half of the protective zone. The results of the
research show that the optimal speed of movement 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. Productivity of aggregates in the orchard 0,24 ha/h, in the vineyard 0,19 ha/h. Fuel consumption in the vineyard 7,2 l/ha, and in the orchard 6,8
l/ha. Productivity of the aggregate is largely conditioned by the technical solution of the aggregate and the technology of plantation cultivation.

High-quality tillage of perennial crops also implies the rational engagement of human labor and mechanized means. Soil maintenance in perennial crops during
its exploitation is a technically complex job that requires a lot of mechanical work. In the conditions of dry fruit growing, where there is no infrastructure and
availability of water resources for irrigation, mechanical processing is indispensable. This treatment is carried out both in the space between the rows and in
the protective zone. Processing of the protective zone is a far more complex technological procedure and involves the use of far more complex machines and
devices. The mechanization of this process is most often consists of a tractor unit and a connecting machine that has the ability to move the working elements
when they meet the plant and return to the initial position to the intermediate space with all the processing time. High-quality mechanical tillage in addition to
enabling improvement the physical properties of the soil, destroying weed vegetation, ensures sufficient accumulation and rational use of moisture. Such soil
maintenance in perennial crops is especially important in arid areas.

.
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The mechanization of the process of mechanical processing in the
protection zone of perennial plantations represents a great technological
advance in the management of modern intensive plantations. With this
procedure, the participation of human labor is reduced to a large extent,
which increases productivity and significantly reduces the costs of
maintaining plantations. For the successful application of machines for
processing the protection zone, it is necessary to adapt the plantings,
which primarily refers to the layout of the plants. Tests of the rotary
harrow in the given conditions showed that the planting of the vineyard
due to dense planting did not allow higher technological speeds, which
resulted in relatively small effects.

CONCLUSION

INTRODUCTION

In the experiment, the examination was carried out tractor McCormic x2.40 and a rototiller with deflection of the Rinieri EL brand
140 in the supplementary processing of the protective zone of orchards and vineyard plantings, was carried out according to the
methodology of the Institute for Mechanization of the Faculty of Agriculture-Zemun, namely laboratory-field and exploitation tests.
During all phases of the test, the functionality of the aggregate, the properties and the quality of the work of this machine were
monitored. The field tests were carried out at ODPF "Radmilovac" undulating terrain, at an altitude of about 71 m. The geographical
position currently conditions a moderately continental climate, and the dominant type of soil is fertile soil. Soil moisture was very
low, below 6%, considering that the test was carried out in a dry time. Tests were carried out to measure tractor motor power
consumption during the operation of the connecting machine at different revolutions of the tractor PTO shaft. The "Torque and RPM
Transmitter" DMN 10 was used to measure the resistance and speed of the rotary harrow in operation. The "Torque and RPM
Transmitter" DMN 10 was used to measure the resistance and speed of the rotary harrow in operation. Which was mounted directly
on the tractor's connecting shaft, and the cardan shaft was mounted from it to drive the working elements of the rotary harrow. The
technological speed of the unit was determined by the elapsed time using a stopwatch. Soil moisture, compactness and percentage
representation of aggregates of cultivated soil were determined in the laboratory.

MATERIAL AND METOD

The results obtained in this research are shown in table 1. The engagement of motor power depends to the greatest extent on the type of soil, the quality of
previous processing and the number of revolutions of the tractor PTO shaft. The obtained data show that the optimal speed of movement of aggregates carried
out in the orchard plantation is in variant 4 and was 1.56 m/s. At the same time, the torque had a value of 85 Nm and the number of revolutions was 502 rpm. In
the vineyard, the optimal speed was in variant 2 and was 1.23 m/s, with torque. Aggregate productivity in the orchard 0.24 ha/h, in the vineyard 0.19 ha/h. Fuel
consumption in the vineyard 7.2 l/ha, and in the orchard 6.8 l/ha. Aggregate productivity is largely determined by the technical solution of the aggregate and the
plantation cultivation technology. The low values   of the torque are the result of more intensive pre-processing in both cases, which led to a relatively small
engagement of drive energy. In addition, the relatively low speed of movement of the aggregates is a condition for the lower productivity of the aggregates in
the processing of both plantations. The higher productivity of the aggregates in the orchard was achieved due to the higher speed of movement due to the
greater distance between the plants in the row.

RESULTS AND DISCUSSION
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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 is 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

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

Acknowledgement: This study was supported by the Ministry of Science, Technological Development and Innovation  of the Republic of Serbia, Project No 451-03-68/2020-14/200116.

TEST RESULTS OF SEEDERS WITH PNEUMATIC APPARATUS FOR 

MAIZE SOWING

Barać S., Biberdžić M., Đikić A.

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-1.

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.

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-1.

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-1.

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-1 (Table 1).

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

Table 2. Velocity and achieved maize sowing depth

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-1, while the speed of the type B seeder was within the limits of 7.83 - 10.11 km h-1.

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-1 and was 5.02 cm (table 2).

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%.

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].

Seeder

type

Velocity

[km h-1]

Theoretical 

sowing 

distance

[cm]

Achieved qualitative indices of seed layout in a row (Average)

MULT index QFI index MISS index

<0.5 Variation >0.5<15 Variation >1.5 Variation

8.72 1.35 0.61- 1.83 96.29       95.27 - 98.67 2.36 1.25 - 3.17

A 9.58 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 92.11 88.87 - 93.90 6.84 6.59 - 9.11

7.83

19.5

3.43 2.24 - 5.61 93.24 95.20 - 98.67 3.33 3.80 - 6.01

B 9.03 2.03 1.23 - 2.83 91.35 89.77 - 95.96 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

Vaderstad Tempo T6A - Type A SOLA Prosem K8 - Type B

Seeder 

type

Velocity

[km h-1]

Planned 

depth

[cm]

Achieved seeding depth

Statistical indicators

Mean  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
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Fig. 1. Tested seed drills for sowing maize (Photo by Barać S.)

CONCLUSION

RESULTS AND DISCUSSION

The sowing depth was also checked after crop emergence, taking into

account soil 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.
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Photos 1-6. Events (from left to right): the 1st summer school, the 2nd advanced training course,

the 2nd stakeholders’ meeting, participation at the international conference ISAF 2022, MSc

students at CIHEAM-IAMB, the 2nd R&I workshop.
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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

debates (stakeholders’ meetings), 3 post-graduate MSc students, 13 mutual

staff exchanges, 3 R&I hands-on workshops, participation at international

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 

agricultural water management;

2) Enhance the reputation, attractiveness and networking channels with 

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

• Until August 2023, during the SMARTWATER project implementation

(2021-2023) following activities were completed:

- 3 advanced training courses (Lisbon, Zaragoza, Bari);

- 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;

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

- preparation of smart national scientific strategy (ongoing).

• More than 50% of reports were prepared and submited to the EC;

• The SMARTWATER website was established at http://www.smartwater-

project.eu/ and the social media pages (Facebook, Twitter / X, LinkedIn 

and YouTube) and they are regularly updated with news / posts.

SMARTWATER brochure and newsletters are also produced;

• The estimated number of persons reached is 5000+

Photos 7-8. Experimental set-up in Aleksandrovac (Banja Luka) and maize sampling on site

CONCLUSIONS

SMARTWATER project implementation (2021-2023) is still ongoing. Most of the pre-

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.
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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.

NEW TECHNOLOGY OF READY TO COOK PORTIONED FROZEN VEGETABLE PRODUCTS 

AS AN ELEMENT OF A WASTE-FREE MANAGEMENT STRATEGY

The result of the operation is:

• 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:

• 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.

• "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

• 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.

Research model

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

• 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.
• 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.
• 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.







RISKS IN TROUT AQUACULTURE IN SERBIA, BOSNIA AND HERZEGOVINA AND NORTH MACEDONIA

Čanak, M., Stevan1, Savić, M., Nebojša2, Trajchovski, B., Aleksandar3, Cvetkovikj, S., Aleksandar3

1 Institute for Science Application in Agriculture, Belgrade, Republic of Serbia
2 University of Banja Luka, Faculty of Agriculture, Banja Luka, Bosnia and Herzegovina

3 Ss. Cyril and Methodius University in Skopje, Faculty of Veterinary Medicine–Skopje, Skopje, Republic of North Macedonia

The 6th International Symposium on Agricultural Engineering, 
ISAE-2023   

19th – 21st October 2023, 
Belgrade – Zemun, Serbia

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, Savić 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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Aggregation type Self-propelled machine 

Drive 
Combined: hydraulic and 
mechanical transmissions 

Engine power required Min. 50 kW  

Maximum allowed rpm diesel engine NeMAX = 2000  o·min-1  

Working speed of the harvester 0,5 – 3 km/h  

Productivity 1,5-3 ha/ day  

Width 2 400 mm  

Length max. 5600 mm  

Height 2700 mm  

Mass 2500 kg  

Workers needed Operator + 2 worker 

Basic characteristics of hydraulic pumps 

P1: V0=25 cm
3

;     pmax=120 bar;  

P2: V0=11 cm
3

;     pmax= 70 bar;  

P3: V0=11 cm
3

;     pmax= 70 bar;  

P4: V0=3,14 cm
3

;  pmax=120 bar.  

Maximum supply pressure of the orbitrol 
valve for steering the drive wheel:  

O: pmax=20 bar. 

Maximum supply pressures of hydraulic 
motors 

HM1: pmax=120 bar;  
HM2: pmax=70 bar;  
HM3: pmax=70 bar.  

Valve pressure limit values 
for pressure relief 

RV1: pmax=120 bar;  
RV2: pmax= 70 bar;  
RV3: pmax= 70 bar;  
RV4: pmax=120 bar;  
RV5: pmax= 50 bar.  

 

DEVELOPMENT OF A SELF-PROPELLED BERRYES FRUIT 

HARVESTER 

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.. 

In the of berry fruit production in the Republic of Serbia, the 

harvesting process is still the basic limitation factor. Manual 

picking participates as much as 75% in total production costs. 

The costs of mechanical harvesting are between 2.05 and 2.27 

times lower in comparison to manual picking, depending on 

whether the machine is a towed or self-propelled. 

As the harvesting process is still a limitation factor in 

berry fruit production, in addition to reducing costs by 

applying mechanized solutions, the subject of the 

research is focused to the new self-propelled fruit 

harvester. 

MATERIAL AND METHODS  

Rade L. Radojević1, Dragan V. Petrović1,  Zoran I. Mileusnić1, Srbobran Petrović2 , Dragoslav Đokić3,  
1University of Belgrade, Faculty of Agriculture, Belgrade-Zemun, Serbia,  

2ELEKTRONIK, Đurinci – Sopot, Serbia  
3University of Niš, Faculty of Agriculture, Kruševac, Serbia 

The paper also provides a comprehensive analysis of the 

energy working parameters for both versions of the 

harvester. The final test results indicate that power losses 

related to rolling and slipping are lower in the case of self-

propelled version (10 and 40%, respectively). In contrast, 

the climbing looses of semi-mounted harvester are 60-

70% lower, when compared to the self-propelled version. 

RESULTS  

CONCLUSION 

Acknowledgement: This research was supported by the Serbian Ministry of Science, Technological Development and Innovation– projects “Improvement of 

biotechnological procedures as a function of rational utilization of energy, agricultural products productivity and quality increase” (Project no. TR 31051). 
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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. 

Basic technical specification of the harvester 

Working parameters of the harvester 

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 
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Rpm PTO 

(min-1) 

with the oscillator on without an oscillator 

M (Nm) P (kW) M (Nm) P (kW) 

Rpm engine 750 (min-1) 

272 202 5,751 185 5,267 

278 201 5,848 184 5,354 

291 206 6,274 187 5,695 

285 193 5,755 180 5,369 

average 281,5 200,5 5,907 184 5,421 

 







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 "Đurković" 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.

RESULTS AND DISCUSSION

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.

TECHNICAL EQUIPMENT WITH MECHANIZATION 

ON MEDIUM-SIZED FAMILY FARMS

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 "Đurković" 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.

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

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

47/2023-01/200088 and 451-03-47/2023-01/ 200383.

ABSTRACT
The work investigated the equipment of tractors, attachments and combines in a

medium-sized family farm "Đurković" in the village of Čestin in the municipality of Knić.

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.
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Serial 

number
Manufacturer

Number 

of pieces

Engine 

power

kW

Year of 

production

Age of the 

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/

average
- 3 129.43/41.14 - 119/39.67

Numerical condition and age of tractors on the Farm

Serial 

number

A type of 

harvester

Combine 

harvester 

manufacturer

Engine 

power

kW/HP

Year of 

production

Age of the 

machine

(year)

1.
Combine 

harvester
DRAGON-133 55 1978 44

2. Silo combine
CLASS 

JAGUAR 70 SF
161 1981 41

Numerous condition and age of self-propelled harvesters

Equipment

(unit of 

measurement)

Tractor

(pc)

Total 

engine 

power

(kW)

Cultivated 

area

(ha)

Power 

equipment

(kW/ha)

Number of 

connected 

machines

per tractor

(pc)

Cultivated 

area

per 

machine

(ha)

Tractors 3 129.43 44 2.94 7.33 14.67

Small grain 

harvester

Soybean and 

corn harvester

1 55.00 14.7 1.68 - 14.70

Harvester for 

corn silage
1 161.00 3.0 53.67 - 3.00

Total/Average 3+2 345.43 44 7.85 22/7.33

Energy equipment of the farm with machinery

Area
Republic 

of Serbia

The region 

of Šumadija 

and 

Western 

Serbia

Šumadija 

region

Municip

ality of 

Knic

The 

village of 

Chestin

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 

spreaders
95,378 24,206 5,143 906 28

Manure spreaders 13,371 4,334 438 73 2

Liquid manure 

spreaders
13,629 6,344 519 71 8

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

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

Type of machine Manufacturer

Required 

tractor 

power

kW/HP

The year of 

production

Age of the 

machine

(year)

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 

bales
Calvet FIAT 1996

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 

manure
Ferocoop IMT 539 2012 11

Numerous state of attached machines on the Farm





PERFORMANCE OF MACRODIVERSITY RF 
COMMUNICATION SYSTEM IN SMART AGRICULTURE

Gvozdić D. Branko, Jakšić S. Branimir, Todorović M. Jelena, 
Živić N. Jovana, Maksimović D. Vladimir 

University of Pristina in Kosovska Mitrovica, Faculty of Technical Sciences, 
Kosovska Mitrovica, Serbia

Results and discussion

Introduction

Conclusion

Materials and Methods

STATISTICAL CHARACTERISTICS OF THE SIGNAL AT THE SC COMBINER OUTPUT

SC combiner with two inputs is considered (Figure 2). k-μ fading is present at the inputs. 
Analytical expression (Eq.1) of LCR for the given system is calculated.

                  Figure 2.                                   Eq.1

Based on LCR equation, Figure 3. shows the change in LCR depending on the signal amplitude x, 
for the values of Ricean k factor and the number of clusters μ. The maximum of LCR, in the given 
sections, is significantly increased for lower values of Ricean k factor and parameter μ. Also, the 
maximum value of LCR is lower for higher values of parameter k and parameter μ.

  Figure 3: LCR at the output of the   
microdiversity SC receiver for 

different values of the 
Ricean k factor and the 

number of clusters μ

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 

amplitudes and average power of the desired signal on reception, and then, optimize the parameters of wireless transmission and the emission 

power of the signal, based on the reception characteristics. Using the results presented in this paper, the behavior of different implementations 

of RF communication systems can be predicted for different scenarios of mobile transmission and in different propagation environments of 

agricultural IoTs.

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.

SC diversity receiver selects the branch with the highest signal-to-noise ratio. If the noise power is 
the same in all branches, then the SC receiver selects the branch with the strongest signal. The k-μ 
distribution is used to describe the variation of the signal envelope in linear environments where 
there is a dominant component, when there are multiple clusters in the propagation environment, 
and when the in-phase and quadrature component strengths are equal. For all these receivers, it is 
necessary to determine the statistical characteristics of the signals at their outputs, as well as the 
performance of the wireless telecommunication system. In order to calculate the performance of 
the second order, it is necessary to determine the joint probability density of the signal and the 
first derivative of the signal at the output of the diversity receiver. Using transformation methods, 
the joint probability density and Level Crossing Rate (LCR) is determined. The LCR is determined 
as the mean value of the signal’s first derivative. Using the LCR, the average system failure time is 
determined. The mean duration time of the failure is determined using the joint probability 
density of the signals at two moments of time and their first derivatives. Figure 1. shows example 
of interconnection of agricultural IoTs with RF communication system. 
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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-μ 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 μ.

MACRODIVERSITY SYSTEM WITH TWO MICRODIVERSITY SC COMBINERS

Macrodiversity system with two microdiversity SC combiners is shown in Figure 4. Derived 
analytical expression for LCR at the output of the macrodiversity SC combiners (Eq. 2).

 Eq.2

                               Figure 4.

Figure 5. shows the normalized LCR at the output of the macrodiversity system depending on the 
signal amplitude x, for different values of Ricean k factor and depth of channel shading c. The 
maximum of LCR is reached faster for higher values of c. With an increase in factor k, LCR decreases, 
while an increase of factor c leads to LCR increase.

                                       Figure 5.                                                         Figure 6.

Figure 6. shows the change in the normalized LCR depending on factor c, for different values of k 
factor and the number of clusters μ. 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 μ and 
k. Higher values of LCR are obtained for lower values of μ and  k factor.( ) ( )
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Figure 7. shows the normalized LCR at the 
macrodiversity system output, depending on the 
number of clusters μ, for different values of the 
channel shading depth c and the correlation 
coefficient ρ. LCR decreases with the increase in 
the number of clusters μ. The decrease is much 
more pronounced for lower values of the 
parameter μ, so with its increase, LCR tends to 
zero. For higher values of the parameter c, the 
LCR decrease is much more pronounced. For 
lower values of the correlation coefficient ρ, the 
decrease in LCR is faster.

Figure 7.

Figure 3.
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STATISTICAL MODELS FOR DESCRIBING SIGNAL PROPAGATION IN FSO

For the design of a high-performance communication link for an atmospheric FSO channel, 

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.

1. Gamma-Gamma distribution 2. Log-Normal distribution

Unlike radio and microwave systems, FSO is an optical technology and no spectrum 
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 
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.

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 (IoT) 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).

Fig. 1 depicts the various areas where FSO can be implemented, such as hospitals, 
submarines, business buildings, and agriculture farms. In recent years, there has been a 
growing interest in researching and developing new ways of implementing FSO and other 
wireless communication systems in smart agriculture and precision agriculture (PA).

FSO is a new and promising technology for next-generation wireless communications, 
such as short-range wireless communications, wireless cellular networks, last-mile access, 
and free-space laser communications. FSO systems enable signal transmission with a 
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 
probability as well as high speeds in the range of up to 10 km. Compared with traditional 
RF communications, the attractive features of FSO technology include license-free 
operation, simple implementation, high data rate and high transmission security. 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.
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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 IoT 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.

3. Negative exponential distribution 4. Rice distribution

5. K-distribution 6. I-K distribution

7. Inverse-Gaussian (I-G) distribution

8. Double Weibull distribution

9. Exponential Weibull distribution

10. Exponential Weibull distribution
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