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Preface 

The Russian-Ukrainian war is the most serious geopolitical conflict since the Second 
World War and will have certainly more significant global consequences than the 
previous financial or health crises suffered in the last twenty years. 

In this particular critical moment, it is necessary to carefully analyze and evaluate 
the foreseeable repercussions on food and energy supplies and the potential impact 
on the international scene. At the same time, it appears indispensable and urgent 
to respond flexibly to current dynamics and make strategic choices consistent with 
long-term interests. 

The direct and indirect criticalities generated by the difficult situation that 
has developed in recent times have already determined negative impacts on the 
current management of agricultural production and food products, with high-risk 
consequences for the stability of numerous agri-food chains. 

These critical issues immediately have a different impact depending on the sector 
such as, for example: 

– for cereal crops, protein, and oil crops, there is the sudden unavailability of raw 
materials due to the closure of important markets, the consequent sharp rise in 
prices also due to limitations in logistics and procurement; 

– in the fruit and vegetable sector, there may be an oversupply on domestic markets 
and a drop in the remuneration of producers; 

– in the nursery and horticultural sector in hot greenhouses, the interruption of 
production processes may occur due to the increase in fuel prices for heating; 

– in breeding, the unavailability of basic raw materials for the production of feed and 
therefore for nutrition, also exacerbated by an unsustainable increase in energy 
costs, could lead to the impossibility of completing the production cycles, forcing 
farmers to resort to the slaughter of heads in full production. 

In the medium to long terms, these criticalities can aggravate some structural 
problems of agricultural systems such as, for example: 

– the growing dependence on foreign countries for genetic materials (varieties and 
hybrids) used for national crops, such as corn and wheat;

v
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– the continuing difficult situation for many companies linked to the scarce avail-
ability of necessary manpower and production costs that often exceed the 
remuneration of the products; 

– the increase in fuel costs, with an immediate impact on fruit processing and 
conditioning plants and on transport to markets. 

In this difficult and cyclical phase of instability, the eleventh edition of the 
“Farm Machinery and Process Management in Sustainable Agriculture” Interna-
tional Symposium was an opportunity to present and discuss some proposals based 
on objective criteria to be implemented in the short and medium terms to address 
the main problems and possible solutions for agriculture and for the entire agri-food 
system. 

The FMPMSA International Symposium, in large part, in responding to the ambi-
tious goal of proposing scientific and technological solutions as well as structural 
measures useful for increasing the resilience of agri-food systems. 

Bari, Italy Simone Pascuzzi 
Francesco Santoro
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The Structure of Engine Power 
of Agricultural Tractors Registered 
in Poland Between 2010 and 2020 

Artur Przywara , Artur Kraszkiewicz , Milan Koszel , 
Atanas Zdravkov Atanasov , and Stanisław Parafiniuk 

Abstract The aim of this study was to analyse changes on the new farm tractors 
market in Poland. The work covered the period between 2010 and 2020, and was 
based on new farm-tractor sales data measured by the number of registrations. The 
paper presents the semi-annual sales figures, the demand for selected tractor brands, 
and the sales of new farm tractors representing various engine power segments. 
New tractors were considered to be those registered for the first time in Poland 
with either the same or preceding year of manufacture. Between 2010 and 2020, 
over 144,000 new farm tractors were registered in Poland, with the highest number 
of tractors sold being recorded in 2012, and the lowest in 2016. Unfortunately, no 
Polish brand made its way to the top 10 of the top-selling tractors. The Polish market 
was largely dominated by tractors produced in Western Europe and the USA. The 
analysis revealed that New Holland tractors (23,780 vehicles) accounted for the 
largest number of registrations, followed by John Deere (19,453), Zetor (16,398) and 
Deutz-Fahr (10,508). The total share of these four manufacturers between 2010 and 
2020 was 48.6%. In the reference period, vehicles representing the 51–70 kW engine 
power segment had the largest share (35.17%), followed by 71–100 (24.44%), 31– 
50 (14.00%), <30 (7.68%), 101–120 (7.4%), 121–140 (4.85%), >161 (3.69%), and 
141–160 kW (2.76%). Among the farm tractors representing lower power segments, 
i.e., up to 50 kW, Kubota was the most frequently purchased brand. As regards 
higher engine power segments, i.e., 50–140 kW, New Holland tractors held market 
dominance, while in the >140 kW engine power segment, John Deere tractors were 
prevalent. 

Keywords Farm tractor · Tractors market · Sales of farm tractors in Poland ·
Registration · Engine power
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1 Introduction 

In recent years, the agricultural sector in Poland has undergone profound changes as a 
result of the country’s systemic transformation and accession to the European Union. 
In order to remain competitive, agricultural holdings must continue to modernise 
their machines. EU funds are currently one of the main sources of financing for the 
purchases of new machinery. The replacement of technical fixed assets in an average 
Polish family farm usually takes place over one generation, i.e., every 25–30 years 
[1]. This is attributable not only to the low use of machinery and the corresponding 
low technical wear and tear, but also to some financial constraints. Moreover, the 
relationship between machinery prices and agricultural-product prices is becoming 
more and more unfavourable. 

The prices of machinery and equipment are gradually increasing in line with 
technological progress and novel solutions introduced to the market. Prices are also 
influenced by the economic and political situation. Poland’s accession to the Euro-
pean Union in 2004 triggered an increase in gross prices to include VAT (22%), which 
had been suspended until that year. The implementation of the Common Agricul-
tural Policy (CAP), under which farmers receive various subsidies and grants, is also 
reflected in how producers shape prices [1]. The investments made under the “Mod-
ernisation of agricultural holdings” measure of the Rural Development Programmes 
for 2007–2013 and 2014–2020 involved the purchase of equipment. Investments 
in machinery, tools and equipment for crop production had the largest share. In 
the first Programme period, the purchase of farm tractors accounted for 37% of all 
investments in agricultural equipment [2], and in the second period – for 29.6% [3]. 

According to one study, when buying a new tractor, 91.2% of all farmers believe 
that the most important technical parameter is engine power [4]. Before making 
the purchase, Polish farmers also attach much importance to the tractor’s failure-
free performance (54.7%), and to fast access to maintenance services and spare 
parts (41.4%). Regional variations on the tractors market are similar to the national 
variations on this market [5]. Lorencowicz found that in the western regions of 
Poland, where agricultural holdings are two or three times larger than in the rest of 
the country, the tractors purchased had higher power outputs, younger age and higher 
prices (81–95 kW, 14–18 years old, PLN 168,000–186,000) [6]. In contrast, tractors 
purchased in south-eastern Poland, where agricultural holdings below 10 ha are 
prevalent, have worse parameters (76–86 kW, 14–18 years old, PLN 76,000–86,000). 

Analyses of changes in the spatial variations in the use of funds under the “Mod-
ernisation of agricultural holdings” measure of the Rural Development Programmes 
for 2007–2013 and 2014–2020 revealed that the use of these funds in the financing 
periods was significantly higher in the provinces with larger agricultural holdings 
[7]. In the first financing period, the provinces in which small agricultural holdings 
were prevalent were characterised by the highest share of holdings benefiting from 
investment subsidies in the whole group of agricultural holdings eligible for such 
support (above 20%). However, in the next financing period, the activity of farmers 
in these provinces was lower than in others, while high activity rates were observed
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in the provinces with large agricultural holdings, where the share of holdings bene-
fiting from EU aid was around 35–40%, compared to less than 20% in the 2007–2013 
financing period. 

Changes taking place in the area structure of agricultural holdings have an indirect 
impact on labour inputs, as well as on the provision of machinery and equipment 
in agriculture. The latter, in turn, has a decisive influence on the production and 
economic effects of agriculture. The development of agricultural technology in agri-
cultural holdings generally leads to positive changes in the organisation of such 
holdings. Among other factors, this is achieved through production simplification 
and increase having influence upon the concentration of agricultural land [8]. 

The economic situation on the domestic market of means of agricultural mech-
anisation, including tractors, reflects the income situation of farmers [9]. Choosing 
the right engine power appears crucial, as it has a direct bearing on the tractor price. 
Therefore, the demand for tractors is an important aspect taken into consideration 
when analysing the market of means of agricultural mechanisation. Changes in the 
market conditions affecting the profitability of agricultural holdings create the need 
for constantly monitoring the situation on the farm tractors market. It is, therefore, 
necessary to obtain information on tractor sales that accounts for their evolution over 
time [10]. 

The aim of this publication is to analyse the variability of the new farm tractors 
market, with a particular focus on the engine power of tractors registered in Poland 
between 2010 and 2020. 

2 Research Method 

The analysis of the new farm tractors market was based on their sales measured by 
the number of registrations. Data obtained from the Central Registry of Vehicles 
and Drivers (Polish abbreviation: CEPiK) were used in the study. To establish a 
uniform definition, new tractors were considered to be those registered in the year 
under analysis, with either the same or preceding year of manufacture. The data on 
tractor registrations may not be identical to the values previously reported in other 
sources due to database updates and, as additionally noted by Pawlak [9], they do 
not equal to the value of domestic supply, calculated as the sum of the number of 
manufactured and imported tractors less exports. Nonetheless, they can still be used 
to analyse the demand for new tractors, primarily in terms of the farmers’ interest in 
particular manufacturers. 

The analysis covered the seasonal nature of sales presented on a semi-annual 
basis, the demand for specific brands (manufacturers), and the breakdown of engine 
power outputs in new farm tractors registered in Poland between 2010 and 2020. 
Based on the engine power shown in the collected data and available literature [10– 
13], tractors were grouped into the following classes: <30, 31–50, 51–70, 71–100, 
101–120, 121–140, 141–160, and >161 kW.
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3 Results and Discussion 

The analysis between 2010 and 2020, over 144,000 new farm tractors were registered 
in Poland. Between 2010 and 2012, tractor sales increased from 13,163 to 18,484 
vehicles, with 2012 being the best year in terms of sales of new tractors. A gradual 
decline in the sales figures was then observed, and the lowest number (8,429 vehicles) 
of registrations was recorded in 2016. This number was lower compared to the best-
selling year by 54.4%. There were several reasons for this decline, including the 
termination of support under the Rural Development Programme for 2007–2013, the 
unfavourable situation on the milk and pork markets, which had a significant impact 
on the investment climate and the purchasing power of agricultural holdings, and a 
temporary lack of new active programmes to support the modernisation of holdings in 
terms of purchasing new agricultural machinery. Market saturation, resulting from 
increased investments supported by EU funds, also contributed to the drop in the 
sales of new tractors [14]. However, a slow rise in the sales of tractors was observed 
from 2017 to the end of the period under analysis. This resulted mostly from the 
transition period between successive Rural Development Programmes (for 2007– 
2013 and 2014–2020), which caused the suspension of investments by farmers who 
decided to wait for the funds to be provided under the next programme and who 
could not purchase a second (auxiliary) tractor under the new programme (launched 
by the Agency for Restructuring and Modernisation of Agriculture, ARMA). 

The farm tractors sold on the Polish market mainly come from Western Europe 
and the USA. Polish farmers can also purchase vehicles produced in Belarus or 
Southern Asia (India) and South-Western Asia (Japan, South Korea and the People’s 
Republic of China). 

The analysis of tractor sales between 2010 and 2015, presented on a semi-annual 
basis, showed that the first six months of the year were characterised by a higher 
number of registrations. In contrast, from 2016 to the end of the period under analysis, 
the sales pattern changed, with the first six months recording lower sales than the 
second half of the year. 

The numbers of tractor registrations in each half-year period between 2010 and 
2020 are presented in Fig. 1. 

The highest number of registrations in the period under analysis was recorded 
in the first half of 2012 (10,331 vehicles), and the lowest in the first half of 2016 
(4,022 vehicles). The year 2020 is also worth mentioning as it saw the outbreak of 
the COVID-19 pandemic, which involved a huge number of restrictions disrupting 
production and sales processes. In spite of that difficult situation, 14,379 farm tractors 
were registered in that year. 

As regards new vehicles, New Holland tractors (23,780 vehicles) accounted for 
the highest number of registrations between 2010 and 2020, followed by John Deere 
(19,453), Zetor (16,398) and Deutz-Fahr tractors (10,508). The combined share of 
these manufacturers in the total tractor sales in the period under analysis was 48.58%. 
Tractors offered by foreign manufacturers were definitely prevalent. Registrations 
of Polish tractor brands, including Ursus, Farmer and Pronar, were at low levels,
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Fig. 1 The number of registrations of new farm tractors in Poland between 2010 and 2020, 
presented on a semi-annual basis 

amounting to 3.14, 0.51 and 0.42%, respectively. In addition, Case IH could certainly 
be classified among the most popular farm tractors, as its sales between 2010 and 
2012 made it the fifth most commonly purchased tractor. From 2013, its place was 
taken by the Japanese manufacturer Kubota, which, over the following years until 
2020, achieved significantly better sales even when compared to the German Deutz-
Fahr. From 2018, Kubota even managed to exceed the Czech Zetor, which recorded 
2,137 registrations by 2020, compared to 2,756 Kubota tractors. The Belarusian farm 
tractor manufacturer (named Belarus) also attained a satisfactory result in the period 
under analysis, with 5,221 registrations, which in 2011, 2019 and 2020 translated 
into better figures than those recorded for its predecessor, Case IH. Further down the 
rankings, Class, Farmtrac, Massey Ferguson and Ursus recorded average registration 
numbers of between 4,825 and 4,547 vehicles over the analysed decade. The numbers 
of registrations of Poland’s best-selling tractors were consistent with the overall trend 
of sales increases and decreases for all manufacturers between 2010 and 2020, with 
the highest sales recorded in 2012 and the lowest in 2016. Kubota, Belarus and Ursus 
were the only exceptions, with peaking sales in 2014, 2012 and 2017, respectively 
(Table 1). 

In terms of engine power, the largest share in the registration breakdown was 
recorded for tractors in the 51–70 kW power engine segment, which accounted for 
35.17% of all sales between 2010 and 2020. A smaller share was attributable to 
71–100 kW tractors (24.44%), followed by 31–50 (14%), <30 (7.68%), 101–120 
(7.40%), 121–140 (4.85%), and >161 kW (3.69%). The smallest group (2.76%) 
comprised tractors in the 141–160 kW segment. The shares of tractor registrations 
by engine power in the past decade are presented in Fig. 2. 

As regards the sales of tractors in individual years in terms of engine power, 
the registration of new farm tractors exhibited some variations (Fig. 3). In the first 
segment, i.e. below 30 kW, no correlation (R = −0.14) was observed with respect 
to the total number of registrations. For this power range, the lowest sales were 
recorded in 2014, and then they gradually increased until 2020 to achieve the highest 
result in this class. Similar trends were observed for the following engine power
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Fig. 2 Breakdown of engine power outputs in new farm tractors registered in Poland between 2010 
and 2020 

ranges: 121–140, >161, 141–160 and 101–120 kW. The highest positive correlation 
of registrations by engine power with the total number of registrations in the years 
under analysis was observed for 71–100 kW (R = 0.91). As regards this power 
range, most tractors were sold in 2012 (5,669 vehicles) and the fewest in 2016 (2,061 
vehicles). A similar pattern concerned the 51–70 kW engine power segment (R = 
0.87), with 7,661 tractors sold in the peak year 2012, accounting for 40.86% of all 
tractors sold in that year. This was also the highest sales figure among all groups. In 
contrast, 3,117 tractors were sold in 2016. In the third group (R= 0.56), 2,216 tractors 
were sold in 2012, and slightly fewer (1,716 vehicles) in 2016. Among all engine 
power segments, the lowest number of registrations (209 vehicles) was recorded in 
2014 for tractors below 30 kW, accounting for only 1.6% of all tractors sold. It is 
also worth noting that after 2016, with sales being the lowest over the whole decade, 
only the 101–120 kW tractors did not record a higher number of registrations.

The following section presents the share of the top ten best-selling farm tractors 
in relation to the engine power ranges under analysis. The first segment concerned 
tractors below 30 kW, with Kubota (58.34%), John Deere (35.16%) and Belarus 
(6.88%) recording the highest numbers of registrations (Fig. 4), followed by Farmtrac

Fig. 3 The number of new farm tractors registered between 2010 and 2020 by engine power range
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Fig. 4 The number of tractors by selected manufacturers, registered in Poland between 2010 and 
2020, in the <30 kW engine power range 

(3.14%) and New Holland (2.33%). The share of the remaining manufacturers was 
below 0.5%.

As regards the second segment, i.e., 31–50 kW (Fig. 5), New Holland recorded 
the highest number of tractors sold (26.32%), followed by Kubota (22.86%), Deutz-
Fahr (12.69%), Farmtrac (12.19%) and John Deere (10.22%). Lower shares were 
attributable to the following manufacturers: Zetor (7.90%), Case IH (6.13%) and 
Massey Ferguson (1.67%), while the overall share of the remaining manufacturers 
did not exceed 1%. 

In the third power segment, i.e., 51–70 kW, which comprised the most numerous 
group in terms of registrations, the best-selling tractor manufacturer was Zetor, with 
a share of 24.16% (Fig. 6). New Holland was rated second (22.26%) with the best 
sales result recorded in 2012 (1,577 vehicles). Johne Deere (14.53%), Deutz-Fahr 
(10.47%), Belarus (9.92%), Farmtrac (9.06%), Case IH (8.24%) and Kubota (5.65%) 
were next, while the overall share of the remaining manufacturers did not exceed 
5%.

Fig. 5 The number of tractors by selected manufacturers, registered in Poland between 2010 and 
2020, in the 31-50 kW engine power range
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Fig. 6 The number of tractors by selected manufacturers, registered in Poland between 2010 and 
2020, in the 51–70 kW engine power range 

The fourth important group in terms of registrations was composed of tractors in 
the 71–100 kW engine power segment (Fig. 7), in which the largest seller was the 
US-based New Holland (24.07%) with 6,707 vehicles registered in the entire period 
under analysis. John Deere, also from the USA, was rated second (21.86%), followed 
by Zetor (14.42%), Deutz-Fahr (13.71%), Class (6.92%), and Case IH (6.86%). The 
remaining manufacturers contributed to less than 5% of the registered vehicles.

In the next engine power segment, i.e., 101–120 kW, the best outcome was 
recorded by John Deere (32.58%), with 2,524 vehicles sold, attaining the highest 
sales figures in 2012 amounting to 438 vehicles (Fig. 8). This was the only group that 
did not record a sales growth between 2016 and 2020. Another favourable result was 
recorded by New Holland (25.76%), with 1,996 vehicles sold over the decade. Deutz-
Fahr (14.07%), Class (12.88%), Massey Ferguson (7.53%), and Kubota (5.64%) 
came next, while the overall share of the remaining manufacturers did not exceed 
5%.

Fig. 7 The number of tractors by selected manufacturers, registered in Poland between 2010 and 
2020, in the 71–100 kW engine power range
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Fig. 8 The number of tractors by selected manufacturers, registered in Poland between 2010 and 
2020, in the 101–120 kW engine power range 

Among tractors in the 121–140 kW power range, New Holland proved to be 
the unrivalled manufacturer (48.70%), with 2,208 vehicles sold in whole registration 
period under analysis (Fig. 9). It recorded its best sales in 2020, amounting to 281 trac-
tors. In this group, five manufacturers had a dominant position on the Polish market, 
including John Deere (24.02%), Massey Ferguson (8.40%), Deutz-Fahr (7.76%) and 
Class (7.06%).

In the last but one segment, i.e., 141–160 kW, which comprised the lowest number 
of registered tractors, only three tractor brands recorded meaningful figures (Fig. 10). 
The first of these was John Deere (40.21%), which recorded a total of 895 registra-
tions, attaining the best result in 2020 with 178 vehicles sold. It was followed by 
New Holland (35.44%) with 789 vehicles sold, and by Class (11.14%) with 248 
registrations. 

The most powerful segment (over 161 kW) was dominated by John Deere 
(44.97%) with total sales of 1,789 vehicles, out of a total of 3978 vehicles in the

Fig. 9 The number of tractors by selected manufacturers, registered in Poland between 2010 and 
2020, in the 121–140 kW engine power range
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Fig. 10 The number of tractors by selected manufacturers, registered in Poland between 2010 and 
2020, in the 141–160 kW engine power range 

whole group. Tractors representing this engine power range showed almost no corre-
lation (R = 0.03) to the overall pattern of registrations over the period under analysis. 
Despite their small share in total sales, the best-selling brands, along with the above-
mentioned John Deere, once again included New Holland (25.84%) with 1,028 vehi-
cles sold, and Class (15.21%) with 605 vehicles sold. Some manufacturers, such as 
Belarus, Farmtrac, Kubota and Zetor, recorded no sales of tractors representing this 
engine power segment due to the fact that they were not marketed in Poland or were 
not produced.

Of the eight engine power ranges of farm tractors identified, the following three 
segments had the highest shares: 31-50, 51–70 and 71–100 kW (Fig. 11). Among 
these, the US-based New Holland was rated first. As regards the first segment, it had 
a share of 13.99% in the entire Polish farm tractor market, advancing to the leader 
position. In the second segment, its share of 14.52% put it in the second position, and 
in the third segment it was also in the lead, with a share of 18.66%. With 108,251 
registered tractors in these three segments, the manufacturer sold 17,095 vehicles, 
maintaining its share at the level of 15.79%. The second largest manufacturer, as 
regards the share in sales, was Zetor (12.03%) with 13,028 vehicles sold, and the 
third was John Deere (11.18%) with 12,105 vehicles sold (Fig. 12). 

As revealed by the analyses, the farm tractors market between 2010 and 2020 was 
characterised by high volatility. The demand for farm tractors undoubtedly reflected 
changes in Polish agricultural holdings in the period under analysis. Thanks to EU 
funds, the demand for farm tractors was high, especially for those with engine power 
of 31 to 100 kW. Young farmers, when purchasing farm tractors as part of the subsidies 
for young farmers, not only took into account the applicable selection rules, but 
also the machinery park they own. Research conducted by Buchowski found that 
incomplete saturation of agricultural land would contribute to purchases of tractors 
with greater power, which farmers are normally reluctant to do, mainly because they 
are afraid they would have to replace most machines collaborating with the tractors. 
In this respect, tractor purchases are rational [15]. Nonetheless, the demand for high-
powered farm tractors has been on the rise. As the western and northern provinces of
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Fig. 11 The number of tractors by selected manufacturers, registered in Poland between 2010 and 
2020, in the >161 kW engine power range 

Fig. 12 The percentage shares of registrations of selected manufacturers in Poland between 2010 
and 2020 in the following engine power segments: a 31–50, b 51–70, and c 71–100 kW 

Poland are characterised by agricultural holdings occupying larger areas, they require 
more powerful tractors. In addition, holdings situated in these regions have both 
greater income and more opportunities to obtain EU funds. Changes in production 
technology, attempts to increase efficiency, the improving economic situation, as 
well as the gradual specialisation and concentration of production in development-
oriented holdings were other factors contributing to such tendencies. 

4 Conclusions 

Between 2010 and 2020, more than 144,000 farm tractors were registered in Poland. 
The highest sales were recorded in 2012 with 18,484 vehicles registered, while the 
lowest was in 2016, with 8429 vehicles registered – this was 54.4% less compared 
to the best-selling year. Tractor purchases were influenced by access to EU funds 
and support programmes, as well as by the unfavourable situation on the agricultural
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crops market. Of note is also the fact that in 2020, despite the difficult situation 
related to the outbreak of the COVID-19 pandemic, tractor registrations continued to 
display an upward trend and were about 20% higher than in the previous year, with 
14,379 vehicles registered. 

Between 2010 and 2020, most tractors registered in Poland were those repre-
senting the 51–70 kW engine power segment, accounting for 35.17% of all trac-
tors sold. The second most popular power segment was 71–100 (24.44%), followed 
by 31–50 (14%), <30 (7.68%), 101–120 (7.40), 121–140 (4.85%), and > 161 kW 
(3.69%). The smallest group (2.76%) included tractors representing the 141-160 kW 
engine power segment. 

Among the three most popular engine power segments, the best sales were 
recorded by the following manufacturers: New Holland, Zetor and John Deere. In 
terms of the highest number of registrations in all segments, New Holland proved 
to be the leader (23,780 vehicles), followed by John Deere (19,453 vehicles), Zetor 
(16,398 vehicles) and Deutz-Fahr (10,508 vehicles). The combined share of these 
four manufacturers between 2010 and 2020 was 48.6%. 
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Tillage Quality and Draught Force 
of a Novel Plough Concept 
with Cambered Disc 

Gerhard Moitzi, Christian Rechberger, Franz-Ferdinand Huber, 
Matthias Trimmel, and Helmut Wagentristl 

Abstract A prototype of a novel plough system (“hybrid plough”), invented by 
Huber Solution GmbH was tested on a silty loam soil according tillage quality (in-
soil mixing of residual plants, soil loosening, soil penetration resistance). Reference 
system was a mouldboard plough. The draught force was measured for light and 
heavy soil conditions additionally. 

Results show, that the working principle of the “hybrid plough” has a better in-
soil mixing of the residual plants, where residual plants were also detected on the 
soil surface. Soil loosening efficiency was higher, indicated by a significant lower 
mean-weight diameter of soil aggregates than mouldboard ploughing. There were 
no significant differences of the soil penetration resistance between “hybrid plough” 
and mouldboard plough. At heavy soil conditions, the “hybrid plough” had more than 
20% significant lower draught force requirement compared to mouldboard plough. 
This potential energy saving effect is explained by a lower pull-, push and shear 
forces for soil loosening. 

Keywords Hybrid disc plough · Soil loosening · Soil aggregate size distribution ·
Soil penetration resistance · Draught force
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1 Introduction 

The machinery stock, fuel consumption and work time are crucial economic factors 
for the profit potential in the arable farming sector. Mouldboard ploughing is still a 
widely used tillage method in Europe under difficult conditions (heavy soils in humid 
regions). It is based on high intensity of soil engagement and inversion of the soil. 
Mouldboard generates large aggregates and a rough soil surface. The soil is over-
loosened and the residual plants are buried to a deeper soil horizon. A follow-up 
by secondary tillage in order to prepare a seedbed, where the soil is stratified re-
compacted is necessary. The main advantage of the system is to produce controlled 
soil conditions, a thorough loosening and a field clear of plant residues. Plant residues, 
weed seeds or shattered seeds are buried totally. Furthermore, tractors running in the 
furrow and there is the risk of ploughpan compaction [1]. 

An alternative to the mouldboard plough is the disc plough, which is widely used 
in arid climates as it is less susceptible to the obstacles in the soil and to rough 
conditions [2, 3]. According CIGR [1], the quality of inverting and crumbling the 
soil is lower than with the moldboard plough, and great amounts of organic residue 
can be a problem. In comparison to mouldboard plough, the bottom of the furrow 
ground generated by disc plough is not level. It has a “moutainous” shape. 

A replacement of the mouldboards plough through a cultivator reduced the work 
time and fuel consumption for soil tillage as well as the energy consumption per 
moved soil matter about more than 50% [5]. The geometry of the tools in the tillage 
implement has a great influence on specific draught force [3–5]. 

Previous studies have shown, that disc ploughs can be advantageous on heavier 
soils and show up potential for lower specific draught force requirements [7, 8]. In 
contrast to mouldboard ploughs, disc ploughs have a better incorporation of crops 
residues through mixing effects [9]. In addition, rotating cutting tools usually show 
less wear compared to rigid ploughshares. Disc harrows, on the other hand, are not 
suitable for greater working depths, especially on heavier soils. 

From the point of tillage quality and energy saving, a novel ploughing concept 
was developed (Fig. 1). The aim was to combine the functional advantages of the 
mouldboard plough (e.g. equal loosening to an even furrow level) with disc plough 
(e.g. lower draught force requirement, better mixing of plant residues into the soil). 
In serveral functional field experiments in Austria, a prototype of a hybrid plough 
(Figs. 1 and 4) was tested according tillage quality (soil coverage with residual plants, 
soil aggregate distribution and soil penetration resistance) and draught force.
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Fig. 1 Hybrid plough (cambered disc and disc for horizontal soil cutting) 

2 Materials and Methods 

2.1 Site Description 

The field experiments for tillage quality assessment were carried out at the Exper-
imental Station of the University of Natural Resources and Life Sciences, Vienna 
(BOKU) in Groß-Enzersdorf (48◦12'1.79'' N, 16◦33'33.75'' E) in calcaric chernozem 
with silty loam (36% sand, 44% silt, 20% clay). The soil organic matter is 16.3 g kg−1. 

The moisture content at the experiment was measured with soil moisture meter 
(Delta – T Devices HH2 moisture meter with WET Sensor Wet-2, Cambridge, 
England) and was for the tillage quality measurement between 15% and 16%, which 
were well suitable for tillage. 

The draught force measurements were conducted at the research site of the Higher 
Federal Education and Research Institute of Agriculture, Agricultural Engineering 
and Food Technology (HBLFA) Francisco-Josephinum in Wieselburg (48◦07'28.6'' 
N, 15◦08'48, 7 E). The soil type of the field plot was an alluvial loess/loamy silt. The 
gravimetric water content was 19.4% with a standard deviation of 0.8% and the bulk 
density 1,384.7 kg m−3 with a standard deviation of 30.7 kg m−3 (n = 6). 

2.2 Design of the Hybrid Plough 

The hybrid plough (Fig. 1) is a result of a long-term development process driven 
by the Huber soil solution GmbH, Austria. The aim was to develop a plough with 
rotational tools to increase the loosening efficiency with low draught force and energy 
requirement. A four reversible furrow mouldboard plough was modified to a hybrid
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Fig. 2 Cambered disc with knife blade for horizontal soil cutting 

plough, with cambered disc and tools for horizontal soil cutting. For horizontal soil 
cutting, two kind of tools were equipped: disc (see Fig. 1) and knife blade (see Fig. 2). 

2.3 Experimental Design 

Tillage quality test was carried out on an arable field after harvest of soybean at the 
experimental site Groß-Enzersdorf and nearby site Raasdorf (same soil condition). 
The hybrid plough was compared with a reversible four furrow mouldboard plough. 
The working width and working speed were set to 20–25 cm and 6–7 km h−1, 
respecitively. The plots were 400 m long. The tillage quality was assessed with three 
measured parameters after tillage: soil coverage with residual plants, soil aggregate 
distribution and soil penetration resistance. 

For the draught force measurement at Wieselburg, the plot was divided into 
sections according soil texture (Fig. 3). Each section had a length of approximately 
70 m in direction of tillage. 

2.4 Tillage Quality Assessment 

The soil coverage with residual plants were detected with optical image proccessing 
approach, developed by Josephinum Research, Austria (https://soilcover.josephinu 
m.at/). Eight digital images were taken with a compact camera from each treatment 
and analysed with SoilCover online. 

The soil samples for the soil aggregate distribution measurement were taken care-
fully with a spade (25 × 25 cm) from the loosend soil (0–10/15 cm) and filled in 
a paper bag. Before sieving, the soil samples were air-dried in a glasshouse. Seven 
samples were taken of each treatment. The dry sieving analysis (mesh size: 40, 20,

https://soilcover.josephinum.at/
https://soilcover.josephinum.at/
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Fig. 3 The field trial plot at Wieselburg with the clay contents in percent. The plot was divided into 
two parts: “Light soils” (green rectangle on the left) and “Heavy soils” (red rectangle on the right) 

Fig. 4 Experimental setup for comparative draught force measurements 

10, 5, 2.5, 1.25 und <1.25 mm) was carried out with a vibratory sieve shaker (Retsch 
AS 200, Haan, Germany) with the adjusted amplitude of 1.3 mm and acceleration of 
gravity of 18.75 g). One sieving analysis took 2 × 15 s. The sieving fractions were 
weighted with a precision scale (0.1 g). 

The mean-weight diameter (MWD) was calculated with the seven sieving 
fractions according Eq. 1. 

MW D  = 
Σ 

(ni×di ) 
Σ 

ni 
(1) 

MWD: mean-weight diameter (mm). 
ni: weight of the sieving fraction in the mesh size i (g). 
di: mean diameter of the mesh size i (mm). 
Soil penetration resistance was measured with a cone penetrometer (Eijkelkamp, 

The Netherlands) (60° cone and 1 cm2) to a depth of 40 cm. For each treatment, seven
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cone penetrations were recorded and presented in mean soil penetration resistance 
(MPa) for the soil depth 0–5, 6–20, 21–25 and 26–40 cm. 

2.5 Draught Force Measurement 

For the comparative draught force measurements, a three furrowed reversible mould-
board plough was equipped with disc type modules on one side (Fig. 2). The forces 
at the three-point-linkage were determined with the in-house developed triaxial force 
measuring device in combination with an IMC CRONOS-SL-4 data acquisition 
system. 

The tillage depth was set to 22 cm and could kept constant within small deviations 
for both ploughs. Due to limitations in the adjustment range of the hybrid plough, 
the total working width could not be set to the same value as for the mouldboard 
plough. Hence the effective total working width was 1.35 m for the mouldboard 
plough and 0.96 m for the hybrid plough. Target forward speed was chosen to be 
2.2 m s−1 (8 km h−1). From the raw data of the force measurement, a mean value 
was calculated for each field length of 10 m. Three repetitions per treatment resulted 
in a sample of 21 values per treatment for statistical evaluation. For consideration of 
different working widths of both implements, the drought force was related to the 
tilled cross-sectional area (specific drought force in kN m−2). 

2.6 Statistical Analysis 

All analyses were conducted using IBM® SPSS® Statistics 21. The requirements 
for analysis of variance were tested with the Levene test and assessment of normal 
distribution of residues. One-factorial analysis of variance (ANOVA) was carried out 
for soil coverage with residual plants, soil aggregate distribution and soil penetration 
resistance testing treatments (“hybrid plough” with knife blade for horizontal soil 
cutting, “hybrid plough” with disc for horizontal soil cutting, mouldboard plough-
reference). Draught force affected by soil type (heavy soil, light soil) and plough 
(hybrid plough, mouldboard plough) was tested with two-factorial ANOVA. Multiple 
comparison tests to separate means were carried out with the Student–Newman– 
Keuls procedure (p < 0.05).
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3 Results and Discussion 

3.1 Tillage Quality 

As expected, no residual plants of soybeans were detected after mouldboard 
ploughing (Figs. 5 and 6). After ploughing with a hybrid plough, residual soybean 
plants were found on the soil surface. 

At the experimental site Groß-Enzersdorf (Fig. 5), the mean coverage of residual 
plants was 5.4% (hybrid plough with knife blade) and 6.4% (hybrid plough with 
disc) and at the experimental site Raasdorf (Fig. 6) 6.6 and 6.7%, respectively. 

During ploughing, different forces are applied to the soil, such as shearing, 
compression, deformation, impact and acceleration [1]. The results are a loosened 
soil with different soil aggregate fractions (Tables 1 and 2), as an effect of cutting, 
crumbling, inversion, mixing, leveling and shaping in a particular section profile of 
the soil. 

At the two experimental sites, in the soil samples from the loosened top soil (0– 
10/15 cm) plant residues were found (Tables 1 and 2) in the hybrid plough treatment, 
indicated that the plant residues were better mixed with the soil. This better incorpo-
ration effect promotes biological degradation and humification of the plant residues. 
Totally buried plant residues, which is carried out by mouldboard plough, generates 
dry stabilized plant residues layer in arid and semi-arid regions. In humid regions, 
there is a risk of anaerob decomposition with greenhouse gas emissions (N2O and 
CH4).

Fig. 5 Soil coverage with residual plants in different tillage treatments. Boxplots with median, 
Experimental site: Groß-Enzersdorf
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Fig. 6 Soil coverage with residual plants in different tillage treatments. Boxplots with median. 
Experimental site: Raasdorf 

Table 1 Soil aggregate fractions (%) and mean-weight diameter as well as plant residues (%), 
experimental site: Groß-Enzersdorf 

Hybrid plough Mouldboard plough 

Knife blade for horizontal 
soil cutting 

Disc for horizontal soil 
cutting 

>40 mm 6,7a* 18,0a 39,1b 

20–40 mm 3,0a 13,9c 6,3b 

10–20 mm 11,8 14,7 11,0 

5–10 mm 17,0b 12,8ab 10,6a 

2.5–5 mm 17,0b 11,4a 9,2a 

1.25–2.5 mm 14,8b 9,1a 7,9a 

<1.25 mm 29,6b 19,8a 15,9a 

MWD (mm) 8,9a 18,8b 28,3c 

Plant residues 0,1b 0,2b 0,0a 

* Significant differences for the tillage implement effect are shown with small superscript letters

Soil aggregate fractions and the mean-weight diameter differed between hybrid 
plough and mouldboard plough (Tables 1 and 2). Hybrid plough generates smaller 
soil aggregates than mouldboard plough, indicated that acceleration forces on the 
cambered disc induced additional soil breaking. Similar results were also determined 
in a previous work by visual detection of the soil roughness using a stereo camera 
[10, 11].
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Table 2 Soil aggregate fractions (%) and mean-weight diameter as well as plant residues (%), 
experimental site: Raasdorf 

Hybrid plough Mouldboard plough 

Knife blade for horizontal 
soil cutting 

Disc for horizontal soil 
cutting 

>40 mm 21,0a* 15.3a 44,4b 

20–40 mm 8,4 7,9 8,6 

10–20 mm 11,3 12,4 9,7 

5–10 mm 12,4a 17,1b 9,8a 

2.5–5 mm 12,2 13,8 8,8 

1.25–2.5 mm 10,7b 12,0b 6,1a 

<1.25 mm 23,5b 21,0b 12,8a 

MWD (mm) 18,5a 15,5a 31,8b 

Plant residues 0,5b 0,6b 0,0a 

* Significant differences for the tillage implement effect are shown with small superscript letters 

The statistically significant effect between the knife blade and disc for horizontal 
soil cutting of the hybrid plough at the experimental site Groß-Enzersdorf (Table 1) 
could be explained by the lower working depth whereby the loosening effect of the 
soil on the cambered disc is more intensive. 

Soil penetration resistance (Table 3) in the topsoil (0–25 cm) was not affected 
by the three ploughing treatments. Hybrid plough with knife blade tended to higher 
soil penetration in the subsoil (26–40 cm) and resulted in significant higher mean 
soil penetration in whole soil depth of 0–40 cm. The reasons could not be clearly 
explained. 

Table 3 Mean soil penetration resistance (MPa), experimental site: Raasdorf 

Hybrid plough Mouldboard plough 

Knife blade for horizontal soil 
cutting 

Disc for horizontal soil cutting 

0–5 cm 0,3 0,3 0,2 

6–20 cm 0,4 0,5 0,4 

21–25 cm 1,4 0,9 1,0 

26–40 cm 4,6 3,6 3,6 

0–40 cm 2.2b* 1,3a 1,3a 

* Significant differences for the tillage implement effect are shown with small superscript letters
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Fig. 7 Boxplots of the specific drought force for both plough types at heavy and light soil conditions 

3.2 Draught Force 

The mean measured specific draught force was on the heavy soil 48.6 kN m−2 and 
on light soil 32.5 kN m−2, respectively, which was significant different (p < 0.001). 
On heavy soils, the hybrid plough showed a significant lower specific draught force 
than the mouldboard plough (40.7 vs. 53.9 kN m−2, p < 0.001). On light soils, the 
hybrid plough and the mouldboard plough did not differ significantly (34.4 kN m−2 

vs. 31.2 kN m−2, p  = 0.059) (Fig. 7). 
These results confirm the findings of previous studies, where disc ploughs have 

potential advantages in terms of draft requirements, especially on heavier soils. 
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Theoretical Study of the Trajectory 
of Movement of a Ploughing Aggregate 
with a Reversible Plough 
on the Headlands 
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Volodymyr Nadykto, Semjons Ivanovs, Aivars Aboltins, Hryhoriy Kaletnik, 
Francesco Santoro , Francesco Vicino, and Janusz Nowak 

Abstract Ploughing with reversible ploughs is increasingly used. Their main advan-
tage is that the aggregates based on them allow ploughing without formation of dump 
ridges and breakup furrows (i.e. ensure formation of a smooth field surface). The 
trajectory of the movement of the ploughing aggregate with a reversible plough on 
the headlands has its own specifics and length due to the fact that the aggregate moves 
across the field in a shuttle way (i.e., processing is constantly carried out at the butt 
in relation to the previous pass). This trajectory depends on the length of the culti-
vated field and the working width of the plough. In comparison with the conventional 
aggregates the total length of the path of movement of the ploughing aggregates with 
reversible ploughs on the headland under certain conditions may be much larger. As 
estimated indicators in the work there are taken the total lengths of the trajectories 
of movement of the ploughing aggregates with reversible and conventional ploughs 
on the headland. On the basis of theoretical studies comparative calculated graphic
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dependences of the length of the trajectory of the movement of the ploughing aggre-
gates were constructed for various lengths of the track (length of the cultivated field) 
and various plough widths. It will be an obvious advantage of the ploughing aggre-
gate as part of a wheeled tractor with a minimum turning radius of not more than 
5.3 m with a field length of 1400 m. 

Keywords Turn · Headland · Ploughing width · Length of the field · Shuttle-like 
movement 

1 Introduction 

Reversible ploughs of various designs are widely used in the world [1–4]. 
The developers of these machines, together with the researchers, pay great atten-

tion to the improvement of the plough bodies and other elements [5–8]. In agrotech-
nical terms, they are interested to improve the running stability and performance 
quality of reversible ploughs both in a horizontal and a longitudinal-vertical plane 
[9, 10]. 

It should be noted that during the main operations the mode and trajectory of 
movement of the ploughing aggregates with reversible and conventional ploughs 
have no fundamental difference. This difference manifests itself when running of 
these ploughing aggregates on the headland. 

The main advantage of the reversible ploughs is their ability to perform ploughing 
without tailing ridges and back furrows (Fig. 1) [11]. In this case the machine-and-
tractor aggregate moves in a shuttle-like manner. In the process of moving on the 
headland, it makes loopy and, as a rule, pear-shaped turns. But the execution of 
such a maneuver is more complicated than, for instance, a loopless turn. And this 
complexity is the higher, the smaller is the width of the ploughing aggregate [12, 
13]. 

When ploughing with a conventional plough, the ploughing aggregate with a 
working width Bp also performs loopy pear-shaped turns. But it does this only at the 
initial stage of work. And this stage continues until, after n passes of the aggregate, 
the width of the ploughed area (Sp) becomes equal to, or greater than twice, the 
minimum turning radius (Ro) of the tractor [14]: Sp = n · Bp ≥ 2 Ro. After that such 
a ploughing aggregate makes ordinary loopless turns with a rectilinear section. 

As a result, it may turn out that, under certain conditions of work on the headlands 
of the field, the total length of the path of movement of the ploughing aggregates 
with reversible and conventional ploughs will be different. Because of this, the time 
spent by them for non-useful work will also be different. An aggregate with a large 
value of such time will have a lower performance and worse indicators of the specific 
fuel consumption. A priori assuming an increase in the non-productive time, spent 
by the ploughing aggregate with a reversible plough, the researchers propose certain 
solutions to this problem. One of them is the equipment of the ploughing aggregate 
with a reversible plough of special navigation systems [15]. Another solution is to
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Fig. 1 Ploughing with a reversible plough 

complicate the design of the tractor itself [16, 17]. It is a special device in the form 
of an additional support wheel which, after the unit has entered the headland, raises 
the front steering wheels of the tractor. As a result, turning of the aggregate takes 
place relative to the support point of the left or right rear wheel of the tractor that 
is braked during the turn. According to research data such a change in the design 
of the tractor reduces the width of the turning lane of the aggregate by 50%. In 
addition, the reduction in turning time reaches 35%. It should be emphasized that in 
practice the arable plots quite often have a shape that differs to varying degrees from 
the rectangular one. The choice of the optimal trajectory for turning the ploughing 
aggregate with a reversible plough, when working under such conditions, is a subject 
of research [18–22]. 

However, the authors of this article did not find studies that would allow giving a 
comparative assessment of the modes of movement of the ploughing aggregate on the 
headland, based on a reversible and a simple plough. Moreover, there are practically 
no such data for individual ploughing aggregate, gained on the basis either of a reverse 
plough or a conventional plough. As a result, this state of affairs does not allow one 
to decide more or less unequivocally on the expediency of using a reversible plough 
instead of a conventional one. In view of the foregoing, the present article is devoted 
to solving this problem)”.
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2 Materials and Methods 

As indicators for estimation here were selected the total lengths of the trajecto-
ries (paths) of movement the ploughing aggregates with reversible ( 

Σ 
Lxp) and 

conventional ( 
Σ 

Lxs) ploughs on the headland. 
For their calculation, we used our previously obtained theoretical assumptions 

(Bulgakov et al., 2016): 
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where E – the path of movement of the ploughing aggregate on the headland before it 
begins to turn, m; Lp – the length of the arable area of the field, m; nbp − the number 
of the loopless turns, performed by the ploughing aggregate with a conventional 
plough. Their number is determined from the following equation: 

nbp = I nteger  
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/
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The designations of the remaining parameters, included in Eqs. (1)–(3), are 
indicated above in the text of the article. 

In the research there were evaluated ploughing aggregates the ploughs of which 
are equipped with 0.35 m wide bodies. The smallest working width of the compared 
ploughing aggregates Bp = 1.75 m, and the largest - Bp = 3.15 m. These values 
correspond to the plough designs with 5 and 9 bodies, respectively. 

A tractor was selected as the base one the minimum turning radius of which was 
changed within a 4–7 m range. The following values of parameter E corresponded 
to the ploughing aggregates composed on the basis of such a tractor were: 8.5; 9.5; 
10.5; 11.5; 12.5 m. 

The value of the length of the arable plot in the theoretical calculations was 
changed within a range Lp = 600–1400 m.
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3 Results and Discussion 

Dependences (1) and (2) were obtained by comparing the operation of the ploughing 
aggregates with reversible and conventional ploughs on an arable plot of optimal 
width (Copt , m). The value of this indicator is determined from the following 
relationship [23, 24]: 

Copt = 
/
2 · ( 8R2 

o + Bp L p 
) 

(4) 

The results of calculations using dependencies (1) and (2) show that, when the 
operating width Bp of the compared ploughs changes from 1.75 to 3.15 m, the values 
of the optimal width of the arable plots Copt change from 50 to about 95 m (Fig. 2). 

The smallest range of variation of this parameter (from 50 to 63 m) occurs at the 
field length Lp = 600 m (the red line 1, Fig. 2) but the largest (from 72 to 93 m) 
at Lp = 1400 m (red line 3). This fact indicates that the intensity of growth of the 
optimal width of the arable land is directly dependent on the increase in the length 
of the field. This fact indicates that the intensity of the growth of the optimal width 
of the arable land is directly dependent on the increase in the length of the field.

Fig. 2 Dependence of the optimal width of the arable plot ( ) and its area (—) upon the operating 
width of the plough for various lengths of the field: 1 − Lp = 600 m; 2 − Lp = 1000 m; 3 − Lp = 
1400 m



32 V. Bulgakov et al.

A quantitatively different but qualitatively similar nature of the change corre-
sponds to the dynamics of the growth of the arable land area as parameters Bp and 
Lp increase (the black lines, Fig. 2).

When processing plots with such optimal values of the width and area, it turned 
out that expedience of using a ploughing aggregate with a reversible plough depends 
significantly on the length of the field. With the value of this parameter at the level 
of 600 m, the path travelled by the ploughing aggregate with a reversible plow on 
the headland for all values of the machine-tractor unit operating width is greater 
(curves 1, Fig. 3).The equality of the values of the indicators ΣLxp (the reversible 
plough) and ΣLxs (the ordinary plough) takes place at point A. This corresponds to 
the maximum value of parameter Bp = 3.15 m. At the minimum value of parameter 
Bp = 1.75 m indicator ΣLsp is by 13% higher than the similar indicator ΣLxs. 

Analysis of these results leads to the conclusion that, when the length of the 
working area of the cultivated field is 600 m, the use of the ploughing aggregate with 
a reversible plow is not expedient. 

When the field length is 1000 m and the plough working width is 1.75 m, the 
conventional ploughing aggregate has again an advantage, though a minimal one. 
The equality of the values of indicators ΣLxp and ΣLxs occurs at point B (Curves 2, 
Fig. 3), which corresponds to the plough width of 1.9 m. With a further increase in 
the value of this design parameter, the advantage passes to the ploughing aggregate 
with a reversible plough. At Bp = 3.15 m indicator ΣLxp becomes less by 13% than 
the similar indicator ΣLxs. 

Fig. 3 The path of movement of the ploughing aggregate with a reversible ( ) and a conventional 
(—) plough on the headland upon the width of the plough at different values of the length of the 
field: 1 − Lp = 600 m; 2 − Lp = 1000 m; 3 − Lp = 1400 m
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Fig. 4 The path of movement of the ploughing aggregate with a reversible ( ) and a conventional 
(—) plough on the headland upon the minimum turning radius of the tractor at various values of 
field length: 1 − Lp = 600 m; 2 − Lp = 1000 m; 3 − Lp = 1400 m 

The ploughing aggregate with a reversible plough gains full advantage when 
working on a field the length of which is 1400 m (Curves 3, Fig. 3). In this case the 
decrease in indicator ΣLxp as compared to the similar indicator ΣLxs increases from 
5% (at Bp = 1.75 m) to 20% (at Bp = 3.15 m). 

When the length of the field is 600 m, the length of the trajectory of the aggregate 
with a reversible plough will be longer than usual for any value of the minimum 
turning radius (Curves 1, Fig. 4). When the length of the field is 1000 m, the situation 
depends on the value of parameter Ro. At  Ro ≤ 5.3 m, the aggregate with a reversible 
plow has the best performance. In this case the value of indicator ΣLxp is less than 
the value of indicator ΣLxs (Curves 2, Fig. 4). At point B, which corresponds to 
the value of parameter Ro approximately 5.3 m, the difference between the values 
of these indicators is equal to zero. With further increase in the minimum turning 
radius of the tractor (and in this case, of the entire aggregate), a ploughing aggregate 
with a conventional plough becomes more efficient. A qualitatively similar result 
takes place when the length of the arable field is 1400 m. The only difference is that 
the preference of the ploughing aggregate with the reversible plough is maintained 
when the value of parameter Ro is increased to about 6.6 m (Curves 3, Fig. 4). At 
Lp = 1400 m the efficiency of the ploughing aggregate with a reversible plough has 
the greatest value when parameter Ro has a minimum value, i.e., 4 m. In this case, 
the value of the estimation indicator ΣLxp is by 20% less than the value of indicator 
ΣLxs. It should be added to the above analysis that the practitioners are aware of 
the technological methods that allow the operation of the ploughing aggregate with



34 V. Bulgakov et al.

a conventional plough virtually without any dump ridges and breakup furrows. One 
should not forget the fact that the ordinary plough is almost three times cheaper and 
much less complicated than the reverse one. All this indicates that without justified 
analysis the use of the latter may not be economically profitable. That is why the 
above research results may be useful when substantiating the choice of the type of 
the plough. 

4 Conclusions 

From the point of view of the length of the trajectory of movement the expediency 
of using a ploughing aggregate with the reversible plough essentially depends on the 
length of the field and the working width of the aggregate. With the value of this 
parameter at the level of 600 m, the use of a ploughing aggregate with the reversible 
plough instead of the usual one is characterised by an increase in the total path of its 
movement on the headland. When the working width of the aggregate is increased 
from 1.75 to 3.15 m, this growth takes place at any (from those considered in the 
calculations) minimum turning radius of the tractor, and it reaches 13%. 

When the length of the field is 1000 m, the advantage of the ploughing aggregate 
with a reversible plough over the conventional one takes place at a working width of 
more than 1.9 m, and with a minimum tractor turning radius of less than 5.3 m. 

Full advantage of the ploughing aggregate as part of a wheeled tractor with a 
minimum turning radius of not more than 6.3 m and a reversible plough takes place 
at the length of the field 1400 m. In comparison with the usual one, the total path of 
movement of such an aggregate on the headland, depending on its working width, is 
reduced by 5–20%. 
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Abstract Improving the quality indicators of the operation of potato harvesters 
under difficult soil and climatic conditions is an urgent scientific and practical task. 
The paper reflects a research of the impact upon the quality of operation of two 
kinds of potato diggers of an experimental design for additional levelling of a heap 
(mass of soil, potato tubers, plant residues, etc.) on the conveyor. This device evenly 
distributes the potato heap along the plane of the main rod elevator, improves the 
separation conditions, reduces the total loss of tubers from 2.5 to 0.8%, that is, 3.1 
times. A rational mode of operation of the digger has been determined, which, under 
these conditions, provides acceptable values for the losses and damage to the tubers. 
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1 Introduction 

Potato growing is an important branch of agricultural production in many coun-
tries of the world [1–3]. Potato harvesting is the most labor-intensive technological 
process in potato production [4–6]. Experience of the operation of potato harvesters 
shows that they do not always ensure high-quality potato harvesting; and they do not 
provide sufficient reliability of the technological process [7, 8]. The shortcomings are 
especially pronounced when working on heavy loamy and wet soils. In many coun-
tries, for harvesting potatoes in relatively small areas or on waterlogged soils potato 
diggers are used, which, compared to the expensive potato harvesters, have a smaller 
number of conveyors and separating devices [9, 10]. Even though such machines are 
mainly used for harvesting potatoes, intended for consumption in the local market 
(i.e., not on the large commercial potato farms), they have a large numerical distri-
bution; and improvement of their designs is of current importance. To reduce losses 
and obtain tubers of the required purity under difficult working conditions on such 
machines, it is necessary to work at low speeds and carry out post-cleaning of the 
crop at the potato sorting stations, which leads to increased cost of potato production 
since it requires significant additional labour, including manual labor [11–13]. 

There are works of many scientists, devoted to the problem how to improve the 
quality and productivity of the potato harvesters [14–17]. However, the problem of 
improving the quality of potato harvesting in many countries is still relevant. One 
of the promising types of potato diggers that provide a higher quality of harvesting 
under difficult conditions are machines equipped with additional active rod rotors 
[18]. Yet in the process of their operation the supply of a mass of soil with tubers 
(heap) is observed in the central part of the rod separator-conveyor; and a layer of 
heap, uneven in thickness, is created (a mixture of soil, tubers, leaves of tops and 
weeds, etc.), (i.e. in the central parts of the thickness of this layer is greater. Obviously, 
due to this uneven layer the soil separation will not be optimal. Therefore, a device 
is needed that ensures the creation of a more uniform layer of soil with the tubers on 
the conveyor. At the same time, introduction of additional elements of impact upon 
the potato tubers into the structure may increase injuries to the tubers. Therefore, 
in such cases, a wider study of the impact of an additional device upon the quality 
indicators of potato harvesting is required. 

The purpose of this work is to study the impact upon the quality of potato 
harvesting using an experimental design of a heap leveler-distributor, located above 
the supplying conveyor.
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Fig. 1 An experimental potato digger KTH type from impurities during its operation 

2 Materials and Methods 

Investigations of digging and cleaning potatoes from impurities were conducted 
with two kinds of experimental potato harvesters: a two-row mounted potato digger 
(variant A) (Fig. 1), and a trailed two-row potato digger-loader (variant B) (Fig. 2).
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Fig. 2 Advanced design of a double-row experimental potato digger-loader (equipped with a heap 
leveler-distributor) 

In both cases, the machines had bar cleaning drums with a diameter of 570 mm 
(frequency of rotation – 57 rpm), which improved the separation of soil from tubers; 
yet they created an uneven layer of the potato heap on the inclined conveyor (UA 
63436A). In both versions the technological scheme included an experimental heap 
leveler-distributor, installed above the supply conveyor of the potato harvester (at a 
height of 15 cm) (Fig. 3). 

This device was easy-to-remove, and it allowed conducting comparative experi-
ments on harvesting potatoes both with and without a leveler-distributor. 

The mounted experimental potato digger of the KTH type has a working width of 
1.4 m (2 rows). Its operating speed is – 2.0…2.5 km h–1, the maximum travel depth 
of digging shares is 0.27 m, productivity is 0.28…0.0.35 ha h–1, its mass is 1500 kg.

Fig. 3 General view of the experimental digging-separating body of the potato digger: 1 – the 
digging shares; 2 – the bar separating drums; 3 – a mechanism for installing the heap distributor; 
4 – the distributor of a V-shape type; 5 – the supplying bar separating conveyor
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The potato digger consists of a frame, track rollers, plough shares, bar drums, the 
main supply conveyor, a leveler-distributor, a haulm-separating device, a cascade 
elevator, a mechanism for driving the working bodies and the cutting discs. After the 
passage of such a digger the potato tubers remain on the surface of the field, and then 
they need to be manually picked, or a special picking machine must be used for this 
purpose.

The trailed double-row experimental potato digger-loader has a similar design at 
the stage of digging and primary separation, but then, at the exit, it has a system of 
conveyors for the supply of tubers directly into the body of a transport trailer (moving 
along it). Considering that this option has more conveyors, the process of separation 
from the soil in it is more intense, and therefore it was important to evaluate the 
efficiency of the leveler-distributor and to determine whether it is needed in this 
option. A brief description of the trailed double-row potato digger-loader: it harvests 
potatoes from two rows (the working width 1.4 m) and ensures loading the tubers 
into the body of the nearby vehicle; the operating speed – 1…6 km h–1, the maximum 
travel depth of the digging shares – 0.25 m, efficiency – 0.45…0.0.65 ha h–1, weight 
3500 kg. When conducting experimental studies of the new cleaner, potatoes of the 
Nevsky variety were harvested, cultivated on ridges (beds) with a row spacing of 
70 cm. When harvesting the tubers, the tops were previously mowed, the average 
height of the ridges was 19.2 cm, the average depth of the lower tuber was 18.2 cm, 
and the width of the ridges was on average 22 cm. The mass ratio of tubers by 
fractions was: 52.9% up to 50 mm including, 17.6% from 50 to 80 mm including, 
and 29.5% more than 80 mm. The conditions under which the tests were carried out 
were typical for heavy soils, the soil hardness in the layer of the tubers was from 
1.4…3.0 · 106 N m–2. The type of soil is loamy chernozem with a flat relief. Soil 
moisture content in the layers was 16.1…17.0%, The quality characteristics of work 
were determined at the operating speeds of 3.2…4.8 km h–1, the air temperature 
during the potato harvesting was 10º C. The plot was covered with weeds and haulm 
residues (1.56 t ha–1). Overall, during the experimental studies the potatoes were 
harvested on an area of 10.1 ha. When the leveler-distributor is on, the impurities 
amount in the second elevator is much less than when the leveler-distributor is off. 
This leads to an improvement in the purity of tubers in the containers. Standard 
methods were used during the investigations for testing the potato harvesters [19– 
21], as well as additionally developed methods for assessing the influence of various 
factors. The quality of harvesting the potatoes by machines in Ukraine and other 
countries of Eastern Europe is regulated by the so-called agricultural requirements 
[14] which define the criteria and their minimum values that the machines must 
satisfy from an agronomic point of view.
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3 Results and Discussion 

The quality indicators of work of the potato digger with a heap leveler-distributor 
were determined at an operating speed of 2.1 km h–1. Table 1 shows the results of 
studies of an experimental sample. 

Figure 4 shows the results of investigations of the loss of the potato tubers and 
the degree of their damage when digging out with a potato digger, equipped with the 
new cleaner from impurities. 

When changing the depth of the plough shares h at a working speed V = 2.1 m s–1 

from 20 to 22.8 cm,  the loss  L of the potato tubers increases by 16…18%, and their 
damage D decreases by 8…10%. When the plough share travel depth is 21.4 cm and 
the tuber depth is 18.3 cm, the loss of tubers was 2.5%, and the damage was 4.8%, 
which is within the acceptable limits. The quality of work was significantly affected 
by the heap leveler-distributor, which, when put into operation, evenly distributed 
the potato heap along the plane of the main rod elevator, improved the conditions for 
separating the heap, reduced soiling of the tubers, which made it possible to reduce 
the total loss of tubers from 2.5 to 0.8%, that is, in 3.1 times. Sprinkling of tubers with

Table 1 Quality indicators of tuber digging, using a potato digger (variant A) with an experimental 
heap leveler-distributor 

Name of the indicator Value or characteristic according to agricultural requirements 

With a 
leveler-distributor 

Without a 
leveler-distributor 

According to 
requirements 

Working speed, km h–1 2.1 2.1 2…4 

Depth of the share travel, 
cm 

21.4 21.4 up to 25 

Losses of tubers, % 0.8 2.5 up to 3% 

Damage to tubers by mass 
(weight), % 

4.8 4.8 up to 7% 

Number of the damaged 
per 100 tubers, pcs.: 

– the peel torn off from 1/4 
to 1/2 of the surface 

2 2 – 

– the peel torn off more 
than 1/2 of the surface 

0 0 – 

– the mass torn out more 
than 5 mm 

2 2 – 

– cracks longer than 
20 mm 

1 1 – 

– compressed tubers 2 2 – 

– cut tubers 1 1 up to 1.5% 

Strip width of the dug out 
tubers, cm 

110.0 58.0 –
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Fig. 4 Graphical dependences of the degree of losses of the potato tubers L a and their damage D 
b during digging by a potato digger (variant A) at the depth of the plough shares h at a working 
speed V = 2.1 m s–1: 1 – with a heap leveler-distributor; 2 – without a heap leveler-distributor 

the soil is reduced, which leads to an increase in the efficiency of workers-potato 
diggers. A rational mode of operation of the digger has been determined, which, 
under these conditions, provides acceptable values for the losses and damage to the 
tubers. At a speed of the aggregate 2.1 km h–1 the labour efficiency was 0.29 ha h–1. 
To the quality of work, the experimental potato digger basically meets the agricultural 
requirements (Table 2).

Figure 5 presents the results of studies of the degree of the loss of the potato 
tubers, their damage and the purity of potatoes when dug up by a two-row potato 
digger-loader.
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Table 2 Performance indicators of a two-row experimental potato digger-loader (variant B) 

Name of the indicator Value of indicators 

Without a leveler-distributor With a leveler- distributor 

Working speed of travel: km h–1 2.8…3.6 3.2…4.8 

Digging depth, cm 19.3 19.3 

Purity of potato cleaning, %: 

– Tubers 85.8 97.4 

– Free  soil 2.2 0.9 

– Soil clods (up to 50 mm in size) 11.8 1.7 

– Vegetable admixtures 0.2 0 

Completeness of collection of the 
tubers, %: 

– Collected in a container 98.6 99.4 

– Left on the surface 1.4 0.6 

– Total loss, % 
kg 

1.4 
340 

0.6 
146 

Damage to the potato tubers, %: 

– Total 4.6 4.6 

– Tubers cut by the plough shares 1.6 1.6 

– Cracks on the tuber surface more 
than 20 mm long 

0.8 0.8 

– Turn out crumbs, more than 5 mm 
deep 

2.2 2.2 

– Piece by piece (from 100 tubers) 6.0 6.0 

When changing the depth of the plough shares h at a working speed V = 3.2 m●s–1 
from 17.9 to 20.7 cm, the loss L of potato tubers increases by 12–15%, and their 
damage D decreases by 6–8%. A positive effect of the heap leveler-distributor on the 
quality of the machine: the purity of tubers in the container reached 97.4% (without 
the leveler-distributor it was 85.8%) at a digging depth h = 19.3 cm. That is, the use 
of a leveler-distributor increases such an important indicator of the operation of the 
potato harvester as the purity of tubers in the container by at least 10%.
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Fig. 5 Dependences of the degree of losses L of the potato tubers a, their damage D b and the purity 
of potatoes C c when digging by potato digger-loader (variant B), equipped with a new cleaner, 
from the depth of digging h at a working speed V = 3.2 m s–1: 1 – with a heap leveler-distributor; 
2 – without a heap leveler-distributor
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4 Conclusions 

Inclusion of a heap leveler-distributor into the potato harvesters of the considered 
design significantly improves the quality of potato harvesting. 

The potato digger with a heap leveler-distributor, located above the supply 
conveyor, when harvesting potatoes with a yield of 30.6 t h–1, reduces the 
losses of tubers by 31%, when using a leveler-distributor, and 2.5% without a 
leveler-distributor, while damage to the tubers was 4.8%. 

Experimental digger-loader with a heap leveler-distributor ensures the complete-
ness of collection of the tubers – up to 99.4%, while the purity of the tubers in 
the container is 97.4% (without the leveler-distributor – 85.8%) with an acceptable 
damage to the tubers of 4.6%. 
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Theoretical Studies of the Relationship 
Between the Parameters of the Bridge 
Tractor and the Engineering Area 
of the Field 

Volodymyr Bulgakov, Stanislav Nikolaenko, Simone Pascuzzi , 
Valerii Adamchuk, Volodymyr Kuvachov, Valentyna Krutyakova, 
Francesco Santoro , and Janusz Nowak 

Abstract The planning of the field under the bridge system of agriculture should be 
carried out taking into account the size of both the bridge tractor, which moves on 
specially created tracks of the permanent technological track, and auxiliary means 
of mechanization. The purpose of the research is to study the processes of field plan-
ning and organization of the movement of bridge tractors, considering the prospects 
for further automation of all technological processes that they perform, including 
transport. Theoretical research was carried out by modeling the conditions of the 
bridge tractor operation on the PC using the provisions of theoretical mechanics and 
tractor theory. Experimental studies of the bridge tractor were carried out according 
to both generally accepted and developed methods and involved the use of modern 
and specially designed equipment. As a result of research, mathematical models and 
algorithms were developed to allow interdependent choice of construction parameters 
of bridge tractors, in particular, the width of its track and propulsion, stable traffic 
conditions (taking into account the value of technological tolerance) and parame-
ters of the field for its permanent technological track. Mathematical analysis of the 
obtained models substantiates the rational track width of these bridge tractors at the
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level of 7.5…9 m, according to which the loss of field area under the engineering 
zone when using them is not more than 5…6%. 

Keywords Bridge tractor · Permanent technological track · Engineering and 
technological zone of the field · Theoretical and experimental research 

1 Introduction 

In track and bridge agriculture, part of the total field area is allocated for the engi-
neering zone, which reduces the productive part of the field – agro-technical zone 
[1–6]. The engineering zone includes a transport system for the movement of all 
means of mechanization, communication for energy and water supply, telecommu-
nication channels and orientation system [7, 8]. The area of the engineering zone 
depends mainly on the parameters of the transport system, which, in turn, are deter-
mined by the parameters of technological and transport machines [9, 10]. According 
to the requirements of automation, mechanization should be subordinated to the 
principles of the coordinate transport system, in which machines can move only in 
two mutually perpendicular directions and for the implementation of which the field 
must have strictly defined dimensions [11–13]. 

When analyzing the use of productive field area in bridge farming, it is necessary 
to consider, first of all, the issues of planning and organization of machine movement, 
taking into account the prospects of further automation of all technological processes, 
including transport [14–20]. 

It is obvious that with the increase of the track width of the bridge tractor the losses 
of the fertile area of the field under the engineering zone decrease [21]. The nature of 
this pattern depends on many factors, including the design parameters of the bridge 
tractor and the stability and controllability of its movement, organization and mode 
of its rotation on the turning lane, etc. [22]. From the standpoint of efficient use of 
the productive field area, it is advisable to have an accessible method and be able to 
determine the rational track width of the bridge tractor under specific conditions of 
its use. 

Study of regularities of influence of parameters of agricultural bridge systems and 
conditions of their operation on the character of field planning and organization of 
movement of bridge tractors, taking into account prospects for further automation of 
all technological processes performed by them, including transport. 

2 Materials and Methods 

Theoretical research was carried out by modeling the conditions of the bridge tractor 
operation on the PC using the provisions of theoretical mechanics and tractor theory. 
Experimental studies of the bridge tractor (Fig. 1) were carried out according to
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both generally accepted and developed methods and involved the use of modern and 
specially designed equipment. Processing of experimental data was performed on 
a PC using regression and correlation-spectral analyzes. The research methods are 
based on the foundations of theoretical mechanics using the Mathcad package. 

Experimental studies were conducted in a specially equipped laboratory for testing 
a bridge tractor with a test length of 50 m. 

During the experimental studies after the working movement of the bridge tractor, 
the amplitude of its transverse deviation from the axis of symmetry of the constant 
technological track was measured. For this purpose, the amplitude of the transverse 
deviation from the axis of symmetry of the constant technological track of the tracks 
of its front xs and rear xr wheels from one side of the bridge tractor was determined 
with a step of 0.2 m (Fig. 2). 

From the obtained implementations, statistical characteristics such as standard 
deviations and normalized spectral densities were determined according to the 
method presented in [23, 24]. 

The experimental amplitude-frequency characteristic of the oscillations of the 
linear transverse displacement of the bridge tractor as part of the harrowing unit was 
calculated from the expression [23, 24]: 

Fig. 1 Experimental studies of a bridge tractor of new construction
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0.2 m 

x f x r
 

Fig. 2 Scheme for determining the transverse displacement of the bridge tractor: 1, 2 – respectively, 
the middle of the trajectories of its front and rear wheels within the width of the technological track 

A(ω) = σy 

σx 
·
(
Sy(ω) 
Sx (ω)

) 1 
2 

(1) 

where σx , Sx (ω) – standard deviations and normalized spectral density of the input 
value; σy„ Sy(ω) – standard deviations and normalized spectral density of the original 
value; ω – frequency of oscillations of the control effect, s–1. 

The theoretical spectral density of oscillations of the initial parameter was found 
from the expression [23, 24]: 

Sy(ω) = A(ω)2 · Sx (ω) · σx 

σy 
(2) 

where Sx (ω) – normalized spectral density of oscillations of the input quantity. 

3 Results and Discussion 

Consider the scheme of planning the engineering zone of the field in the track system 
of agriculture for the operation of the bridge tractor on the coordinate-transport 
principle of their movement on the land of rectangular correct configuration (Fig. 3). 

Changing the direction of movement of the bridge tractor on the turning lane 
should be done in a circular turn (Fig. 4). The center of rotation of the bridge tractor 
must be in the area of the transport technological track of one of its sides (left or 
right, depending on the direction of rotation). Only in this case you can get the desired 
minimum turning radius and width of the turning lane. At the same time, with this 
method of reversal, the bridge tractor is moved to the next race in the minimum period 
of time, which increases productivity. Technically, this can be realized through swivel 
wheels. Otherwise, when the wheels of the bridge tractor are uncontrollable, its turn 
on the spot can be realized by lifting one of the sides, where, leaning on the propulsion 
of the other side as they move, you can rotate around the center of rotation. 

Loss of field area under the engineering zone (wi) in Fig.  3 will be evaluated by 
a relative indicator, numerically equal:
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Fig. 3 Scheme of field map planning for the track system of agriculture for the operation of the 
bridge tractor 

Fig. 4 Diagram of the rotation of the bridge tractor by its circular rotation relative to the center of 
rotation (point O) 

wi = Si 
A · L , (3) 

where Si – the area of the engineering zone of the field; L and A – length and width 
of the field. 

The land use ratio (ks) will be equal to: 

kS = 1 − wi = 1 − Si 
A · L . (4)
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The area of the engineering zone in Fig. 3 can be determined by the sum of three 
components: 

Si = So + Sot + Stt  , (5) 

where So, Sot – the area of traces of transport technological tracks on the main field 
and turning lanes, respectively; Stt – the total area of traces of the running system of 
the bridge tractor when making turns. 

Area So for Fig. 3 will be equal to: 

So = bp ·
[
L − 2(K + bp

)] ·
[
A − bp 

K 
+ 1

]
, (6) 

where bp – width of the transport technological track; K – track width of the tractor. 
The width of the transport technological track br is represented as the sum of the 

track width bs from the tires of the bridge tractor and some width of the technological 
tolerance c, due, in particular, to the amplitudes of its transverse deviations from 
rectilinear motion: 

bp = bc + c. (7) 

In the presented scheme of field map planning according to Fig. 3 on each turning 
lane there are only two transport technological paths, which is sufficient both for the 
passage of the bridge tractor and for making turns. Therefore, the Sot area for the 
two turning lanes on the field will be: 

Sot = 4 · bp · A. (8) 

The total area Stt traces of the running system of the bridge tractor when making 
it turns folding: 

Stt = π · bp ·
(
A − bp

)
. (9) 

After substitution of Eqs. (5–9) in (3) the coefficient of losses of the field area 
under the engineering zone wi will be equal to: 

wi = bc + c 
L · A ·

(
[L − 2(K + bc + c)] ·

[
A − bc − c 

K
+ 1

]
+ 4 · A + π [A − bc − c]

)
. (10) 

Analysis of expression (10) confirms the previously mentioned inversely propor-
tional nature of the dependence of wi on the track width K of the bridge tractor. 
In this case, increasing the width of the tires bc of its propulsion and technological 
tolerance on the contrary increases the loss of field area under the engineering zone. 
Equation (10) does not have an extremum of the function wi from the argument K, 
but allows to establish the point of rational optimum of this dependence, as well
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Fig. 5 Dependence of the coefficient of losses of the field area under the engineering zone wi on 
the track width K of the bridge tractor depending on the width of the tires of its engines: 1 – bc1 = 
0.586; 2 – bc2 = 0.429; 3 – bc3 = 0.394 m 

as to estimate the influence of parameters of the bridge tractor running system and 
technological tolerance from the standpoint of efficient land use in track agriculture. 
To do this, in the Mathcad environment, three curves of dependence wi and K were 
constructed for three variants of tractor tires of the bridge tractor: 1 – bc1 = 0.586; 
2 –  bc2 = 0.429; 3 – bc3 = 0.394 m (Fig. 5). 

In Fig. 5 the area of change of argument K can be conditionally divided into 
two intervals. In each of the intervals, the dependence wi on K is close to linear. 
Moreover, in the range of initial values of K, the function wi decreases intensively, 
and for higher values of K – slowly. Suppose that the rational value of K corresponds 
to the optimum point of the specified two-band curve, which divides the latter into 
two parts with significantly different properties. Using the least squares method to 
determine the parameters of the rational function [25], the points of the rational 
optimum of two-band curves in Fig. 5. 

For the considered variants of parameters of tires of engines of the bridge tractor 
the rational size of track width of the last is necessary for K = 7.5 m. The obtained 
value of the track width when using tires with a width of 0.429 and 0.393 m allows 
to have the number of losses of the field area under the engineering zone not more 
than 6%. And when increasing the track width to 9 m, the amount of area loss is at 
the level of 5%. 

The calculations on the influence of the length of field A on the loss of area under 
the engineering zone wi and found that the quantitative values of this effect can be 
considered insignificant. Since, for example, for the path of a bridge tractor K = 3 m  
with tire wheels 15.5R38 diameter which is 0.394 m when reducing the length of the 
field from 1000 to 100 m loss of field area under the engineering zone wi changes 
from 0.151 to 0.133, and at K = 30 m – from 0.033 to 0.015 – also changes less than 
2.0%. In general, in the range of change A from 100 to 1000 m the value of wi varies 
by no more than 2%. 

Consider the degree of influence of technological tolerance c on the nature of the 
increase in field area losses under the engineering zone wi.
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Fig. 6 Normalized spectral densities of oscillations linear transverse displacement of the bridge 
tractor 

The oscillations of the transverse displacement of bridge tractor in the harrowing 
unit during its working movement are also low-frequency (Fig. 6). The main spectrum 
of variances is concentrated in the frequency range 0…2.0 s−1. The standard of 
oscillations of this parameter was ± 0.05 m. 

The calculation of the experimental amplitude-frequency characteristic according 
to expression (1) and its comparison with the theoretical one showed (Fig. 7) that in 
the operating frequency range (0…2 s−1) of the input signal oscillations the largest 
difference between theoretical and field data does not exceed 15%. 

Analysis of the dependence of wi and c (Fig. 8) shows that the width of the tech-
nological tolerance c significantly affects the loss of field area under the engineering 
zone. 

Thus, for the considered variants of tractor tires, the engines of the bridge tractor 
with an increase from 0.3 m to the loss of the field area under the engineering zone are 
increased by 1.5–1.75 times. Therefore, the use of a bridge tractor in the track system 
of agriculture requires substantiation of the principles of their automatic driving,
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Fig. 7 Theoretical (1) and experimental (2) amplitude-frequency characteristics of oscillations of 
linear transverse displacement during testing of a bridge tractor as part of a harrowing control unit
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Fig. 8 Influence of technological tolerance width c on the degree of field area losses under the 
engineering zone relative to zero tolerance depending on the width of the tires of the bridge tractor: 
1 – bs1 = 0.586 m; 2 – bs2 = 0.429 m; 3 – bs3 = 0.394 m 

which minimizes the amplitude of transverse deviations from a given rectilinear 
trajectory, and, as a consequence, directly reduce the value of c.

As a result of the conducted researches it is possible to conclude that planning 
of the field under track system of agriculture with use of the bridge tractor has to 
consider width of a track of the last and parameters of transport system. The use of 
modern bridge tractors with a track width of more than 7.5 m allows to achieve the 
amount of losses of the field area under the engineering zone of not more than 5–6%, 
which is quite acceptable. 

The practical use of the bridge tractor in the track system of agriculture requires 
substantiation of the principles of their automatic driving, which will minimize the 
loss of field area under the engineering zone at least 1.5 times. 

4 Conclusions 

Studies have shown that the loss of field area under the engineering zone significantly 
depends on the width of the track for the movement of the bridge tractor, the value 
of which is directly determined by the width of the tires of their wheels. Calculations 
have established that according to the criterion of the minimum coefficient of losses 
of the field area under the engineering zone, the rational value of the track width of 
the latter is K = 7.5 m. In practice, this means that when using the tires of a bridge 
tractor with a width of 0.393…0.429 m, allows you to have the amount of losses of 
the field area under the engineering zone not more than 6%. At the same time, when 
increasing the width of the track tractor to 9 m, which is typical for foreign models 
of so-called “bridge” tractors, the amount of area loss is reduced to 5%. 

The loss of the field area under the engineering zone is practically independent 
of its length. Proof of this is the fact that when reducing the length of the field from 
1000 to 100 m, this value changes by no more than 2% in the range of variations in
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the track width of the road tractor to 30 m. Therefore, in practice, the size of the field 
when it is arranged under the track system of agriculture does not significantly affect 
the value of the coefficient of losses of the field area under the engineering zone. 

With large transverse deviations of the bridge tractor from the rectilinear trajectory 
of its movement, increasing the width of the technological tolerance of the permanent 
technological track by only 0.3 m increases the loss of field area under the engineering 
zone by 1.5…1.75 times. In practice, this means that the use of a bridge tractor in the 
track system of agriculture requires justification of the principles of their automatic 
driving, which, by improving the stability of their movement, will minimize the loss 
of field area under the engineering zone at least 1.5 times). 
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Research into Power and Load 
Parameters of Flexible Screw Conveyors 
for Transportation of Agricultural 
Materials 
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Zinovii Ruzhylo, Oleksandra Trokhaniak, Francesco Santoro , 
Margus Arak, Janusz Nowak, and Hristo Beloev 

Abstract In order to carry out experimental research and determine the performance 
criteria for the transportation of agricultural materials, a test unit of the combined 
screw conveyor has been designed by the authors. The axial speed and capacity of bulk 
material transportation on a curved route have been determined for the articulated-
section operating device of the screw conveyor. The calculation has proved that the 
angular velocities of adjacent sections are almost the same. As a result of the research 
into the power and load parameters of flexible screw conveyors, graphic relations 
between the values of the torque T and power N, on the one hand, and the rate of 
rotation of the operating device’s drive shaft, on the other hand, have been plotted for 
the process of transportation of bulk materials in screw conveyors, when the process 
pipeline is fully filled with grain material. 
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1 Introduction 

Flexible screw conveyors are widely used in the transportation of agricultural mate-
rials in various production processes and efficiently perform the functions required 
from them [1]. However, the existing screw-type operating devices cannot fully meet 
the performance requirements to such types of conveyors [2]. Continuous auger 
flights quickly deteriorate due to the action of alternating cyclic loads, while the 
combined and sectioned operating devices are material-intensive parts. Their oper-
ation results in the increased consumption of power and heavy wear of the inner 
surfaces of the flexible casings [3, 4]. 

The completed theoretical and experimental investigations on the conditions in 
the zones of the loading and transhipment of bulk agricultural materials in case of 
single- and double-line screw conveyors as well as the intake of the materials by 
active loading spouts have provided for selecting the rational design, kinematic and 
dynamic parameters of the operating devices as well as their operating conditions 
[5–7]. 

In the papers [4, 8], the parameters and operating conditions are determined for 
vertical and inclined screw conveyors transporting agricultural materials and the 
rational parameters are established for their operating devices. The results of the 
research into the motion of materials in screw conveyors with rotary casings are 
presented in the paper [9]. 

The development and analysis of screw conveyors as well as their contribution to 
the damaging of materials are discussed in the papers [10]. 

In view of the above-said, it is necessary to improve the existing and develop new 
designs of auger operating devices for screw conveyors, determine their optimum 
design and kinematic parameters that would provide for raising their performance in 
the process of transporting agricultural materials. 

The application of swivel-joint screw operating devices can ensure high effi-
ciency in the performance of loading/discharge processes in the transportation of 
bulk agricultural materials on curved routes. 

The aim of the research was to raise the performance efficiency of flexible screw 
conveyors in the transportation of agricultural materials by way of developing new 
auger-type operating devices. 

2 Materials and Methods 

In order to improve the performance of screw conveyors, the authors have developed 
the design of a sectioned shaft with a radial ball connection between the sections
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Fig. 1 Structural layout of articulated shaft a and picture of articulated-section screw operating 
device b 

(Fig. 1). At the right end of each section, the cylindrical bushing 1 is fixed. The 
latter has a system of parallel slots 2, which are placed with equal spacing on the 
circumference and interface the rolling elements 3. On the other side, the rolling 
elements 3 are contained in the inner spherical surface of the bushing 4, which 
enables the swivelling rotation of the spherical pivot 5. 

On the opposite side of each section, inside its left end, the connecting bushing 
6 equipped with the square or profiled hole 7 is rigidly installed normally to the 
centreline of the section. The respective end of the spherical pivot 5 from the adjacent 
section is inserted into the hole 7 and rigidly fixed in it with the nut 8. On the outer 
circumference of the connecting bushing 6, the linking rods 9 are rigidly fixed with 
equal spacing. The opposite ends of the linking rods 9 are connected to the outer 
surface of the bushing 1. Onto each cylindrical section, a screw section is attached 
(Fig. 1). 

When a section of the auger is rotated, the rotational motion is transferred via the 
rolling elements 3 to the spherical pivot 5 and to the adjacent screw sections. 

In order to analyse the process of the bulk material transportation by the screw 
conveyor with an articulated-section screw operating device, the axial velocity of the 
bulk material in a horizontal high-speed screw conveyor is determined with the use 
of the following relation [11–13]: 

Vax = 
Ts(ω − ωk) 

2π 
(1) 

where Ts – lead of helix; ω – angular velocity of the bulk material; ωk – angular 
velocity of the circumferential component of motion of the bulk material. The relation 
(1) can be represented in the following form: 

Vax = 
Tsω 
2π 

· kv
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where 

kv = ks 
tan  θ tan(θ + ϕ) + 1 

, (2) 

where: θ – angle of lead of the section helix; ϕ – friction angle of the bulk material 
with respect to the surface of the helix, where ϕ = arctan μ1; μ1- friction factor; ks 
– coefficient that represents the design solution of the sectioned screw conveyor, ks 
= 0.98–0.99. 

In case the bulk material is transported at an angle of α to the horizontal surface, 
its axial velocity is reduced, which is taken into account with the coefficient kα: 

Vaxα = Vax · kα. (3) 

In case the sectioned screw conveyor is positioned vertically [14–16]: 

kα = 1 − Sc = 1 − 
ωk 

ω 
= 1 −

/
tan(θ + ϕ) 

μ2ρ 
(4) 

where Sc – coefficient of dynamic similarity; ρ – power-speed coefficient, ρ = ω2 Rc 
g ; 

Rc – external radius of helix, g – acceleration of gravity, g = 9.81 m s−2. 
Accordingly, the axial transportation velocity of the bulk material in the vertical 

part of the flexible screw conveyor is equal to: 

Vax B = 
Tsω 
2π 

· 
ks

[
1 − 

/
g tan(θ +ϕ) 

ω2μ2 Rc

]
tan  θ tan(θ + ϕ) + 1 

. (5) 

In case of a flexible conveyor, in which the route turns in space, but the loading 
is done in the horizontal direction, under the condition of maintaining a constant 
capacity of Q = const along the route, the coefficient of charge ψ at the loading 
point has to take into account its changing as a result of the changes in the axial 
velocity of transportation [17]: 

ψoVo = ψαVα. (6) 

Therefore, the amount of the change in Vα on the transportation route is extremely 
important. The change in the axial velocity of transportation can be approximated 
by the parabola of the following form: 

Vα = Vh − (Vh − Vw)

(
2α 
π

)λ 
, (7)
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where Vh and Vw – horizontal and vertical components of the transportation velocity, 
respectively. for α = 90° we can write Vw = Vh · kα . 

Taking into account the expression (4), 

Vα = Vh

[
1 − S. 

c

(
2α 
π

)λ
]
; (8) 

or 

Vα = Vh

[
1 − 

1 

ω 

/
g tan(θ + ϕ) 

μ2 Rc

(
2α 
π

)λ
]

(9) 

where the parameter λ depends on the rheological properties of the bulk material and 
to a first approximation can be assumed to be equal to λ = 2. Therefore, the curve 
presented in expression (9) can be considered a parabola and the dependence of the 
velocity Vα on the angle α can, in the first approximation, be considered parabolic. 

In the case of a freely suspended screw conveyor, the centreline of the flexible 
auger has the form of a catenary line, which varies according to the following relation: 

y = a
(
ch 

x 

a 
− 1

)
, (10) 

where the parameter a depends on the elevation of the discharge end opening and 
can be determined from the following relation: 

h 

a 
+ 1 = ch

(
lx 
a

)
, (11) 

where h – elevation; lx – horizontal projection of the conveyor length. 
The current angle of pipeline inclination is determined by the following relation: 

tan  α = 
dy  

dx  
= sh 

x 

a 
, (12) 

whence 

α = arctan
(
sh 

x 

a

)
. (13) 

Hence, in case of a freely suspended flexible (sectioned) screw conveyor, the axial 
velocity of the bulk material transportation is equal to: 

Vaxα = Vh 

⎡ 

⎣1 − 
1 

ω 

/
g tan(θ + ϕ) 

μ2 Rc

(
2 arctan

(
sh x a 

) 
π

)λ
⎤ 

⎦. (14)
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The coefficient of charge ψα in the most unfavourable cross-section may not 
exceed ψα ≤ 0.7. Accordingly, in the loading area, the rational coefficient of charge 
has, in accordance with (6), to be equal to: 

ψo = 
ψαVα 

Vo 
= 0.7 · kα. (15) 

The screw conveyor capacity is determined by the following relation: 

Q = πψo · Vaxα
(
R2 
k − R2 

c 

)
, (16) 

where Rk – curvature radius of the pipeline. 
The capacity of the screw conveyor with a changing transportation route is 

determined on the basis of the following relation: 

N = Q · L · w, (17) 

where w – specific power input for the transportation: 

w = 
μ2 · ρ · R2 

c · ω2 
f · ω · cos β 

V f 
, (18) 

where L – length of transportation; ω f – angular velocity of the section; V f – 
axial speed of material transportation by a hinged-sectional working body of a 
screw conveyor along a curved track; β – is the angle of inclination of the material 
transportation trajectory. 

The axial velocity and capacity of the bulk material transportation performed by 
the articulated-section operating device of the screw conveyor on the curved route 
have been determined. 

For a flexible (sectioned) screw conveyor with a changing route, the elementary 
power is input for the transportation of the bulk material on an interval dl and is 
determined by the following relation [18]: 

dN  = Q · w(l)dl, (19) 

where w(l) = μ2ρ R2 
c ωω2 

f (l) cos[β(l)] 
V f (l)

. 
In accordance with (1), the angular velocity of the flow is found by the following 

formula: 

ω f α = ω − 
2π Vaxα 

Ts 
. (20)
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The inclination angle β of the bulk material transportation trajectory is determined 
by the formula: 

tan  β = 
Vaxα 

ω f α Rc 
= Vaxα[

ω − 2π Vaxα 
Ts

]
Rc 

. (21) 

Axial speed of material transportation by a hinged-sectional working body of a 
screw conveyor with a curved track V f take equal Vaxα . 

Hence, the bulk material transportation capacity of the flexible (sectioned) screw 
conveyor with a changing transportation route is determined by the following relation: 

N = Q 
L ∫
0 
w(l)dl = Qμ2ρ R2 

c ω 
L ∫
0 

(
ω − 2π Vaxα 

T 

)2 
cos β 

Vaxα 
dl. (22) 

It should be noted that Vaxα , depends on the length of the transport, since x is a 
horizontal projection L, i.e. length of transportation. 

From the obtained analytical dependence (23), it can be seen that with an increase 
in the angle β of inclination of the material transportation trajectory, the values of 
the energy-power parameters of this screw conveyor increase, and an increase in the 
pitch of the screw turns in the direction of material movement leads to a decrease in 
the energy-power parameters of transportation. 

In the ball joint drive, the same as in case of the universal-joint drive, the swivel 
joint transfers the rotary motion with certain non-uniformity, which is caused by the 
shift of the sections with respect to each other due to the motion of the balls. 

The basic fixed coordinate system Oxyz is chosen as follows. Its origin O is placed 
at the centre of the swivel joint, the axis Ox is aligned with the centreline of the first 
section, the axis Oz is aligned with the axis of rotation with respect to the first section 
(Fig. 2). Accordingly, the rotated (by an angle of α) coordinate system has its axis 
O 'x ' aligned with the centreline of the second section, its axis O 'z' is aligned with 
the axis Oz.

Fig. 2 Schematic model of swivel-joint drive: a – side view; b – front view
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Additionally, for each section its own couple of coordinate systems is assigned – 
Ocxc yczc and O '

cx
'
c y

'
cz

'
c, which are rigidly connected with the respective sections 

and at the initial instance t = 0 coincide with the above-mentioned basic and rotated 
coordinate systems.

For the transition from one coordinate system to the other, the homogeneous 
coordinate systems Oxyz1, O 'x 'y'z'1, Ocxc yczc1, O '

cx
'
c y

'
cz

'
c1 are used. 

Hence, the rotation of one section (O '
cx

'
c y

'
cz

'
c) in the basic coordinate system Oxyz  

about the axis Ox can be represented in the matrix form as follows: 

⎛ 

⎜⎜⎝ 

x 
y 
z 
1 

⎞ 

⎟⎟⎠ = 

⎛ 

⎜⎜⎝ 

cos(ωt) −sin(ωt) 0 0  
sin(ωt) cos(ωt) 0 0  

0 0 1  0  
0 0 0  1  

⎞ 

⎟⎟⎠ 

⎛ 

⎜⎜⎝ 

xc 
yc 
zc 
1 

⎞ 

⎟⎟⎠ (23) 

In the coordinate system Ocxc yczc, the equation of the working surface of the 
upper slot is as follows: 

−zc − r = 0, (24) 

where r – radius of the ball (half of the slot width). 
In the basic coordinate system, the equation of the rotating surface of the slot is 

as follows: 

y sin(ωt + ϕi ) − z cos(ωt + ϕi ) − r = 0, (25) 

where ϕ1 = 0 for the upper slot, ϕi = π 
2 (i − 1) for the slot of the following i-th ball. 

The rotation of the coordinate system O '
cx

'
c y

'
cz

'
c relative to the rotated coordinate 

system Ocxc yczc is described by the similar relation (23). 
Accordingly, the i-th ball will have the following current coordinates of its centre 

in the coordinate system O 'x 'y'z': 

C
' 
i

{
x

' 
ci = 0; y ' 

ci = R cos(ω't + ϕ'); z ' 
ci = sin(ω't + ϕ')

}
. 

The relation between the system Oxyz  and the rotated coordinate system O 'x 'y'z' 
in the matrix form is determined by the rotation of the second section through the 
angle (-α) (acc. to Fig. 2). 

Accordingly: 

⎛ 

⎜⎜⎝ 

x 
y 
z 
1 

⎞ 

⎟⎟⎠ = 

⎛ 

⎜⎜⎝ 

cos α sin α 0 0  
−sin α cos α 0 0  

0 0 1  0  
0 0 0  1  

⎞ 

⎟⎟⎠ 

⎛ 

⎜⎜⎝ 

0 
R cos(ω't + ϕ') 
R sin(ω't + ϕ') 

1 

⎞ 

⎟⎟⎠ (26)
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In the fixed coordinate system O 'x 'y'z', the current coordinates of the balls rolling 
together with the second section are: 

xci = R sin  α sin(ω't + ϕ ' 
i ); 

yci = R cos  α cos(ω't + ϕ ' 
i ); 

zci = R sin  α cos(ω't + ϕ ' 
i ). 

(27) 

The next step is to break provisionally the kinematic link between the sections and 
allow each of them to move independently with the same angular velocity: ω' = ω. 

In that case, the coordinates of the ball centres will be described by the relations 
(27) at  ω' = ω, ϕ' = ϕ, their distances from each of the flat surfaces of the slots are 
determined by means of substituting their coordinates into the Eq. (25): 

l = |R cos  α cos(ωt + ϕi )sin(ωt + ϕi ) − R sin  α cos(ωt + ϕi ) − r |. (28) 

It is obvious that at t = 0, l = r , that is, ball 1 touches the surface of the slot. 
Also, due to the smallness of the angle α, we can take sin α ≈ sin(ωt + ϕi ). 

The expression (28) can be transformed as follows: 

l = |R(cos α − 1 + 1)cos(ωt + ϕi )sin(ωt + ϕi ) − R sin(ωt + ϕi ) 
cos(ωt + ϕi ) − r | 
= |R(cos α − 1)cos(ωt + ϕi )sin(ωt + ϕi ) − r | 
=

|||| R sin[2(ωt + ϕi )](1 − cos α) 
2

+ r
||||. (29) 

At the current instance t , the ball in the broken kinematic link lags behind the 
surface of the slot by the following amount: 

Δl = l − r = 
R sin[2(ωt + ϕi )](1 − cos α) 

2 
(30) 

The analysis of the relation (25) indicates that at the instance, when ϕ1 = 0, 
ϕ2 = π 

2 , ϕ3 = π , ϕ4 = 3π 
2 , there is no clearance between the ball and the surface 

of the slot. However, the clearance in the intermediate states results in the following 
angular deviation Δϕ of the ball: 

Δϕ = arcsin{(1 − cos α)sin[2(ωt + ϕi )]}. 

Respectively, when the kinematic link is closed, the second section will be 
displaced relative to the first one through the following angle of rotation: 

ω't + ϕ ' 
i = ωt + ϕi − Δϕ.
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Thus, the angular velocity of the next section is determined by the following 
relation: 

ω' = ω − 
Δϕ 
t 

= ω − 
arcsin{(1 − cos α)sin[2(ωt + ϕi )]} 

t 
. (31) 

The analysis of the relation proves that the angular velocities of the adjacent 
sections are almost equal to each other. 

In order to carry out experimental research into the performance of the screw 
conveyors in the transportation of agricultural materials, a test unit of the combined 
screw conveyor has been developed. The unit comprises the loading pipeline 1 and 
the discharge pipeline 2, as shown in Fig. 3a. They are made in the form of closed 
casings 3 and 4 with round cross-sections, in which the helical spirals 5 and 6 are 
installed. The helical spirals are connected to the drive shafts 7 and 8 of the motors 
9 and 10. 

In the area of the drive shafts, the pipelines are connected with each other via the 
two Sects. 11 and 12 of the transfer pipe. Each section is connected at one end to the 
opening in the closed casing 3 or 4, respectively, their other ends are connected with 
each other. The helical spirals are installed so that their centrelines coincide with the 
axes of the motor drive shafts. The pipelines in the area of their connection by the 
transfer pipe sections can be positioned as in the horizontal plane (Fig. 3b), so in the  
vertical one (Fig. 3c). 

In the course of operation, the bulk material is fed into the intake area of the 
loading pipeline, then the spiral 5 in the casing transports it towards the transfer

Fig. 3 Schematic model of flexible screw conveyor: a – general view; b – horizontal arrangement of 
pipelines; c – vertical arrangement of pipelines; d – single pipeline alternative of loading conveyor; 
e – single pipeline alternative of discharge conveyor
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pipe. Thereafter, the material from the transfer pipe is transferred onto the spiral 6 
and transported to the discharge area.

The conveyor can also be operated as a single pipeline. In that case, the transfer 
pipe sections are equipped with respective special devices: discharge window 13 is 
installed on the loading pipeline, loading hopper 14 – on the discharge pipeline. 

In the first case, the single pipeline conveyor operates in the intake or loading 
mode (Fig. 3d), in the second case – in the feeding or discharge mode (Fig. 3e). 

During the experiments, the bulk agricultural material is fed from the hopper into 
the loading pipeline, the operating device transports it to the transfer pipe of the test 
unit, then the operating device in the discharge pipeline carries it to the discharge 
area. 

For the analysis of the obtained results, the graphic relations have been plotted 
between the torque T and the motor capacity N, on the one hand, and the oper-
ating device rotation frequency n, on the other hand, at different values of the bulk 
material lifting height h and the process pipeline curvature radius Rk . The peak 
(maximum) values of the data obtained in the experiments have been used for plotting 
the diagrams. 

In the experiments, the values of torque and motor capacity were recorded as 
percentage of the nominal ratings. The motor capacity was determined as the product 
of the motor power rating (2.2 kW) and the value for the selected mode of operation. 
The same was applied to the torque. 

The experimental investigations were carried out with the use of the 3.5 m long 
material transportation pipeline. Wheat grain, peas and commercial salt were used 
as the bulk material. 

3 Results and Discussion 

Basing on the results of the completed experiments, the graphic relations have been 
plotted that show how the values of torque T and capacity N change with the operating 
device drive shaft rotation frequency, in case the process pipeline is fully filled with 
bulk agricultural material (Fig. 4). 

The analysis of the graphic relations has proved that a rise in the operating device 
rotation frequency n from 300 to 600 rpm results in the reduction of the torque T, 
the decrease is ΔT = 7.4% for wheat grain, for commercial salt ΔT = 5%. 

As regards the capacity N, the relation shows a rather clearly marked trend of the 
linear growth of N with the increase of the operating device rotation frequency. For 
example, in case of wheat grain ΔN = 54%, in case of commercial salt ΔN = 59%. 

Also, experimental research has been carried out with a purpose of determining 
the effect of changes in the material lifting height h and process pipeline curvature 
radius Rk on the values of the torque T and capacity N of the conveyor drive, when 
transporting commercial salt, wheat and peas. 

In view of the fact that in the previous research the effect of changes in the 
operating device rotation frequency on the value of the torque was analysed in detail,
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Fig. 4 Graphic relations between torque T a and power N b and operating device rotation frequency 
n: 1 – commercial salt; 2 – peas; 3 – wheat 

in the described experiments the operating device rotation frequency was maintained 
constant, its value was equal to 450 rpm. 

Using the results of the experimental research, the graphic relations have been 
plotted between the value of the torque output by the drive of the articulated-section 
screw operating device, on the one hand, and the height h of the material motion path 
(Fig. 5a) and the curvature radius Rk of the process pipeline (Fig. 5b), on the other 
hand. 

The analysis of the diagrams (Fig. 5a) indicates that an increase in the process 
pipeline curvature radius Rk from 0.6 to 1.8 m results in the reduction of the torque T, 
the decrease ΔT is equal to 14% for wheat grain, for peas ΔT = 13%, for commercial 
salt ΔT = 10%. 

The analysis of the graphic relations (Fig. 5b) has proved that an increase in the 
height of the bulk material motion path from 0.3 to 1.7 m brings about a growth in 
the torque T, where the increase ΔT is equal to 25% for wheat grain, for peas ΔT 
= 30%, for commercial salt ΔT = 29%.
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Fig. 5 Relations between torque T imparted to operating device and process pipeline curvature 
radius Rk a and material motion path height h b at n = 450  rpm:  1 – commercial salt;  2 – wheat;  
3 – peas 

4 Conclusions 

On the basis of the completed research into the power and load parameters of flexible 
screw conveyors, the graphic relations have been plotted that show, how the values 
of the torque T and capacity N change during the transportation of bulk material by 
a screw conveyor, when the conveyor operating device drive shaft rotation frequency 
changes, provided that the process pipeline is fully filled with grain material. 

It has been established that an increase in the operating device rotation frequency 
n from 300 to 600 rpm results in a decrease in the torque T, where the decrease ΔT 
is equal to 7.1% for wheat grain, 7.4% for peas, for commercial salt ΔT = 5%. 

As regards the value of the capacity N, the obtained graphic relations show a 
rather clearly marked trend of its linear growth, when the operating device rotation 
frequency is increased. For example, in case of wheat grain ΔN = 50%, in case of 
peas ΔN = 54%, for commercial salt ΔN = 59%. 

On the basis of the results of the completed research into the effect of changes 
in the curvature radius of the process pipeline with an articulated-section operating
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device on the torque, it has been concluded that an increase in the process pipeline 
curvature radius Rk from 0.6 to 1.8 m results in a decrease in the torque T. In case of 
wheat grain the decrease ΔT is equal to 14%, in case of peas ΔT = 13%, in case of 
commercial salt ΔT = 10%. 

At the same time, it has been established that the torque T increases, when the 
height, to which the bulk material is raised in its motion, is increased from 0.3 to 
1.7 m. The torque increase ΔT is equal to 25% in case of wheat grain, for peas ΔT 
= 30%, for commercial salt ΔT = 29%. 
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Assessment of a Big Square Baler Able 
to Reduce Soil Impurities During Baling 
Process. First Evaluations 

Arrigo Salvatore Guerrieri, Francesco Santoro , Francesco Vicino, 
and Simone Pascuzzi 

Abstract In animal husbandry, results optimization is largely dependent on how the 
animals are fed so fodder-crops have a fundamental role in this sector. Dried fodder 
production has relevance in Southern Italy, even if in this territory the agronomic 
and meteorological conditions generate physical and micro-biological problems in 
the production of fodder. Some of the fundamental complications are connected to 
the amount of soil inside the fodder, which often is the vehicle of a large number 
of CFUs (colony forming units) of Clostridium bacteria, that could have dangerous 
effects on the welfare of the cows. 

The aim of this paper is the evaluation of the performance of a large square baler, 
manufactured in Southern Italy, equipped with innovative devices which should allow 
to make prismatic bales compact and with less impurities if compared with the bales 
produced by similar square presses, built by other manufacturers. The presence and 
the amount of soil and impurities was assessed through first comparative tests carried 
out, considering also other two similar square presses. The obtained results, even if 
have to be validated through other in-depth tests, seem to confirm the benefits of the 
adopted technical solutions of the analysed large square baler. 

Keywords Big square baler · Straw · Hay · Zootechny 

1 Introduction 

Hay bales are fundamentally used within the zootechny for the feeding of the animals 
and in this connection the quality of the fodder-crops is basic in the Euro-pean 
agricultural and economic sector [1]. Several mechanical treatments are involved in 
the manufacturing of big bales in order to obtain hygiene nutritive forage, even if the
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drying of the forage is accompanied by a competing process of deterioration which 
can lead up to the loss of nutrients and toxic metabolic products [2]. Unfortunately, 
the production of fodder in Central and Southern Italy is affected by agronomic and 
meteorological conditions which generate physical and microbiological problems. 
Some of the fundamental complications are: (i) the high content of clostridia; (ii) the 
presence of terricolous anaerobic bacteria; (iii) the dried fodder bales high humidity 
rate [3]. The number of Clostridium genus bacteria colony forming units (CFU) is 
largely affected by the presence of soil residual inside the fodder; this event could 
have effects both for cow wellness and for the quality of milk and of its products 
[4, 5]. 

It’s well know that balers pick up loose straw or hay and then the compress the 
picked product into same size and weight bales tying with twine [6–10]. Obviously, 
these machine have to be designed and set up in agreement with the safety laws 
in force, in order to carry out all the operation in compliance with the operators’ 
safety [11–17]. The efficiency of a large square baler, produced by Southern Italy 
manufacturer, having the characteristic of an high cleanliness of the dried fodder is 
the final goal of this paper. 

2 Cicoria HD 1270 Baler 

The machine under test is the large square baler, Cicoria HD 1270 (hereinafter 
“Cicoria’s machine”) (Fig. 1). 

This machine is equipped with a system that feeds from the top the pressing 
chamber, so allowing the baling to be optimized, making bales compact and with 
less impurities [18–21]. The feeding from the top greatly improves the cleaning of 
the product without damaging it, and without changing the nutritional level, thus 
obtaining a high-quality hay suitable for zootechnical feeding. The separation of soil 
and stone residues occurs by force of gravity without energy consumption during 
the quite long way carried out from the product before entering the compression 
chamber [22–25]. The thrust mechanism of the piston can produce a force of 18 ×

Fig. 1 Cicoria HD 1270 
baler under test
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103 kg in the pressing chamber and the compression of the product does not take 
place with a rectilinear sliding of the piston in the chamber, but through a semi-
circular movement caused by the action of a system of rocker levers [24–27]. This 
compression system, absolutely different from the solutions commonly adopted on 
the market, allows a considerable reduction in the energy absorption of the machine. 
The piston can perform up to 48 strokes/min, with a higher stroke of 76 cm and a 
lower stroke of 36 cm requiring a power of 50–60 kW at the PTO (1000 rpm) of 
the tractor, considerably lower than other machines on the market with the same 
operational capacity. The supply chamber volume ranges from 0.63 to 0.92 m3, and 
the baling capacity in terms of bales density varies according to the material: a) 
density of 180 kg/m3 for straws; b) density of 260 kg/m3 for fodder [26–32].

3 Materials and Methods 

The presence and the quantity of soil and impurities inside the straw bales set up 
by the large square baler Cicoria HD 1270 was assessed by experimental tests in 
which different samples of straw were collected from prismatic bales produced both 
by the Cicoria machine and by the other two producers’ similar square presses that, 
in the following, are named “producer 1” and “producer 2”. The samples were gath-
ered according to a randomized block experimental scheme in order to statistically 
evaluate impurities and soil quantity. Therefore, three theses were considering, corre-
sponding to the samples obtained from the bales obtained respectively by: the Cicoria 
machine (thesis 1), the machine “producer 1” (thesis 2) and the machine “producer 2” 
(thesis 3). For each thesis three repetitions were considered. The collected samples 
were then processed in Dept. of Agricultural and Environmental Sciences – Univer-
sity of Bari Aldo Moro laboratory, in agreement with the following phases: a) the 
samples were subjected to ventilated drying at 65 °C for 3 h in a forced air oven 
ARGOLAB model TCF 200 (Argolab-XS Instruments srl, Carpi – Italy), in order 
to remove the humidity and stand-ardize the initial conditions for all the samples 
object of the case study; b) the sample were ground by means a RETSCH model 
5657 grinder (Retsch Italia-Verder Scientific srl Industria, Torre Boldone, Bergamo 
district, Italy), to have 2 mm fineness; c) with ABT model 220-5DM (KERN & 
SOHN GmbH Industry – Balingen – Germany) electronic analytical balance, has 
been used a quantity of 2 g from each ground sample and placed into an furnace 
heat-resistance cup. A number of nine cups (considering the theses and the repeti-
tions) were prepared. The filled cups were put, for 24 h at a temperature 550 °C, 
inside a Zetalab ZA (Zetalab s.r.l. Industry – Padova – Italy) muffle furnace for 
drying purpose. At the end of drying, cups contents were weighed to evaluate the 
difference between the initial and dried state in order to calculate percentage of the 
ashes content.
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Fig. 2 Statistical analysis results of straw from the three compared balers data 

4 Results and Discussion 

To statistically analyze the data related to the three theses straw samples was carried 
out a variance analysis and significance level of 0.05% “Duncan” tests were adopted 
to compare obtained average values [33, 34]. The results emphasize that the Cicoria’s 
machine produced straw bales with an average value of 7.79% as content of impuri-
ties and soil. This value is about 10% lower than machine by “producer 1” average 
value and 11.4% lower than the machine by “producer 2”. Furthermore, it is signif-
icant the difference among the ashes percentages for the samples obtained from, 
respectively, the Cicoria’s machine (thesis 1) and the “producer 1” (thesis 2) and 
“producer 2” (thesis 3) machines. Finally, it is not significant the difference between 
the ash percentages concerning the “producer 1” (thesis 2) and “producer 2” (thesis 
3) machines (Fig. 2). 

5 Conclusions 

First experimental evaluation of the performance of the “Cicoria Square Bales” HD 
1270 large square baler were carried out. This machine is equipped with innovative 
devices, which improves the effectiveness in producing square bales using less energy 
despite other machines. The obtained results, even if have to be validated through 
other in-depth tests, seem to confirm the benefits of the adopted technical solutions. 
Further tests are in progress to better evaluate square bales content of impurities 
and soil, considering different operative conditions such as the type of swath, the 
harvesting height from soil and the soil texture and humidity.
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The Methane Potential of Corn Cob 
Cores 

Artur Pawłowski , Dawid Wojcieszak , and Jacek Przybył 

Abstract Constant climate change and political changes are leading to the search 
for better solutions in the field of energy materials. An important milestone in the 
near future will also be the introduction of carbon footprint measurements by the 
EU. Many companies will have to think about reducing the carbon footprint of their 
products in order to still be able to compete with western companies. In order to 
do so, they may need to invest in biogas installations. These installations neutralize 
biodegradable waste and at the same time provide the possibility to produce electricity 
and heat. It should be emphasized that methane fermentation is a complicated process 
of biological decomposition of organic matter carried out under anaerobic conditions. 
Chemical properties of corn cob cores were determined by elemental analysis, and 
energy properties were evaluated by heat of combustion and heating value. The ash 
and volatile content of corn cobs. This is important because carbon (C) supporting 
various microbial groups affects anaerobic fermentation. Nitrogen (N) is the building 
material for the amino acids that are involved in protein synthesis and is an important 
element for microbial growth. The relation of the two elements has a very important 
effect on methane fermentation. In this paper, the biogas potential is presented based 
on crop residues of Ambrosini variety (FAO 220). It is one of the most popular early 
varieties grown in Poland on weaker and mosaic soils both for grain and for high 
energy silage. 

Keywords Corn cob cores ·Methane potential · Anaerobic fermentation 

1 Introduction 

One of the materials with very high potential is corn. Its high biogas potential is 
mainly due to the cobs with the grain. However, the use of final products such as 
grain for energy purposes is always controversial. Therefore, the use of maize straw
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for these purposes including cob cores, leaves or stalks as inedible residues from 
maize production is a much better option as it does not disrupt or compete with food 
production in any way [2]. Additionally, the balance of carbon dioxide produced 
during biomass combustion is zero because it is absorbed in the renewable process 
of this fuel for example during photosynthesis [3]. Therefore, biomass is the most 
independent energy source. 

Until recently, no one was seriously interested in this material. As it turns out, 
every year Polish fields produce up to 4 million Mg of corn straw [4]. Unfortunately, 
the residues that stay in the field are a reservoir for many pathogens including the 
well-known and problematic European corn borer (Ostrinia nubilalis). Therefore, 
the best way would be to collect and remove them from the field. Such a lignin-
and cellulose-rich residue base, after earlier preparation, can be a good substrate 
for the production of new materials, including combustion and processing in biogas 
installations. 

Corn crop residues are non-homogeneous and represent about 50% of the plant 
dry matter. They mainly consist of four fractions, stalks, leaves, cob cores otherwise 
known as setts, and cover leaves sometimes named husks [5]. Such parts of maize 
residues as stalks, cores, and leaves contain fibers composed of lignin, hemicellu-
lose, and cellulose with the highest energy value, which are much more difficu to 
metabolizelt for methane bacteria. These polymers are difficult to biodegrade and 
are determined as lignocellulose. 

Special attention should be focused on the FAO standard. This is a system of 
numerical symbols which is an indicator of the earliness of varieties. It informs 
about the length of the vegetation season needed to accumulate dry matter. The 
first number means the basic class of earliness. The second number tells about the 
earliness group within the basic class, and the third number informs about the color 
of the grain. It is important to say, that varieties with a higher FAO can produce 
a much higher yield. This is connected with the fact that the variety is a later, the 
vegetation season is longer. On the other hand, hybrids with a low FAO, for example 
early ones, yield less than medium-early and late ones, while they are characterized 
by a significantly higher content of cobs in the yield of green matter and dry matter. 
In this paper presents the energy potential of maize using the example of Ambrosini 
variety, which is an early variety. 

2 Materials and Methods 

2.1 Corn Cobs Cores and Its Characteristics 

The research material consisted of corn cob cores the Ambrosini variety KWS 
company (FAO 220). The cob cores were collected on October 2020 from maize 
plantations located on a farm in Kiedrowo, Poland, near Wągrowiec [52.85196,
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17.3860]. Corn cob cores were harvested by hand from the field. The yield of corn 
cobs Ambrosini variety was 3,3 Mg/ha of dry matter content 36%. 

2.2 Laboratory Investigations 

The content of total solids (TS) in the corn cobs corse was measured by drying and 
weighing at a temperature of 105 ± 1 °C, according to the standard EN 12,880: 2004. 
The content of organic dry matter (LOI) equivalent to loss on ignition (at 550 °C ± 
25 °C) EN 12,879:2004 was measured in the corn cobs cores. 

The ash percentage content was calculated from the weight of the combustion 
residue according to modified ISO 1171. Samples were heated to 710 ± 10 °C and 
kept at this temperature until a constant weight was reached. For this purpose, a 
muffle furnace was used. 

The carbon, hydrogen, nitrogen and sulphur percentages were determined with a 
Flash 2000 elemental analyser (Thermo Fisher Scientific, USA) in CHNS/O config-
uration according to the EN 15,104 standard. The instrument was calibrated with 
standard Methionine (Thermo Fisher Scientific, USA). 

2.3 Methane Yield 

The methane yield in the maize stover fractions was measured according to the DIN 
standard 38 414-S8, in the Ecotechnology Laboratory at the Department of Biosys-
tems Engineering, Poznan University of Life Sciences. Daily biogas production was 
measured every 24 h, with an accuracy of ± 0.01 dm3. The qualitative and quantita-
tive composition of the fermentation gases was determined with a Geotech GA5000 
gas analyser whenever the gas volume in the tube exceeded 450 ml. The GA5000 
gas analyser had the following quality certifications: ATEX II 2G Ex ib IIA T1 Gb 
(Ta ¼ 10 C to þ50 C), IECEx, CSA and calibration certificate UKAS ISO 17025. 

2.4 Energetic Calculations 

Energy was calculated in the basis at the results of corn cobs cores methane fermen-
tation. Methane energy yield coefficient was 9.97 kWh/Nm3, the cogeneration unit 
efficiency was 40% for electrical energy and 45% for heat [1] 

Ee = VCH4 · RaCH4 ηe [MWh] (1) 

where:
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Table 1 Physical parameters 
of corn cobs cores 

Substrate TS [%] LOI [% TS] Ash [%] 

Cobs cores 94,4 ± 0.12 97.5 ± 0.11 2.55 ± 0.11 
± standard deviation. 

Table 2 Chemical composition of corn cobs cores 

Substrate C [%] H [%] N [%] S [%]  

Cobs cores 1,0a ± 0,02 46,9a ± 0,25 5,9a ± 0,11 0,07a ± 0,00 
aa considerable difference was not found between average values in columns according to the HSD 
Tukey test (ANOVA) for the investigated factors. 

Ee – amount of energy generated [MWh]; 
VCH4 – amount of methane generated [Nm3]; 
RaCH4 – methane energy yield coefficient [9.97 kWh/m3]; 
ηe – electrical efficiency of the cogeneration unit [0.40 for electrical energy and 
0.45 for heat]. 

3 Results 

3.1 Physical Properties and Chemical Composition of Corn 
Cob Cores 

The following results were obtained from the study physical parameters of corn cobs 
cores (Table 1). The content of total solids (TS) in the corn cobs cores was 94,4% 
and the content of organic dry matter was 97,5%. Such a value is a good indication of 
the material’s potential for methane fermentation, because biogas is produced only 
from organic matter. In contrast, the percentage of organic dry matter for corn silage 
often used for methane fermentation was 95% [6]. The ash percentage content in this 
experiment was with result of 2.5%. 

ANOVA analysis showed that the elemental content in the cob cores of maize 
cultivar Ambrosini with FAO 220 was at a high level (Table 2). 

3.2 Biogas and Methane Yield 

The static methane fermentation graph indicates that the process was without any 
problems. For maize cob cores with an earliness standard (FAO 220), fermentation 
lasted 33 days (Fig. 1).
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Fig. 1 Daily biogas production during methane fermentation of the corn cobs cores 

Table 3 Methane yield in biogas process of the corn cobs cores 

Substrate Biogas [m3/Mg TS] CH4 [%] CH4 [m3/Mg TS] HRT 

Cobs cores 443,6 ± 11,9 53,2 248,1 ± 4,67 33 

Statistical analysis showed that the daily biogas yield from cob cores of maize 
variety with FAO 220 was 443,6 m3/Mg TS and methane yield from cob cores was 
248,1 m3/Mg TS (Table 3). 

3.3 Energetic Calculations 

Based on the obtained results, presented the energy value of the analyzed mate-
rial (Table 4). With methane yield of 248,1 m3/Mg TS, total electricity was 989,4 
kWh/Mg TS, but total heat was 1038,0 kWh/Mg TS. 

Thanks to the research provided very interesting information on the energy 
potential of one hectare of maize plantation (Table 5). 

Table 4 Energetic value of corn cobs cores 

Substrate Methane yield [m3/Mg 
TS] 

Total electricity calculated 
[kWh/Mg TS] 

Total heat calculated 
[kWh/Mg TS] 

Cobs cores 248,1 989,4 1038,9
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Table 5 Energy potential of corn cob cores per hectare in anaerobic digestion 

Substrate Cobs cores yield 
[Mg TS/ha] 

Total electricity 
calculated 
[MWh/ha] 

Total heat 
calculated 
[kWh/ha] 

Total energy value 
[kWh/ha] 

Cobs cores 2,11 2,09 2,19 4,28 
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Energy Comparison of Corn Stover 
Fraction 

Dawid Wojcieszak , Artur Pawłowski , and Jacek Przybył 

Abstract The extensive use of fossil fuels for energy production has raised concerns 
about their harmful effects on the environment. Findings from British Petroleum 
(BP), fossil fuels still account for 84% of global primary energy consumption. Over 
the last decade, research efforts have increasingly focused on employing biomass as a 
raw material for producing biofuels used for thermochemical con-version processes. 
The use of biomass on a large scale may lead to controversial competition for arable 
land, water and consequently, food. Therefore, only waste materials and agricultural 
by-products and residues should be used for the pro-duction of biofuels. One of the 
primary by-products of agricultural production is corn stover. Therefore, this study 
aimed to determine the of chemical and energetic proper-ties of corn stover fraction. 
The corn stover fractions are characterised by different average heat of combustion 
values. The highest combustion heat value, i.e. 18.2 MJ · kg−1, is found in the casing 
leaves. The lowest calorific value, i.e. 17.7 MJ · kg−1, is found in corn stalks and cob 
cores. 

Keywords Corn cob cores ·Methane potential · Anaerobic digestion 

1 Introduction 

1.1 Challenges for Energy 

Energy is one of the key sources of modern life and a major factor in economic 
growth. It is therefore recognized that energy determines the economic and social 
development of the world [1]. The extensive use of fossil fuels for energy production 
has raised concerns about their harmful effects on the environment [2–4]. As a result, 
interest in developing alternative, environmentally-friendly energy sources continues
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to grow [5]. Although renewable energy is the world’s fastest growing energy sector, 
fossil fuels supply the vast majority of the world’s energy needs [6]. Findings from 
British Petroleum (BP), fossil fuels still account for 84% of global primary energy 
consumption [7]. British Petroleum estimates that oil, gas and coal reserves will be 
completely consumed by 2052, 2060 and 2090 respectively [8]. On this basis, it can 
be concluded that currently engineering sciences should focus their activities on the 
search for new, renewable energy sources (RES). 

1.2 Agriculture Biomass 

Over the last decade, research efforts have increasingly focused on employing 
biomass as a raw material for producing biofuels used for thermochemical conversion 
processes. The use of biomass on a large scale may lead to controversial competition 
for arable land, water and consequently, food. Therefore, only waste materials and 
agricultural by-products and residues should be used for the production of biofuels. 

The last decade has seen a steady increase in global maize grain production. 
According to the Food and Agriculture Organization of the United Nations (FAO), 
the production of maize grain in the last fifteen years has risen from 714.2 million 
tonnes in 2005 to 1 162.3 million tonnes in 2020, an increase of 39% (Fig. 1). 

One of the primary by-products of agricultural production is corn stover [9, 10]. 
These harvest corn straw residues contain four key fractions, i.e., husks, leaves, 
cobs, and stalks, which are structurally and morphologically distinct. According to 
Shinners et al. [11], 1 kg of maize grain (dry weight) includes 15% of cob cores, 
22% of leaves, 14% of cover leaves, and 50% of stalks. 

Therefore, this study aimed to determine the of chemical and energetic properties 
of corn stover fraction. 
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Fig. 1 World corn grain production 2005–2020 (own elaboration based on FAO Statistic, 2021)
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2 Materials and Methods 

2.1 Corn Stover Fraction and Its Characteristics 

Research material consisted of corn stover fraction after corn grain harvest Podium 
cultivar KWS, FAO 200, from a plantation located in the northern part of 
Wielkopolska. The final plant density was 74.8 thou/ha. Maize harvesting was carried 
out manually. Harvested plants were transported to the laboratory of the Department 
of Biosystems Engineering of the University of Life Sciences in Poznañ and divided 
into fractions: cob cores, cover leaves, stem leaves, stems and grain. 

2.2 Laboratory Investigations 

The content of total solids (TS) in the corn cobs corse was measured by drying and 
weighing at a temperature of 105 ± 1 °C, according to the standard EN 12,880: 2004. 

The ash percentage content was calculated from the weight of the combustion 
residue according to modified ISO 1171. Samples were heated to 710 ± 10 °C and 
kept at this temperature until a constant weight was reached. For this purpose, a 
muffle furnace was used. 

The carbon, hydrogen, nitrogen and sulphur percentages were determined with a 
Flash 2000 elemental analyser (Thermo Fisher Scientific, USA) in CHNS/O config-
uration according to the EN 15,104 standard. The instrument was calibrated with 
standard Methionine (Thermo Fisher Scientific, USA) [2]. 

2.3 Combustion Heat and Calorific Value 

The combustion heat tests were carried out in an automatic calorimeter (LECO 
AC600) calibrated with benzoic acid (LECO, New York, NY, USA) in accordance 
with the PN-EN ISO 18125: 2017–07 standard [2]. To determine the heat of combus-
tion, samples of corn stover fraction from varieties with FAO 200 standards were 
used, and the moisture content was determined separately for immediately after 
harvesting and seasoned samples (average moisture content of 6%). 

The calorific value of the corn cob cores of the studied cultivars was calculated 
using Eq. (1): 

LH  V  = HH  V  + P(Wa + 8.94(Ha)), (1) 

where LHV (lower heating value) is the calorific value in the analytical state (J/g), 
HHV is higher heating value (J/g), P is the heat ofwater evaporation at 25 °C,
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1%content = 24.42 (J/g), Wa is the moisture content of the analytical sample (%), 
and Ha is the hydrogen content of the analytical sample (%). 

2.4 Statistical Analysis 

STATISTICA 13.3 software (TIBCO Software Inc., Palo Alto, CA, USA) software 
was used for statistical analysis of the results. The calculations included an analysis of 
variance (ANOVA) for the one-factor system, followed by Tukey’s HSD test (honest 
significant difference test) for each variable at = 0.05. 

3 Results 

3.1 Physical and Chemical Properties of Corn Stover 
Fractions 

The heat of combustion indicates the energy value of biomass [12], and the value of 
the heat of combustion of biomass depends on its moisture, chemical composition, 
and ash. 

The moisture of corn stover fraction ranged from 33.9 to 79.7%. The moisture 
content of the stalks was the highest. The highest yield was stalks (13.5 Mg ·ha−1) 
and the husks was the lowest yield (1,6 Mg · ha−1). Yield of cobs was 3.3 Mg · ha−1 

(Table 1). 
Ash content is a crucial parameter directly affecting the heat of biomass combus-

tion [12, 13]. Noteworthy is the lowest ash content amounted 2.2% was corn cobs. 
Statistical analysis showed significant differences in the ash content of the corn Stover 
fraction (Fig. 2). 

Elemental analysis is commonly used to evaluate energetic biomass [14]. ANOVA 
analysis indicated that elemental contents were significantly different in the corn 
stover fractions. Only the nitrogen content was not significantly different in the corn 
stover fractions (Table 2). 

Table 1 Yield and moisture content of corn stover fraction 

Fraction Yield [Mg · ha−1] Moisture content [%] 

Cobs 3.3 ± 0.7 64.9 

Husk 1.6 ± 0.8 55.8 

Leaves 2.5 ± 0.5 33.9 

Stalks 13.5 ± 3.9 79.7
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Fig. 2 Ash content of corn stover fractions 

Table 2 Chemical composition of elements (C, N, H, O) corn stover fraction 

Fraction C [%] H [%] N [%] O [%]  

Cobs 44.8c ± 0.04 0.5b ± 0.04 5.9a ± 0.04 45.0b ± 1.00 
Husk 43.8b ± 0.17 0.5b ± 0.06 6.0a ± 0.03 43.1ab ± 0.92 
Leaves 43.3a ± 0.06 1.0c ± 0.05 5.7a ± 0.04 41.9ab ± 0.49 
Stalks 43.7ab ± 0.11 0.3a ± 0.00 5.6a ± 0.07 41.3a ± 0.78 
n 2 2 2 2 

Mean value (n = 2) ± standard deviation; identical superscripts (a, b, c, d) denote no significant 
difference (p < 0.05) between mean values according to post-hoc Tukey’s HSD test. 

3.2 Heat of Combustion and Calorific Value 

The value of biomass during the combustion process can be assessed using two indi-
cators. The first indicator is the heat of combustion (HHV) and the second indicator 
is the calorific value (LHV). ANOVA analysis indicated that heat of combustion corn 
stover fraction was significantly different (Table 3). This certainly has to do with the 
different moisture content of the fraction.

Table 3 Heat of combustion and calorific value of fresh corn stover fraction 

Fraction Average HHV [MJ · kg−1] Average LHV [MJ · kg−1] 

Cobs 6.2c ± 0.06 5.0c ± 0.05 
Husk 8.0b ± 0.07 6.8b ± 0.07 
Leaves 11.9a ± 0.03 10.7a ± 0.03 
Stalks 3.6d ± 0.01 2.5d ± 0.01 
N 3 3 

Mean value (n = 3) ± standard deviation; identical superscripts (a, b, c, d) denote no significant 
difference (p < 0.05) between mean values according to post-hoc Tukey’s HSD test.
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Table 4 Heat of combustion and calorific value of dried corn stover fraction 

Fraction Average HHV [MJ · kg−1] Average LHV [MJ · kg−1] 

Cobs 17.8a ± 0.17 16.5a ± 0.17 
Husk 18.2a ± 0.15 17.0a ± 0.15 
Leaves 18.0a ± 0.04 16.8a ± 0.04 
Stalks 17.7a ± 0.06 16.6a ± 0.06 
n 3 3 

Mean value (n = 3) ± standard deviation; identical superscripts (a, b, c, d) denote no significant 
difference (p < 0.05) between mean values according to post-hoc Tukey’s HSD test. 

The heat of combustion and calorific value of dried to 6% corn stover fractions 
was same. ANOVA analysis confirmed the absence of significant differences (Table 
4),
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10. Woźniak M et al (2021) Chemical and structural characterization of maize stover fractions in 

aspect of its possible applications. Materials 14:1527 
11. Shinners KJ, Binversie BN, Muck RE, Weimer PJ (2007) Comparison of wet and dry corn 

stover harvest and storage. Biomass Bioenergy 31:211–221



Energy Comparison of Corn Stover Fraction 95

12. Galhano dos Santos R, Bordado JC, Mateus MM (2018) Estimation of HHV of lignocellulosic 
biomass towards hierarchical cluster analysis by Euclidean’s distance method. Fuel 221:72–77 

13. Demirbas A (2002) Relationships between heating value and lignin, moisture, ash and extractive 
contents of biomass fuels. Energy Explor Exploit 20:105–111 

14. Kantorek M, Jesionek K, Polesek-Karczewska S, Ziółkowski P, Badur J (2019) Thermal utiliza-
tion of meat and bone meals. Performance analysis in terms of drying process, pyrolysis and 
kinetics of volatiles combustion. Fuel 254:115548



Economic Effects of Food Industry Waste 
Management in the Context 
of Sustainable Development 

Agnieszka Starek-Wójcicka , Monika Stoma , Emilia Osmólska , 
Leszek Rydzak , and Paweł Sobczak 

Abstract As a result of food production around the world, millions of tons of by-
products are generated, mainly in fruit and vegetable processing plants and in the 
production of alcoholic and non-alcoholic beverages. Unfortunately, they are often 
difficult to manage, causing environmental, social and economic impacts. The scale 
and type of waste management problems are related to the specificity of individual 
sectors of the food industry, the dispersion of production sources and the over-
whelming number of small and medium-sized food processing enterprises. In waste 
management, there is a need to reduce and prevent waste generation through the 
analysis of technological processes, in particular the economic practices of handling 
this type of production raw materials. Waste has measurable values—material and 
energy. Rational management of depleted resources requires treating waste as a 
valuable raw material that can be reused, processed or, as a last resort, recovered 
for energy. The issue of Food Waste is currently progressing, bringing together all 
divisions of waste management practice. Therefore, the article presents the proper 
management of waste, which will allow for its management while reducing the fixed 
costs of running a business. By-products containing significant amounts of antioxi-
dant compounds, which have a positive effect on the quality of the finished product, 
were also characterized. 
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1 Introduction 

Sustainable development is understood as the integration of social and economic 
development and broadly understood progress while taking into account their positive 
impact on the natural environment and striving to ensure a balance between profits 
and costs of this development. This issue has recently become one of the most 
important goals of the European Union. An example of activities undertaken in this 
area is, among others, maximizing the use of resources of biological origin in order 
to protect the natural environment and reduce production costs. 

The growing social awareness of the impact of food on health with the simultane-
ously changing standard of living of the population in the economic sphere, although 
this process is often described as being too slow, causes that more and more atten-
tion is focused on the technologies of obtaining new products or enriching existing 
ones. Properly carried out technological processes allow for the management of 
post-production waste and use them as basic raw materials and/or additives to many 
food products. Some of them may show pro-health properties, extremely valuable, 
others—they may be functional additives replacing not only synthetic compounds, 
but also supporting the functioning of the human body (dietary fiber, polyphenolic 
compounds). Their use is a challenge of time, stimulates the development of the 
economy and is the engine of scientific progress [1–4]. 

The article describes the main sources and possibilities of full and economic 
utilization of raw materials and by-products produced during production processes. 

2 Types of Waste and their Economic Aspects of Use 

The waste material generated in the production of wine is grape seeds (Fig. 1), 
characterized by strong antioxidant properties. The polyphenols they contain (mainly 
proanthocyanidins and catechins) have the ability to protect cells against free radicals, 
chelate metal ions, and reduce the amount of primary and secondary products formed 
in the oxidation process [5, 6]. 

The extract of these organic antioxidants can be used in food production, especially 
in animal products. For example, Libera and Stasiak [8] added this valuable waste 
material to raw maturing meat. During the two-month refrigerated storage, the authors 
of the study found that the addition of grape seed extract effectively inhibited the 
processes of fat hydrolysis occurring in raw-ripening gammon (reducing the content 
of free fatty acids by 33%). Grape seed extract also counteracted adverse oxidative 
changes. The color of the product after the cut was redder compared to the control 
sample (without added gammon) and with the addition of sodium ascorbate. No 
effect of the additives used on the value of active acidity of the gammons was found. 
Slight differences were noted only during the two-month storage of the gammons, 
where the pH value decreased by about 5%.
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Fig. 1 The extract of grape 
seeds [7] 

The high antioxidant potential of grape seed extract was used by Reddy et al. [9] by  
adding it to lamb vacuum-packed and stored in a refrigerator at 4 °C. They showed 
that the product enriched with grape seed extract had significantly lower TBARS 
values compared to the control. Adding grape seed extract to lamb significantly 
reduced the total number of microorganisms and coliform bacteria. Interestingly, the 
by-products of wine production, in this case grape seed flour, made it possible to 
reduce the oxidation level of frankfurters. In addition, an increase in the content of 
protein (from 11.84 to 13.26%) and fiber (from 0.00- to 0.229%) was observed in 
the products. The color values (L *, a * and b *) of the product tended to decrease in 
relation to the amount of the additive used, which was probably related to the darker 
color of the flour [10]. 

The fruit and vegetable industry allows to enjoy the benefits of fruit and vegetables 
throughout the year, but at the same time generates significant amounts of plant 
residues (Fig. 2), which have a negative impact on the environment. 

The pomace has the largest share in the generated waste. They are characterized 
by a high water content, therefore they are considered unstable and microbiologically 
unstable material. The resulting large mass of pomace in a relatively short period

Fig. 2 Apple pomace during the production of juice [11]
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of time is an extremely important problem for processing plants [12–15]. Hence, 
waste from the fruit and vegetable industry is very often used as animal feed due to 
the high content of organic acids, sugars, nitrogen-free compounds, fatty substances 
and vitamins [16]. They are often used in plant cultivation as fertilizer or compost 
[17]. Another way to manage the pomace is the process of anaerobic processing, 
producing energy in the form of biogas [18, 19]. The various directions of waste 
management are presented in Fig. 3.

Recently, there is a need for more innovative ways to use by-products, such as 
functional food additives to enrich cereal, dairy, fish and meat products [21–23]. 
Scientific research by Jung et al. [2015] proved that properly prepared apple pomace 
(forced air-dried or freeze-dried) can be a valuable addition to chicken pate or dried 
beef "Beef jerky". Meat products enriched with this valuable waste had much higher 
dietary fiber content and radical scavenging activity compared to the control sample. 
The addition of apple pomace resulted in a slight reduction in the hardness, elasticity, 
cohesiveness and chewiness of these meat products compared to the sample without 
their participation. The changes in textural properties presumably resulted from the 
presence of fiber in the additive used. 

An interesting way to use watermelon skins is to make instant noodles from 
them (Fig. 4). Scientists took up this topic by following the statistics of the amount 
of instant noodle consumption in the world, which, according to the WINA data,

Fig. 3 Global food waste management an implementation [20]
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Fig. 4 Ready waterline—Watermelon skin noodles [26] 

is increasing year by year [24]. Unfortunately, instant noodles contain chemicals 
like TBHQ (Tert-Butyl Hydroquinone) that can cause hyperactivity in adolescents, 
asthma, rhinitis and dermatitis. Therefore, they are willingly added by producers due 
to the fact that they significantly extend the shelf life or delay the rancidity processes 
[25]. According to the latest research, pasta made from watermelon peels can be a 
healthy replacement for these traditionally consumed products.

The plant identification results showed that watermelon peel and seeds contain 
many biologically active substances: Alkaloids, triterpenoids, flavonoids, tannins, 
etc. The antioxidant ingredients in instant noodles (Waterline) can therefore provide 
measurable health benefits [27]. 

This method of waste processing is also economically most justified. According 
to the data of the Economic Research Service in the USA, in 2020 over 100,000 ha 
of watermelons were cultivated, which gave 1 7,233,000 kg. In terms of production, 
watermelon is one of the three most cultivated crops in the US, next to onions and 
head lettuce. Such a large production of this fruit generates a huge amount of waste 
in the form of skins. Had it not been for an attempt to develop them, they would 
have posed a serious environmental problem. However, the costs of disposal of this 
waste can be included/transformed/invested in its proper treatment as a valuable raw 
material. It is enough to perceive them not as a problem, but as a source of a natural, 
pro-health and innovative additive or intermediate. The more that phytocomponents, 
usually lost in traditional methods of treating fruit or vegetable waste, can be obtained 
using extraction with inexpensive solvents approved for use in the food industry or 
using modern techniques. For example, ultrasonically assisted extraction enables the 
extraction of bioactive ingredients in a very shorter time, at low temperature, with 
less energy and solvent requirements [28–31]. 

Another trend that has been observed in the food market for several years is the 
growing interest of producers and consumers in various types of flours, especially
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those made from fruit and vegetable by-products. Such products can be used as thick-
eners, gelling agents, fillers and water-retaining agents, and even for the production 
of edible films [32]. The literature includes research on the incorporation of FVBF 
(Fruit and Vegetable By-products’ Flour) into several products. Due to these texturing 
properties, adding (even in small doses) FVBF to liquid and semi-solid food prod-
ucts increases their viscosity. For example, the introduction of passion fruit flour 
increased the apparent viscosity of the yoghurt because the casein curd was denser. 
On the other hand, the use of carrot pomace flour for cakes resulted in a change in 
sensory characteristics. Compared to apple pomace flour, these characteristics were 
adversely affected by the carrot product, which consequently contributed to a very 
low overall consumer acceptance score (mainly due to texture and taste) [33]. There-
fore, Gomez and Martinez [34] suggest that FVBF should be skillfully selected to 
obtain the optimal composition, and thus the appropriate quality of the final product. 
In general, FVBF can positively affect the color of the final product due to the pres-
ence of carotenoids (yellow, orange and red) or anthocyanins (red, purple, blue) [35, 
36]. The health benefits of consuming FVBF products are related to the high content 
of fiber and many bioactive compounds with antioxidant properties, improving the 
intestinal microflora and increasing the feeling of fullness. Therefore, such a diet 
reduces the risk of chronic diseases—type diabetes 2, obesity, cardiovascular disease 
and cancer [37–39]. 

The bio-raw material with a high recycling potential is the avocado seed, which 
has as much as 70% more antioxidants than the flesh of the fruit itself (Fig. 5). 

Antioxidants counteract the formation of free radicals, and also participate in their 
neutralization. Free radicals are involved in the destruction of dangerous bacteria, but 
they also attack other molecules, such as proteins and DNA of cells. As a result, the 
excess of radicals can contribute to the development of many diseases and accelerate 
the aging process of the body. This is why antioxidants should be included in our 
diet if we want to support the immune system [41–43].

Fig. 5 The use of avocado skins and seeds [40]
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Confirmation of this information is the research of Wang et al. [44], who showed 
that the seeds of many varieties (Slimcado, Booth 7, Booth 8, Choquette, Loretta, 
Simmonds and Tonnage, and Hass) had a much higher antioxidant capacity than 
the flesh. Other scientists have proved that avocado seeds contain polyphenolic 
compounds (protocatechic acid, chlorogenic acid, syringic acid and rutin), which are 
very powerful antioxidants [45]. As reported by Kosińska et al. [46] the beef burger 
samples containing 0.1% freeze-dried extract and 0.5% fresh powdered avocado seed 
showed no significant differences from BHA (0.05%), but differed from the control 
in terms of TBARS value. During 8 days of storage, the burger meat enriched with 
these additives showed no signs of oxidation.

Interestingly, recently it has been found that properly processed avocado peel is 
also a rich source of antioxidants [47]. Products with its participation can therefore 
strengthen the immune system and fight free radicals. Rotta et al. [48] by adding dried 
avocado peel to tea, showed that such a drink has good antioxidant activity, which 
results from the high content of phenolic, flavonoid compounds present in this part 
of the fruit. Moreover, avocado peel tea showed antioxidant activity and a flavonoid 
content higher than that of apple peel tea. Microbiological tests have proven that 
proper preparation (drying) of the skins, packaging and subsequent storage allows 
to obtain a final product with a long shelf life. The tea enriched with avocado peel 
was positively assessed by the panel of tasters in the sensory analysis. 

3 Conclusions 

Waste causes economic losses and are a burden for all countries of the world. Not 
using “leftovers” means wasting labor and other inputs (land, energy, etc.) needed 
to produce, distribute and consume. It is true that waste management (setting up 
infrastructure for collection, sorting and treatment) is costly. However, when it is 
established, it is capable of generating income and creating jobs. 

Prospects for the use of food industry by-products containing health-promoting 
substances, especially phenolic compounds with antioxidant and bactericidal prop-
erties are relatively large, but so far little known. In many cases, seeds (pips) and 
skins are waste from technological processes, therefore their reuse as a source of 
antioxidants can bring measurable economic benefits and contribute to the reduction 
of pollution introduced by the food industry to the environment. 

Therefore, it is necessary to take into account both environmental aspects 
(waste management, protection against pollution) and economic (profitability of 
processing). If the agri-food industry plants wisely organize the handling of waste 
produced in a company or institution, they can achieve many financial and image 
benefits without negative impact on the environment. However, in order to be able to 
manage waste effectively, it is necessary to establish an in-depth cooperation between 
entrepreneurs and research units. Each of the parties mentioned has an influence on 
the others and only in the course of agreements, exchange of views and detailed 
arrangements is it possible to achieve both common and own interests.
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Ranking of Plant Biomass by Fuel Value 
Index 
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Abstract Using the fuel value index (FVI), the suitability for energy purposes of 
selected types of wood and herbaceous biomass frequently used in Poland was 
assessed. These raw materials were compared in lump wood, briquettes, and pellets 
assortments. The heat of combustion, density, moisture, and ash content was deter-
mined for the tests’ biofuels. The differentiation of the obtained results for the 
performed determinations resulted in significant changes of the FVI, which had 
values from 0.18 to 2.05. The obtained results show that the compaction of wood 
and herbaceous biomass significantly increases its value. A significant dominance 
of pellets and briquettes made of wood raw materials was noticed in the performed 
classification. It is mainly due to the high density of such products. On the other 
hand, pellets and briquettes from wheat and rye straw were often higher than the 
indications for lump wood, referring to the values of the FVI. The low FVI values 
for oat straw and chamomile biomass observed in the test conditions were primarily 
related to the high content of the mineral fraction in these fuels (possibly resulting 
from soil contamination), resulting in more ash after combustion. 

Keywords Biomass properties · Solid biofuels · Sustainable agriculture 

1 Introduction 

Plant biomass is a significant source of energy globally, and the demand for this 
raw material will continue. In a system and prosumer energy, the use of wood raw 
materials and herbaceous biomass commonly found in agriculture, such as cereal 
straw, is widespread. At the same time, applying the principles of the sustainable 
development concept in the power industry creates conditions for increasing the use 
of standard plant materials, commonly found in the agricultural environment and
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those that are by-products from the agri-food sector. At the same time, the producti-
zation of waste materials enables rational management of forest resources. And the 
use of biomass fuels, which by definition are neutral regarding CO2 emissions, can 
significantly reduce this greenhouse gas in the atmosphere [1–5]. 

In terms of using plant biomass for energy purposes, specific chemical and phys-
ical properties of biofuels made from it are essential. Compared to wood biomass, 
herbaceous biomass, in particular, less popular than wheat or rye straw, has a lower 
energy value and density and higher ash content and moisture. Additionally, there is a 
higher content of nitrogen and sulfur in such biomass. These features lower the value 
of such biomass and indicate wood biomass as better for combustion. An unquestion-
able solution to improving the density and moisture of biomass is its agglomeration 
to form briquettes or pellets [1, 5–10]. 

The different physical and chemical properties of solid biofuels produced from 
such raw materials often do not allow for a meaningful assessment. The literature 
on the topic describes solutions that summarize the basic properties of such fuels 
and allow for a quantitative assessment of their quality. A frequently used solution is 
the fuel value index (FVI), which depends on the calorific value, density, moisture, 
and ash content of the fuel and is an essential tool for assessing the rank of firewood 
species [11–16]. 

In this study, using the fuel value index (FVI), the obtained values were calculated 
and compared for wood species frequently used in Poland and the herbal biomass 
used. These raw materials were compared in lump wood, briquettes, and pellets 
assortments. 

2 Material and Methods 

The raw material for the research was obtained from the area of the Lublin 
voivodeship, which is located in the east of Poland (Fig. 1). 

Its area is characterized by low forest cover, with the dominant agricultural produc-
tion on the predominantly fertile soils made of loess and “loess-like” silt deposits 
[17]. 

Plant species, characteristic for this area, were selected for the research, the 
biomass of which is and can be used for energy purposes. In the group of wood raw 
materials, birch, pine, and black locust wood were selected. In the group of herba-
ceous materials, wheat, rye, oat, and hemp (canabis) straw were used and by-products 
resulting from the cleaning of ryegrass seeds and chamomile flowers. 

The collected raw materials were crushed with a hammer mill on sieves with 
10 mm perforation, and then pellets were made on a flat die with 8 mm holes and 
28 mm thick. In contrast, briquettes were made using a hydraulic briquetting machine 
with a thickening sleeve diameter of 50 mm and a compaction pressure of 100 bar. 
At the same time, due to the problematic shredding of the locust wood and hemp 
straw, and thus the resulting too large and uneven dimensions of the grains, pellets 
(hemp straw and locust wood) and briquettes (locust wood) were not made of them. In
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Fig. 1 Map showing 
location of study site 

addition, the wood was dried in the air circulating dryers to a moisture content of 16% 
as the value of this parameter after its seasoning and acceptable during combustion 
[4, 7]. 

The basic energy and physical properties of the produced fuels were determined 
using the following methods: 

– moisture content (MC)—weighing method according to EN ISO 18134-3: 2015 
[18], 

– higher heating value (HHV)—following EN ISO 18125: 2017 [19], for three 
repetitions; 

– ash content (AC)—following EN ISO 18122: 2016 [20], for three repetitions. 
– diameter (D) and length (L)—direct measurement with a caliper, according to EN 

ISO 16127: 2012 [21], for three repetitions of randomly selected 100 ± 1 g fuel  
portions (pellets) or ten briquettes or wood chips; 

– density (BD)—calculated based on geometric features in randomly selected 
samples and the weight of the biofuel batch according to the formula (1): 

BD  = 4 · m 
π · D2 · L (1) 

where: 
BD—density of briquettes or pellets (kg m-3), 
m—weight of briquette or pellet portion (kg), 
D—briquette or pellet diameter (m), 
L—length of the briquette or pellet (m).
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The fuel value index (FVI) was calculated to classify these biofuels, which is used 
by many researchers [12, 14, 16, 22]. The heat of combustion and the fuel’s density 
is considered positive features, and the ash and moisture content that reduce its value 
is negative. However, the moisture content of the biomass must vary depending on 
the variant of its processing. Therefore, following the example of such researchers 
as Bhaat and Todaria [23] or Deka et al. [24], the ratio without this parameter was 
also calculated. The formulas of the indicators used are presented in Eqs. 2 and 3. 

FVI = HH  V  · BD  

AC · MC 
(2) 

or 

FVIwithout MC = HH  V  · BD  

AC 
(3) 

where: 
FVI—fuel value index (–), 
HHV—higher heating value of fuel (MJ·kg-1), 
BD—density of fuel (g·cm-3), 
AC—ash content of fuel (%), 
MC—moisture content of fuel (%). 

3 Results 

The determined chemical and physical parameters of the analyzed biofuels are 
presented in Table 1. 

Concerning biomass energy use for energy purposes, the essential thing is the 
amount of energy it contains, expressed in the heat of combustion. This parameter 
was diversified for the analyzed biofuels due to the different assortments of raw 
materials used. The highest heat of combustion of about 19 MJ·kg−1, was found in 
ryegrass waste, black locust wood, and pine wood. The remaining raw materials were 
characterized by the heat of combustion from less than 17 MJ·kg−1 (oat straw) to 
slightly over 18 MJ·kg−1 (hemp straw) (Table 1). Ash content for wood raw materials 
was close to 1%, slightly higher values were observed for herbaceous biomass (2– 
4%), and for chamomile waste, it was close to 10%—most probably this raw material 
was contaminated with soil (Table 1). The following parameters considered—the 
moisture content and the density—resulted from biomass processing, forming lump 
wood, pellets, and briquettes. The highest moisture in the range of 16.13–16.24% 
characterized fresh wood. The processing of biomass, wood, and other herbaceous 
biomass, its seasoning, shredding, and compaction caused the value of this parameter 
to decrease and stabilize, ranging from less than 10 to slightly over 11%. 

Another important parameter in terms of the assessment of biofuels is their density. 
For energy purposes, tree species and more dense formed biofuels are preferred.
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Table 1 Properties of biofuels 

Fuel assortment HHV (MJ·kg−1) AC (%) MC (%) BD (g·cm−3) 

Birch wood 17.83 1.29 16.23 0.61 

Pine wood 18.63 0.97 16.24 0.49 

Black locust wood 19.00 0.95 16.13 0.72 

Birch sawdust pellets 17.83 1.29 9.55 0.92 

Pine sawdust pellets 18.63 0.97 9.69 0.97 

Birch sawdust briquettes 17.83 1.29 9.55 0.99 

Pine sawdust briquettes 18.63 0.97 9.69 1.04 

Wheat straw pellets 17.78 2.31 11.42 1.13 

Rye staw pellets 17.78 3.40 10.82 1.03 

Oat straw pellets 16.89 6.45 10.83 1.02 

Raygras waste pellets 19.13 3.71 9.63 1.15 

Camomile waste pellets 17.68 9.70 9.66 1.10 

Wheat straw briquettes 17.78 2.31 11.42 0.95 

Rye straw briquettes 17.78 3.40 10.82 0.86 

Oat straw briquettes 16.89 6.45 10.83 1.00 

Raygras waste briquettes 19.13 3.71 9.91 0.98 

Camomile waste briquettes 17.68 9.70 9.99 1.00 

Canabis straw briquettes 18.09 2.51 10.98 0.83 

The reason for this is a higher energy content per unit volume and a more stable 
course of the combustion process [11, 24]. The most significant differentiation related 
to biomass processing was observed during the analysis of fuel density. The least 
processed raw material in the form of lump wood had a density from 0.49 (pine 
wood) to 0.72 g·cm−3 (locust wood). The compaction of raw materials into the form 
of pellets and briquettes increased the fuel density, which ranged from 0.83 (hemp 
straw briquettes) to 1.15 g·cm−3 (ryegrass pellets). 

The values of the calculated FVI values, respectively, in the variants, considering 
the moisture content in the fuel, are shown in Figs. 2 and 3. 

A significant differentiation of the FVI values was observed during the research, 
ranging from 0.18 to 2.05 (Fig. 2). At the same time, considering these values within 
the scope of wood raw materials, a 2–threefold increase in the value for pellets and 
briquettes was observed. It is mainly due to a reduction in moisture condensation and 
an increase in density. At the same time, in the group of raw materials of herbaceous 
biomass, the values of this indicator did not exceed the value of 1, and the differences 
in values resulted mainly from the type of raw material assessed and not the method of 
compaction. It is also crucial that the values for pellets and briquettes from herbaceous 
biomass were comparable and often higher than lump wood (Fig. 2). 

After disregarding the moisture content in the fuel, the index values increased 
significantly, and the distribution of values was similar. Furthermore, a higher value 
was observed for wood pellets and briquettes than for lump wood, with the discrep-
ancy being slightly smaller. On the other hand, for herbaceous biomass, the lowest
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Fig. 2 Ranking on the basis of FVI 

Fig. 3 Ranking on the basis of FVI without moisture content (MC) 

values were also observed for biofuels made of oat straw and chamomile biomass. In 
this case, despite the lower density relating to fuels formed from herbaceous biomass, 
an increase in the value of lump wood is noticeable (Fig. 2). 

Comparing the obtained values with the results of other researchers in the respec-
tive assortments, similar values of the FVI for wood and herbaceous biomass were
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noticed. However, when referring to the research, which did not consider moisture, 
only the index values for pellets and wood briquettes were comparable. The others 
were much smaller [25–28]. 

4 Conclusions 

The use of plant biomass for energy purposes is an essential element of Poland’s 
energy policy, which is part of the world’s energy strategy. Using different plant 
biomass for energy purposes, which is processed into various geometric forms, the 
qualitative assessment of biofuels due to their different physical and chemical char-
acteristics is complicated. The classification of fuels in terms of their energy content 
is insufficient to select the best fuel. Regarding the course of combustion processes, 
other parameters are also critical, such as fuel density, moisture, and ash content in 
the fuel. 

The conducted research allowed to draw the following conclusions: 

1. Compaction of wood and herbaceous biomass significantly increases its value 
in terms of FVI. The obtained values indicate a significant dominance of pellets 
and briquettes made of raw wood materials. It is due to the high density of 
such products. Nevertheless, wheat and rye straw pellets and briquettes with FVI 
values often exceeded the indications for lump wood. 

2. Low values of the FVI for oat straw and chamomile biomass, observed in the 
test conditions, are primarily related to the high content of the mineral fraction 
in these fuels (possibly due to soil contamination), resulting in combustion with 
a higher amount of ash. 

3. The FVI used during the research in its definition does not consider other chemical 
features of biofuels, e.g., sulfur and nitrogen content or the chemical composi-
tion of ash, which directly affect the combustion process and emissions to the 
atmosphere. Hence, it would be advisable to develop such a tool to consider other 
biofuels features in its formula. 
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Energetic Potential of Dairy Cow 
Breeding in Poland 

Wiktor Bojarski, Jakub Pulka , Patrycja Pochwatka , Piotr  Bresz,  
Mateusz Nowak, and Jacek Dach 

Abstract Due to the high cattle population, Poland occupies a leading position 
among the European Union countries in terms of the amount of manure produced. 
However, its use in this country is primarily limited to fertilizing farmland. As a 
result, its storage in fields in the form of often unbent or improperly compressed 
piles contributes to the emission of greenhouse gases. Among the gases responsible 
for global warming, methane and nitrous oxide are emitted from improperly stored 
manure. These gases have a 25 and 298 times greater impact on the climate, respec-
tively, than carbon dioxide. However, the use of cow feces as a substrate for biogas 
plants allows, on the one hand, to reduce gaseous emissions during manure storage 
and, on the other hand, to produce “green” fuel (biomethane) and/or electricity and 
heat. The paper presents the potential of biomethane production from cow manure, 
amounting to 1,826 million m3 or 7.282 TWh of electric energy. 

Keywords Agriculture · Anaerobic digestion · Emissions ·Manure · Biogas 

1 Introduction 

1.1 Climate and Agriculture 

There has been an inevitable interdependence between agriculture and climate since 
the dawn of time. It is even assumed that the climate was most likely the factor 
thanks to which agriculture was invented [1]. Unlike other branches of the economy,
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agriculture is extremely sensitive to the impact of the climate and its possible distur-
bances. Atmospheric phenomena related to the climate, such as insolation of too 
high or too low temperatures, the intensity of rainfall or their absence, the influence 
of wind, and other factors directly affect the agricultural economy. It is related to the 
biological aspect of farming. World agrarian production changes production volume 
every year, mainly due to weather conditions [2]. 

All even minimal changes in climate cause serious problems in agriculture. They 
necessitate the emergence of newer and newer ways of solving the existing problems, 
thus changing the production method so far. An example can be the periods of cooling 
down and warming the climate, which altered the range of selected crops, caused the 
deadlines for some fieldwork to shift significantly, and influenced the change in the 
way of cultivating crops [3]. 

1.2 Animal Production 

Excessive emission of greenhouse gases to the atmosphere is warming the climate. 
Gases that have a particularly strong influence on global warming are methane and 
nitrous oxide (25 and 298 times more powerful than CO2, respectively) [4]. Agri-
culture is a strong source of both methane and nitrous oxide. The source of methane 
in agriculture is primarily animal production and, more precisely, the resulting feces 
and intestinal fermentation of ruminants [5, 6]. 

The gases mentioned above are also produced from ruminant excrements. These 
feces contains a significant amount of organic matter and water. Such residues 
constitute an ideal medium for the growth of methanogenic bacteria. The multi-
plication of these bacteria means that the resulting feces also emit methane and 
non-methane organic compounds. Additionally, improperly stored manure (animal 
feces and bedding) is, apart from methane, a source of nitrous oxide emissions [7]. 

According to Eurostat data, it shows that in seventeen countries of the European 
Union, where cattle production accounts for about 75% of EU cattle, the number of 
these animals in 2020 exceeded 59.5 million head [8]. Such a huge number of cattle 
may indicate the enormous methane emission into the atmosphere. Therefore, cows 
are perceived as the world’s largest anthropological source of methane. 

1.3 Mechanism of Emission from Manure 

In Poland, the main application of manure is the fertilization of arable lands. For 
this purpose, it is transported from the barns to the fields, where it is formed into 
piles, and then periodically (2–3 times a year), it is spread over the fields. However, 
very often, the manure is not compacted during the creation of piles. This situation 
favors the accumulation of oxygen in the formed pile. This oxygen is then used 
by the bacteria that start to break down organic matter. As a result of this process,
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the temperature inside the pile increases, reaching even 40–60 °C in just several 
hours after the pile formation. As a consequence, the oxygen contained in a heap 
is consumed by actively growing bacteria. The formed prism begins to collapse, 
which consequently prevents ventilation. The anaerobic conditions are created. Thus, 
the process of anaerobic decomposition of organic matter begins. As a result of 
this process, energy is released in chemical form, i.e., methane emission begins. It 
replaces the heat emitted so far. These conditions are very similar to those in a biogas 
reactor. In addition to methane emissions, there are also emissions of nitrous oxide. It 
is formed as a result of nitrification and denitrification processes of nitrogen present 
in a heap [9]. 

1.4 Manure as a Substrate for Biogas Plants 

High manure production provides Poland with wide prospects for its use for biogas 
production. It is currently the best possible method of managing the remains of 
livestock production, which is environmentally friendly, and at the same time, brings 
economic benefits. Of the nearly 100 million Mg of manure produced annually, 
only less than one percent is used for biogas production. This is a small amount 
considering that the digestate resulting from the work of the biogas plant can be used 
for fertilizing fields just like manure. This by-product of biogas plant operation is 
a rich nitrogen, phosphorus, and potassium source. The use of digestate to fertilize 
arable lands has a beneficial effect on the cultivated plants [10, 11]. Moreover, it 
has been proven that the digestate is responsible for neutralizing insects and plant 
pathogens that are dangerous to crops [12]. 

The study aims to estimate the energy potential (production of biomethane and 
electricity) of the Polish dairy farming sector using biogas installations. To achieve 
this work aim, it will be necessary to analyze the number of dairy cows in Poland in 
individual provinces and then carry out energy calculations in the field of biomethane 
and electricity production from planned biogas plants. 

2 Materials and Methods 

2.1 Manure and its Characteristics 

Data on the exact number of farms in Poland producing fertilizers in the form of 
manure (including urine) or slurry will be available from the summer of 2022. For 
this article, assumptions were made to calculate the amount of manure produced 
by dairy cows. The Central Statistical Office publishes data on the number of dairy 
cows in individual provinces [13]. Based on the market analysis, it was assumed 
that the overwhelming majority of dairy cows in Poland are farmed in a manure
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system where, in addition to solid fertilizer (manure), liquid leachate (urine) is also 
produced. According to the official document [14], a typical well-run dairy cow (milk 
production of over 8,000 L per year) produces 16.4 Mg of manure and 8.2 Mg of 
urine per year. Hence, it was possible to determine the amount of generated fertilizers 
after multiplying the number of cows in a given voivodeship and the production of 
manure and urine. 

The energy efficiency of manure and urine as a result of the anaerobic digestion 
process was taken from the data of the own analysis. Manure and urine samples were 
taken from typical cattle farm in western Poland and tested for methane efficiency 
with standard methodology DIN 38 414/S8. On this basis, they will receive the weight 
of manure and urine converted into biogas potential expressed in cubic meters of 
biomethane. 

2.2 Energetic Calculations 

The amount of electricity that could be produced was calculated by multiplying the 
volume of biomethane, the energy value of methane and the electrical efficiency 
coefficient of the cogeneration unit, according to the following formula: 

Ee = VCH4 · WCH4 · ηe[MW h] (1) 

where: 
Ee—amount of electric energy [MWh]; 
VCH4—biomethane volume [m3]; 
WCH4—energetic value of methane [0.009968 MWh/m3]; 
ηe—electric efficiency of CHP [0.4]. 
The electric power that can be obtained in the analyzed voivodeships from biogas 

plants fed with cow feces should be calculated according to the following formula: 

Pe = Ee 

t 
[MW ] (2) 

where: 
Pe—electric power [MW]; 
Ee—amount of electric energy [MWh]; 
t—yearly working time of CHP [8400 h for well working biogas plants].
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Fig. 1 The number of dairy 
cows in Poland between 
2010–20 
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Fig. 2 The number of dairy cows in analyzed voivodeship 2010–20 

3 Results 

3.1 Dairy Cow Production 

The number of dairy cows in Poland has remained at a more or less similar level 
since 2010 (Fig. 1). 

As shown in Fig. 2, there is a huge difference in the production scale between 
voivodships. The energy potential of cow breeding (related to the use of manure in 
biogas plants) will therefore vary greatly from region to region. 

3.2 Energetic Calculations 

The following values were adopted as energy efficiency: Manure (21.56% of dry 
matter)—45.04 m3 CH4/Mg of fresh mass and urine (0.79% of dry matter)—1.23
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Table 1 Calculated mass of manure and urine and production of methane 

Voivodeship Cows Manure mass Urine mass CH4 prod 

[thou.] [Mg] [Mg] [mln m3] 

Dolnośląskie 42.1 682 020 353 640 31.15 

Kujawsko-Pomorskie 154.4 2 501 280 1 296 960 114.25 

Lubelskie 141 2 284 200 1 184 400 104.34 

Lubuskie 33 534 600 277 200 24.42 

Łódzkie 188.4 3 052 080 1 582 560 139.41 

Małopolskie 85.4 1 383 480 717 360 63.19 

Mazowieckie 520.4 8 430 480 4 371 360 385.09 

Opolskie 44.7 724 140 375 480 33.08 

Podkarpackie 38.9 630 180 326 760 28.79 

Podlaskie 467.7 7 576 740 3 928 680 346.09 

Pomorskie 72.3 1 171 260 607 320 53.50 

Śląskie 48.8 790 560 409 920 36.11 

Świętokrzyskie 53.2 861 840 446 880 39.37 

Warmińsko-Mazurskie 210.8 3 414 960 1 770 720 155.99 

Wielkopolskie 319.9 5 182 380 2 687 160 236.72 

Zachodniopomorskie 47.1 763 020 395 640 34.85 

Poland 2468.1 39 983 220 20 732 040 1826.34 

m3 CH4/Mg of fresh mass. Manure and urine mass as well as biomethane production 
is presented in Table 1. 

The methane production potential ranges from 24 million m3 in the Lubuskie 
voivodship to 385 million m3 in the Mazowieckie voivodship. For Poland, the poten-
tial for methane production in biogas plants fed with cow manure is 1,826 million 
m3. In Q1 2022, the average European natural gas benchmark TTF price was 92.61 
EUR/MWh (0.923 EUR/m3). This means that the total value of potentially produced 
biomethane is 1,686 million EUR based on the natural gas market price. However, 
as “green” gas from manures, biomethane should be priced significantly higher than 
natural gas as a fossil fuel. Using biomethane (non-separated from biogas) as fuel 
in CHP units for electricity production, the amount of electric energy produced is 
7.282 TWh with electric energy power of 867 MW. 
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4. Pochwatka P, Kowalczyk-Juśko A, Sołowiej P, Wawrzyniak A, Dach J (2020) Biogas plant 
exploitation in a middle-sized dairy farm in Poland: energetic and economic aspects. Energies 
13(22):6058 

5. Scarlat N, Fahl F, Dallemand JF, Monforti F, Motola V (2018) A spatial analysis of biogas 
potential from manure in Europe. Renew Sustain Energy Rev 94:915–930 

6. Liu S, Proudman J, Mitloehner FM (2021) Rethinking methane from animal agriculture. CABI 
Agric Biosci 2:22 

7. Mielcarek P (2012) Weryfikacja wartości współczynników emisji amoniaku i gazów cieplar-
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Effect of Mechanical Treatment 
on the Efficiency of Methane 
Fermentation of Biowaste 

Piotr Bresz, Jakub Pulka , and Wiktor Bojarski 

Abstract In 2016–2020, the share of municipal waste collected from households 
amounted to approx. 84%, while in 2020, based on data from the Central Statistical 
Office, the average citizen produced 342 kg. To combat this situation, the principles 
of the separate collection have been extended, allowing for the reuse of individual 
materials, such as paper, glass, metal, or even plastic. The way to deal with the 
growing amount of municipal waste is to implement waste-to-energy processes. In 
the case of biowaste, the best solution seems to be utilizing the methane fermentation 
process, however, due to the high level of contamination, this substrate requires 
purification. One of the solutions seems to be implementing mechanical treatment
- separation of the over-sieve fraction >80 mm from the under-sieve fraction of 
<80 mm from municipal waste and grinding - to obtain a uniform, homogeneous 
mass. The over-sieve fraction consists mainly of packaging waste, while the under-
sieve fraction is composed of biowaste, whose parameters are similar to the substrates 
used in agricultural biogas plants. In the methane fermentation process, the biowaste 
can be utilized to obtain electricity, heat, and fuel in the form of biomethane. The 
substrate’s biogas efficiency varies from 107.27 to 115.31 m3 · Mg−1 of fresh mass. 

Keywords Biowaste ·Mechanical treatment ·Methane production 

1 State of the Art 

1.1 A Subsection Sample 

Municipal waste is waste generated in households, excluding end-of-life vehicles 
and non-hazardous waste [1]. According to the Central Statistical Office, about 13.12 
million tons of waste was collected in Poland in 2020, which is almost 365,000 tons
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more than in 2019. This value includes selectively collected waste and mixed waste 
[2]. 

Over the 5 years, an increase in the mass of selectively collected waste can be 
observed. In 2016, about 2.94 million tons of waste were selectively collected, which 
accounted for about 25.2% of the total mass of waste. In 2020, a total of about 4.97 
million tons of waste was selectively collected, which accounted for 37.9% of the 
total waste collected. Based on data from the Central Statistical Office on selectively 
collected waste (2016–2020), it can be estimated that the average annual increase 
was about 208 thousand tons. 

1.2 Municipal Waste Collection 

Pursuant to the Act, a waste producer is anyone whose activity or livelihood gives 
rise to waste, as well as anyone who carries out preliminary treatment, mixing or 
other operations resulting in a change in the nature or composition of such waste 
[1]. The ideal is to dispose of waste quickly and hygienically, as regular collection 
of waste and emptying of containers is necessary to ensure the sanitary condition of 
the places provided for waste collection [3]. During periods of high air temperatures, 
waste disposal frequencies should be higher. The organic compounds in the waste 
are decomposed more quickly, and thus begin to generate odor. Decomposition of 
the organic fraction can also pose a threat in the form of increase in the number of 
bacteria dangerous to humans [4]. 

The basic element in a well-designed municipal waste management system is 
waste segregation. Due to the increasing use of natural resources, waste segregation 
and recycling of possible fractions is very important. Recycling saves energy, raw 
materials and reduces the negative impact on the environment [5]. 

1.3 The Biowaste Management 

According to the Waste Act, biodegradable waste is defined as all waste that degrees 
aerobic or anaerobic decomposition with the participation of microorganisms. These 
include decomposable garden waste, park waste, food and kitchen waste from house-
holds, caterers and retailers, and comparable waste from food processing plants [1]. 
On the other hand, biowaste does not include agricultural waste, sewage sludge, 
forestry waste and biodegradable [6]. However, those materials (especially sewage 
sludge) can be a valuable fertilizers [7]. 

Renewable energy plays an increasingly important role in the global economy, as 
well economy, as well as in Poland. One of the forms of energy possible to produce 
from waste is biogas. It can be obtained from landfills, which, according to the law, 
should have an installation for its capture, as well as produced from municipal waste 
[6, 8]. However, the above process belongs to the historical type of waste handling.
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Nowadays, thanks to separate collection and separation of green waste from 
biowaste, the fermentation process of biowaste may give better results than before [9]. 
This process is also much more economic then composting, which is also effective 
for treatment some biowaste like sewage sludge [10, 11]. After the introduction of 
comprehensive biowaste collection, a significant increase in undesirable substances 
such as plastic or mineral waste in biowaste has been observed, which may amount 
to 10–15% [12]. The digestion process by separating the redundant fractions from 
municipal waste and separating the clean biowaste fraction will produce a higher 
biogas yield than from “normal” municipal waste in the same process. The separated 
residue fraction represents a maximum of about 20–40% of the initial weight of waste 
entering the installation and can be used for energy production [13]. The residual frac-
tion, often referred to as pre-RDF (uncleaned) or RDF (cleaned and standardized), 
is the fuel produced by processing non-recyclable waste, which has a high calorific 
value (16–18 MJ/kg) and can be used for energy purposes [14]. In fact, in order to 
increase the efficiency of effective biowaste management, the future technologies of 
effective separation should based on advanced usage of artificial intelligence (neural 
networks) and image analysis. Those solutions are already introduced in different 
areas of environmental protection and agronomy [15]. 

The aim of the paper was to evaluate the effect of different mechanical treatments 
(two-shaft shredder, beater shredder and sieve 80 mm) on the efficiency of methane 
fermentation of municipal biowaste. 

2 Materials and Methods 

2.1 Materials 

The test material consisted of municipal waste from a municipal waste management 
facility collecting waste from a city of over 200 thousand citizens. To differen-
tiate the results, the experiments were repeated three times at three-month intervals. 
During the course of the experiments, the raw material was morphologically evalu-
ated (Polish Norm PN-93/Z-15006), crushed and subjected to further analysis. The 
research methodology consisted in the norms PN-EN 14,774–1:2010 (moisture), 
PN-G-04584:2001 (ash/organic dry matter), PN-EN ISO 16948:2015–07 (C, H, N, 
and O) and DIN 38 414/S8 (biogas production efficiency) [16–20].
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3 Results 

3.1 Waste Characteristics 

Analysis of the morphological composition (Table 1.) showed that food waste of 
vegetable origin, i.e. those that should be collected as part of the separate collection 
of biowaste, accounted for an average of 70%. 

As can be observed in Table 2 on average 83% of inorganic contaminants were 
separated from the waste after using sieves with mesh >80 mm in diameter. This 
value shows how important different types of screens are in the separation process 
of biowaste from municipal waste. 

In the case of separations using a flail separator, the division into over-sieve and 
under-sieve fractions was impossible to estimate due to the nature of the separator 
operation. The tests performed allow us to estimate that about 5–10% of the waste was

Table 1 Morphological composition of waste 

Morphological group Mean (%) 

Food waste of vegetable origin 70 

Food waste of animal origin 1 

Paper and cardboard waste 2 

Plastic waste (including tires) 8 

Plastic waste (BIO bags) 1 

Textile wastes 0 

Glass waste 0 

Metal wastes 0 

Waste org. poz. (biodegradable: grass, leaves, wood) 18 

Other mineral wastes (including rubble) 0 

Hazardous waste 0 

Other (unrecognizable) (multi-material) 0 

Table 2 Percentage distribution of inorganic pollutants by fraction 

Faction group, [mm] Mean (%) 

>100 65 

100–80 18 

80–60 8 

60–40 7 

40–20 2 

<20 – 

<10 –
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Table 3 Percentage of kitchen waste by fraction 

Faction group, mm Mean (%) 

>100 19 

100–80 4 

80–60 6 

60–40 18 

40–20 35 

<20 18 

separated at the sieve as a fines fraction. It should be noted, however, that the under-
sieve fraction samples showed ground plastic particles, confirming that packaging 
made of thin film mainly LDPE is not able to be separated (Table 3).

3.2 Waste Parameters 

The substrates analyzed were characterized by a relatively low mean dry matter 
(DM) ranging from 25.04 to 25.97% (Table 4). A comparable difference was found 
for the organic dry matter (ODM) content in the analyzed fractions. It ranged from 
78.57 to 81.03% DM. The carbon and nitrogen contents were on a comparable level. 
The average content of carbon was 40.90% DM., while that of nitrogen was 2.25% 
DM. It has to be underline that average C/N ratio (18.47–19.2) was a little bit lower 
comparing to optimal (20–25) for anaerobic digestion or even composting [21]. This 
could be related with higher content of nitrogen compounds in analyzed waste. 

The analysis of the obtained results allows us to conclude that the highest produc-
tion per dry organic matter was characterized by the fraction after the double-shaft 
shredder (580 m3) (Table 5). After analyzing the biogas yield results in relation to the 
fractional composition of the sample (Ta. 1.), a relationship can be observed between 
the occurrence of the “food waste” fraction and the “org. pos. waste” fraction and 
the biogas production yield. 

Table 4 Substrate petameters by fractions 

Substrate parameters, mean 

Substrate pH DM [%] ODM [%DM] Ash [%DM] N [%DM] C [%DM] C/N 

Two-shaft 
shredder 

5.07 25.04 81.03 18.87 2.34 42.01 18.47 

Beater 
shredder 

5.32 25.05 78.79 21.21 2.19 40.29 18.66 

Sieve 
80 mm 

5.17 25.97 78.57 21.43 2.22 40.41 19.20
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Table 5 Summary of cumulative biogas/methane yields (mean) from all experiments 

Yield [m3 Mg−1 

fresh mass] 
Yield [m3 Mg−1 

DM] 
Yield [m3 Mg−1 

ODM] 

Substrate CH4 [%] Methane Biogas Methane Biogas Methane Biogas 

Two-shaft 
shredder 

53.87 62.16 115.31 255.62 473.60 312.11 580.07 

Beater 
shredder 

52.26 56.70 108.54 230.31 439.51 290.95 556.03 

Sieve 
80 mm 

51.78 55.51 107.27 215.52 416.26 273.48 528.35 

4 Conclusions 

On the base of research made in this paper, the followed conclusions were made: 

– In the process of mechanical treatment of municipal biowaste, two substrates with 
favorable parameters were obtained: biowaste and RDF, 

– Biogas production is highly dependent on the morphological composition of the 
waste and the percentage of each fraction in the substrate, 

– The average biogas production from this fraction was 580 m3 Mg−1 ODM. 
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Effect of Nozzle Condition and Type 
in the Spray Quality in Wheat Plants 

Alaa Subr, Marek Milanowski, and Stanisław Parafiniuk 

Abstract The objective of this research was to investigate the effect of using 
different design of agricultural nozzles on the spray effectiveness in the wheat plants 
canopy. Moreover, the effect of using worn nozzles on the spray quality was also 
evaluated. Four types nozzles was used in the tests: TT, TTj60, DG, and XR. They 
are produced by TeeJet (Spraying Systems Co., Illinois USA). The first three types 
has a pre-orifice design, while XR was considered as control treatment because it 
is wide used internationally. Nozzles were subjected to the accelerated wear test 
according to the ASAE S471 standard. The flow rate after finishing the accelerated 
wear test was reached to 10% higher than the nominal flow rate, and these nozzles 
was named “Worn nozzles”. These nozzles (new and worn) was evaluated concerning 
its spray quality in wheat plants in the laboratory conditions, and using water sensi-
tive papers (WSP). Spray coverage (%), stains diameter (µm), and stains density on 
square centimetre were calculated. Results data showed that highest spray coverage 
was achieved using the XR worn nozzles (19%), while using TTj60 nozzle (new and 
worn) resulted in the lowest value of coverage (14% for both). Biggest stain diameter 
was registered when using worn DG nozzle (538 µm), lowest value of stain diameter 
was 445 µm when using new XR nozzle. Concerning the spray density, XR nozzle 
(new and worn) produced highest spray density, while using worn TT nozzle resulted 
in the lowest number of stains on square centimetre (333 stain/cm2). 
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1 Introduction 

The spray application is important part of the pest control process. Ensuring that the 
spray application parameters are within the acceptable limits is one of the essential 
jobs for the sprayer operator. One of the spray application parameters is the nozzles 
type, and it has impact on the spray quality on the target (plants leaves or insects 
for example). In the market, there are a wide variety of nozzles design produced by 
different manufacturers. The nozzle size also has an influence in the spray application 
process. [11] reported an increase in the spray coverage and density, with a decrease 
in the stains diameter as the nozzle size is smaller, and spray speed and application 
rate are higher. [9] indicated that the water sensitive papers (WSP) is a good tool to 
indicate the spray droplets characteristics. However, it has limitations like the color 
changing when the distance between adjacent stains is decreased. [7] recommended 
using the 600 dpi scanning resolution of the WSP; they reported that using the image 
processing methods in analyzing the WSP resulted a similar output as the manual 
calculating of stains. 

Physical properties of the spray (extensional and shear viscosity, dynamic surface 
tension, and the presence of emulsion droplets) have an influence in the spray atom-
ization [5]. Moreover, [6] reported that the nozzle type has an impact on the droplet 
size spectrum. The effect of nozzle type was significant on the spray density as well 
as the interaction between nozzle and collector type [3]. [4] reported that the nozzle 
DG11003 produced better spray density than the standard nozzle (XR11003) under 
very windy conditions. Wolf and Daggupati (2009) study resulted showed that TT 
and XR nozzles produced the highest penetration rate to the lower canopy. They 
reported also that the nozzles had a significant effect on the number of stains on the 
square centimeter (spray density). [1] study showed that using TT nozzles resulted 
in the highest spray density (33.0 droplets on the square centimeter) comparing with 
other types nozzles. 

Using nozzles over long period will cause the nozzle tip dimensions to be bigger, 
which will result in higher values of flow rate. This increased in the flow rate 
of worn nozzles will make them delivering higher application rate values. This 
problem has an influence in the spray application process. [10] reported that the 
spray coverage percentage increased by 81% when the application rate increased 
from 187 to 375 l/ha. While the nozzle type (XR, DG, and TTj60) did not have an 
influence in the spray coverage or deposition under the canopy. [13] reported that 
worn nozzles has an influence in the performance of spraying process, and it could 
make deviation in the measurement of droplet size. 

[8] reported that spray deposition and coverage are influenced by nozzle type and 
setting, spray pressure, droplet size, spraying height, and application rate. Guler et al. 
(2012) study results showed an increase in the spray coverage due to the increase in 
the flow rate of nozzles. [2] found a significant relation between the spray deposition 
(µL/cm2) with the spray coverage. This relation will make it possible to estimate 
the spray deposition depending on the percentage coverage measured by WSP, even 
when this percentage is high (30–80%). The objective of this research was firstly to
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find out whether using different design of agricultural nozzles would affect the spray 
effectiveness in the canopy of wheat plants. Secondly, to investigate the effect of 
using worn nozzles on the spray quality (spray coverage percentage, spray density, 
and stains diameter). 

2 Materials and Methods 

Four types of nozzles were used in the experiment: TT, TTj60, DG, and XR. They 
are produced by TeeJet (Spraying Systems Co., Illinois USA). The features of these 
nozzles are in Table 1. The first three types has a pre-orifice design, while XR was 
considered as control treatment because it is wide used internationally. 

A set of nozzles (six nozzles) of each nozzle type were subjected to the accelerated 
wear test according to the ASAE S471 (1999) standard. This test was done inside 
a device built for this purpose. It consisted of 1000-L tank, pump, pipes, pressure 
regulator and guage, and holders to fix the nozzles on the pipes. The abrasive solution 
used to wear the nozzles tips was consisted of 18.2 kg Kaolin KOM + 300l water. 
The accelerated wear test was stopped after 100 h of wear. The flow rate (at 3.0 bar 
pressure) for XR, TT, TTj60, and DG nozzles after finishing the test were 1.51, 1.27,

Table 1 Features of the nozzles used in the study* 

Nozzle type 
and size 

Full name Nominal 
flow rate, l 
min−1 

Spray 
angle, ° 

Pressure 
range, bar 

Design 
feature 

Application 
rate, l ha−1 

(at speed of 
4 km h−1) 

TeeJet TT 03 Turbo 
TeeJet, 
Wide angle 
flat spray 

1.18 110 1.0–6.0 Twin 
chamber, 
large and 
rounded 
internal 
passage 

354 

TeeJet TTj60 
03 

Turbo 
twinjet, 
Twin** flat 
spray 

1.18 110 1.5–6.0 Dual outlet 
produce 
dual 110° 
flat fan 
spray 
patterns 

354 

TeeJet DG 
03 

Drift guard 
flat spray 

1.18 110 2.0–5.0 Removable 
pre-orifice 

354 

TeeJet XR 03 Extended 
range flat 
spray 

1.18 110 1.0–4.0 Standard 354 

*From the catalogue of TeeJet products, Spraying Systems Co., Illinois USA. Tabulations are based 
on spraying water at 70 °F (21 °C) and at 3.0 bar pressure 
**The angle between the twin spray fans of TTj60 nozzle is 60°.
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1.19, and 1.28 l/min, respectively. These nozzles (after finishing the accelerated wear 
test) were named “Worn nozzles”. Another set of nozzles were not subjected to the 
accelerated wear test, and these nozzles were named “New nozzles”.

These nozzles (new and worn) were evaluated afterword concerning its spray 
quality in wheat plants in the laboratory conditions, and using water sensitive papers 
(WSP). These papers were fixed inside the plants canopy in three positions; first paper 
was fixed five centimetre above the ground. Second paper was fixed 25 cm above 
the ground. The third paper position was 45 cm above the ground. After spraying (at 
3.0 bar pressure), the WSP were collected (after drying) and scanned with 600 dpi 
resolution. The scanned photos were analyzed with Image-Pro Premier 3D, Media 
Cybernetics, Inc. software. Calibration of photos with micron units was done using 
a graded scales which scanned with the WSP’s. Spray coverage (%), stains diameter 
(µm), and stains density on square centimetre were calculated. 

3 Results and Discussion 

Figure 1 shows the effect of nozzle type on the stains diameter. TT and DG nozzles 
produced the biggest stains diameter (530 and 526 µm, respectively) comparing 
with TTj60 and XR nozzles (511 and 466 µm, respectively). Using worn nozzles 
resulted in an increase in the stains diameter (520 µm) comparing with the new 
nozzles (497 µm, Fig. 2). The reason for this increase is probably due to the increase 
in the nozzle tip dimensions after the accelerated wear test. This increase in the tip 
dimensions would result in a drop in the pressure value inside the nozzle body, which 
in turn will make the droplets more bigger. 

Using XR nozzle resulted the highest coverage percentage (16.7%) comparing 
with the other nozzles (Fig. 3). While the TTj60 nozzle produced the lowest 
percentage of coverage (13.6%). Worn nozzles produced more coverage percentage

Fig. 1 Effect of nozzle type on the stains diameter
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Fig. 2 Effect of nozzle wear 
on the stains diameter

(15.9%) than the new nozzles (14.3%, Fig. 4), this probably because worn nozzles 
have higher flow rate than new nozzles, which in the end will result higher application 
rate. This increase in application rate usually will result in increase in the coverage 
percentage.

Fig. 3 Effect of nozzle type on the percentage of spray coverage 

Fig. 4 Effect of nozzle wear on the percentage of spray coverage
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The number of stains in the square centimeter, which indicate the spray density, 
was higher when using XR nozzle (539 stains/cm2, Fig.  5). Probably because this 
nozzle type had the smallest stain diameter. New nozzles produced slightly higher 
number of stains in the square centimeter (421 stains/cm2) than the worn nozzles (406 
stains/cm2, Fig.  6), the previous explanation probably the reason for this increase.

Producing small diameter droplets would enhance the spray droplets uniformity 
on the target. However, it has a negative effect since it work on increasing the drift 
percentage. We can notice from Fig. 2 that worn nozzles produced bigger diameter 
stains than new nozzles. However, it produced higher percentage of coverage as well. 
This is probably because worn nozzles deliver more quantity of solution (application 
rate) than new nozzles. 

Fig. 5 Effect of nozzle type on the spray density (number of stains in the square centimeter) 

Fig. 6 Effect of nozzle wear on the spray density (number of stains in the square centimeter)
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4 Conclusions 

From the study results we can concluded the following: 

1. Nozzle type has an effect on the stains diameter, percentage coverage, and 
spray density. XR nozzle produced the highest coverage percentage (16.7%), 
and highest spray density (539 stains/ cm2) than other nozzles. However, this 
nozzle type produced the smallest stains diameter (465 µm). 

2. Using worn nozzles produced bigger stains diameter (520 µm) than new nozzles 
(497 µm). However, it produced in the same time better coverage percentage 
than new nozzles. 
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Problems with System of Sprayers 
Testing in Poland Based on 20 Years 
of Experience 

Zbigniew Czaczyk, Jacek Król, Hubert Nagengast, and Daniel Alankiewicz 

Abstract It this discussion paper were summarized experiences after twenty years 
functioning of system for mandatory technical investigations of sprayers (field and 
orchard). Such mandatory systems should be realized in all EC member states (MS). 
How it looks today in EC area is difficult to explain. From one side the EC Directives 
should be introduced follow requirements. This very important issue—specially for 
food, environment and consumer safety, is not enough supported by the European, and 
national structures and budgets. Since 2004, after first “SPISE Workshop” the SPISE 
(Standardised Procedure for the Inspection of the Sprayers in Europe) Working Group 
was established. There the participants decided, that working should be focused on 
improving the sustainability of pesticides application unified for MS. 

Poland actively taking part in SPISE since beginning. But it is voluntary activity, 
and not from all MS the national institutions responsible for crop protection are 
working with. 

Conclusions after 20 years of experience, reflections and aspects requiring discus-
sion and optimization on national level in Poland are mentioned—in context of local 
used PAE (Pesticide Application Equipment) types. 

Keywords Sprayer investigations · Pesticide application · Application 
equipment · Environment pollution · Food safety
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Poznań University of Life Sciences, Wojska Polskiego 28, 60-637 Poznań, Poland 
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1 Introduction 

The chemical method of crop protection is used since more than hundred years. The 
application any active ingredient is conducted with some equipment. It should work 
safe for the operator, and environment. For large scale of agricultural crop produc-
tion the manufacturers are developing since decades most modern PAE dedicated to 
different specific of cultivated crops and also for different field scenarios (weather 
conditions, BBCH (the phenological development stages of plants), pest). To become 
good, efficient effect of chemicals application, safe for operator, environment and 
consumer, it is necessary to use PAE in good technical condition. Also the compe-
tences of PAE operator are playing important role. During decades intensification 
of agricultural production, also intensity and specificity of conducted applications 
increased. Such situation with significant increase of pesticides use, there was a need 
to control the technical condition of used PAE. First voluntary procedures of evalu-
ation the technical condition of field sprayers was developed and introduced in The 
Netherlands and West Germany in 1976 [6]. Then other countries introduced similar 
actions to improve plant protection safety. First in 1993 was introduced manda-
tory (field) sprayers investigations in Denmark, Germany and Switzerland. For the 
air assisted sprayers—mandatory investigations were introduced also in 1993 in 
Denmark only. In Poland since beginning the technical investigations was introduced 
as mandatory procedure for field and orchard sprayers in 1999. It was in few years 
financial supported for cover cost of mandatory test, and also was part of documented 
modernization (exchange the manometer, spray dose control set, and nozzles. The 
methods described for sprayers testing evaluated time to time [1, 2], but unfortu-
nately without the opinion of diagnosticians who carry out practically the tests. Over 
20 years of experience, the Polish methodology has been largely modified based on 
the effects of cooperation within SPISE, using ISO [7], EN, Polish Standards PN, 
and governmental requirements [2–4]. Experiences and problems with mandatory 
testing of sprayers, to a limited extent, were discussed by specialists during a series 
of popularizing conferences—Rational Plant Protection Technique (RPPT). Since 
2009, after publication of EC Directives: 2009/127/WE, and 2009/128/WE, all MS 
were obligated to adapt national systems to this requirements [6]. Till end of 2014 
should be introduced in all MS the Integrated Plant Production. This requirements 
obligated also all MS to establish Mandatory systems and methods for technical 
investigations of PAE. As fare as authors know, this IPP requirements are fulfilled 
not in all MS. In Poland since 2021 was publish actualized regulation for PAE 
investigations. 

2 Actual Situation 

The actualized requirements and investigation procedures evolved a little to be more 
friendly for diagnosticians/investigators, but in many details we have still problems.



Problems with System of Sprayers Testing in Poland … 141

After 11th RPPT conference in 2013, they were not continued. Problems reported 
by diagnosticians performing PAE practical tests—resulted in the organization of 
spontaneous discussion workshops coordinated by Professors: Tadeusz Baranowski 
and Małgorzata Bzowska-Bakalarz, with scientific support and under the patronage 
of: PTIR (Polish Society of Agricultural Engineering), KOR PAN (Plant Protection 
Committee of the Polish Academy of Sciences, KTR PAN (Agricultural Technology 
Committee of the Polish Academy of Sciences and RPT (Agricultural Technical 
Review) journal. During the first workshop (2014), PAE investigators believed that 
they could present their problems and proposed changes in a seriously and partner 
discussion. There was a need to continue the meetings in order to further discuss 
the possibilities of improving the research system and work comfort. A series of 3 
discussion workshops were organized in 2014-16. Representatives of the Ministry 
of Agriculture and Rural Development, PIORiN (Main Inspectorate of Plant Health 
and Seed Inspection) [9] were invited to participate, to see existing problems in the 
practice. The practitioners (investigators/diagnosticians) doing the tests, were the 
most important participants. The researchers of universities and research institutes 
taking also actively part with presentations. Many comments were to the existing 
rules. Many postulates were mentioned- how to improve the methods of practical 
tests of PAE. Also proposals about efficient conducting, and reporting of test results, 
and archiving the necessary information were mentioned. 

Submitted initiatives were constructive and valuable. Their content can be useful 
in creating PAE testing systems, mainly where it is not yet fully specified. 

The course of the discussion workshops has evidently shown that practical knowl-
edge from investigators is invaluable and should be taken into account in developing 
and modifying PAE testing methods. 

In Poland, various sources (according to different calculation methods) provide 
significantly divergent information on the numbers of the PAE in use. The differences 
for tractor powered sprayers oscillate between about 330 thousands from one source, 
up to 500 thousands from other source. 

Additionally, for 20 years the system of recording the examined PAEs has not 
been improved. Only the number of performed tests is documented and archived. 
Lack of a coherent system of records of the PAE used. 

Another drawback is the poor scope of information on the equipment of the tested 
PAE, especially on sprayers. During the test, you can easily obtain knowledge about 
the equipment (nozzles, area serviced in the season, application performance param-
eters—liquid dose per ha, liquid spraying pressure, driving speed). The obtained 
information would be the input data for the development of recommendations useful 
for operators in their working conditions (PAE and field conditions scenarios for 
the implementation of the application). Until recently, in the accredited letters of 
SKO only their postal addresses were available. For unknown reasons, the telephone 
numbers and e-mail addresses could not be made available by PIORiN [9]. Currently, 
the situation has improved and the above-mentioned data is now available. 

Need for classification of sprayers used in Poland on Potential of Drift Reduction 
were mentioned. The need to classify sprayers used in Poland in terms of drift 
reduction potential was mentioned. So far, no action has been taken in this regard.
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The only material available regarding the drift reduction potential is the German 
collation from the federal institute with the table heading translated. 

Another, rightly perceived problem is the lack of education requirements (tech-
nical competences) for candidates for investigators, and the lack of a practical part 
in the qualification process—an internship in a unit accredited for PAE testing. 

Also, the obligation to adjust the spray liquid dose per ha does not take into 
account the method of selecting nozzles, taking into account the specificity of the 
application. 

Due to the widespread use of automatic dose regulators and other precision 
farming elements in the equipment for several years, the legislation does not keep 
pace with the need to define the method of controlling the accuracy of operation of 
such modern systems. 

Some participants reported a problem that PAE owners were not getting their 
devices ready for the test. Especially in smaller farms, PAE is not washed—as 
required by the regulation. There is a problem of enforcing this process, respecting 
the costs and time of both parties. 

For such cases, the cost of professional cleaning (inside and outside) of the tested 
device should be officially specified. 

3 Formulated Initiatives and Problems 

On the base of ISO 16122 series, Directive 2009/127/WE, and SPISE Manuals, 
the PAE sprayers testing should be unified in MS, but also adapted adequate to 
local specifics. The long-standing problem of the correct method of controlling the 
distribution from the spray boom has been liberalized. 

Finally, both methods can be legally used: Patternator as well as the flow rate 
measuring. This is a compromise as it is known that neither of these methods can be 
used alone to obtain a complete assessment of the quality of liquid distribution from 
the boom. 

Lack of the obligation to test new sprayers (5 years), and the lack of general 
records of them, makes it difficult to include all sprayers under inspection. There are 
no clear rules for changing owners or importing. 

Objective instructions should be regularly updated, taking into account the offers 
of Polish manufacturers (nozzles and sprayers). So far, they have been based mostly 
on information materials of foreign companies. This applies to a very impor-
tant aspect—the quality of the atomization—which characterizes the suitability for 
specific application conditions and the fulfilling of the pesticide label requirements. 

Introducing official prices for a compulsory test as for vehicle testing. Tests 
conducted in the farms of PAE owners should be officially regulated in terms of 
fees for arrival. No institution offers a demonstration process for carrying out the test 
with the required scope of activities. Practitioners call for such a model demonstration 
include a full process of practical and formal activities within approx. 30–45 min. 
It is related to profitability, which is also important in their commercial functioning.
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The current, flexible prices for the test are too low and do not cover the real costs of 
the test. 

4 Conclusions 

The knowledge and practical experience delivered to discussion from investigators 
were very useful. Presented points of view and open discussion about details of test 
procedure, and problems at this specific work, allowed to create list of postulates 
addressed to legislators. 

Fruitful effects of 3 discussions workshops with possibility to exchange expe-
riences between practitioners, legislators, advisors, engineers, seller of PAE, and 
researchers confirmed usefulness debates with specialists. 

The postulates formulated in the published summaries of the workshops, 
addressed mainly to legislators, gradually and evolutionarily allow to achieve the 
effects of changes in line with the expectations of practitioners. 

This type of exchange of experiences, information and creating common solutions 
was used probably the first time and both the effects and the way can be used in other 
countries developing PAE control systems. 

Initiatives to create a national system of registration of sprayers (similar to vehi-
cles) as well as records of diagnosticians and operators with valid authorization 
to use pesticides are constructive. This will contribute to increasing the safety of 
agrochemicals application. 

Extension of obtaining authorization to test PAE with an internship in an 
authorized workshop (min. 3 months) is justified. 

Sprayers used in IPP should equipped with atomizers having spraying quality 
technical information from any independent laboratory. This is necessary so that, 
knowing reliable information about the quality of the atomization, the operator of the 
sprayer would be able to meet the strict requirements of the instructions for use of the 
pesticide. The pesticide labels include also required atomization quality, because the 
operator of the sprayer is personally responsible for any inappropriate side effects 
of the application. The use of information obtained from practitioners evidently 
brings constructive conclusions. This allows for efficient and faster optimization of 
regulations and requirements. This should result in improved comfort and efficiency 
in implementing mandatory PAE testing. 
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Changes in Soil pH and Their Influence 
on Sustainable Development 
in the Agriculture 

Wioletta Żukiewicz-Sobczak, Paweł Sobczak, Katarzyna Grotkiewicz, 
Anna Domańska, Jacek Mazur, Patrycja Łusiak, Konrad Żukiewicz, 
and Małgorzata Bernatek 

Abstract The study aimed to evaluate soil pH after combine harvesting, in wheat, 
rye, and barley crops cultivation according to two agricultural strategies, viz. ecolog-
ical and conventional. An extensive microbiological analysis was carried out to 
address the qualitative and quantitative presence of mould fungi in samples of soil 
taken from wheat crops. The obtained soil pH results varied according to the type 
of cereal grown. The concentration of mould from the soil samples from organic 
wheat cultivation was higher as compared with that for the soil samples taken from 
conventional farming. 

Keywords Soil pH · Fungi · Sustainable development · Agriculture 

1 Introduction 

The condition of the environment and natural resources is very closely related to 
human impact in various areas of production. Environment, climate, and natural 
re-sources protection shape our views and actions in the field of sustainable devel-
opment. The Common Agricultural Policy of the European Union recognizes the 
need to take measures to protect the environment. Promoting organic farming is one 
of these measures. Sustainable development in environment protection entails many
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146 W. Żukiewicz-Sobczak et al.

positive aspects, not only for soils but also for the entire globe. Sustainability is 
an issue increasingly more of-ten addressed during scientific symposia around the 
world. Lack of the natural state of balance leads to various irreversible consequences 
not only for the environment but also for humans, their quality of life, and health. 
The conventional strategy uses synthetic fertilisers and chemical plant protection 
products as well as industrial fodder, which, it was assumed, were to provide higher 
plant and animal efficiency and, what is important, higher factor productivity, than 
organic farming. The organic strategy is based on compliance with crop rotation 
rules, i.e. applying rotation in plant sowing throughout the entire growing season. 
Furthermore, cultivation in this strategy is based primarily on natural and organic 
fertilisers and, at the same time, on the limited use of mineral fertilisers and plant 
protection products. The organic strategy also provides for measures to ensure plant 
protection and adherence to the standards regulating the available space and clean-
liness of livestock housing, including setting up the acceptable animal density on 
agricultural land [1]. 

The implementation of environmentally friendly strategies has a decisive impact 
on the chemical, physical, as well as biological characteristics of the soil. All these 
aspects have both a direct and indirect impact on one another. An imbalance between 
these three properties may lead to many adverse consequences for crop cultivation, 
environment, climate, and human health. Farmers are exposed to a wide range of 
diverse stimuli, arising from the work performed, that are threatening and harmful to 
health. These factors include, among others, organic dust of biological origin. Taking 
into account the place of origin, this type of bio-aerosols may contain a variety of 
different kinds of crop residues, filamentous fungi, mycotoxins, bacteria, bacterial 
toxins, mites, as well as fragments of insects and animal excrements with very diverse 
composition [2]. 

Natural causes of soil acidification are related to geological and biogeochemical 
factors as well as climatic conditions. According to Filipek [2013] more than 90% 
of Polish territory is covered with soil originating from sedimentary rocks, mainly 
loose clastic ones, transported by glaciers from Scandinavia. The acidity (pH) of the 
environment is one of the main factors determining the appropriate use of the soil. 
Excessive lowering of pH of soil used for agriculture significantly reduces the yield. 
Moreover, it has an adverse impact on the ecosystem and climate in many countries 
with humid climate [3]. New strategies introduced in agriculture bring with them a 
number of uncertainties linked to the adaptation of plants to the soil. Currently, in the 
EU crop market, a gradual replacement is observed of conventional strategy in favour 
of ecological one. Changing the fertilisation strategy can lead to new soil conditions 
in crop cultivation. The soil pH and humus content determine the phenomenon of 
soil fertility as well as the physical, chemical and biological properties of the soil. 
Rational and effective management of nutrients is related to the assessment of the 
content of available nutrients in the soil, as well as the agronomic assessment of the 
soil class. This type of treatment is key in the planning of crops rotation. 

Soil pH is a very important soil property. It affects the soil environment as it 
determines the physical, chemical and biological properties of the soil. Knowledge 
of the pH value of the soil helps determine its quality and suitability for the cultivation
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of different crop groups. Proper soil pH, i.e. well-adjusted to plant requirements, has 
a decisive influence on nutrient use, yield and profitability. Soil pH also affects 
microbial activity and soil processes. 

For growth, development and delivery of adequate yields plants need nutrients 
taken in appropriate quantities and proportions, depending on the species. Plants 
absorb nutrients mainly through roots, which is why it is crucial to ensure that 
appropriate conditions are provided for this process. Soil pH discussed here is one of 
the main factors influencing the availability of nutrients to plants from soil solution. 

Soil pH is one of the most important indicators of its fertility. Most plants thrive 
predominantly in the case of soil pH ranging from slightly acidic to neutral. The 
best availability of nutrients for plants occurs when soil pH equals 6.5–7.2. Already 
under light soil acidification conditions below 6.5 pH, the absorption capacity of 
certain nutrients, including nitrogen and phosphorus, is significantly reduced [4]. In 
alkaline substrate, useful micro-organisms develop and the mineral substances are 
available in a form easily assimilable by plants. In contrast in over acidic soil acidic 
mould develops, and many minerals form water-insoluble chemical compounds. 
Acidification of soils is correlated with a decrease in fertility and productivity, and 
pH values of pHKCl below 4.5 indicate a risk of soil environment degradation [5]. 
The effects of soil acidification from the point of view of organic and conventional 
agriculture lead mainly to a reduction in the nutrient absorption by plants, in particular 
of phosphorus, magnesium and molybdenum, and an increase in the mobility of 
materials which become dangerous in larger quantities, especially heavy metals and 
mobile aluminium [6]. Szatnik-Kloc (2004) showed that a high pH of the soil is a 
significant factor in the increase in toxicity and heavy metals concentration in soils 
[7]. 

The yield of the crop depends on the soil condition. High and good quality yields 
can only be guaranteed by soils with high microbiological activity and proper phys-
ical, chemical and biological characteristics, which are the main indicators of soil 
quality, which, together with soil structure, form the basic foundation of soil fertility 
[8, 9]. 

In 2015 Taczyński in his study on the chemical properties of soil in an organic 
production system in which, among others, rye and oat were grown showed 
favourable changes in soil pH, measured in KCl, over the eight years of analysis. 
Between the first (2007) and the last (2014) year of the study, the soil acidity was 
reduced by one unit, i.e. from 5.1 to 6.1, and thus the pH changed from acid to slightly 
acid, which, according to the author, was probably the outcome of systematic soil 
liming and using manure [10]. 

The aim of the study was to evaluate soil pH after combine harvesting, in wheat, 
rye, and barley crops cultivation done according to the two agricultural strategies, 
viz. ecological and conventional. The direct effect of soil pH on soil microbial 
activity in terms of the quantitative and species composition of mould in soil samples 
from conventional and organic wheat cultivation was also assessed. Furthermore, the 
identified mould was classified according to the Biosafety Levels (BSL).
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Fig. 1 The scheme of the 
field sampling 

2 Materials and Methods 

Examined material consisted of soil samples collected from wheat, rye, and barley 
cultivation from 30 different farms in south-eastern Poland. The research was carried 
out after combine harvesting of cereals cultivated under two agricultural strategies, 
viz. conventional and organic farming. In the course of the study mature soil was 
sampled. In total 30 soil samples were collected. Samples were taken from the soil 
surface to the depth of 20 cm, excluding field edges, ditches, recesses and hills. The 
mass of one test sample equalled 300 g and it was a mixture of 20 original samples 
taken from points evenly distributed over the test area as shown in Fig. 1. 

Determination of soil pH was carried out on pH meter CP 411 combined with 
an EPS-1 pH electrode. The obtained soil pH results varied according to the type 
of cereal grown. Statistical analysis of the results obtained was performed using 
Statistica 13.3 software. 

Microbiological tests were carried out on samples of soil used for wheat cultiva-
tion carried out under two farming strategies, i.e. organic and conventional (10 soil 
samples per farming strategy – 20 samples in total). 

In order to determine the concentration and composition of the fungi in the 
collected soil samples two substrates were used, i.e. Malt Agar (MA, Becton, 
Dickinson and Company) and Potato Dextrose Agar (PDA, Becton, Dickinson and 
Company), using the plate dilution method with Tween 80 as the emulsifier. The 
research was conducted in two parallel repetitions. The PDA substrate was incu-
bated at 24 °C for 144 h. The MA substrate was incubated at 30 °C for 72 h followed 
by another 72 h at room temperature. The fungi species composition was determined 
using macroscopic and microscopic methods and taxonomic keys and atlases [11– 
16] and expressed in CFU/g units. The isolated mould species were ranked according 
to the Biosafety Levels (BSL). 

3 Results 

The pH of the soil for wheat crops cultivated following conventional strategy ranged 
from 6.00 to 7.55, while in the case of the organic farming of the same cereal for 10 
samples it was within the range of 6.0–7.35. It should be noted that in the case of 
organic strategy the soil pH showed smaller discrepancies (Fig. 2).
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Fig. 2 Average soil pH for various species and its standard deviation 

After the pH tests were carried out for the soil under conventional and organic 
cultivation, the obtained results were within the range of 4.15 to 6.20. In the case 
of the organic strategy, the results were less varied and were within the range of 
4.15–5.20. The pH of the soil rye was cultivated on was significantly lower than that 
where wheat was grown. It was observed that for the examined cereals the pH of the 
soil from rye cultivation was the closest to the acidic one (Fig. 2). 

In the case of barley cultivation, the pH of soil ranged between 6.0 and 7.10 for 
the organic strategy, and between 6.25 and 7.25 in the case of the conventional one. 

Among the three examined species of cereals, the pH of the soil where barley was 
cultivated, was the closest to the neutral pH (Fig. 2). 

Statistical analysis of variance with the significance level of 0.05 showed no 
significant difference regardless of the implemented strategy of agriculture (Fig. 2). 
However, significant differences occurred depending on the cultivated crop species. 
The pH of the soil was the lowest after rye cultivation (pH 4.6–4.7). There were no 
statistically significant differences when comparing barley and wheat, in the case of 
which the average pH was about 6.7 

In the soil samples from the organic wheat cultivation the following types and 
species of mould were isolated in the highest quantities: Penicillium tardum PDA
- 10.62%, MA - 4.9%, Scopularipsis brevicaulis PDA - 10.62%, MA - 20.71%, 
Paecilomyces lilacinus PDA - 4.6%, MA - 8.86%, non-spore-forming mycelium 
PDA - 9.73%, MA- 5.45%, Acremonium sp. PDA - 1.06%, MA - 0.54%. On the other
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hand, in the case of conventionally cultivated crops the following were represented in 
the highest quantities: Acremonium murorum PDA - 3.89%, MA - 2.9%, Alternaria 
alternata PDA - 6.29%, MA - 1.94%, Cladosporium cladosporioides PDA - 4.79%, 
MA - 1.61%, non-spore-forming mycelium PDA - 10.78%, MA - 8.06%, Penicillium 
citreo-viride PDA - 3.89%, MA - 4.19%, Penicillium pururogenum. 

PDA - 11.08%, MA - 18.39%. In terms of biodiversity of the isolates, the most 
varied were the samples of soil used for wheat cultivation in conventional farms 
isolated on PDA substrate. 

The concentration of mould in the soil samples from organic wheat crops culti-
vation was equal: in the case of PDA from 10 to 100.5 × 103 CFU/g, in the case of 
MA from 16.5 to 177.5 × 103 CFU/g. While in the case of conventional cultivation 
it was equal: in the case of PDA from 5 to 54.5 × 103 CFU/g, in the case of MA 
from 6 to 65 × 103 CFU/g (Table 1). 

The isolated strains were classified according to the respective biosafety 
levels (BSL). The species classified to level 1 include: Acremonium strictum, 
Alternaria alternata, Aspergillus Niger, Aspergillus versiolor, Chaetomium atro-
bruneum, Chaetomium funicola, Cladosporium cladosporioides, Cladosporium 
sphaerospermum, Fusarium sacchari, Geomyces pannorum, Mucor racemosus, 
Paeciliomyces lilacinus, Penicillium chrysogenum, Penicillium citrinum, Penicil-
lium commune, Penicillium decumbens, Penicillium expansum, Penicillium griseo-
fulvum, Penicillium purpurogenum, Penicillium rugulosum, Rhizopus oryzae, Tricho-
derma viride, Ulocladium chartarum (23 species). Whereas the species classified 
to level 2 are: Aspergillus fumigatus, Fusarium solani, Fusarium verticillioides, 
Scopulariopsis brumptii, Scopularipsis brevicaulis (5 species). 

Table 1 The total number of mould (CFU/g × 103) in the soil samples taken from wheat cultivation, 
depending on the crop cultivation strategy (organic, conventional) and the type of substrate (PDA, 
MA) 

Sample no. Organic farm Sample no. Conventional farm 

PDA MA PDA MA 

1 33.25 31 11 5 6 

2 27.75 40 12 7.5 3.5 

3 26.5 18.75 13 14.25 12 

4 100.5 73.75 14 29.75 34.75 

5 29.5 44.5 15 54.5 17 

6 10 16.5 16 51.5 65 

7 44.25 32.25 17 14 9 

8 83.75 177.5 18 25.5 11.5 

9 22.25 25.25 19 18.75 10 

10 18.5 52.75 20 16.5 13 

Average 39.63 51.23 Average 23.73 18.18
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4 Discussion 

In both organic farming and conventional crops cultivation, the good quality of yields 
is the primary concern, hence the soil pH and its nutrition value plays an important 
role in the proper growth and yield of plants. Plants reacting strongly to acidification, 
such as, for instance, winter wheat and barley, have optimal conditions for pH of 6.0 
to 7.5. On the other hand, plants medium sensitive to acidification, such as rye 
and oat, have optimal conditions for pH of 5.0 to 6.5 [17]. Below these values, 
i.e. in an acid environment, heavy metals can be drawn in excessive quantities and 
accumulated in plant products. Heavy metals absorbed by plants can be reduced, 
for example, by liming [18, 19]. In organic farms, only carbonate lime may be used 
for soil deacidification. This is due to the principle of maintaining the chemical and 
biological balance of the soil in organic farming. Liming treatment is one of the 
means of regulating soil pH intended for soil deacidification to reach optimal values 
for a given soil agronomic category or plant species. 

Soil liming in the case of wheat and barley cultivation on sandy and acidified soils 
showed an increase in pH both in the topsoil and underneath the plough layer, as 
well as a decrease in the aluminium toxicity of the soil [20]. 

Liming is an agrotechnical process that determines soil condition. Not only does 
it make the soil less acidic but it is crucial for the absorption of micro-elements by 
plants. It also supports organic and mineral fertilization. It improves the quality of 
crops indirectly. Skilful liming allows obtaining pH optimal for the soil and culti-
vated crops. Determination of the desired pH level for a particular field starts with 
determining the soil type and then the requirements of intended crop. 

Acidification of soils greatly reduces their productivity and, in many cases, hinders 
obtaining high quality raw materials needed for the production of healthy food from 
organic farms. Soil pH by decreasing below the optimal value for a given element 
leads to a rapid decrease in the element yield efficiency. Niemiec et al. (2020) in their 
surveys on the sample consisting of 50 organic farms (without animal husbandry) 
and conventional farms, in which cattle husbandry took place additionally, have 
shown that the properties of tested soil indicate a high risk of chemical and biolog-
ical degradation. The investigated farms showed very low organic carbon content 
and were characterized by very low pH. In most cases, the tested soils were strongly 
acidic. In the above work, as well as other studies, it was unanimously acknowl-
edged that without implementing control measures, the pH level and the problem of 
low absorption of phosphorus and mineral nitrogen may lead to the disturbance in 
the agroecosystems homeostasis and, consequently, to soil degradation [4, 21, 22]. 
Conventional farms with animal production, included in the above study, have shown 
beneficial soil characteristics, from the point of view of cultivation, as compared to 
organic farms which do not involve in animal husbandry [23]. Farming based on 
balancing crop production and livestock husbandry that respects the principles of 
organic farming and implements natural resources seems to be the response to the 
objective of improving soil chemical properties. A system aimed at food produc-
tion with minimal damage done to ecosystems, animals, and people is perfectly in
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line with the principle of sustainable agriculture. According to Becher et al. (2020) 
organic fertilizers, including, in particular, manure fertilization, have shown a signif-
icant impact on the quantity and quality of organic matter accumulated in the topsoil 
layer. Organic matter, especially humus, regulates soil productivity and resistance to 
degradation [23]. In addition, according to Jakubus and Graczyk (2020), the use of 
organic fertilizers can supplement soil organic matter content, improves soil fertility 
and increases crop yield and quality [24]. 

In organic crop rotation, beneficial chemical parameters of the soil are affected 
in particular by both the high humus and total nitrogen (N) content, as well as the 
content of three micronutrients (B, Cu, Mn) in the soil [25]. 

Frąc et al. (2011) in the course of the research on microbiological properties of the 
soil used for winter wheat cultivation in organic and conventional strategies, found a 
higher activity of soil micro-organisms in the case of organic farming, which could 
indicate good soil quality and making nutrients available to plants. This is probably 
associated with higher organic matter content and soil pH more beneficial for the 
development of micro-organisms [26]. Similar relationships were obtained in this 
work by determining the concentration of mould in the soil samples from organic 
cultivation of wheat crops (PDA: from 10 to 100.5 × 103 CFU/g, MA: from 16.5 to 
177.5 × 103 CFU/g), while in the case of conventional cultivation the concentration 
of mould for the respective substrates was: PDA: from 5 to 54.5 × 103 CFU/g, MA: 
from 6 to 65 × 103 CFU/g (Table 1). However, it should be noted that higher genetic 
and species biodiversity was obtained in the case of mould isolates from conventional 
crop cultivation (Table 1). 

Sorption properties of soil consist of the ability to absorb and retain solids, gases 
and, above all, various chemical compounds and ions. Sorption properties play an 
essential role in soil. They enable to retain the nutrients formed as a result of miner-
alization processes or introduced into the soil with fertilizers. Retention of fertilizing 
components in the soil prevents the loss thereof, affects the efficiency of fertiliza-
tion and prevents water eutrophication. Sorption capacity also allows water retention 
and regulation of soil pH. Many studies indicate that, as pH increases, the sorption 
capacity of the soils increases [27]. 

Based on the reports in the literature of the subject, it can be unequivocally 
admitted that the agricultural strategy used in agriculture affects the chemical prop-
erties of the soil [28, 29]. The organic soil cultivation strategy favours soil charac-
teristics based on the use of natural (organic) fertilizers, as well as humus, organic 
carbon, and micro-elements content in the soil. A conventional strategy may cause 
acidification of the soil if large amounts of mineral fertilizer (especially nitrogen 
fertilizer) are used [30, 31]. Kwiatkowski and Harasim (2020) in their studies, which 
consisted in defining certain parameters of the soil chemical composition, e.g. soil 
pH, total sorption capacity, humus content, and micronutrients content showed that 
organic crop cultivation contributed to the increase of magnesium, boron, copper 
and other elements content in the soil. In addition, organic farming practices had a 
positive effect on soil pH, however, this difference was not statistically significant. 
Moreover, a higher humus content was noted, which is a cornerstone of healthy
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soil. On the other hand, conventional crop cultivation showed higher levels of phos-
phorus and potassium in the soil as compared with organic cultivation. Finally, it was 
concluded that organic crop cultivation significantly improved the sorption capacity 
of the soil as compared to traditional (conventional) cultivation [25]. 

Organic and conventional farming systems differ significantly in terms of the 
methods of fertilisation and plant protection, hence the impact of biological factors 
may cause various health effects in humans. The opinions regarding the pro-health 
aspect of cultivation according to these two production systems still vary, not only 
when it comes to the quality of raw materials produced, but also in regards to the 
health risks faced by the people working with these crops. One theory assumes that 
different method of fertilisation characterizing organic farming causes a change in the 
metabolism of cultivated crops. A larger amount of secondary metabolites produced 
by them makes these plants cope better with challenges such as fungal diseases and 
other pests. In this case, the pH of the soil has labile value sensitive to modifications 
of the soil environment, which is related to the reaction of fertilisers components with 
the soil. Changes in the soil pH are the key factor in the development and vegetation 
of many soil microorganisms, such as bacteria and fungi [32, 33]. According to the 
data from the literature of the subject, the results of studies concerning the content 
of filamentous fungi in the soil advocate for the change to ecological agriculture. 
Adherence to the principles of organic farming is more efficient and soil-friendly 
due to the biodiversity and concentration of filamentous fungi. According to the 
data from the literature of the subject, in the case of soil samples from conventional 
cultivation the concentration of filamentous fungi equalled 124.65 × 103, and thus 
was more than two times higher compared to the results obtained for the samples 
from organic cultivation, viz. 48.55 × 103 (CFU/g) [32]. In the research carried out, 
the concentration of mould from the samples of soil obtained from organic wheat 
farms was: for PDA: from 10 to 100.5 × 103 CFU/g, for MA: from 16.5 to 177.5 × 
103 CFU/g. While in the case of conventional cultivation it equalled: for PDA: from 
5 to 54.5  × 103 CFU/g, for MA: from 6 to 65 × 103 CFU/g (Table 2).  

Organic farming accepts only the use of reproductive material derived solely 
from organic farming and chemical treatment of raw materials is forbidden. The 
composition of fungi present in the grain depends on the conditions present during 
the vegetation period, such as, for example, weather conditions, cultivation method, 
use or non-use of synthetic fertilisers and plant protection products. The results of 
the existing studies confirm that climatic conditions have a major impact on the 
development of particular plant pathogens, for instance, the presence of fungi of 
the Fusarium genus depends on temperature. According to the sources, the most 
favourable conditions for the development of species of the Fusarium genus are high 
humidity lasting for more than 24 h, and air temperature above 20 °C [32, 33]. 

From the data obtained from the Statistical Office (GUS) and representing the 
studies conducted in the years 2009 - 2010 it is known that in Poland most of 
the producers involved in agricultural production are organic farmers (98% of all 
producers) [34]. According to data provided by the Agricultural and Food Quality 
Inspection in recent years, organic farming in Poland has been developing dynam-
ically. The continued support of the European Union in this area and the growing
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interest in organic products are the factors conditioning this development. In the years 
2009 and 2010, meadows and pastures had the largest share in the organic agricul-
tural area (42.3%), with fodder crops cultivation being on second place (20.6% of 
arable land). These were followed by cereals, which accounted for 19.6% of organic 
farmland. 

The pH of the soil is associated with a number of endogenous and exogenous 
factors occurring in the soil. Depending on the anthropogenic soil conditions, sandy, 
neutral and alkaline soils are present in the environment of agricultural work. 

Sandy soils are characterised by a pH which is very acidic, i.e. 3.0, acidic, i.e. 4.0, 
and moderately acidic, i.e. 5.0. Neutral soils are slightly acidic (pH 6.0) and slightly 
alkaline (pH 7.0). In the case of alkaline soils the pH is around 8.0, while for strongly 
alkaline – it is even 9.0. According to the literature of the subject, many biochemical 
processes depend on the soil pH, which is called the main variable of the soil. In 
agriculture, controlling the soil pH is the determinant of the availability of nutrients 
for plants. Therefore, soil productivity and yield levels are directly proportional to 
the soil pH value. In agriculture, soil pH value ranges, on average, between 5.5 
and 7.5. On the basis of data from the Natural Resources Conservation Service of 
the United States Department of Agriculture the soil pH ranges are classified as 
follows: ultra-acidic (<3.5), extremely acidic (3.5–4.4), very strongly acidic (4.5– 
5.0), strongly acidic (5.1–5.5), moderately acidic (5.6–6.0), slightly acidic (6.1–6.5), 
neutral (6.6–7.3), slightly alkaline (7.4–7.8), moderately alkaline (7.9–8.4), strongly 
alkaline (9.0), and very strongly alkaline (9.0) [35, 36]. 

The soil pH is associated with the properties of solutions present in the soil and 
it does not apply to the solid phase of the soil, viz. to the elementary particles. 
According to several authors (38,39,40] the processes between the solid phase of 
the soil and the water contained by it account for the acidic or alkaline character of 
the soil. Soil acidity is the key parameter for the availability of nutrients for arable 
crops. According to the data from the literature of the subject, low pH levels prevent 
plants from obtaining nutrients. This is related to the transformation of minerals into 
forms that are difficult to absorb, e.g. Mo, B. Decline in organic matter, as well as the 
increase in heavy metal activity (Mn, Zn, Pb and others) are other factors negatively 
affecting the nutrient content of the soil [37]. In this own research, the soil pH for 
wheat cultivation in accordance to conventional strategies ranged from 6.00 to 7.55, 
while in the case of organic farming of the same grain it ranged from 6.10 to 7.35 (for 
10 samples tested). In the case of rye cultivation harvested with a combine harvester 
for both organic and conventional strategy, the observed range was between 4.15 and 
6.20. In the case of organic strategy smaller variation was recorded, i.e. within the 
range 4.15–5.20. When it comes to barley cultivation, the soil pH was within the 
range of 6.0–7.10 for organic farming and 6.25–7.25 for conventional farming. The 
examination of soil pH carried out in New Zealand gave the pH result of 6.29 for 
conventional strategies and pH 6.10 for organic farming [38–42]. 

Biosafety levels classification (BSL) 
In 1996, the working party of the European Confederation of Medical Mycology 
developed the classification of fungi in terms of their biosafety [43]. The Biosafety
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Level (BSL) classification shows the safety scale for fungi potentially pathogenic to 
humans and animals and distinguishes between 3 hazard levels represented by various 
fungal species. The BSL-1 includes saprophytes and plant pathogens that cause 
superficial, non-invasive or mild hazards. The BSL-2 consists of species characterized 
by a relatively high capacity to survive in vertebrate tissues, and in patients with 
severe immune disorders they may cause deep, opportunistic infections. The BSL-3 
includes pathogens that are potentially able to cause severe, deep fungal infections 
in generally healthy persons [44]. 

The species classified as BSL-1 include 23 species, while the species classified 
as BSL-2 include 5 species. This data shows the important role of moulds in the 
pathomechanisms of infection. In addition, they are valuable in the in vitro studies 
on the methods of assessing exposure to harmful mycotic agents and confirm the 
utilitarian potential of these techniques in preventive healthcare. 

5 Conclusions 

On the basis of the conducted study, the following conclusions are formulated: 

1. Cereal crops cultivation systems, i.e. organic or conventional, do not significantly 
affect the pH of the soil. 

2. Significant differences in soil pH were observed depending on the crop cultivated. 
3. The lowest soil pH (4.6) was recorded after rye cultivation, while after wheat and 

barley cultivation soil pH was within the range of 6.7 to 6.8. 
4. Higher biodiversity of mould was observed in the isolates coming from the 

conventional cultivation as compared to those from organic farming. 
5. The concentration of mould from the soil samples from organic wheat cultivation 

was higher (for PDA from 10 to 100.5 × 103 CFU/g, for MA from 16.5 to 177.5 
× 103 CFU/g) as compared with that for the soil samples taken from conventional 
farming (for PDA from 5 to 54.5 × 103 CFU/g, for MA - 6–65 × 103 CFU/g). 
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zawartość w roślinach. Acta Agrophysica 4(1):177–183. (in Polish) 

8. Karlen DL, Obrycki JF (2018) Measuring rotation and manure effects in an Iowa farm soil 
health assessment. Agron J 110:63–73. https://doi.org/10.2134/agronj2018.02.0113 

9. Lopatka A, Siebielec G, Smreczak B (2020) Zasobność gleb w podstawowe składniki oraz 
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Phosphorus Balance Trend in Albania 
Agriculture During the Period 1950–2019 

Fran Gjoka, Enkeleda Shkurta, Liri Miho, and Thoma Nasto 

Abstract In Albania, although there is some evidence of declining phosphorus-
poor soil surface, an in-depth study on the inflows and outflows of this nutrient 
from the soil has not been conducted. Therefore, this study aimed to quantify soil 
phosphorus balance at national level during the period 1950–2019, using the OECD 
approach. Phosphorus use efficiency is calculated only for arable land, as only it has 
received fertilizers. In cases of positive phosphorus balance, freshwater quality is 
endangered by eutrophication, while in cases of negative balance the yield of plants 
may decline. The results showed that for most of the study period (1970–2000), the 
phosphorus balance in Albania was positive, reaching a peak of about 22 kg/ha in 
1990. During the period 2000–2019, the phosphorus balance returned in negative 
(about –3 and –9 kg/ha in 2010 and 2019, but significantly lower compared to 1950 
(about –21.0 kg/ha). In terms of phosphorus deficit, Albania is included in the group 
of countries with the largest deficit compared to other EU countries (on average 
1.7 times higher) and the OECD. The value of phosphorus use efficiency, as an 
average for the entire study period, was 23%, or about 3.7 times lower compared to 
the average value of this indicator in the EU-28, suggesting the immediate need to 
improve plant production practices including manuring. Data of this study can be 
used in the management of phosphorus sources to agricultural to increase production 
and protect the environment. 
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1 Introduction 

After nitrogen, phosphorus is the most important soil nutrient that determines the 
quality and quantity of crop yields, but has adverse environmental effects when 
part of it is removed from agricultural soils that have received phosphatic fertilizers 
and accumulates in aquatic systems above the maximum permissible limits. For 
these reasons, this plant nutrient is in the focus of current agri-ecological research 
[2, 8, 11, 17, 18]. 

Despite the improvements in production technology, yields for most crops in 
Albania are much lower compared to the EU average [4]. And this is mainly due 
to the application of small amounts of fertilizers. On the other hand, a previous 
study showed that in soils with low nutrient-holding capacity (sandy soils) there is a 
potential risk of environmental pollution from nitrate leaching [3]. 

Although there is some evidence of declining phosphorus-poor soil surface [1], 
and data on soil nutrient (NPK) balances for agricultural land [9], an in-depth 
study on the inflows and outflows of phosphorous in Albania agriculture has not 
been conducted. Therefore, this study aimed to quantify soil phosphorus balance at 
national level during the period 1950–2019, using the OECD approach. Phosphorus 
balance serves as a useful tool to evaluate the effectiveness of using this essential 
plant nutrient and promoting environmental protection. 

2 Materials and Methods 

2.1 Study Area 

The study area includes agricultural land, which is the main category of land use in 
Albania. In fact, only cropland is fertilized with livestock manure and mineral fertil-
izers, while pastures are included in the study as grazing by livestock is considered 
an important cause of nutrient export from the soil. The dynamics of agricultural 
land area for the study period is given in Fig. 1. 

The territory of the country is dominated by hilly mountainous relief (77%), and 
the rest (23%) has plain relief. Agricultural land is spread in different categories of 
relief, making the Mediterranean climate (with mild and wet winters and hot and 
dry summers) have significant variations of its main elements such as rainfall and 
temperature. 

The main soil types according to WRB [7] are Cambisols, Regosols, Luvisols, 
Leptosols, Phaeozems, Fluvisols. The main land cover categories are forest land 
(37%), arable land (14.5%), permanent crops (9.5%), pastures and meadows (16%) 
and others (23%) [10].
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Fig. 1 Dynamics in years of agricultural land area 

2.2 Phosphorous Balance Approach 

To calculate the balance of nutrients in agriculture, two calculation methods can be 
used, farm-gate balance and soil surface balance. Although they use different data 
sources, both methods could be used when this assessment is done on a national scale 
[15]. 

To determine the phosphorus balance and to evaluate its trend in agricultural land, 
the OECD gross phosphorus balance approach (OECD/EUROSTAT, 2003, quoted by 
Panten et al. [16]) was implemented considering the Albanian conditions. Secondary 
data sources were used in the calculation, which are described in detail by Gjoka 
et al., [9]. The data was collected nationally and belong to a 69-year period (1950– 
2019). They include agricultural land use categories, types of cultivated plants, land 
area occupied by each plant and corresponding yields. For this purpose, inflows, and 
outflows of phosphorous from the soil per hectare of agricultural land are determined 
by using the following equation: 

P − Balance = P − in  f  lows − P − out f lows (1) 

where: P-inflows (kg/ha/year) include mineral fertilizers, livestock manure and 
seeds and planting materials, and P-outflows (kg/ha/year) include removal of P by 
harvesting plants and by grazing and mowing fodder. 

Phosphorous balance can be positive (>0) indicating surplus, negative (<0) indi-
cating deficit, and zero (0) indicating equilibrium. Amounts of phosphorous export 
from soils via crop production or added to the soil from livestock manure are obtained 
by multiplying crop production (ton) and livestock (number) by the corresponding 
phosphorous coefficients (kg P/ton/year and (kg P/head/year). 

Phosphorus use efficiency (PUE) was calculated only for crop land that received 
fertilizers, using the equation proposed by Syers et al., 2008, quoted by Medinski 
et al. [13] corresponding to the balance method:
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PU E = [P − Out  f  lows/P − I n  f  lows] · 100 (2) 

P-outflows - Removals of P through crop yield; P-inflows - Entrances of P with 
mineral and organic fertilizers. 

Data were processed using the IBM SPSS 22. 

3 Results and discussion 

3.1 Inflow and Outflow Trends in Albania Agriculture 

Figure 2 shows the average relative contribution of different sources of phosphorus, 
including mineral fertilizers (46.5%), livestock manure (53%), and seeds and planting 
material (0.5%), to phosphorus inflow to cropland. Livestock manure is obviously 
the main source of phosphorus in Albania agriculture. 

While, annual data show a marked variation of these sources throughout the study 
period, where two-time segments are distinguished, the first from 1950–1990 and the 
second from 2000–2019. Total phosphorus inflow ranged from 35.6 kg/ha in 1950 
to 63.1 kg/ha in 1990, with phosphorus sources contributing to varying degrees. 
Thus, the contribution of chemical fertilizers increases significantly from 6.9% in 
1950 to 54.3% in 1990, and increases less from 2000 (40.2%) in 2019 (46.3%), the 
contribution of animal manure decreases significantly from 92, 8% in 1950 to 45.2% 
in 1990, and decreases less from 2000 (59.4%) in 2019 (53.5%), the contribution of 
seed and planting material increases significantly from 0.3% in 1950 to 0,5% in 1990, 
and also decreases significantly from 2000 (0.4%) to 2019 (0.2%) [9]. This variation 
can be explained by significant changes in the amount of chemical fertilizers used, 
the number of livestock heads, and the structure of the crops planted.

46.5 

53.0 

0.5 

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 

P - Fertilizers 

P - Livestock manure 

P-Seeds/planting materials 

Fig. 2 The average relative contributions (1950–2019) of the P sources within the P inflows to 
Albania cropland. Error bars are ±1 standard error (n = 7)
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Fig. 3 The average relative contributions (1950–2019) of different mechanisms to P removal from 
agricultural land. Error bars are ±1 standard error (n = 7) 

To determine the amount of phosphorus removed from the soil by grazing and 
mowing, the P coefficients proposed by FAO [7] were used. The results showed that 
the main mechanism of phosphorus removal from the soil was livestock grazing 
and fodder mowing contributing on average 76% of the total phosphorus removed, 
followed by field crops by 2% and permanent crops by 22% (Fig. 3).

As described by Gjoka et al. [9], phosphorus removal rates varied greatly from 
year to year, ranging from 53.7 kg/ha (94.9%) in 1950 to 33.5 kg/ha (66.9%) in 2019. 
The rest of this nutrient is removed by the harvest of field crops (14.2 kg/ha or 28.3% 
in 2019 and 2.8 kg/ha or 4.9% in 1950) and permanent crops (2.4 kg/ha or 4.8% in 
2019 and 0.1 kg/ha or 0.2% in 1950). 

This annual variation can be explained by variations in yields and phospho-
rous contents per ton of plant products, while the latter, among others, depends on 
plant cultivation practices such as fertilization, irrigation, mowing or grazing, etc.) 
[5]. Comparing phosphorus outflows with inflows, it results that the latter exceed 
the outflows for most of the study period (1970–2000), suggesting a surplus of 
phosphorus in agriculture. 

On the contrary, in the last two decades there has been a phosphorus deficiency. 
According to MacDonald et al. [12], phosphorus deficiencies are more common in 
soils planted with forage crops, and globally, total phosphorus inflows on agricultural 
land exceed phosphorus removals from harvested crops. 

3.2 Phosphorous Balance Trend in Albania Agriculture 

Phosphorus balance is calculated for the entire surface of agricultural land as from 
the pastureland, although they have not received fertilizers, nutrients are removed 
through grazing and mowing. If the amount of total phosphorus outflows is greater 
than the amount of its total inflows to the soil, then we have a deficit, and on the
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Fig. 4 Average P balance (1950–2019) for all Albania agricultural land. Error bars are ±1 standard 
error (n = 7) 

contrary, we have a surplus. Phosphorus deficit and surplus are expressed in kg per 
hectare of agricultural land per year. 

As shown in Fig. 4, the average value of phosphorus balance in Albanian agri-
culture was positive for most of the 69-year study period, by around 2.0 kg/ha/year. 
Compared to the value of the phosphorus balance in agriculture of the European 
Union (EU), it was lower, 2 kg/ha/year versus 3.4 kg/ha/year [14]. 

According to Gjoka et al. [9], the phosphorus balance in the last two decades 
resulted to be negative (about –3 and –7 kg/ha in 2010 and 2019 respectively, but 
significantly lower compared to 1950 (about –21 kg/ha). The data suggests that, 
currently, there are no environmental disturbances caused by phosphorus used in 
agriculture, and that these disturbances must have existed in the time segment from 
1970 to 2000, marking a peak in 1990 (about +22 kgP/ha). 

3.3 Phosphorus Use Efficiency 

To determine the phosphorous uptake efficiency by crops, the phosphorus use effi-
ciency (PUE) is calculated, which is the ratio as a percentage of phosphorus removed 
by the crops divided by the phosphorus inflows with fertilizers. Based on the concept, 
phosphorus use efficiency (PUE) was calculated only for arable land, as only this 
category of land use has received fertilizers. 

The data of this study showed that the value of the PUE as an average for the study 
period (1950–2019), was 23%, or about 3.7 times lower compared to the average 
value of this indicator in the EU-28 (200–2014) [6]. Generally, it resulted that with 
the increase in the amount of fertilizers applied in agriculture, the values of PUE 
have also increased (Fig. 5), suggesting a deterioration in the use of nutrients applied 
in agriculture in Albania.
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Fig. 5 Phosphorus use efficiency (%) in Albania agriculture (arable land) 

The correlation between phosphorous use efficiency (PUE) and phosphorous 
application rate was not significant (R2=0.191) (Fig. 6). According to the deter-
mination coefficient (R2), the phosphorous application rate explains about 19% of 
the variance of the phosphorus use efficiency in Albania agriculture. This means 
that other plant cultivation practices have a more significant impact than the use of 
fertilizers. Therefore, significant improvements need to be made in plant cultivation 
technologies. Opposite results have been reported by Medinski et al. [13]. 
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Fig. 6 Relationship between PUE and phosphorous application rate. The polynomial model was 
used as it was the most suitable of the others
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4 Conclusion 

Phosphorus is one of the essential nutrients for agricultural crops, therefore the use 
of phosphate fertilizers is an effective tool for obtaining high and quality yields 
of crops and environmental quality protection. This is the first study that evaluates 
the phosphorus balance and the efficiency of the use of this nutrient in Albania 
agriculture. The results revealed a positive phosphorus balance in Albania agriculture 
for most of the study period (1970–2000), with a maximum value of about 22 kg/ha 
in 1990. During the last two decades, the phosphorus balance turned negative with 
values around –3 kg/ha in 2000 and –9 kg/ha in 2019, but nevertheless significantly 
lower compared to 1950 (about –21.0 kg/ha). In terms of phosphorus deficit, Albania 
is among the EU countries with the largest phosphorus deficit (on average 1.7 times 
higher), and the OECD countries. The value of phosphorus use efficiency, as an 
average for the entire study period, was 23%, or about 3.7 times lower compared to 
the average value of this indicator in the EU-28, suggesting the immediate need to 
improve plant production practices including manuring. 
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Applicability and Efficiency of Remote 
Monitoring of Agricultural Crops 

Asparuh Atanasov , Radko Mihaylov , and Gallina Mihova 

Abstract The object of research in this article is the applicability and effectiveness 
of a photo sensor for remote monitoring of crops. The analysis and processing of 
the information contained in a large amount of photographic material showing the 
vegetation of wheat in the spring of 2021 was made. The images show how over time, 
under different weather conditions, plants reflect solar radiation in the frequency 
ranges of visible light. The photos were taken with a digital camera Hasseblad L1D-
20, equipped with a 20 MP 1'' CMOS sensor, which is equipped with a drone model 
DJI Mavic 2 Pro. Through the methods of mathematical statistical processing, it is 
established how controllable and uncontrollable factors affect the process of image 
acquisition with the digital sensor, which is built into the camera. The regression 
equations are obtained, which give the relationship between the factors of the shooting 
process during the flight of the drone and the parameters that show the change of 
numerical values for the colours of the visible solar spectrum: red, green, and blue 
at the time of digital image acquisition for the condition of the crop. Conclusions 
have been made on how to set the f-stop and exposition values for shooting at a given 
value of solar radiation when working with a digital camera. 

Keywords Photo sensor · Statistical processing · Regression equations · f-stop 
and exposition values · Remote monitoring of crops 

1 Introduction 

The object of the study is the reflection of solar radiation from wheat crops. Drone 
model DJI Mavic 2 Pro is equipped with a digital camera Hasseblad L1D-20, 
equipped with a 1 “20.1 MP CMOS sensor, which is registered red, green and blue, ie
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RGB (red, green, blue) the rays reflected by the plants. The sensor matrix: 1 “20.1 MP 
CMOS, consists of photodetectors, the number of which determines the resolution of 
the image. Each pixel converts the light on it into an electric charge. The pixel in the 
raster map is an object characterized by a specific color, brightness and transparency 
recorded in digital form - 10-bit Dlog-M color profile. Each pixel describes only one 
color. The three colors correspond to reflections with different wavelengths. Natu-
rally, these three colors have different energies, different propagation frequencies, 
which is the main reason why the photosensor records different numerical values in 
each pixel of the image. 

The aim of the study is to determine how the factors that determine the function 
of the photosensor to convert the reflected solar radiation in the visible area, affect 
its work. 

2 Related Works 

A common approach in research practice is the use of mathematical apparatus for 
statistical processing of data obtained from various experimental studies. In crop 
production or more generally, in agriculture, the quantities, the factors that deter-
mine the development of processes are observed over a relatively long period of time, 
during which they acquire variable, random, in nature values. To identify trends in 
change, which is very important for predicting and managing processes, researchers 
use the capabilities and methods of mathematical statistics. In many publications 
the object of application is the regression analysis of an array of data, which in 
a certain way characterize the course of a natural process. Such an approach was 
applied in [3] to study a platform for remote monitoring of unmanned aerial vehi-
cles which maps the values of the normalized differential vegetation index (NDVI). 
High resolution has been achieved, which allows to assess the impact of the param-
eters of the drone on the quality of the data obtained. A study by, [4] developed a 
simple method based on the light efficiency model to estimate the growth and yield 
of irrigated winter wheat under semi-dry conditions. The originality of the proposed 
method consists in modifying the expression of the conversion factor by integrating 
at an appropriate voltage threshold to trigger irrigation, replacing the product of 
two maximum interception coefficients and conversion by a single parameter. In the 
work of [9] regression analysis is used to establish a relationship between a set of 
variables: annual precipitation, cultivation area and food price index and their effects 
on rice yield. In this study, regression analysis evaluates the analysis of environ-
mental factors and their impact on crop yields. A multivariate analysis technique is 
applied, which determines which factors are important variables for decision making. 
They work with a sample of environmental factors, considering a period of 10 years 
from 1990–2000. Linear regression is applied to establish a relationship between 
independent variables and crop yield as a dependent variable. In her study [2] she  
used a methodology for determining the condition of winter oilseed rape before and
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after overwintering and estimating the duration of flowering. It has been success-
fully tested to determine the state of the culture and is coded by the author of the 
Python programming language. The three conditions: good, average, and bad for 
each parameter (duration of flowering) are determined expertly by the author and 
the agronomist. Ten variables corresponding to the Sentinel-2 channels used with a 
spatial resolution of 10 and 20 m were used; all input data that are determined to be 
abnormal with a 5% significance level are excluded in subsequent treatments. The 
best regression model for the considered process, both parametric and nonparametric, 
is determined. 

2.1 Overview 

A central compositional plan has been drawn up, [1], which consists of three parts: 
core plan of the matrix for complete factorial experiment (CFE), star points, on the 
coordinate axes and zero points, experiments, symmetrically located in the center 
of the plan. The central compositional plan is applied to obtain a regression model 
and to describe local areas of the factor space with the number of factors n = 3. 
They reveal the essence of the state and functioning of the object of study. This is 
expressed by several conditions under which it takes place (factors) and the results 
obtained (parameters). The optimization of the mathematical model was performed 
with the optimization program Solver included in Microsoft Office 2006. Microsoft 
Graph chart software package was used for the graphical interpretation of the models. 
Graphical interpretation is performed by the method of two-dimensional sections. 
In a specific case [6], the ranges of change in volume, water level pressure and 
turbine speed are determined after conducting preliminary one-factor experiments, 
summarized graphically. The planning of the experiment and the processing of the 
obtained results were performed according to the known methods. When describing 
the object, a water turbine, which has static characteristics with extremum, and when 
planning the experiment, a second-degree polynomial was chosen for the regression 
equation, which is easy to systematize and study for extremum. A numerical matrix 
of the second-order partial derivatives is constructed. In this case, the numerical 
matrix is negatively defined and has a maximum that accurately characterizes the 
mode of operation of the turbine. In June 2019 [5], an aerial image was recorded 
using a drone equipped with an RGB camera to collect information to determine the 
condition of an experimental field sown with wheat, at intervals of seven days three 
times a day. The information on meteorological conditions was collected within one 
day (June 12, 2019) and eight measurements were made every hour. The values of 
the following vegetation indices were studied: VARIgreen and ExG, observed for a 
period of one month. For the purposes of the study, a regression model was created 
for a complete factorial experiment of type 23. The interaction of the factors that 
characterize the conditions of video recording was evaluated. Relevant conclusions
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have been formulated regarding the influence of the factors under which the obser-
vations were made. A recommendation was made for the best time interval during 
the day for filming and video surveillance of the wheat condition. 

3 Real Content 

The current study was conducted in the spring of 2021 in a field with coordinates: 
(43.656963N, 28.023110E). This is a plateau with an average altitude of about 230 m 
(Fig. 1). The climate is temperate continental. Critical for the winter months are low 
temperatures in the absence of snow cover. Due to the frequent influx of ground 
cooling air from the sea, spring comes later. Summer is cool and autumn is long with 
gradual cooling. Winds are common, with the northern component predominating. 

The input values or factors that determine the course of the process of recording 
the reflection of solar radiation from wheat crops are two groups. In one are the 
height and speed of the drone, and in the other are the values that characterize the 
very acquisition of the image, namely: f-stop, exposition, and shutter speed. They 
are measurable and manageable. Meteorological factors (wind speed and direction, 
air temperature, relative humidity, precipitation, solar radiation) determine various 
disturbances during image acquisition. They are important for the reflection of solar 
radiation from plants but are practically unmanageable. At the time of filming, the 
meteorological factors have specific values, but vary greatly during the growing 
season. Information about their level and dynamics is collected from the respective 
meteorological stations located near the surveyed areas.

Fig. 1 Location of the experiments
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These factors and disturbances form a large amount of information, which is 
difficult to statistically process. In accordance with the aim of the present study, a 
selection of three factors was made, the importance of which is essential for obtaining 
numerical values for the three colors from which vegetation indices for the condition 
of wheat are calculated. From the second group of controllable factors these are: f-
stop and exposition (Exposition time) of the shooting, and from the distracting, i.e., 
uncontrollable factors, that is: meteorological information about the solar radiation at 
the time of shooting. Table 1 gives the natural data for the two controllable factors and 
for the solar radiation according to the dates on which the wheat crops images were 
taken, as well as the numerical data for the reflection of red, green, and blue color. 
The numerical values for the colors are obtained after processing the RGB images 
with the software product ImageJ [9] is a Java-based image processing program 
developed at the National Institutes of Health and the Laboratory for Optical and 
Computational Instrumentation (LOCI, University of Wisconsin, USA) [11].

To describe the areas of optimum of the parameters Yj, j  = 1, 2, 3 or to describe the 
response surfaces, a regression model more complex than the linear one is applicable 
in a larger area of the factor space. Such a model cannot be built with a first-order 
plan, i.e., complete factorial experiment (CFE) of type 2 m and fractional replicas of 
it. To describe the area of the optimum, a polynomial of the second degree was used, 
according to the methodology of [6]. 

In this case a polynomial of the type: 

Table 1 Natural data on the factors and parameters of the regression model 

Datas 
2021 

№ of 
experiment 

Factors: (F) X1, (E)  X2, (W)  X3 Parameters: (R) Y1, (G) Y2, (B)  Y3 

F-stop 
[mm] 

Exposition 
[s] 

Solar 
radiation 
[w/m2] 

Red colour 
[-] 

Green 
colour [-] 

Blue 
colour [-] 

05.03 1 4,5 1/120 93,7 194,54 193,34 141,31 

19.03 2 3,5 1/80 202,2 190,49 196,8 155,5 

02.04 3 4,0 1/120 134,52 188,08 209,0 159,25 

09.04 4 4,0 1/80 105,5 207,8 234,3 184,92 

16.04 5 4,0 1/100 127,8 197,9 218,2 173,22 

23.04 6 3,2 1/50 165,2 188,81 235,08 179,93 

30.04 7 3,2 1/30 190,3 209,09 247,74 203,96 

14.05 8 3,5 1/80 203,3 206,69 234,38 193,05 

22.05 9 3,2 1/50 286,3 209,92 241,98 192,03 

24.05 10 3,5 1/50 224,0 218,18 235,35 207,63 

30.05 11 4,0 1/100 262,1 238,15 245,8 184,33 

05.06 12 4,0 1/120 170,9 233,83 234,71 162,23 

14.06 13 3,5 1/60 163,4 234,75 230,1 179,04 

25.06 14 5,0 1/250 140,9 143,74 141,07 120,99
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Ŷ j = b0 +
∑m 

i=1 
bi · ẋi +

∑m 

i,k=1 
b 

i, k 
1 < k 

· ẋi · ẋk +
∑m 

i=1 
bii  · ḃ2 i i+ (1) 

where Ŷ j is the estimate of the parameter Yj; bi coefficients of the regression equa-
tion; i is an index of factors from 1 to 3; ẋ i coded values of the factors from Table 3; 
m - number of factors. The plan that allows you to find the values of the quantities 
involved in this polynomial is called a second-order plan. Here the factors must vary 
at least on three levels. Table 2 shows the variation and coding of factors at five levels. 

The description of the area of the optimum is first planned with a first-order plan, 
then the center of the new plan is chosen as the center of the CFE or a fractional 
replica of it. Appropriately selected points are added to the plan. A rotatable central

Table 2 Levels of variation and coding of the factors of the regression model 

Levels F-stop  (F) - X1 [mm] Exposition (E) - X2 [s] Solar radiation (W) - X3 
[w/m2] 

Natural 
values 

Code values Natural 
values 

Code values Natural 
values 

Code values 

Down X0i 
+ αi 

3,2 +1,682 0,004 +1,682 93,7 +1,682 

X0i + J 3,65 +1 0,0113 +1 141.77 +1 

Average X0j 3,8 0 0,0186 0 189,85 0 

X0i-J 4,25 −1 0,0259 −1 237,93 −1 

Upstairs 
X0i-αi 

5,0 −1,682 0,0333 −1,682 286,0 −1,682 

StepJ 0,45 − 0,0082 − 48,075 − 

Table 3 Rotatable central composition plan for three factors 
X1 X2 X3 X12 X13 X23 X11 X22 X33 Y1 Y2 Y3 
1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 194,540 193,340 141,310
-1,000 1,000 1,000 -1,000 -1,000 1,000 1,000 1,000 1,000 190,490 196,800 155,500 
1,000 -1,000 1,000 -1,000 1,000 -1,000 1,000 1,000 1,000 188,080 209,000 159,250
-1,000 -1,000 1,000 1,000 -1,000 -1,000 1,000 1,000 1,000 207,800 234,300 184,920 
1,000 1,000 -1,000 1,000 -1,000 -1,000 1,000 1,000 1,000 197,900 218,200 173,220
-1,000 1,000 -1,000 -1,000 1,000 -1,000 1,000 1,000 1,000 188,810 235,080 179,930 
1,000 -1,000 -1,000 -1,000 -1,000 1,000 1,000 1,000 1,000 209,090 247,740 203,960
-1,000 -1,000 -1,000 1,000 1,000 1,000 1,000 1,000 1,000 206,960 234,380 193,050 
1,683 0,000 0,000 0,000 0,000 0,000 2,829 0,000 0,000 209,920 241,980 192,030
-1,683 0,000 0,000 0,000 0,000 0,000 2,829 0,000 0,000 218,180 235,350 207,630 
0,000 1,683 0,000 0,000 0,000 0,000 0,000 2,829 0,000 238,150 245,800 184,330 
0,000 -1,683 0,000 0,000 0,000 0,000 0,000 2,829 0,000 233,830 234,710 162,230 
0,000 0,000 1,683 0,000 0,000 0,000 0,000 0,000 2,829 234,750 230,100 179,040 
0,000 0,000 -1,683 0,000 0,000 0,000 0,000 0,000 2,829 143,740 141,070 120,990 
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
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compositional plan (RCCP) is obtained [1, 6]. The newly added points lie on the 
coordinate axes at a distance α from the center of the plan. These are the star points, 
and α is the star arm. The value of α = 1,683 was selected, (from the source, [6]) 
for the number of factors m = 3 according to the formula α = 2 m/4. A symmetrical 
plan is obtained, which is orthogonal to the central composition, as shown in Table 3. 
The points of the rotatable plan are located so that when rotating the coordinate axes, 
the distribution of the variance does not change. With an appropriate choice of the 
number of re-observations in the center of the plan, an almost uniform distribution 
of the variance over the whole area can be achieved. This area does not depend on 
the distance to the center of the plan. Such planning is called uniform planning. The 
number of observations in the center of the plan is chosen to obtain uniform planning.

With the statistical analysis program IBM SPSS Statistics v26 [10] was performed 
statistical analysis and was determined the coefficients of the second-degree model, 
Eq. (1). The results of statistical processing are given in Table 4, where F (k1, k2) is  
the value of the Fisher test; k1 and k2 are degrees of freedom of the respective sums, 
and R2 is the coefficient of certainty. 

The obtained values for the Fisher criterion [6] F (9, 10), compared with that for 
the degrees of freedom k1 = 9 and k2 = 10 according to Table 1 of Annex 2 of [6], 
which is 3,155 and its corresponding probability at a significance level α = 0.05 is 
much smaller than calculated, which means that the null hypothesis is rejected, and 
model Eq. (1) is adequate. The coefficients of determination R2 are very close to one, 
and it follows that 98% of the changes in the parameters Yj, j  = 1, 2, 3 are described 
by the model Eq. (1) of the second degree. The assessment of the significance of the 
obtained coefficients according to Student’s criterion, [6] at a significance level α = 
0,05, respectively γ = 1-α = 0,95, number of degrees of freedom k = n-1 = 13, 
(where n is the volume of the sample (i.e., number of experiments) shows that tγ , k  
= 2,16, (Table 2, [6]). The comparison with the calculated coefficients bij, Table 4 
and the values for ti from Table 5 shows that which are the insignificant coefficients, 
namely those that are less than 2.16, i.e., the uncolored values in Table 4. 

Table 4 The results of the regression analysis 

Y1 Y2 Y3 

bji F(9, 10) R/R2 bji F(9, 10) R/R2 bji F(9, 10) R/R2 

Const 0,902 35,08 0,985/0,969 0,444 34,39 0,984/0,969 0,355 30,57 0,982/0,965 

x1 −1,343 −1,546 −4,531 

x2 −2,409 −4,635 −3,954 

x3 9,61 3,504 0,84 

x12 3,841 −1,05 −0,768 

x13 −3,361 −3,155 −5,507 

x23 2,311 −3,04 −0,437 

x11 69,752 81,456 68,311 

x22 77,508 82,018 58,926 

x33 60,984 62,693 50,702
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Table 5 Values of the 
quantity ti, against  which the  
significant coefficients before 
the respective factors are 
determined 

Factors ti (Y1) ti (Y2) ti (Y3) 

Const 0,093 0,042 0,04 

x1 −0,209 −0,22 −0,77 

x2 −0,375 −0,659 −0,672 

x3 1,498 0,498 −0,143 

x12 0,458 −0,114 −0,1 

x13 11,166 11,887 11,925 

x23 0,276 −0,33 −0,57 

x11 11,166 11,887 11,925 

x22 12,407 11,969 10,287 

x33 9,762 9,149 8,851 

4 Results 

The graphs (Fig. 2) show the maximum values of the factors compared to each other. 
In all combinations, they have two maxima and are most clearly expressed where the 
factor X1 - f-stop. 

The regression equations of the parameters take the following form, considering 
the significant coefficients bij, Table 4 and after moving to the natural values of the 
factors, Table 3: 

Ŷ1 = −3.361FW  + 69.752F2 + 77.508E2 + 69.984W 2 (2) 

Ŷ2 = −3.155FW  + 81.456F2 + 82.018E2 + 62.0693W 2 (3) 

Ŷ3 = −5.507FW  + 68.311F2 + 58.926E2 + 50.702W 2 (4) 

Figures 3, 4 and 5 show the influence of individual factors, the effect of second-
order interaction on responses, parameters: Y1, Y2 and Y3. Here, too, more than one 
maximum is obtained. 

Fig. 2 Dependence between factors (effect of interaction)
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Fig. 3 Maximum response Y1 “red” to factors 

Fig. 4 Maximum response Y2 “green” to factors 

Fig. 5 Maximum response Y3 “blue” to factors 

5 Conclusion 

An active–passive experiment was performed to study the properties of a photosensor. 
A regression model was obtained using a polynomial of the second degree, which 
provides information on the influence of three factors: two controlled F-stop and E-
exposition and one uncontrolled W-solar radiation on the model parameters, which 
represent the numerical values of the three colors: Y1 - red, Y2 - green and Y3 - blue. 
Useful information is given in Fig. 2, which shows the interaction of the factors with 
respect to each other. The obtained maximum values are important to consider when 
determining the mode of image capture with the photo sensor, which is the subject 
of this study. The total result of the obtained graphs (Figs. 3, 4 and 5) shows that the 
maxima of the colours, as the number of pixels with which they are registered by the
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photo sensor are obtained when the factors are in the upper close to their maximum 
values. It should be noted that this is not a prerequisite for a better image! 

The findings of this study will be used in planning and conducting surveys of 
cereal crops in the 2022 season, with NIR digital camera. 
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Image Analysis in the Assessment 
of Homogeneity of Fine-Grained 
Mixtures 

Dominika B. Matuszek  , Łukasz A. Biłos  , and Jolanta B. Królczyk  

Abstract Digital image analysis can successfully substitute traditional methods of 
quality assessment—e.g. sieve analysis or other manual methods that consist dividing 
samples. In case of granular mixtures in which the components have grain dimensions 
measured in microns the assessment of mixture quality received after mixing process 
is crucial. This work presents the results of mixing micro-grained materials used in 
food industry. The process was carried out in turbulent mixer in which 90 ml of 
mixing vessels was used. The mixtures were prepared using the 3D Turbula® mixer 
by 30 and 60 s of mixing time and the quality was verified using a digital image 
analysis. The main aim of the study was to test the computer image analysis for the 
analysis of the mixing process in different conditions by determining the fraction of 
the key component (algae). 

Keywords Turbulent mixer · Homogeneity · Computer image analysis · RGB 
scale · Fine-grained mixtures 

1 Introduction 

The significance of mixing granular materials becomes more relevant over the past 
decades. The development of computer technologies has introduced new analytical 
possibilities to the subject, especially in the field of evaluation the quality of mixtures 
[1]. The granular material mixing is visible in many branches of the industry. The 
popularity of the process can be observed in the ceramics, fertilizers and even in 
plastics or glass production. It is an important unit process in the food and pharma-
ceutical industries and the powder metallurgy industry as well [2, 3]. The methods
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and techniques have a great influence on the final form of the mixtures, like the solid 
mixers type that are available in the market [4]. Efficient powder mixing technique 
can influence the quality by increasing homogeneity of the final product. In this case 
a great role plays the time of mixing as well, e.g. not sufficient time can cause visible 
inhomogeneity and in effect make the mixture low quality [5]. The major obstacle 
with obtaining perfectly homogenous mixture is the diversity of the granular mate-
rials—the shape, size or the surface type, irregularity of the grains. The same we can 
observe if it’s about the elasticity, hardness texture and along with other factors [6]. 
The other factors are also the speed, the kind of vessel used in the mixing tool an e.g., 
the flowability of the powders [7]. Hence, the mixing of fine-grained materials is not 
unambiguous. The results can frequently be incorrect, unreliable. The assessment of 
the mixture quality is significant for the final product form. Provided that we can put 
traditional way of assessment in practice if it’s about the coarse grained mixtures e.g. 
sieve analysis, in case of fine-grained powders the digital image analysis is often the 
only possible method. Digital image analysis as an advanced method of assessing 
the quality of mixtures has also found application in simulating the movements of 
granular mixtures [8]. 

The main aim of the study was to test the computer image analysis for the analysis 
of the mixing process in different conditions by determining the fraction of the key 
component (algae). 

2 Materials and Methods 

Prior to testing, the RGB (decimal RGB) scale standard was made for a cornmeal— 
algae mixture with a set algae content from 0 to 10% (in 1% increments). Example 
images of samples with a given share of the key component are shown in Fig. 1. 

From vessel 3 samples were taken, which were placed in the chamber used for 
taking pictures in repetitive conditions. The detailed parameters of the chamber have 
been presented in other work of authors [9, 10]. The obtained photos were analyzed in 
the dedicated Patan® application [11, 12], determining for each sample three values 
respectively for the RGB scale. Then, the color number (as R*65536+G*256+B) was 
calculated based on this data. Due to the objective—comparing the images, it was 
necessary to transform the data’s received from the RGB scale, into other scale which 
enables the numerical determination of the color hue. In the RGB scale, attributable

Fig. 1 Photos of samples of the mixture cornmeal—algae with algae 0–10%
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colors in the bands 0–255 create a model that allows to replicate 16 777 216 different 
colors. Despite such a significant value, in order to compare the colors, the RGB 
model was converted to the HSL model thanks to which the components of hue, 
saturation and lightness were received in compared images. In Fig. 2, the RGB and 
HSL models are shown. The conversion was made with conversion rate (1–4) based 
on.
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Except transformation there were also needed to represent RGB color in 
percentage RGB %. In this way the decimal color, % RGB, Hue, Saturation and 
Lightness parameters representing the mixtures color was defined. 

The values were averaged and an exponentional function formula was deter-
mined based on the variables: color number (decimal), algae proportion (Fig. 3). 
This formula was used to estimate the share of algae in the further part of this study.

Fig. 2 Color RGB and HSL graphic interpretation with conversion relationships [14]
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Fig. 3 Standard specimen—graph of algae proportional dependence on decimal color number 

Entire process of acquiring the photos and digital analysis of the image was carried 
out in the same exact way in every test of the mixtures (composed of cornmeal and 
algae) during which the tracer fraction was assessed.

For the mixing process the vessel with capacity 90 ml was used. Identical proce-
dure was applied—the components were placed in mixing vessels in the same manner 
(lower part of the container was filled with cornmeal, upper part with algae). The 
role of the key component in the mixture was played by algae (chlorella). Based on 
the contribution of the key component, it is possible to determine the homogeneity 
of the granular mixture [10, 15, 16]. The set amount of algae was 4% of the mix. 
The percentages and masses of the ingredients are presented in Table 1. The vessel 
prepared in this way was placed in the chamber and mixed with oloid movement 
characteristic—Turbula type 2TC mixer (Fig. 4) [17]. The parameters of the mixer 
used for the tests are presented in Table 2. Mixing was repeated in three series. 

The duration of mixing was 30 and 60 s. After the process was complete all 
procedure of obtaining images was performed based on methodology presented in 
[10]. In this work after obtaining images of mixtures, the pattern interpreted in graph 
(Fig. 3) was used. There was also necessity to upgrade analysis to different scale

Table 1 Characteristics of the ingredients used in the study and mixture compositions 

Parameter Algae Cornmeal 

Geometric weighted mean particle size, mm 0.16 0.18 

Humidity, % 4.61 10.35 

Mixing ratio, % 4 96 

Mass of constituents, mg 1.56 37.44
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Fig. 4 Set up from research 

Table 2 Mixer parameters Turbula® Type T2C 

Parameter Turbula mixer 

Volume of the vessel, ml 90 

Diameter of the vessel, mm 37 

Length of the vessel, mm 57 

Rotational speed, rpm 67 

Mixing time, s 30/60

of colors representation than RGB model. The %RGB model was used in research 
because of the possibility of displaying average value of color in decimal scale and 
after that the HLS model was applied considering Hue, Lighting and Saturation of 
pixels. On this basis, the content of the key ingredient (algae) color representation 
was obtained for each series of tests depending on the time of mixing. The whole 
procedure is summarized in Fig. 4. Each test was performed in three repetitions. 
Additionally, the homogeneity of the mixtures was calculated using the coefficient 
of variation formula CV (as 100*standard deviation/mean). This parameter is the 
official standard used to assess the homogeneity of marketed drugs and its acceptable 
level in this case is CV < 6% [15]. In the feed industry this indicator is also often 
used and its acceptable level, depending on the intended use of the feed, is within 
the range CV ≤ 10% or CV ≤ 15% [18]. For food mixtures there are no similar
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standards, but in practice the coefficient of variation is often used to ensure adequate 
quality at the mixing stage [15].

3 Results 

The results of the average values (from 3 series of measurements) of RGB%, decimal 
number of the color and HSL are presented in Table 3. In addition, the results of 
decimal number of colors are presented graphically in Fig. 5. 

Analysing the results presented in Table 3, it can be seen that the results are not 
significantly differentiated. The obtained values of the standard deviation for the 
mixing time of 30 s are in the range of 0.42–2.62, and for the time of 60 s, 0.42–2.53. 
Moreover, analyzing Fig. 5, it can be seen that for segments 1 and 3 of the mixing 
vessel, higher values of the decimal number of colors were obtained than for the 
segments 2 and 4. These observations were statistically confirmed by distinguishing 
homogeneous groups (a) for segments 1 and 3 and (b) for segments 2 and 4 (Fig. 5). 
It is worth to take up the subject of searching for the reasons of this phenomenon. 
Based on the values of decimal number of color and the developed specimen standard 
(Fig. 3), the obtained values were converted into the share of algae. These results are 
presented in Table 4 and graphically in Fig. 6. 

Analyzing the results from this part of the research (Table 4, Fig.  6), it can be 
seen that mixing cornmeal with algae allowed to obtain results close to the set values 
of algae (4%). The obtained values are in the range of 2.50–4.34% for the stan-
dard deviation in the range of 0.06–0.27. And the obtained average share of algae 
in the mixture was 3.42% (SD = 0.88) for the mixing time of 30 s and 3.36% (SD 
= 0.86) for the mixing time of 60 s. With the set amount of algae 4%, it can be

Table 3 Results of computer image analysis 

Segment %Ra %Ga %Ba Decimal number of 
color 

H° S% L% 

30 s 

1 66 ± 0.47 65 ± 0.42 46 ± 1.70 11,052,661 57 23 56 

2 58 ± 0.68 57 ± 0.87 38 ± 1.91 9,736,545 57 21 48 

3 66 ± 0.72 65 ± 0.57 46 ± 2.06 11,052,661 57 23 56 

4 58 ± 1.03 57 ± 1.25 38 ± 2.62 9,736,545 56 21 48 

60 s 

1 66 ± 0.57 65 ± 0.42 46 ± 2.11 11,052,661 57 23 56 

2 58 ± 0.57 57 ± 0.31 44 ± 1.66 9,736,560 56 14 51 

3 66 ± 0.0.72 65 ± 1.10 46 ± 2.53 11,052,661 57 23 56 

4 58 ± 0.79 56 ± 1.10 38 ± 2.22 9,736,033 54 21 48 

amean of three series ± standard deviation
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Fig. 5 Box plot graph of decimal number of colors obtained in individual segments of the mixing 
vessel for the times 30 and 60 s. Point—mean, frame—standard error, whiskers—min, max. (…)— 
statistically homogeneous groups 

Table 4 The results of the algae share and the coefficient of variation for mixing times of 30 and 
60 s 

Segment Average share of algae, %a Share of algae in the mixture, %b CV, % 

Mixing time, 30 s 

1 2.56 ± 0.06 3.42 ± 0.88 25.73 

2 4.34 ± 0.24 
3 2.50 ± 0.14 
4 4.26 ± 0.27 
Mixing time, 60 s 

1 2.50 ± 0.14 3.36 ± 0.86 23.89 

2 4.22 ± 0.10 
3 2.50 ± 0.14 
4 4.22 ± 0.11 
amean of three series ± standard deviation 
bmean share of algae in the whole mixture ± standard deviation
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Fig. 6 Box plot graph of the share of algae for individual segments of the mixing vessel for the times 
30 and 60 s. Point—mean, frame—standard error, whisker—standard deviation. (…)—statistically 
homogeneous groups

concluded that the obtained results are satisfactory. Slight deviations from the mean 
value (results of standard deviation) allow to conclude on high repeatability and accu-
racy of the proposed method. Moreover, the obtained results indicate that the mixing 
time (extension of the time from 30 to 60 s) did no influence on the homogeneity 
of the mixture. It is true that the coefficient of variation decreased from 25.79% for 
the time of 30 s to 23.89% for the time of 60 s. Obtaining significant values of the 
coefficient of variation and thus unsatisfactory homogeneity of the mixtures (CV > 
15%) results certainly from the observed higher share of algae in segments 2 and 4 
and a lower in segments 1 and 3. This differentiation was also confirmed statistically 
(as in the case of the decimal number of color results). The presented methodology 
and the obtained results indicate the possibility of applying the proposed solution in 
the assessment of the share of the key component in the two-component fine-grained 
system. The material described in the manuscript is a preliminary element of the 
planned series of tests.
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4 Discussion 

In this study the results of the attempt of correlation the actual share of key ingre-
dient in micro-grained mixture with the digital image analysis indications was made. 
Thanks to the application of extended color scale with one hue, saturation and light-
ness it is possible to place the analysed samples in the color space in which they 
are actually located. In digital image analysis as the analytical reference method, the 
calibration is particularly noteworthy factor. The calibration has to be congruent with 
the type of the mixed substance we evaluate. It can take place in various actions. The 
idea of calibration is to correlate the key ingredient concentration with the repre-
sentation of the colors in the image received. In particular, we can mention e.g. the 
camera settings, lighting conditions and so on that can be significant for the further 
work [19]. Despite the stable conditions and setting unfortunately there is still a risk 
of calibration problem, claim. Grasa and Abanades in their work [20] they analyse 
the correlation between the grey scale view and the solids concentration. Hence 
the most recommended way to receive the highest possible reliable image is to pay 
attention to substantial environmental influences that could cause a distortion of the 
view. The process allows to appraise the level of homogeneity of the ready mixture 
by comparing the view of several samples received on the digital images using the 
grey scale. In most of the works focused on this subject the grey scale value is the 
crucial view factor, the color scale is not this popular estimation method. Although 
most of the samples of the mixture are mostly colored [19]. There are the methods 
which consist in color analysis of the substance added to the mixture, that has the 
luminescence properties. In such methods, the fluorescent substance is a tracer in 
describing the quality of the mixture [9]. The phase of acquiring the digital images 
is equally important as the subsequent photo editing (image filtration, representa-
tion of the colors in the selected model and so on) [21]. Applying different color 
scales can be used in the assessment of the powder’s quality. The objective of the 
grayscale (0–255), even assisted by pixelation, is to compare the value of the hue. 
The RGB scale, despite its wide range of color creating possibilities, quite often 
requires transformation to another color model [22]. By this we mean the model 
that indicates numerically characteristic elements of the additional dimensions, e.g., 
saturation, hue, lighting. An example of a transition with color models is the RGB
-> HSL path in mathematical relation [13]. Similar kind of studies were performed 
previously by Realpe and Velázquez [23]. The scientists also compared the powder 
samples by using grayscale method in digital image analysis. The components in 
their work were different combinations of powder substances—lactose, blue lactose, 
chocolate and cellulose. The grayscale method allowed to assess the concentration 
of the mixtures. Mayer-Laigle et al. [7] carried out the research in which they were 
analysing the images of mixtures composed of black and white semolina (size 100– 
250 µm). Parallel to the authors of this paper they could assess a homogeneity level 
of the mixed particles during the work process. The methods and techniques have a 
great influence on the final form of the research, like the device type applied in solids 
mixing. The research presented in this work consists in determining the quality of
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mixtures composed of cornmeal and algae (with 4% algae share in the substance 
tested) in two configurations of the mixing time and in vessel capacity 90 ml used 
in the Turbula® mixer. Presented methodology requires further improvement and 
more tests of correlation of digital image analysis with actual key ingredient share 
in the mixture. The discrepancy observed in the work (share of algae in 1 and 3 
segment connected to 2 and 4 segment) can have connection with the conditions 
during acquiring the photos needed for assessment. Another reason may be the 
tendency of algae to occupy a specific place in the mixed bed. Therefore, further 
tests are planned to optimize the methodology. 

The quality of the final product depends significantly on the steps of produc-
tion—among other things mixing the ingredients. In their work Mishra and Bhatt 
[24] determine highest quality pasta as the product with features such as strong 
consistency, elasticity and slight loses during the heat-treating. In turn, Spinelli et al. 
[25] claim that that fortification applied in pasta production is the method that allows 
to enhance the quality as regards color, texture and sensory properties. The color of 
food products not only presents their quality but can also be an indicator of their 
safety [26]. Currently the industry pays increasingly more attention to the nutritional 
values of the food [24]. Thus, fortification becomes more popular as the key to create 
the adequate products enriched with healthy ingredients that affects the consumers 
well-being. More broadly, considering further industries connected to the subject, 
low quality of final product would be serious obstacle in placing it on the market. 
Which is why the authors of the work decided to use algae as the component of the 
analysed mixtures along with the cornmeal. 

5 Conclusions 

Conducted experiments and presented literature allow to present conclusions: 

• The described methodology allowed to obtain information on the percentage share 
of tracer (algae) in the mixture with cornmeal. The methodology is based on image 
analysis and relating the results with the created pattern. 

• Mixing cornmeal with algae allowed to obtain results close to the set values of 
algae (4%). The average share of algae in the mixture was 3.42% (SD = 0.88) 
for the mixing time of 30 s and 3.36% (SD = 0.86) for the mixing time of 60 s. 
Thus, the mixing time was not observed to affect on the quality of the mixture. 

• It was observed that the samples taken from the segments 2 and 4 of the mixing 
vessel had a higher proportion of the key component than the samples from the 
segments 1 and 3. This significance was confirmed statistically. Therefore, it is 
necessary to conduct additional observations to determine the reasons of this 
phenomenon. 

• Computer image analysis has been successfully applied in the assessment of 
homogeneity of granular mixtures with the use of various mixers. The obtained
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results indicate its applicability to food mixtures. However, the methodology 
requires further clarification and elimination of possible measurement errors. 
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The Use of Farm Digital Tools in Crop 
Production in Wallonia: Situation, Key 
Points and Actors 

Thi Minh Hop Ho and Philippe Burny 

Abstract This paper shows that the use of farm digital tools in crop production is 
already well spread in Wallonia. This evolution is supported by the public authorities, 
as well as by many private and public actors involved in this field, leading to a large 
supply of tools available to the farmers. However, 80% of available tools are not 
used, while farmers’ needs are far to be met. This is due to several constraints: the 
profitability of specific digital tools, the legal protection of personal data, the time 
consumption to learn how to use the new tools efficiently, the complexity of some 
tools, and the lack of interconnection among the new tools and also with the already 
existing ones. It finally appears that there is a need for a better adequation between 
supply and demand of farm digital tools, and also for better training facilities, though 
several structures are already active in this field. 

Keywords Digital tools · Agriculture · Crop production · Training ·Wallonia 

1 Introduction 

New technologies, and more specially digital technologies, are now spreading in 
all fields of human activity, including agriculture [3]. Animal raising and breeding, 
agricultural crops, horticultural production… are all concerned today with digital 
technologies and “big data” management [5]. The potential use of these technolo-
gies is rather broad, as they could really contribute to face the main problems of 
agriculture: environmental negative impacts on air, water and soil quality, biodiver-
sity reduction, and also farm profitability, as well as the disappearance of a lot of 
farms and the decline of the agricultural population [2, 6].
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Digital technologies, robotization, the artificial intelligence can help to find appro-
priate answers to the challenges of the future. However, their adoption by farmers 
is not obvious and there are several obstacles to their spreading among farms, and 
family farms more specifically. 

This paper is one of the results of the ITFARM (IT for interconnection of 
social, economic and environmental aspects in agribusiness) Erasmus + interna-
tional project led by the Czech University of Life Sciences in Prague and gathering 
seven partners from seven EU countries. 

This paper is only a small part of the ITFARM project and focuses on Wallonia 
(South of Belgium) on one hand, and crop production, on the other hand. 

Its objectives are to give answers to the following questions: 

– What is the general framework for agricultural digitalization? 
– What are the key actors involved in agricultural digitalization and technology 

transfer? 
– What is the present situation of the use of digital tools in crop production? 
– What are the key questions for a larger adoption of digital tools by crop farmers? 

2 The General Context 

2.1 The European Framework 

The Internet of Things (IoT) is at the centre of the digitalization of the world economy 
and is one of the priorities of the European Union [1]. Since 2015, the European 
Commission developed several strategies and actions in order to strengthen the use 
of IoT in Europe, like: the digital single market (DSM-a framework for actions), 
advancing the internet of things in Europe and IoT cluster study (sector program), 
AIOTI (actors gathering), Horizon 2020 (support for research and innovation)… 
These priorities create a dynamics of innovation about the IoT implementation in 
given key sectors, like smart farming. 

Several pilot projects have been selected within Horizon 2020: 

– Internet of Food and Farm 2020 (IoF 2020) 
This project concerns 19 “good agricultural practices” of the IoT in different 
sectors of agricultural activities: dairy production, fruits and vegetables, arable 
land. There are 73 partners throughout Europe involved in this project. Among 
these good practices are concerned the optimization of wine production, data 
processing about weeding actions, large farm management and table grapefruit 
production channels. 

Belgian actors are involved in two good practices: 

● “Grazing Cows Monitor”: cow identification and traceability by GPS
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● “Big farm management”: optimization of pig production management thanks 
to captors 

– Agricultural Interoperability and Analysis System (ATLAS) 
The use of good practices of the IoT is illustrated with 13 demonstrating 
professional and experimental farms. They concern animal behaviour, soil data 
management and the use of captors for irrigation. 

– The DEMETER project 
This project focuses on advanced interoperability technologies, involving several 
sectors, actors, production channels and farms of different sizes. The goal is to 
offer the farmers a choice among many IoT tools more adapted and easier to 
combine with their machines. 

Another goal is to prove the role of IoT solutions in the development of 
sustainable agricultural systems and food production channels. 

The concerned sectors are: arable crops, precision agriculture, fruits and 
vegetables, cattle raising and supply chain. In Belgium, the fruits and vegeta-
bles sector is involved. More than 5,700 farmers and 318,000 ha are involved in 
this project. 

– AgROBOfood 
This project supports pilot initiatives developed in the field of robotization. 
Belgium is concerned with the creation of an autonomous greenhouse using inter-
connected robots able to evaluate the maturity of the food products, to harvest and 
to transport them without any human intervention. 

– SmartAgrihubs 
This project includes 140 digital innovation hubs spread within 9 different 
European regions. 

2.2 The Regional Policy About Digitalization 

On December 6th, 2018, the regional government of Wallonia defined the new strategy 
called “Digital Wallonia” for the five-year period 2019–2024. This strategy describes 
the framework within which the ways to explore the socio-economic opportunities 
brought by the digitalization process are identified (Digital Wallonia). 

The digital strategy of the Walloon government is ambitious, innovative and 
inclusive. Digitalization is a global project which concerns the regional territory, 
its economy and its society in order to enhance its attractivity, its competitiveness 
and the well-being of all its citizens, based on values like transversality, transparency, 
coherence, openness and ability. 

The program “Digital Wallonia 2019–2024” is based on eight transversal 
challenges:
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– Governance: the specific governance of the phenomenon of digitalization is estab-
lished in order to master the rapid evolution of this sector and to make it profitable 
for all sectors of activity 

– Digital society: the process of digitalization must be accompanied in order to 
avoid the possible societal fractures among citizens 

– Ecosystem: specific fields of activity will be chosen and will concentrate the public 
and private efforts 

– Giga region: the whole territory must be connected with the most efficient system 
– Competences: all citizens must get a sufficient knowledge of the digital tools used 

both at work and at home 
– Data: the collection and processing of data must be at the heart of all actions and 

their follow up 
– Platform: the platform “digitalwallonia.be” must identify, activate and promote 

the actors of the digital evolution 
– Label: the label “Digital Wallonia” must be strong and attractive in order to 

represent the digital region of the South of Belgium 

The program “Digital Wallonia 2019–2024” defines five specific fields of action: 

– Digital competences 
– Digital territory 
– The digital sector 
– The digital economy 
– Digital administration 

In all these, more specific projects are implemented. One of them directly concerns 
the Walloon agriculture and is called “Smart Farming”. 

2.3 Smart Farming Projects 

Walloon farmers, who are mainly cattle raisers (bovine milk and meat) and crop 
producers (cereals, potato, sugar beet, rapeseed…) use today a large set of digital 
tools: captors, robots, connected objects, decision making tools, monitoring tools… 
in order to make farming more profitable and more environment-friendly. 

The goals of Smart Farming are: 

– To optimize the agricultural production process: for example the use of Nitrogen 
can be precisely determined on each small part of a plot, according to the devel-
opment level of the plants, which can guarantee the maximal yield while using 
the minimal quantities of fertilizers, so reducing the environmental risk (water 
nitrification) while improving the farmers’ income 

– To improve the agricultural practices: the large data collection and processing can 
lead to the implementation of better practices 

– To strengthen the contacts between farmers and consumers: the consumers can 
have a better knowledge of the conditions in which agricultural goods are
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produced and farmers can know more precisely what are the main concerns for 
the consumers, so that they can adapt their supply to the demand. Farmers and 
consumers can know each other and direct sales are easier. 

– To develop the commercial activities of the farms: the digital tools can help farmers 
to reduce their production costs while e-commerce can boost their sales 

The Smart Farming project has identified two main challenges: 

– To increase the number of farmers who use digital tools 
– To harmonize and secure the collected data 

Two data management systems have been set up for the access to and use of data 
concerning crops (WalDigiFarm) and animal raising (WalleSmart). These systems 
collect and protect the data. 

3 Methodology 

The methodology is based on a qualitative approach. Secondary data are collected 
from the website of public institutions and private organizations supposed to be 
involved in the development of digital tools, the agricultural statistics publications, 
surveys made by private companies and the relevant literature review. 

In addition, primary data are collected through the interview of important actors 
of the supply side of digital tools used in the field of agriculture, of the demand side 
of these tools, and also from the in-between organizations dealing with education, 
training and extension services. 

4 Key Actors 

WalDigiFarm is a non profit association which is now financially supported 
by the Walloon government. In 2021, 90 members were registered, including 
farmers and agricultural entrepreneurs, companies which produce inputs, food 
processing entreprises, food distributors, agricultural management and consultancy 
organizations, research institutions, teaching and training institutions… [7]. 

The work of this association is done according to the following guidelines: 

– To federate the actors of agricultural digitalization 
– To promote/strengthen the use of digital tools in agriculture 
– To be the Walloon think tank for the digital transition of agriculture 
– To conceive the tools and structures of the future 

The Walloon Agricultural Research Centre is the main institution involved in 
agricultural research in Wallonia and many regional, national and international 
research projects deal with new digital technologies both in animal and vegetal
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production and processing. The researchers are in permanent contact with the users 
of these new technologies. 

The Universities are also involved in research and in teaching (the University of 
Liege and the Catholic University of Louvain deal with agronomy and veterinary 
medicine; the University of Mons has a specialization in computer science, software 
and artificial intelligence). 

The Centres for Advanced Technologies play an important role in the field of 
professional training and extension services. One is specialized in the agricultural 
sector (Huy) and another one in the “green sectors”—horticulture (Gembloux). They 
are based in high schools and are in daily contact with digital tools suppliers and 
with students and professionals, for whom they organize regular trainings and among 
whom they spread the relevant information. 

Farmers’ unions are also well organized and financially supported by the regional 
authorities, notably in order to implement trainings and conferences. 

The “Walloon public service” (Ministry) is of course involved in all fields dealing 
with agriculture, including extension services. 

Some more specific organizations, like “Eleveo”, the Walloon association of 
animal raisers and breeders, are cofinanced by the regional government and are 
deeply concerned with the spreading of new technologies and extension services. 

Of course, as Belgium is very open to import/export activities, all the interna-
tional companies which produce and sell agricultural machines, are present on the 
national market and propose new tools to the farmers. 

Private companies which sell inputs like fertilizers to the farmers are also dealing 
with field trials and information spreading. 

The regional Agency for Digitalization has been established to promote the use of 
digital tools in all fields of activity, including agriculture. 

Several Walloon entreprises have also developed some specific digital tools for 
the use of farmers. 

A complete list of actors is impossible to establish, as they are too numerous. 

5 The Current Situation 

According to the Agency for Digitalization (see Fig. 1), Walloon farmers are well 
equipped as far as information technologies are concerned: 60% have a desktop; 61% 
have a laptop, 28% have an iPad and 63% have a smartphone. 

Farmers are also buyers and sellers on line: 

– 20% of Walloon farmers sell their products on line (against 47% for all sectors 
together)
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Fig. 1 Percentage of farmers equipped with different kind of digital tools 

– 65% of Walloon farmers buy their inputs on line (against 48% for all economic 
sectors together) 

According to surveys and extrapolations made by private companies, 50% of 
Walloon farmers have satellite-guided machines, 15% with Real Time Kinematic-
RTK connection, and 20% have a Farm Management Information System-FMIS. 
Around 8% of Walloon farmers use IoT weather stations [7]. 

There are around 250 applications which are available, with a mean of 4.2 apps 
per farmer. 

The fertilization with satellite/drone is implemented on around 1% of the area of 
arable land. 

In general, the situation seems rather good, though there is still room for a signif-
icant progress. However, an important problem must be stressed: it can be estimated 
that around 80% of the available digital tools are not used by farmers, while most 
of farmers’ needs are not met. It is clear that significant efforts have to be made in 
order to adapt the supply of digital tools to the demand. 

6 Key Questions for a Larger Adoption of Digital Tools 
by Crop Farmers 

Digital tools seem to be very useful in the field of agriculture and their future seems 
to be bright. However, this adoption by relatively small family farms (the average 
area in Wallonia is around 60 ha) does raise problems which deserve to be taken into 
account and overcome. The main ones have been identified as follows:
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6.1 Profitability of Digital Tools 

Even though the new digital tools are becoming more common and available on the 
market at reasonable prices, or sometimes even freely, the farmers must of course 
calculate the return on investment, which is, by the way, not always easy to define. 
A digital tool can be cheap, but does it really reduce the use of inputs, for example? 
Another problem is the small average size of the Walloon farm, so that the economy 
of scale is reduced. Digital tools are also linked to specific machines, which could 
be too expensive for some farmers. 

6.2 Personal Data Protection 

The use of new technologies in general can lead to an unwanted spreading of personal 
data. The farmers want to keep their data for their personal use only, or at least 
that the data stay anonymous, notably for fiscal reasons. With the evolution of the 
technologies, new regulations must be adopted and implemented in order to guarantee 
the protection of personal data. 

6.3 Time Needed for Training 

The farmers must of course know how to use the technologies they would like to 
buy. However, this is not always so easy to access and it is always time consuming, 
even if there are several possibilities for the farmers to know how to master the new 
technologies, offered by public and private organizations. 

Time management is already a problem for farmers, especially during some 
specific periods. 

6.4 The Complexity of Digital Tools 

Some tools can appear to be complex for unexperienced and also elder farmers who, 
for example, do not have a computer at home. Farmers can feel that the use of digital 
tools is too difficult compared to their potential benefit.
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6.5 The Lack of Interconnection Between the Existing 
Tools/Machines 

Many software and digital tools are available on the market, but their use is sometimes 
limited to a specific machine from a given company. Several softwares can be useful, 
but are not interconnected and so there is a waste of time and information. 

Today digital tools suppliers try to make them as interconnected as possible. 

6.6 Adequation Between the Tools Available on the Market 
and Farmers’ Needs 

It appears that 80% of digital tools available on the market are not used by the farmers, 
while their needs are far to be satisfied. It is clear that a permanent dialogue between 
digital tools suppliers and the farmers is necessary to define tools which are really 
useful for diverse reasons (better profitability, gain of time, easy use…). 

6.7 Existence of Good Training Facilities 

In the present situation, it clearly appears that good training facilities are very 
important in order to promote the use of agricultural digital tools. 

7 Conclusions 

Thanks to a favourable global framework, including the fast global evolution of 
new digital technologies in all fields of human activities, among which agriculture 
and agricultural products processing, and the European policy and its implemen-
tation in the Walloon region, it appears that the use of digital tools among crop 
producers is already widely spread. Many private and public actors are involved in the 
supply and development of new technologies among farmers: multinational compa-
nies producing agricultural machines, local small enterprises producing software, 
research and teaching institutions, farmers’ unions and associations, the Ministry of 
Agriculture, the Agency for Digitalization… However, there are still some problems 
preventing an even larger use of digital tools in crop agriculture: their cost and prof-
itability, their complexity, the lack of interconnection between tools and machines, 
the time needed to learn how to use the new tools, and also the legal aspects linked 
to personal data protection, the relative lack of training facilities. All these reasons 
lead to the inadequation between supply and demand: around 80% of the available
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tools are not used, while farmers’ needs are not satisfied. In such a situation, interme-
diary structures between the suppliers and the farmers, which can organize regular 
up-to-date training and spread the relevant information, can play a significant role to 
improve the use of new digital tools. The non-profit association “WalDigiFarm”, of 
which all kinds of stakeholders are members, can significantly contribute to clearly 
define the problems and to find the appropriate solutions. The Centres for Advanced 
Technologies can also help to reach a better equilibrium between supply and demand. 
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Effect of Digestate Fertilization 
on the Quality of Beans 

Milan Koszel , Stanisław Parafiniuk , Sławomir Kocira , 
Atanas Z. Atanasov , Artur Przywara , and Artur Kraszkiewicz 

Abstract The possibility of agricultural use of the digestate as a fertilizer was deter-
mined. The digestate collected from an agricultural biogas plant was tested for the 
content of macroelements and heavy metals. The research covered the “Kontra” 
variety of snap bean. Four variants of the research were applied—25,000 l * ha−1, 
37,500 l * ha−1, 50,000 l/ha−1 and a control object. The analysis showed an increase 
in the yield depending on the applied dose of digestate. The best results of mean 
values were obtained during the application of the dose of 50,000 l * ha−1. Average 
height—84.00 cm. The seed yield was 2.60 t * ha−1. Number of pods per plant— 
11 pcs. Number of seeds per plant—44 pcs. Number of seeds in a pod—4.4 pcs. 
Thousand seed weight—184 g. The average length of the pods was 11 cm and the 
width was 0.7 cm. Applying the digestate dose of 50,000 l * ha−1, the following 
nutritional values were found in 100 g of beans: protein—21.4 g, fat—0.6 g, carbo-
hydrates—54.0 g, calcium—124 mg, magnesium—137 mg, phosphorus—387 mg, 
potassium—1394 mg. 

Keywords Digestate · Snap beans · Sustainability agriculture · Fertilization 

1 Introduction 

Anaerobic digestion is one of the most promising technological solutions related to 
the production of fuels based on renewable resources. Biogas plants operate on the 
basis of various types of organic substances [1]. 

Biogas is produced by anaerobic microbial decomposition of organic compounds 
and contains two main components: methane and carbon dioxide. A positive aspect

M. Koszel (B) · S. Parafiniuk · S. Kocira · A. Przywara · A. Kraszkiewicz 
Department of Machinery Exploitation and Management of Production Processes, University of 
Life Sciences in Lublin, Lublin, Poland 
e-mail: milan.koszel@up.lublin.pl 

A. Z. Atanasov 
Department of Agricultural Machinery, University of Ruse Angle Kanchev Bulgaria, Ruse, 
Bulgaria 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
S. Pascuzzi and F. Santoro (eds.), Farm Machinery and Processes Management 
in Sustainable Agriculture, Lecture Notes in Civil Engineering 289, 
https://doi.org/10.1007/978-3-031-13090-8_21 

201

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-13090-8_21&domain=pdf
http://orcid.org/0000-0001-9527-8459
http://orcid.org/0000-0002-8566-6527
http://orcid.org/0000-0002-2888-3023
http://orcid.org/0000-0003-4816-2837
http://orcid.org/0000-0001-7910-132X
http://orcid.org/0000-0002-8031-0046
mailto:milan.koszel@up.lublin.pl
https://doi.org/10.1007/978-3-031-13090-8_21


202 M. Koszel et al.

of anaerobic digestion is that it reduces pathogens, kills viruses, fungi, Listeria, 
Salmonella, and Escherichia coli bacteria, and inactivates plant seeds. The post-
fermentation mass is a secondary product of this wet fermentation [2, 3]. 

Anaerobic decomposition is a technology which enables the conversion of food 
industry or municipal waste into renewable energy sources. The process of anaerobic 
decomposition consists of a number of metabolic reactions performed by a wide range 
of microorganisms in anaerobic conditions. As a result, biogas and post-digestion 
matter are formed [4]. 

The major factors determining the way of digestate utilization include its quality, 
local conditions and legal regulations. In Poland the factor which determines the 
utilization of biogas plant’s by-products is legal norms, which do not facilitate 
digestate management [5]. 

The digestate is a heterogeneous liquid formed as a by-product in the production 
of biogas from organic matter with a significant share of undecomposed solid organic 
fraction. The dry matter content in the digestate is 7–12% and is comparable to the 
liquid manure. Nitrogen content in fresh matter is similar to manure (0.2–1%), but 
has a higher pH value (7–8). The use of digestate as organic fertilizer on agricultural 
land is already considered the standard method of its application [6–8]. 

In terms of the speed of action (nutrient uptake by plants), digestate is similar to 
mineral fertilizers, because the N, P and K components are easily available to plants. 
It also contains some organic matter that has a positive effect on the physical and 
chemical properties of the fertilized soils [9, 10]. 

Two species are cultivated in the Polish climate, the common bean Phaseolus 
vulgaris L. and the multiflora bean Phaseolus multiflorus Wild. Within the common 
bean we distinguish dwarf varieties with a stiff stem 25–40 cm long and pole varieties 
with a slack stem up to 3 m long. There is also an intermediate snap bean form, with 
a stem 60–120 cm, without the ability to wrap around a support. 

The usable part of the beans are unripe pods and dry, ripe seeds. Beans are consid-
ered a rich source of protein with high biological value, potassium, phosphorus and 
iron. The seeds contain phytic compounds that lower the level of cholesterol in blood 
serum and tissues, and inhibit the development of cancerous diseases, especially of 
the large intestine. 

The aim of the research is to select the digestate dose and analyze the response 
of the “Kontra” variety to its various doses. 

2 Method  

The digestate was collected from the Piaski biogas plant (Lubelskie Province) and 
applied to the experimental plots for the cultivation of “Kontra” variety of snap 
beans. The area of the experimental plots was 75 m2. The polyphoska 6 mineral 
fertilizer was sown before sowing (with a content of 6% nitrogen in ammonium form, 
20% phosphorus, 30% potassium). The dose was 350 kg * ha−1. Plant protection 
treatments were performed with a mounted field sprayer Pilmet 312 LM. Liquid dose
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during the treatments was 270 l * ha−1, the working speed was 5.4 km * h−1, and the 
working pressure was 3 bars. The height of the field boom above the sprayed surface 
was 50 cm. 

The scope of the field research covered 4 variants of the experiment, on which 
the digestate was poured with liquid manure with hoses on the soil surface: 

● Variant I—a dose of digestate 25,000 l * ha−1, 
● Variant II—post-fermentation dose 37,500 l * ha−1, 
● Variant III—post-fermentation dose 50,000 l * ha−1, 
● Variant IV—the control object, which consisted of sown seeds not fertilized with 

digestate. 

The above doses were determined on the basis of soil samples and studies by 
other authors [11, 12]. 

The digestate samples were tested for the content of heavy metals. The tests were 
carried out at the Regional Chemical and Agricultural Station in Lublin according to 
the PN-EN ISO/IEC 17,025: 2005 standard. The research on the quality of seeds after 
harvesting the snap bean was based on the determination of seed moisture, thousand 
seed weight (TSW), protein, fat, carbohydrate, calcium, magnesium, phosphorus and 
potassium content. The above research was carried out at the Central Agroecological 
Laboratory of the University of Life Sciences in Lublin. 

3 Results 

The biogas plant (a biogas combined heat and power plant) is located in Piaski 
Commune, Lubelskie Province. The electric power is 0.99 MW, and the thermal 
power—1.1 MW. The annual electricity production—approximately 8 400 MWh. 
The generated biogas is desulfurized, dewatered, cooled and pumped by means of 
an underground gas pipeline into a cogeneration engine which generates electricity 
and heat in a combined process. The following are used as an input into the digestion 
process: green waste matter, maize silage, beet pulp, stillage, whey. 

Before application, the digestate was tested for the content of macroelements and 
heavy metals (Table 1). The pH of the digestate used for the cultivation of snap 
beans—8.50 and is similar to the pH of cattle liquid manure (7.90). 

When analyzing the obtained test results, the content of heavy metals was below 
the detectability of the measuring equipment. Moreover, the digestate contains signif-
icant amounts of macronutrients, therefore it has been found possible to use the 
digestate as a fertilizer. 

The average height (from 10 measurements) of plants after the application of 
digestate in the BBCH 78-BBCH 79 phase was 41 cm for variant I, 81 cm for variant 
II, 84 cm for variant III, and 73 cm for variant IV. 

Table 2 shows the changes in the length and width of the pods, the number of 
pods per plant and the number of seeds per plant in each variant of the experiment.
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Table 1 Comparison of 
selected macroelements and 
heavy metals in the 
post-product 

Examined feature Content in digestate 

Phosphorus [g/l] 0,13 

Potassium [g/l] 5,08 

Calcium [g/l] 0,33 

Magnesium [g/l] 0,08 

Cadmium [mg/l] <0,43 

Lead [mg/l] <0,43 

Nickel [mg/l] <0,43 

Chromium [mg/l] <0,43 

Copper [mg/l] 0,47 

Zink [mg/l] 1,99 

Manganese [mg/l] 2,02 

Iron [mg/l] 75,01 

Table 2 Changes in the length and width of pods, the number of pods per plant and the number of 
seeds per plant 

Variant Average length of 
pods [cm] 

Average width of 
pods [cm] 

Average number of 
pods per plant [pcs] 

Average number of 
seeds per plant [pcs] 

I 9,70 0,66 8 31 

II 10,40 0,67 10 39 

III 11,00 0,70 11 44 

IV 8,80 0,61 7 25 

Analyzing the obtained research results, slight discrepancies were found in the 
average length and width of the pods, the average number of pods per plant and 
the average number of seeds per plant. The lowest values were recorded in variant 
IV (control object) and the highest for plants harvested from a plot with a dose of 
50,000 l * ha−1. The average length of the pods ranged from 9.70 (variant I) to 
11.00 cm (variant III), while the average width ranged from 0.66 cm (variant I) to 
0.70 cm (variant III). For the control object, these values were 8.80 cm and 0.61 cm, 
respectively. The average number of pods per plant ranged from 8 (variant I) to 11 
(variant III), and for variant IV—7 pieces. Average number of seeds per plant—31 
(variant I) to 44 (variant III). In turn, for the control object—25 pcs. Based on the data 
presented in Table 2, the average number of seeds in a pod was determined, which 
was as follows: variant I—3.8 pcs; variant II—3.9 items; variant III—4 pieces, and 
for variant IV—3.6 pieces. 

The humidity of the bean seeds of the “Kontra” variety for the control object 
was 12.94%, for the variant I—12%, for the variant II—11.98%, and for the variant 
III—11.87%. 

Table 3 presents changes in the obtained yield values and the thousand seed weight 
in individual variants of the experiment.
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Table 3 Changes in the yield 
size and the thousand seed 
weight in different variants of 
the experiment 

Variant Yield [t * ha−1] Thousand seed weight [g] 

I 2,05 172 

II 2,34 179 

III 2,60 184 

IV 1,80 167 

Analyzing the obtained results, the obtained yield was found to be divergent 
depending on the digestate dose from 2.05 t * ha−1 to 2.60 t * ha−1, for the control 
object—1.80 t * ha−1. The obtained thousand seed weight ranged from 172 g (variant 
I) to 184 g (variant III), while for variant IV this value was 167 g. 

Table 4 shows the results of the research on the content of protein and fat in 100 g 
of snap bean seeds in individual variants of the experiment. 

By analyzing the results obtained, an increase in the protein content in 100 g of 
seeds of the snap bean seeds, depending on the dose of digestate used, was found— 
19.41 g (variant I) to 21.40 g (variant III). In the control object, the protein content 
in 100 g of snap bean seeds was 18.87 g. 

The fat content in 100 g of the seeds of snap bean was from 0.48 g (variant I) to 
0.60 g (variant III), and for the control object—0.41 g. 

Table 5 presents the results of the research on the content of carbohydrates, 
calcium, magnesium, phosphorus and potassium in 100 g of snap bean seeds. 

Analyzing the obtained research results, an increase in nutritional value was found 
in the seeds of the snap bean of the “Kontra” variety, depending on the dose of 
digestate used. The percentage increase in the content of carbohydrates in variants

Table 4 Changes in protein 
and fat content in 100 g of 
bean seeds in different 
variants of the experiment 

Variant Protein content in 100 g 
of beans [g] 

Fat content in 100 g of 
beans [g] 

I 19,41 0,48 

II 20,81 0,52 

III 21,40 0,60 

IV 18,87 0,41 

Table 5 Changes in the content of carbohydrates, calcium, magnesium, phosphorus and potassium 
in 100 g of bean seeds in different variants of the experiment 

Variant Carbohydrate 
content in 
100 g beans [g] 

Calcium 
content in 100 g 
beans [mg] 

Magnesium 
content in 100 g 
beans [mg] 

Phosphorus 
content in 100 g 
beans [mg] 

Potassium 
content in 100 g 
beans [mg] 

I 49,76 109,23 129,88 367,00 1341,18 

II 51,37 119,56 132,00 372,88 1357,00 

III 54,00 124,00 137,00 387,00 1394,00 

IV 47,00 103,12 119,96 361,23 1325,16
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I to III was 8.5%, calcium—13.5%, magnesium—5.5%, phosphorus—5.4%, and 
potassium—4.2%.

4 Discussions 

In the presented article, an attempt was made to evaluate the effect of the dose size 
on the yield and quality of bean seeds. 

In the conducted research, the following factors were adopted as determinants of 
seed quality: the thousand seed weight and the nutritional value in 100 g of seeds 
(e.g. the content of protein, fat, carbohydrate, calcium, magnesium, phosphorus and 
potassium). Dostatny et al. [13] and Wondołowska-Grabowska [14] classify also the 
thousand seed weight and nutritional value per 100 g of seeds as the basic quality 
characteristics of bean seeds. 

In the research, the average number of pods per plant was obtained in the range 
of 7 to 11 pcs depending on the variant of the experiment. On the other hand, the 
average number of seeds per plant, depending on the experiment variant, was 25–44 
pcs. Similar values of the average number of pods per plant and the average number 
of seeds per plant were obtained by Dostatny et al. [13]. In the studies of Dostatny 
et al. [13] the number of pods per plant was 11 pcs, and the number of seeds per 
plant was 41 pcs. Higher values of the number of pods per plant were obtained by 
Peeters et al. [15]. 

The thousand seed weight in the studies of other authors was similar. In the studies 
of Dostatny et al. [13] it was 175 g and it is a value lower than the obtained thousand 
seed weight in variant III. 

In the conducted studies, the effect of the dose of digestate fertilization on the 
nutritional value of 100 g of bean seeds was found. Montemurro et al. [16] and 
Pan et al. [17] state that by using digestate, macronutrients, in particular nitrogen, 
phosphorus and potassium, are delivered to the soil. The results of studies by Panuccio 
et al. [18] indicate an alternative use of digestate instead of mineral fertilizers. In 
turn, Kapusta [19] found that protein is the basic ingredient in the bean seeds, which 
contain about 23% of it. Dostatny et al. [13] state that bean seeds are a good source 
of protein, starch, fiber, minerals and vitamins. Carbohydrates in beans, unlike other 
high-carbohydrate products, are characterized by a low glycemic index, and the high 
fiber content, including the soluble fraction, reduces the LDL cholesterol fraction in 
the blood. Regular consumption of legumes reduces the risk of cancer, type 2 diabetes 
and coronary heart disease. The authors provide the following nutrient content in 
100 g of beans: protein 23.6 g, fat—0.8 g, carbohydrate—60.0 g, calcium—143.0 mg, 
magnesium—140.0 mg, phosphorus—407 0.0 mg and potassium—1406.0 mg. In the 
conducted research, the protein content was from 19 to 21 g, and the fat content from 
0.41 g to 0.60 g. The carbohydrate content in 100 g of bean seeds was from 47 g. up 
to 54 g, calcium—103.12–124 mg, magnesium—119.96 to 137 mg, phosphorus— 
361.23–387 mg and potassium 1325.16 to 1394 mg. The obtained values are lower
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than in the studies other authors, however, they testify to the good suitability of the 
digestate for fertilization. 

5 Conclusions 

Changing economic conditions and social preferences cause a reorientation in 
farming systems. Production systems that ensure obtaining raw materials of socially 
acceptable quality while maintaining ecological safety are becoming more important. 

Based on the research, it was found that the digestate contains large amounts of 
macronutrients. The content of heavy metals was below detectable by laboratory 
equipment. 

The size of the digestate dose affects the size of the obtained yield and the thousand 
seed weight. In addition, the size of the digestate dose determines the nutritional 
content of 100 g of snap bean seeds. Of the three doses of digestate, it is recommended 
to use the highest one. 

The digestate from biogas plants can be used as fertilizer. The use of digestate 
as a fertilizer brings measurable benefits in agricultural production, but it is also a 
product the use of which may reduce the negative effects of mineral fertilization and 
contribute to the development of sustainable agriculture. 
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Online Pest Warning System—Support 
for Agriculture and Transfer 
from Science to Practice 

Tratwal Anna , Jakubowska Magdalena , and Baran Marcin 

Abstract The primary aim of integrated control and The Polish National Action 
Plan for Mitigating the Risks Associated with the Use of Plant Protection Products 
is to promote the general principles of integrated pest management and eliminate 
hazards linked to the use of plant protection products. This aim has been pursued in a 
number of projects with the active involvement of consultancies, research institutes, 
public administration bodies, and sectoral organizations. Essential support in pursuit 
of the objectives and measures of the National Action Plan comes, among others, 
from multiannual programmes carried out by research institutes and supervised by the 
Ministry of Agriculture, which additionally ensure knowledge transfers into practical 
applications. A key new plant-protection-related task performed in the multiannual 
programmes is to develop and launch an Online Pest Warning System (www.agrofagi. 
com.pl) and monitor agricultural plant pests of economic significance. The system is 
operated by the Institute of Plant Protection – the NRI in close cooperation with the 
Institute of Horticulture—NRI, Institute of Soil Science and Plant Cultivation—NRI, 
Plant Breeding and Acclimatization Institute—NRI and all units of the Agriculture 
Advisory System. 

Keywords Integrated control · Pest warning ·Monitoring 

1 Introduction 

As of 1 January 2014, by virtue of Directive 2009/128/EC of the European Parliament 
and of the Council establishing a framework for Community action for the sustain-
able use of pesticides, all professional users of pesticides in the Republic of Poland 
have to comply with the general principles of integrated pest management. Integrated 
pest management is defined as the careful consideration of all available pest control 
techniques and subsequent integration of appropriate measures that discourage the 
development of pest populations and keep pesticides and other interventions to levels
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that are economically justified and reduce or minimize risks to human health and the 
environment. It should be emphasized that measures and principles of integrated pest 
management are nothing new in Polish agriculture. For many years farmers and agri-
cultural consultants have been using various methods to prevent the development of 
large populations of pests and the spread of pathogens. In Poland, the principles and 
methods of integrated pest management rely on interdisciplinary activities requiring 
the cooperation of specialists in many areas, such as entomology, phytopathology, 
agriculture, soil science and others [2]. Integrated pest control strongly emphasizes 
the achievement of yields anticipated by the farmer (free from pesticide residues, 
damage, symptoms of infestation by pests, etc.) with the least possible disruption to 
agro-ecosystems, and encourages natural pest control mechanisms. Relevant activi-
ties are required to popularize integrated pest control programmes for different crops 
across the country, for example training consultants to promote and supervise inte-
grated pest control, modification of teaching curricula at all levels of education, and 
above all change in the approach to the protection of plants and the agricultural 
environment [3, 4]. Directive 2009/128/EC specifies measures to be implemented by 
professional users and research institutions dealing with plant protection. According 
to the Directive on integrated pest management, harmful organisms and diseases 
must be regularly monitored in the field using appropriate methods and tools. The 
range of tools includes systems for alerting, forecasting and early detection, based on 
solid scientific evidence. Moreover, for harmful organisms threshold levels defined 
for the region, specific areas, crops and particular climatic conditions must be taken 
into account before plant protection treatments. 

2 Material and Methods 

The Online Pest Warning System (www.agrofagi.com.pl) (Figs. 1 and 2) launched in 
2016, operated by the Institute of Plant Protection—the NRI in Poznań in close coop-
eration with the Institute of Horticulture in Skierniewice, the Institute of Soil Science 
and Plant Cultivation in Puławy, is an important tool supporting the implementa-
tion of objectives and measures related to compliance with guidelines on integrated 
production and protection of crops. All units of the Agriculture Advisory System, 
the Agricultural Advisory Centre in Brwinów, Research Centre for Cultivar Testing 
in Słupia Wielka, the Plant Breeding and Acclimatization Institute in Radzików, and 
several private businesses from the agricultural sector have also joined this initiative. 
The most important role of the Online Pest Warning System is public sharing of results 
from the monitoring of harmful organisms in crops, which is carried out in about 500 
locations across Poland. Crops covered by monitoring include winter wheat, winter 
rape, maize, potato, sugar beet and large seeded legumes. Short guides on all diseases 
and pests have been prepared, and they contain descriptions of methods, timing and 
tools useful for the process of monitoring. 

The home page of the Online Pest Warning System is arranged in six modules. 
The first one, Alerts on Plant Pests, provides information from field monitoring,

http://www.agrofagi.com.pl
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Fig. 1 On line Pest Warning System—web page 

Fig. 2 On line Pest Warning System—logotype

descriptions of tools useful for pest monitoring, methodology of pest alerts and 
monitoring, and systems supporting the decision-making process about chemical 
control treatments if needed [5] Regular plant pest monitoring is a vital part of 
integrated pest management. This basic activity is aimed at identifying any risks to 
crops posed by pests with a view to determining the phytosanitary status of crops.
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Plant pest monitoring helps determine the current phytosanitary status of crops for 
the purpose of selecting the best date to apply a protective treatment and issuing 
treatment alerts. By making adequate use of observational data on the emergence 
and rise in pest populations, it is possible to develop pest control strategies, minimize 
potential damage, and prevent the excessive and often unnecessary use of chemicals, 
as required under the Integrated Pest Management Directive [1].

An essential part of integrated pest management other than the choice of preven-
tive measures are decisions about the application of chemical control. Integrated 
pest management, crop protection and production guidelines, methodologies and 
programs are no substitute for regular field inspections and due consideration of 
weather conditions and economic harm levels by farmers facing the decision to 
use chemical treatments. In recent years, advanced research has been carried out to 
provide scientific background knowledge for short-term pest emergence forecasting. 
Much of this research centered on determining correlations between disease and pest 
development and weather conditions. Its findings have been used to establish support 
systems to, for example, forecast pathogens breakouts and the developmental stages 
of pests as a way to determine the best time for treatment. The instructions produced 
on that basis are to help farmers and plant protection consultants identify the need 
for plant protection treatment based on ecological principles, with due consideration 
of cost–benefit analysis and climate conditions. 

The second module, Control of Plant Pests, includes publications, product leaflets, 
posters, etc. related to Plant Protection Programmes and other important issues. Plant 
protection programmes are developed to help farmers make choices on the use of 
chemical protection products for the control of harmful organisms in different types 
of crops (including fruit plants, vegetables, and industrial crops). Chemical pest 
control is increasingly challenging and complicated because of the ongoing changes 
in the register of plant protection products. This module also contains a list of plant 
protection products, their labels, and a search engine of plant protection products. 
There is also a wide range of different leaflets related to the control of pests in specific 
groups of plants. Additional materials provide information on plant protection that 
satisfies third-country requirements, and plant succession following rape and cereals 
after tillage. 

The third module, Methods and Guides, presents methods of integrated production 
and integrated pest management in a wide range of crops, including fruit plants, 
vegetables and industrial plants. Valuable information on the correct monitoring of 
pests is provided on this website in “Guides on reporting pest occurrence”, which have 
been prepared for a number of crops (cereals, maize, small and large seeded legumes, 
vegetables, fruit plants, and others, such as hops, tobacco and ornamentals). This 
section also contains essential information regarding pollinator-safe plant protection, 
and advice and publications on the safe use and storage of plant protection products 
and handling their unused remains. Honey bees and other pollinating insects are 
an integral part of ecosystems. They play a crucial role in pollinating crops and 
wild plants. An estimated 78% of all plant species on Earth (including more than 
200 crop species) are pollinated by insects. Therefore, insect pollinators ensure the 
survival of most species living on our planet. Most plants in Poland are pollinated
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by the honey bee (that applies to over 90% of flowers of entomophilous plants). 
Other flowers are pollinated by bumblebees, solitary bees, flies, butterflies, beetles 
and other insects. In Poland honey bees pollinate some 50 crop species, about 60 
vegetable species as well as ca. 140 horticultural plant species, including 15 species 
of fruit trees and shrubs, and over 60 species of medicinal plants. Insects increase 
crop yields and improve their quality, particularly for such plant species as rapeseed 
(up to 30%), apple (up to 90%), gooseberry (up to 70%) and strawberry (up to 20%). 
However, used incorrectly, the chemical plant protection products that are vital in 
farming may pose risks to human and animal health and harm the environment. It 
is therefore essential to apply plant protection products properly to either reduce or 
fully eliminate such risks. 

Another problem described in this section is protection of crops from game 
animals. The damage caused to crops by some game species in Poland has increased 
dramatically over the last decade becoming a serious plant protection concern. the 
key factors contributing to this problem are: rapid increases in the country’s popu-
lations of wild boar, red deer, fallow deer, elk and beaver, climate change causing 
faster maturation and increased reproduction of wild boar (year-round), deer and 
other species, as well as increased survival rates owing to mild winters, changes in 
the biology and behaviour of wild boar, deer and other crop-damaging game species 
(resistance to odor-based and other repellents). changes in species makeup and crop 
acreage (maize, rape, wheat, and other cereals), reduced biodiversity in field and 
forest ecosystems, significant rise in crop yields (new, high-yield varieties, effective 
plant protection, intensive fertilization). 

This section also addresses the important issue of technical aspects of plant protec-
tion. The proper use of equipment for the application of plant protection products, 
including its regular maintenance, is of crucial importance for both the efficacy and 
safety of treatments. To reduce the risk of using defective (hazardous) sprayers, 
a system of mandatory periodic inspections of the equipment used to apply plant 
protection products has been established in Poland. Such equipment is inspected by 
registered institutions supervised by the National Inspectorate of Plant Health and 
Seed Inspection. 

The fourth module of the Online Pest Warning System concerns problems related 
to organic agriculture. Organic agriculture is the most environmentally-friendly 
method of farming, it is a very important sector, but requires continuous changes 
in order to increase its share in the total agricultural production volume. The envi-
ronmental awareness of society continues to grow, which can be clearly seen in 
the increasing demand for organic products. Organic crops are protected mainly by 
means of appropriate treatments and cultivation techniques. The key measures used 
for that purpose are crop rotation and keeping soils biologically active and highly 
fertile. 

This section also describes biological methods in integrated pest management. 
In the practice of using the biological methods, plant protection relies on three 
main strategies: classical control, introduction and conservation. The strategies vary 
in application and the biological agents they employ. Classical biological control 
involves the introduction of useful, predominantly non-native, biocontrol agents into
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the environment to control or significantly suppress the population of either native or 
non-native pests. Such organisms are usually obtained from the areas of their natural 
distribution and are released in new areas, where they are expected to establish and 
effectively keep the pest population down to a safe level. The biological control 
targeted at augmentation involves the periodic introduction of beneficial micro-
and/or macro-organisms obtained from large-scale cultures into crop fields. These 
organisms are appropriately formulated and delivered in the form of biopesticides. 
Under this strategy, the biological agent should act immediately whenever possible, 
and is not expected to be established in the new area. This strategy is most popular 
in commercial crops (cultivation under cover, mushroom farms, orchards, and some 
field and forest crops). Conservation control relies on such landscape features as are 
naturally occurring or have been specially created in agricultural and forest areas 
to foster the populations of beneficial insects that naturally live in these habitats. 
The main objective of these efforts is to improve habitat quality for these organ-
isms by diversifying the landscape, thus creating shaded places and hides, suitable 
wintering sites, and securing a necessary diverse food base for naturally occurring 
entomophages. A key to this strategy is the rational use of selective chemicals to 
reduce their deleterious effect on beneficial organisms. 

In the fifth module, Agricultural Consulting Services, users can find links to the 
websites of all regional agricultural advisory centres, and the Agricultural Advisory 
Centre in Brwinów, where a lot of practical information for farmers is provided. 
This section also presents results from post-registration testing of cultivars (PDO 
COBORU experiments) and relevant recommendations. 

The section on Agricultural Consulting Services also presents a training offer for 
all interested candidates. Courses are one of the best methods of acquiring knowledge, 
supplementing education, improving skills and raising professional qualifications. 
Many research and consulting institutions that deal with agricultural issues orga-
nize such courses for agricultural advisors, farmers, and for their own employees. 
Courses enable a direct transfer of knowledge from science to agricultural practice, 
sharing updated information with audiences in various regions of Poland, integra-
tion of people involved in agriculture, and above all sharing views and experience, 
discussions between scientists and specialists, as well as agricultural advisors and 
farmers. 

The last module, Project Partners, presents information on the principles of 
website operation and funding sources. There also active logos of the project part-
ners, and by clicking on them users are redirected to the website of a partner involved 
in the creation of the Online Pest Warning System. 

3 Summary 

Establishing the optimum dates for the chemical control of pests is a challenging task 
for every farmer. If a decision on pest control is made based on easily noticeable, 
high abundance of pests or very clear symptoms of pest feeding, the treatment is
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often too late, only partly effective, and not always justified from the economic point 
of view. For this reason farmers should carry out regular monitoring of plants in the 
field throughout the whole growing season, but also have knowledge of pest biology, 
regions of its occurrence and climatic preferences, and be able to estimate the size 
of pest populations, hence the current level of economic injury. 

The Online Pest Warning System contains an extensive number of publications, 
reports and materials related to methods of integrated production and plant protection, 
guides on reporting pest occurrence, technical aspects of plant protection, pollinator-
safe plant protection, risks associated with illegal and counterfeit plant protection 
products, and many others. The database of the Online Pest Warning System contains 
about 600 pdf files and about 40 links to other websites. Of note is the fact that mate-
rials available for all website users are based on solid and evidence-based knowledge 
from experimental studies. 
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Selected Problems on Data Used 
in Precision Agriculture 

Edmund Lorencowicz and Jacek Uziak 

Abstract The paper describes data requirements in precision agriculture. Different 
types of data, specific in agriculture is discussed. The collection and use of data 
is looked in view of risks and threats it generates. Also, the rights of data and its 
administration is presented in view of the EU Code of Conduct for Agricultural 
Data Sharing by Contractual Agreement. The code, launched in Brussels in 2018, 
was introduced to foster trust in data sharing and can be considered as a milestone in 
regulating problems related to agricultural data. Code of Conduct explains contractual 
relations, making the actual contract between parties involved, the primary instrument 
in ensuring concord. It also provides guidance on the rights of access and use of the 
agricultural data. 

Keywords Precision agriculture · Big data · Internet of Things · Agriculture 4.0 ·
Data ownership · Agricultural production chain 

1 Introduction 

Global population growth increases food production needs, which demands intro-
duction of new solutions in agriculture. Some forecasts predict the increase in World 
population up to ca 11 billion by the year 2100—Fig. 1 [31]. However, it is not only 
the volume demand, the requirements regarding the food quality and environment 
safety are also changing. 

In the last century, the efficiency of agriculture increased remarkably. In 1900, a 
farmer, performing chores by hand, using walking plough with horses, forking hay 
and milking by hand, produced enough agricultural product to feed a total of 10 
people, whereas in 2020, that number was already 120 [4].
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Fig. 1 World population and yearly dynamics projections to year 2100. Source Own study based 
on [31] 

Rapid improved in efficiency was evident in the second half of the XX century, 
when during, so called ‘green revolution’ characterized by improved technologies 
in agricultural engineering, fertilization, and chemical plant protection. During that 
period, the global agriculture production increased and limit the world hunger. 

Next step in development was related to individual treatment of a particular crop 
or animal. It is thanks to satellite navigation used in agricultural applications for 
crop and soil monitoring as well as surveying the fertility of agricultural fields to 
control the distribution of chemicals and fertilizers [7]. Digital techniques applied to 
production and management processes increased its significance and brought next 
steps called ‘smart farming, ‘digital farming’ or ‘agriculture 4.0’ [1]. The modern 
digitized solutions have made its way also to developing countries [17, 29]. Despite 
the initial stage of digitization in agriculture, the whole agri-food sector increasingly 
becomes a digital industry [3, 11]. Although, it is estimated that agriculture machines 
and devices have reached their top parameters, it is still possible to improve their 
efficiency and work quality through work and management processes optimizations. 

2 Objectives and Material of Study 

The objective of the study is to present threats and limitations related to digitalization 
of agriculture. The analysis was based on the specialized literature, mainly not avail-
able to the general public. That included, beside scientific papers, also press releases, 
presentations and lectures performed at international exhibition for agricultural
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machinery and equipment Agritechnica, Hanover. Other sources included unpub-
lished materials from the meetings of Standing Committee on Mobile Machinery of 
European Organisation of Agricultural, Rural and Forestry Contractors (CEETTAR) 
and own research [16]. A details internet query and selected research positions were 
also done. Since quick progress and changing conditions, the sources were limited 
to those from year 2017. 

3 Data Requirements in Modern Agriculture 

The development of integrated management systems (Fig. 2) leads to establishment 
of ever complicated relations between the participants of such systems and the need 
for the data requirements for analysis and application. 

It is estimated that, the amount of data generated by farms increases every year 
exponentially. According to the available information it was ca 500,00 bits daily in 
2020, and it is projected to reach more than 2,000,000 bits in 2030 [5]. 

Access to internal and external data allow, after its processing, achieved added 
value [14, 15]. 

Internal data originates from the farm, and includes information regarding type and 
volume of production, coordinates of the operational land and information about the 
equipment and agricultural processes. According to the German Mechanical Engi-
neering Industry Association (VDMA), more than 80% of new agriculture machinery 
offered on the market in 2017 had Internet access, irrespective of the sector and forms 
of use [30]. Apart from the already common use of smartphones and tablets, auto-
matic machine guidance with GPS, there are many new, even more sophisticated 
technologies, such as drone [22] or robotic systems [12]. The use of agricultural 
robots is bound to increase significantly spectacularly in the coming years. There 
are reports (Tractica and The Robot Report), which envisage imposing increase in

Fig. 2 Concept of expansion from ‘product to product’ systems to ‘systems of systems’ Source 
[13]
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agricultural robots’ shipments, from annual units of 32,000 in 2016 to 594,000 in 
2024. It is also predicted that the annual revenue of that market will reach $74.1 
billion in that year [10].

External data are those which are publicly available or collected information from 
outside of the farm, such as surveying and cadastral data, as well as satellite informa-
tion regarding, for instance, weather, soil and crop conditions. Information transfer 
between a farmer and a provider of the production means and services improves 
production methods and technologies and leads to cost reduction. Transfer of the 
data is actually bidirectional, as the flow of information from the producers facil-
itates selection of the optimal technology parameters and reduction of the input 
costs. 

There are several factors which makes automation and digitization in agricul-
ture more difficult. Those factors are related to general issues such as disturbances 
in transmission and simple lack of right sensors. But also, to particular nature of 
agricultural material and machines, such as uncertainty and variation of inputs, lack 
of process knowledge, and huge variety of the machines and process execution. In 
comparison to typical industry the biobased industry faces challenges related to huge 
variation of production conditions, diversity of technologies, inevitability of working 
with biological materials and products, extremely reliant on external factors, such 
as weather [12]. However, the dynamic development of Internet of Things (IoT), in 
particular, improves compatibility of machines used in the technological process and 
their optimization [6, 26]. 

At the operational level, the most popular technology is automated steering and 
field work. The most common auto-steering used by German agriculture contractors 
is applied to tractors (almost 55%), combine harvesters (21%) and self-propelled 
forage harvesters (20%). Digital technologies are mainly used in fertilization (46%), 
sowing (45%), soil cultivation (39%), mowing (27%), tedding and raking (17%) and 
plant protection (8%) [18, 19]. 

4 Risks and Threats Related to Data in Precision 
Agriculture 

Precision agriculture, due to use of IoT, industrial sensors and adapted technologies, 
generates different types of threats. However, also farmers themselves, are becoming 
aware of risks potentially generated by digitization [16, 24]. Those risks are mainly 
related to how and where the data is stored and used. Sharing of the sensitive data and 
its agglomeration from devices such as sensors on machinery (flow meters, weight 
sensors, and optical recognition), barn and field sensors, aerial and satellite data, 
as well as farm management and financial systems, once collected is passed out of 
farmers’ control. That data security now depends on the security of the company 
holding it and may be used competition or even to alter commodity markets by spec-
ulating. That would effectively mean using the advantageous data from the farmers
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against themselves. Another possibility is the use of the data by agricultural tech-
nology providers to develop and sell new products to the actual producers of the 
original data. Uncertainties related to the ownership and use of the data influences 
farmers attitude and may affect decision making processes and, consequently, may 
lead to incorrect decisions and negative production results. 

For years now, it has been indicated that there is need to establish general valid 
and accepted principles on the data exploration [2]. The analysis on data privacy and 
security, and its use, has been already under discussion in EU for some years. The 
fundamental problem is to establish range and access rights to private data received 
from farmers. 

Whether data collected from farmer’s tractors and his machines (basically private 
information) can be used, with no restrictions, by the producer, dealer, and machine 
service provider, whereas the farmer (owner of the machines) pays for the processed 
data, is almost a rhetoric question with no straightforward answer. Such processed 
data, based on information collected during machine operation, is used, among other 
things, in planning and control of technological processes as well as assessment 
of the work parameters and its quality. Data is also useful in remote steering and 
control of the machines, in addition to monitoring of work and energy efficiency, and 
profitability. Although both sides of the data equation have an interest in developing 
transparent property rights over agricultural production data and its use, there is a 
clear difference between expectations from farmers and needs of machine producers 
and service providers. In response to the data question a survey of German service 
providers indicate that data access should be given to service providers only (69% of 
positive answers). Only 5% of the respondents indicated that data could be freely used 
by the machine ‘producer’ and ‘producer and service’. Interestingly, 21% believed 
nobody, apart from the farmer, could sue the data [20]. 

Another issue related to data rights its available to authorized dealers, repairers 
and independent service operators, regardless of brand and expertise, which would 
increase competitiveness in this sector [21]. 

5 Data Sharing Principles and Codes of Practice 

To foster trust in data sharing, in 2018, the EU Code of Conduct for agricultural data 
sharing by contractual agreement was launched as a collaborative effort of farmer’s 
cooperatives in the EU allied to Copa-Cogeca (Committee of Professional Agricul-
tural Organisations-General Confederation of Agricultural Cooperatives) and CEJA 
(European Council of Young Farmers), as well as representatives of animal breeding 
companies and large organizations representing industries producing animal feed, 
fertilizers, seeds and farm machinery (like CEMA, Fertilizers Europe, CEETTAR, 
ECPA, EFFAB, FEFAC and ESA). As a basis, the code of conduct provides defi-
nitions for roles and processes in data sharing in agriculture, as well as support on 
contractual relations and guidance on re-using and sharing data. Such initiative allows 
for more effective use of farms’ data and improves productivity as well as production
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profitability [8]. Future use may include plant and soil information actualization as 
the basis for remote mapping and forecasting of volume and quality of products. 

Rapid progress of digital technologies has triggered the process of moving both 
data and its manipulation to the cloud (cloud computing), hence to the digital network 
operating in agricultural environments but covering the whole world. Modern, and 
in particular mobile applications, use and take advantage of cloud resources [15, 25]. 
The use of those resources by farmers, together with the use of software for decision 
making, is different in different countries. For instance, in case of Polish farmers, 
the most popular software was that assisting in decision making and record keeping 
[16]. 

Data used in precision agriculture are of different nature and range of use and 
one of the fundamental issues is to properly define it. The EU Code of Conduct 
defines data, in a very straightforward way, as information in all forms that is being 
transferred during business operation [8]. Data, according to the code, is divided into 
some groups [8]. 

1. Personal Data—leading to identification of a person. 
2. Anonymized Data—information, which no longer personal as it has been stripped 

of any identifiable information. 
3. Publicly available Data—freely used and distributed. 
4. Raw Data—generated and collected without any processing. 
5. Metadata—providing information on other data (e.g., date, units). 
6. Primary Data—raw data processed into form identifiable by people (e.g., 

geological data, soil data, water data). 
7. Aggregated Data—combined dataset using several sources (e.g., sensors, 

systems, farmers, or data platform). 
8. Agricultural Data—related directly to agricultural production, including farm 

data and that generated in the farming processes. 

Crucial agricultural data may consist of a few different types. 

1. Farm data—related to farm, its operations, and management. It may consist of: 

● plant production data (agronomic data, such as yield planning, soil data, etc.); 
● control and implementation data (compliance data, which may be required by 

authorities); 
● animal production data (livestock data—related to the herd such as age, sex, 

and performance indicators, such as milk yield, animal welfare etc.). 

2. Machine data—related to machine operations, which may be protected to avoid 
external bridge. 

3. Service data—related to machine maintenance and repair. 
4. Agri-supply (input) and agri-service provider data—the first one related to in-

puts such as fertilizers, feedstuffs, plant protection products, etc. and the second 
originating from agricultural services with the intention to benefit a client (e.g., 
farmers).
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Fig. 3 Data interchange in agricultural production chain. Source Adopted from: [8] 

Closely related to data is the problem of data users and their links and flow of 
information between them. The data users consist of the following main groups. 

1. Contractual partners—clients (farmers), agricultural contractor and service 
providers. 

2. Producers of machines and equipment. 
3. Other contractors and service providers, which includes operators and providers 

of information services, software, other data users, research and development 
institutions, educational institutions. 

Relationships between users can be considered interactive and flow of the infor-
mation creates a chain for specific purposes as agreed in the contract between data 
originator and data users (Fig. 3). 

There are also issues related to the rights of the data and its administration [8]. 
Data Ownership—data produced by any operator in the agricultural production 

chain, the operator is considered as the originator. The originator (farmer or anyone 
else) is recognized to benefit from and/or be compensated for the use of data created. 
Such benefits should be clearly stated in any contract, which can be established 
between the originator and other contracting parties. 

● Data access, control, and portability—all manipulation of the collected agricul-
tural data can only occur once the originator has granted an informed permission 
by contractual agreement. If not specified in the contract, the data originator has 
the right to transmit this data to another data user. Moreover, originators should 
be not restricted to use their data in other systems, platforms, or data storage 
facilities.
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● Data protection and transparency—unauthorized sharing of the data is not 
permitted. Data users under contractual agreement should not change the 
conditions of the contract without prior consent from the originator. 

● Privacy and security—the contract should clearly define the responsibilities in 
terms of security and confidentiality. The data user is obliged to protect data 
received from the originator. Any personal data should be protected under the 
General Data Protection Regulation (GDPR). 

● Liability and intellectual property rights—the term of liability should be dealt with 
in detail by contract agreements. Furthermore, the intellectual property rights of 
parties in the agricultural production chain should be protected. 

Regarding the principles of the legal contract agreements for agricultural data, 
there is a list of questions to consider when using a product or service that captures 
or uses agricultural data [8]. 

Contract check list for agricultural data. 

● Is there an agreement/contract in place? 
● What obligations are there? What warranties and indemnities are on each party? 
● What data is collected? 
● Who owns/controls access to the data? 
● What services are delivered? 
● Will my data be used for other goals than providing me, data originator (e.g., for 

instance farmer) a service? Is it clear what these are? Can I agree/disagree? What 
are/is the benefits/value for me (data originator)? 

● Is data shared with other parties? What rules do the external parties adhere to? 
Can I agree/disagree with sharing data with other parties? 

● Can the service provider change the agreements unilaterally? 
● What happens when the service provider changes ownership? 
● Can I retrieve my dataset from the system in a usable format? 
● Will I be updated on security breaches? 
● Can I opt out of the service and have my data deleted from the system? 
● Is there a contact point to assist me with my questions? 
● Do you have a need for insurance? 
● What are the terms of confidentiality? 

Answering the above questions should provide clear guidelines for accurate and 
legal use of agricultural data. 

6 Conclusions 

Precision agriculture is a scientific, but practical, farming concept of improving 
agricultural production and assisting management decisions using high technology 
sensor and analysis tools. Using digital techniques to monitor and optimize agri-
cultural processes, it leads to increase production, reduce labor time, and ensure
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the effective management of fertilizers and irrigation processes. Applying data 
from multiple sources allows to improve crop yields, its quality and to increase 
the cost-effectiveness of management strategies including fertilizer inputs, irriga-
tion management, and pesticide application, supporting the concept of sustainable 
agriculture. 

However, the use of multiple sources generates a huge amount of data, with 
certainty that this quantity is to rapidly increase in the future. Need for informa-
tion (data) sharing in agri-food sector has always occurred and has been crucial 
for all involved. It started by informal chatting in the local shops or conversations 
in the markets/agricultural fairs, where experiences were shared and information 
regarding seeds, new plants, new machines, etc. were exchanged. Due to the growing 
complexity of the agricultural system and increasing the length of supply chains, 
sharing of information and data between stakeholders has become both more diffi-
cult and more important. It is even more crucial in precision agriculture, and, in that 
respect, it becomes a valued commodity. 

Sharing data by all stakeholders in the agricultural production chain creates chal-
lenges. The first, quite obvious, is a ‘technical’ challenge of small and large actors 
in the chain using different ICT systems for undertaking various tasks including 
accounting, invoicing etc. These systems are not compatible between each other, and 
the requisite infrastructure has been until now missing. 

The second challenge is related to issues around data sharing for either privacy 
reasons, business confidentiality or suspicions concerning of their use. The owner-
ship of data, its administration, transfer, authorization of use, all of those are at 
the contention, with the farmer remaining in the heart of the problem. An attempt 
to regulate those issue was made when the EU Code of Conduct for Agricultural 
Data Sharing by Contractual Agreement launched in 2018. The Code, although not 
binding, lays out explicitly contractual data sharing. It makes the contract between 
parties involved, the primary instrument in ensuring concord. Apart from signifying 
the contract in data handling, the document provides guidance on the rights of access 
and use of the agricultural data. 
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Estimation of Workload Level 
of Dynamic and Static Warehouse 
Assemblers in Logistic and Ergonomic 
Aspect 

Mateusz Gawliński and Katarzyna Łyp-Wrońska 

Abstract In modern logistic engineering, it is important not only to deliver the 
goods to the right place and time, but also to deliver, for example, details to the 
assembly line in the correct assembly position. This is of particular importance 
for companies that implement World Class Manufacturing—it is very important 
for process management in sustainable agriculture. The object of the research is a 
company, which produced farm machinery. This subject in particular concerns the 
pillar of security and logistics. To determine the right component configuration, many 
ergonomic tools can be used. Acquired skills are very often used to correct already 
existing workstations. In addition, the newly emerging legal regulations related to 
safety force the employer to apply better technical and organizational solutions. 
The consequence of working in such bad ergonomic conditions is a high risk of 
musculoskeletal disorders. This study contains a review of the effects of using two 
methods (OWAS and Lehmanns’s tabular –chronometric method) from the field 
of ergonomics in modern logistic engineering in a company producing agricultural 
machines, cars, etc. The concepts discussed are used to determine the degree of static 
and dynamic severity of an employee. The results of the analysis may be useful in 
improving the logistics of the manufacturing process in the ergonomic aspect. 
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1 Introduction 

Sustainable logistics, and supply chain are one of the most important global research 
areas [11]. In modern factory, a specially which has approach World Class Manu-
facturing, is important not only to deliver the goods to the right place and time, but 
also to carry on the workers. The object of research is a factory, which produced a 
tractors, combine, cars etc. The question is how to deliver, for example, details to the 
assembly line in the correct assembly position. To determine the right component 
configuration, many ergonomic tools can be used. Acquired skills are very often 
used to correct already existing workstations. In addition, the newly emerging legal 
regulations related to safety force the employer to apply better technical and organi-
zational solutions. The consequence of working in such bad ergonomic conditions is 
a high risk of musculoskeletal disorders. Many health problems among employees 
are caused by poor body position while working, monotypicity of movements and 
involvement of only one part of muscles [7, 8]. The consequences is dismissal from 
work and illness [1–3] 

To diagnose the problem, the following in the factory is required: knowledge and 
ergonomic skills, motivation to improve it and knowledge of design methods. 

Ergonomic research consists of observing the position and people employed there. 
Based on the acquired knowledge, the appropriate method of analysis is selected [9, 
10]. The evaluation criteria depend on the intensity of work and the positions of the 
body being taken. It takes several days to diagnose the chosen workspace, the results 
should be averaged and applied to specially prepared tables of one of the methods. 
After estimating the severity of work, the changes have to be implemented in the 
workplace in order to improve ergonomic conditions. 

The specialists in the field of ergonomic prophylaxis deal with the analysis and 
counteracting adverse consequences of burdens occurring in the workplace. Special-
ists in the field of logistic engineering also perform this task. The examination and 
diagnosis of the problem should be carried out at the previously selected workstation, 
including the relevant aspects affecting the functioning of the entire enterprise. 

In the article, two methods of analysis have been used: OWAS, as well as tabular— 
chronometric of Lehmann. The effect of calculations is the degree of static and 
dynamic load on the workstation. OWAS analysis is the method used very often 
[4–6]. 

The objectives of this research is to determine the work posture risk level and 
suggest recommendation of improvement. The study consists in listing all the 
activities performer.
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2 Methods 

2.1 OWAS 

OWAS method—developed by the Finnish Institute for Labor Protection in the 1970s. 
Its advantage is transparency, simplicity and the ability to recognize the complexity of 
the problem but also corrective actions. Thanks to OWAS, you can choose which body 
positions are the most burdened by the employee and reduce the risk of developing 
musculo-skeletal disorders resulting from working in poor ergonomic conditions. 
The entire study can be carried out in the form of observations at the workplace. 
The position of the human body and the external weight is taken into account, is 
the whole method emphasis is on identifying and estimating the risk of discomfort 
caused by static load. 

Four factors are taken into account during the research: 

● back positions, 
● shoulder positions, 
● leg work, 
● the severity of the external leg load. 

The last parameter has three compartments: mass below 10 kg, from 10 to 20 kg, 
over 20 kg. The different positions of different parts of the body together with the 
external load were classified in four variants of the assessment [2, 7]. 

Method of testing: 

– First of all, a four-digit employee at-work position code should be determined, 
which uniquely defines the position of the arms, back, leg work, as well as the 
amount of external load. 

– In the second stage, you must put on the table a combination of a four-digit code 
to which only one category of static load per station is assigned. 

– In the last part one should carry out the analysis of the position of the body 
weighted during duty performance, taking into account the posture type (forced 
or unforced), the previously assigned category and the working time in a given 
position. 

2.2 Lehmann’s Tabular-Chronometric Method 

Lehmann’s tabular-chronometric method—developed to assess the employee’s 
energy expenditure. It is quite easy to apply and therefore often used in factories. In 
comparison with other methods, the error in the assessment is small and acceptable. 
The test is carried out in the form of observations at the work station by analyzing all 
activities performed during one shift (8 h of work). The exact duration of the operation 
is defined in tables prepared specifically for this. The ambient temperature should
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also be taken into account, e.g. work performed in extremely low or high tempera-
tures has a higher energy expenditure by about 12% compared to performing duties 
in thermal comfort. The amount of energy that each person has does not determine 
the resulting fatigue while performing tasks. 

The factors illustrating fatigue are physical capacity and exercise tolerance. In 
addition, every living creature should provide energy to its body, depending on how 
much it needs at the moment to function efficiently. 

It is assumed that the amount of energy consumed depends on: 

● work intensity, 
● operation duration, 
● size of muscle groups involved in the activity, 
● type of work (dynamic or static), 
● workstation structure, 
● environmental conditions. 

24-h energy expenditure for a young man, average height (175 cm) and average 
body weight (75 kg) is 10,000 kJ. And the total expenditure on labor is: 

● up to around 4,200 kJ/8 h—light labor, 
● from 4200 to 6300 kJ/8 h—medium-heavy labor, 
● from 6300 kJ to 8,400 kJ/8 h—heavy labor, 
● over 8,400 kJ/8 h—heaviest labor. 

After a properly performed test, the severity of the given work can be estimated 
in the factory conditions. When performing the timing, you can use two methods: 

● gasometric—generalization of the entire work cycle, 
● estimated—separation of all performed activities during 8 h of work [1]. 

During the observation it is worth conducting an interview with employees in order 
to obtain information on which position improvements considering the ergonomics 
and safety they would expect. 

3 Results and Analysis 

3.1 Characteristics of the Position 

In the ergonomic aspect, the most common within enterprises are the assembly 
positions. The job of a fitter is a physical job, mainly with the use of manual skills. 
This specialization is characterized by a large monotypicity of movements, forced 
body positions and the involvement of only one part of muscles. These aspects 
negatively affect the musculoskeletal system and cause mental and physical fatigue. 
At the beginning of the observation, it is necessary to determine the number of



Estimation of Workload Level … 231

employees in the examined position, working time, rest breaks and the frequency of 
line travel. 

The employees’ duties most often include: 

● assembly of individual elements while maintaining technological principles, 
● compliance with quality standards, 
● compliance with health and safety standards, 
● sorting the tools used and preparing the station for the assembly of the next 

machine, 
● carrying out the assessment of the work carried out, 
● confirmation of a correctly completed assembly by signing on a specially prepared 

form 

One of the points of ergonomic diagnosis is the position of the body. Most often 
during the work, the assemblers assume a standing position with the hands raised 
above the shoulder and the standing position inclined. This positioning of the figure 
influences many health ailments. 

Workers of the assembly line are exposed to loads: 

– static associated with the assumed body position during work, 
– dynamic associated with energy expenditure. 

3.2 Ergonomic Diagnosis in the Aspect of Logistic 
Engineering 

By means of ergonomic diagnosis, it is easier to indicate directions of changes or 
technical solutions that can be introduced to improve working conditions at the 
workstation. The whole research concerns the connection between a human being 
and a technical object. 

Diagnosing the problem should be based on: 

● developing a table with the activities performed by the assemblers on the assembly 
line (photograph of a working day), 

● measuring the time of individual operations, 
● OWAS method calculations, 
● Lehmann’s tabular-chronometric method calc 
● analysis and consultaion of results. 

3.3 Photograph of a Working day Assembler 

The photograph of the working day consists in observing the examined position. 
Using a stopwatch, the duration of one operation is measured. Each activity should
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Table 1 A photo of the working day, Source own research based on [2] 

lp Activity description Time length of 
singular activity 
[min] 

Number of 
repetitions in 8 h 

Total time for 8 h 
[min] 

1 Coming to work 5 1 5 

2 Changing into work 
clothes 

5 1 5 

3 Preparing 
workstation 

8 1 8 

4 Organizing 
accessories 

3 7 21 

5 Bringing and 
putting back 
instruments 

1 21 21 

6 Drilling 4 7 28 

7–18 … … … … 

19 Bathing and 
changing into 
personal clothing 

10 1 10 

Total 480 

be noted in a specifically prepared table. The test should last about fifteen business 
days. Table 1 show working day. 

The results of the analysis should be averaged and a workstation chronometric 
report should be made. 

A photograph of the working day of the position is necessary for: 

● estimation of level of work organization, 
● calculation of energy expenditure, 
● rating of static load. 

3.4 Analysis of the Lehmann’s Tabular-Chronomatric 
Method 

The position of the body and the unit energy expenditure of the activity are added to 
the table with the description and duration of the individual operation. The analysis 
should take into account the number of muscle groups participating in the activity, 
with greater number making longer activity acceptable. In addition, at the time of 
one operation for more than 3 h without changing the position of the figure, the 
Lehmann method cannot be used to estimate the nuisance of work. If a certain time 
is exceeded in a particular position of the body, the work takes a static character and 
ceases to have a dynamic one. The method of lifting and moving heavy elements 
used for assembling the agricultural press also has an influence on the final result. In
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Table 2 Energy expenditure for individual body positions [2] 

Body position Energy expenditure 

kJ/min kcal/min 

Sitting 1,25 0,3 

Kneeling 2,10 0,5 

Crouching 2,10 0,5 

Standing 2,51 0,6 

Standing inclined 3,35 0,8 

Walking 10,89 2,6 

Table 3 Energy expenditure for a particular muscle load [2] 

Muscle load range Energy expenditure (depending on the 
intensity of the muscle load) 

kJ/min kcal/min 

Work of the fingers and forearm 2,10–4,20 0,3 

Work of one arm 4,20–8,40 0,5 

Work of both arms 8,40–12,6 0,5 

Whole body work (muscles, limbs, torso) 12,6–41,9 0,6 

the case of exceeding the endurance level of an employee, the evaluation criterion 
should be increased to a higher grade. The test position is in the assembly line, which 
results in a large monotypicity of movements. Subsequent systematically repeated 
activities by fitters cause greater fatigue and reduced concentration. 

Based on the photograph of the working day, the body position with the range of 
muscle load and the unit energy expenditure of the operation a simplified tabular 
chronometric of the workstation should be developed. Table 2. shown energy 
expenditure for individual body positions, and Table 3 for particular muscle load. 

The most frequently accepted by employees is the position: 
walking, standing, standing inclined. 
The biggest range of muscle strain is the work of both arms. 

3.5 Calculations 

Equation (1) defines Energy expenditure for a separate operation over time one work 
shift and Eq. (2) defines total energy expenditure. 

Duration of operation [min] [A]. 
Organization of work at the workplace:
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coming to work 
changing into work clothing 

bathing and changing into personal clothing 

SUM 

Time [min] 

5 
5 
10 

20 

Remaining of the calculation done by the scheme: [A]. 
Energy expenditure for a separate operation over time one work shift (8 h) [kJ] 

[B] 

q = t · (a + b) [kJ] (1) 

where: 

q—energy expenditure for a separate operation during one shift, t—duration of 
operation [min], 
a—energy expenditure of the selected body position [kJ/min], 
b—energy expenditure of the selected range of muscle load [kJ/min]. 

Organization of work at a workstation: 

20 · (10.89 + 8.40) = 385.80 kJ 

Remaining part of the calculation is performed by the scheme: [B]. 
Total energy expenditure as a fitter during one shift (8 h) [kJ] 

Qc = q1 + q2 +  · · ·  +  qn [kJ] (2) 

where: Qc—total energy expenditure per position during one work shift, q1, q2, 
qn—energy expenditure for a separate operation [kJ]. 

385.80 + 327.31 + 3619.00 + 613.20 + 98.01 + 37.80 = 5081.12 kJ 

After analyzing the result, you can classify your duties as medium-heavy labor. 

3.6 OWAS Method Analysis 

Estimation of work nuisance is done though the photography of the working day, the 
assumed position of the body and its duration in a given position. The test consists 
in careful observation of the duties performed by the installer over several days. The 
results of the analysis should be averaged. Then we select one position of the body
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that has the greatest negative impact on the employee’s musculoskeletal system. We 
use the isolated attitude to determine the level of static inconvenience. In addition, the 
external load has an impact on the final grade. Based on the combination of positions 
of individual parts of the body, we assign the position code, which is assigned to the 
appropriate grade of the position assessment. All indicators needed for reading can 
be found in tables designed by the Finnish Institute for Labor Protection. 

3.7 Body Position of the Assembler 

During tests, it can often be observed that the assemblers will assume these body 
positions: standing, standing inclined, sitting, walking. Table 4 shows list of the 
position this worker. During the analysis of the problem, the following should be 
taken into account: torso inclination angle and the frequency of lifting hands above 
the shoulder joint. Frequent change of body position is forced by the assembly of 
elements at different heights. 

The graph (Fig. 1) shows the percentage share of a particular body position during 
one work shift. It can be seen that the assembler usually took an inclined standing 
position.

Table 4 List of positions taken by the assembler for 8 h working shift 

LP Activity description Body position Total time for 8 h [min] 

1 Coming to work Walking 5 

2 Changing into work clothing Walking 5 

Both arm work 

3 Preparing the workstation Standing 8 

Both arm work 

4 Organising accessories Standing 21 

Forearm work 

5 Bringing and putting back 
instruments 

Walking 21 

Whole body work 

6 Drilling Standing inclined 28 

Both arm work 

7 Installing side plates Standing inclined 21 

Both arm work 

8 … … … 

… 

17 Assessing of completed works and 
signature on the form 

Walking 21 

18 Bathing and changing into personal 
clothing 

Standing 10
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67% 
14% 

13% 
6% 

Standing tilted 

Standing 

Going 

Sit 

Fig. 1 Percentage share of a particular item for 8 h working shift 

Using the tables developed by the Finnish Institute for Labor Protection, we can 
assign corresponding code for standing position inclined: 

back bent forward standing position 
with straight legs 

2 1 2 1 
both forearms below 

the shoulder joint 
external load up to 

10 kg 

Then the position code has to be printed on the diagram and read the assigned 
category 2. The selected class does not require immediate position changes, but 
the employee’s comfort should be improved in a short time. Frequent position 
of the figure in an upright standing position may have a negative effect on the 
musculoskeletal system. 

After the interpretation of the final result, you can estimate static load on the 
medium level. 

4 Conclusion 

In the market economy, all enterprises strive to optimize production processes. One 
of the most important factors affecting production is timely deliveries. Many facto-
ries have dealt with problems related to the place and time of supply. As a result, 
employees of modern solutions in logistic engineering inside the factories started 
to consider the aspects of the quantity and location of the goods with greater atten-
tion. Ergonomics tools have been used for this purpose. I the article was used two 
methods: OWAS method because as a result of well-developed results you can get a 
lot of relevant information, eg the level of discomfort caused by static load.
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Lehmann’s tabular-chronometric method to assess energy expenditure. Thanks to 
accurate conclusions, it is possible to estimate the level of work severity. 

On the basis of all written activities performed by employees, their duration, 
assumed body position and unit energy expenditure of a particular operation, the 
level of dynamic and static load was estimated. The energy expenditure of a fitter 
per one shift (8 h) is 5081 kJ. After analyzing the result, it is possible to assume 
the work load of the assembler at moderate level. The most heavy position is the 
standing position inclined. The employee stays in this position as much as 67% of 
the time of one work shift. After assigning the body position code, the category 2 
can be read as a determinant of the static load on the medium level [5]. 

Based on analysis, it is possible to change, for example, the place of delivering 
the goods or rearranging the deployment of details on the trolley. It is worth noting 
that others researchers [7] extend these studies. Studies have shown that an isolated 
assessment of the working posture ignores the effects of interactions. Taking into 
account the effects of interactions leads to a greater accuracy of risk assessment results 
quantifying exposure to workload. It is very important for process management in 
the factory, which produced farm machinery. 
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Monitoring Agrometeorological Factors 
and Weight of the Bee Hive During Black 
Locust (Robinia pseudoacacia) Flowering 

Atanas Z. Atanasov , Ivaylo S. Hristakov, Milan Koszel , 
and Artur Przywara 

Abstract The study aimed at monitoring the influence of agrometeorological factors 
on the flow of nectar in the bee hive during the flowering of black locust (Robinia 
pseudoacacia). The study was conducted in 2021 growing season in the Northeaster 
Bulgaria in village Brestovica. Geographical location of the experimental region is 
43°32'4.02''N and 25°45'14.10''E at an altitude of 223 m. The experimental apiary 
consisted of 122 bee colonies housed in Dadant-Blatt hives. The bees are of the 
species (Apis mellifera macedonica). During the study period of external factors are 
monitored, as outside air temperature (Tair), °C and air humidity (Hair) %, atmospheric 
pressure (Ap) hPa, soil moisture (Sm), % at 20 cm depth, soil temperature (St), °C 
at 10 cm depth, solar radiation (Sr) w m−2, wind speed (Ws), m s−1, precipitated 
rainfall (R), l m−2. Also the air temperature inside (Tin) the hive was measured. The 
nectar flow is determined based on the changes in hive weight (Y). The real-time 
data were available via a web-based application Meteobot®.The results show that 
the 99% from the alteration of the Y is due to the factors days, time for reporting the 
indicators, Hair, Tair, Sm and Dp. Changes in the weight of the hive due to the nectar 
secretion Y is highest at the outside air temperature Tair ≈ 27 °C, air humidity Hair 

≈ 48% and soil moisture Sm ≈ 79%. It is insignificant the influence of the factors 
St; Sr; Ws; Ap and Tin. 
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1 Introduction 

Black locust (Robinia pseudoacacia). is one of the most common invasive tree species 
in Europe [8]. It is widespread in Central European countries, such as Austria, Czech 
Republic, Germany, Hungary, Liechtenstein, Poland, Slovakia and others, where it 
displaces local tree species [12]. It occurs in countries with humid and cool climates, 
as well as in countries with dry and hot climates. In Bulgaria it occupies about 21, 2% 
of the total forest fund with a predominant age of trees from 11 to 15 years [3]. For the 
flat hilly areas of North-eastern Bulgaria, black locust is one of the most important 
main honeybees forage species in May. For some areas it is the first important main 
pasture for bees, and for others it is the second most important after oil rapeseed. 

Black locust is a plant with high nectar secretion potential with high sugar content. 
According to some publications [4] for flowering duration of 5.5 days produces 1.6– 
3.7 mg of nectar per flower over 24 h with a sugar concentration of 34–67%. Some 
researchers [2, 13] prove that for Hungary and Poland the capacity to generate honey 
changes with the tree age. For the West Macedonia region [9] was found that the 
productive potential of trees aged 10 and over prevailing over 90% in an area is 112.6 
nectar ha−1, and for trees 6–10 years old, the productive potential is 86.8 nectar ha−1. 
According to [5], the nectar content varies depending on the condition of the flowers 
(visited or unvisited). The same publication proves that bees are able to detect these 
differences, perform active choices preferentially selecting already-visited flowers: 
lower in nectar content but easier to manipulate. Although it has high productive 
potential, the yield of black locust honey for the flat hilly regions of Bulgaria varies 
from year to year. Nectar flow is very dependent on local weather conditions during 
some years the flowers yield little or no nectar. Even when the flow is good, the 
flowering period is short between 7 and 14 days, which requires the bee colonies 
to be optimally prepared. The study of climatic factors influencing foraging activity 
during the acacia flowering period is of great importance for obtaining higher honey 
yield. In modern beekeeping with the advent of information technology provides 
individual monitoring of biological units with the main purpose of controlling their 
development and productive potential. Many publications [6, 10, 11, 14] offer  solu-
tions for monitoring the environment and microclimate in the bee colony, through 
precise measurement and monitoring systems. Another researcher [7] using data on 
honeybee colony weights provided by electronic scales, investigated the effect of the 
immediate landscape on colony productivity. 

Other researchers [1] have proposed an interesting solution for monitoring and 
analysing black locust flowering with unmanned aerial vehicles (UAVs). Unfortu-
nately, the climatic diversity of the local regions and the environment diversity make 
these studies inapplicable for the individual regions in Bulgaria, which requires local 
experimental research.
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The aim of our study is monitoring the influence of local agrometeorological 
factors on the flow of nectar in the bee hive during the flowering of black locust. 

2 Materials and Methods 

The study was conducted in 2021 growing season in the Northeaster Bulgaria in 
village Brestovica. Geographical location of the experimental region is 43°32'4.02''N 
and 25°45'14.10''E at an altitude of 223 m. In the region of great importance honey 
source plant for honeybee is black locust (Robinia pseudoacacia). The experimental 
apiary in Brestovica consisted of 122 bee colonies housed in Dadant-Blatt hives. The 
bees are of the species (Apis mellifera macedonica). Their strength was appropriate 
to the corresponding strength for successful pollination. There are in-colony factors 
and out-colony factors that can impact foraging activity and carrying capacity of 
honeybee. In our study a precision apiculture system (PAS) the measurement of the 
microclimate in the bee colonies and outside we used. The functional diagram of the 
PAS is shown on (Fig. 1). 

During the study period of external factors are monitored, as outside air tempera-
ture (Tair), °C and air humidity (Hair) %, atmospheric pressure (Ap) hPa, soil moisture 
(Sm) at 20 cm depth, %, soil temperature (St) at 10 cm depth, °C, solar radiation (Sr) 
w m−2, wind speed (Ws), m s−1, precipitated rainfall (R), l m−2. Also the air temper-
ature inside (Tin), °C the hive was measured. The nectar flow is determined based on 
the changes in hive weight (Y), kg. The real-time data were available via a web-based 
application Meteobot® (Fig. 2). The experiment was performed on the days (d) of 
full flowering black locust, when the flow of nectar was highest. The time (t) for 
reporting the indicators of external and internal factors in the hive was made every 
30 min at 9:00 a.m. to 20:00 p.m. To monitor the bee colony daily carrying capacity, 
the weight of the hive (Y) was measured. The recording of the change in the weight of 
the hive was carried out with an electronic beekeeping scales of TEHTRON-VAGA. 
Reporting was done of every 30 min at 9:00 a.m. to 20:00 p.m. The influence of 
weather conditions in the weight of the hive due to the nectar flow for the period of 
the blooming of the Robinia pseudoacacia was determinate by regression analysis. 

3 Results and Discussions 

The beginning of the flowering of the black locust for the region Brestovica started 
on 15.05.2021. Duration of flowering period was 16 days. We found that for the 
Brestovitsa region the average for the flowering period Tair is 18, 48 °C, Hair is 
70, 74% and Sr is 212, 77 w m−2. The amount of precipitation is 13, 5 l m−2. 
The difference in the measured values of Tair, Hair, Sr and R determine the specific 
microclimate for the study region.



242 A. Z. Atanasov et al.

Solar autonomous power system 2x35W. 12V 

Atmega168 
chip 

Battery 12V Controller Solar panel 

3G router 

Ethernet chip 

Data visuali-
zation, Graphs, 

plain txt 

Inside air temperature 
digital sensor 1 

digital sensor 2 

Barometer 
Digital sensor 

Air Temp 
&Hum 

Soil moisture 
Digital sensor 

Soil temperature 

Solar 
radiation 

Wind speed 

Precipitated 
rainfall 

Inside air temperature 

Fig. 1 Functional diagram of precision apiculture system (PAS)

For the beginning of flowering we marked the date when the first open flowers 
appear, the beginning of full flowering when 25% of the flowers are open and the end 
of full flowering when 75% of the flowers are overblown. For the period of our study 
we chose the days when the black locust was in full bloom in which we studied the 
hourly dynamics of nectar secretion during the flight hours of bees. 



Monitoring Agrometeorological Factors and Weight … 243

Fig. 2 Remote monitoring of changes in environmental factors in real time
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Fig. 3 Change in the weight of the hive for the measurement period in Brestovica 

The inflow of nectar during the different hours of the day was measured as a 
difference in the change in the weight of the hive. On (Fig. 3) show the hourly 
dynamics of the change in the weight of the hive for the measurement period 22.05– 
24.05.2021 in the villages of Brestovica.
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Table 1 Results of the regression analysis for the linear model for Brestovica 

Beta Std. Err B Std. Err t(71) p-level 

Intercept −134,708 69,09,575 −1,94,959 0,055,680 

d 1,081,853 0,059,486 5,129 0,28,202 18,18,673 0,000,000 

t 0,460,411 0,032,070 11,864 0,82,635 14,35,660 0,000,000 

Hair 0,342,041 0,093,274 0,141 0,03,852 3,66,705 0,000,506 

Tair 0,325,730 0,111,999 0,373 0,12,819 2,90,833 0,005,013 

Sm 0,192,989 0,070,819 0,479 0,17,583 2,72,512 0,008,311 

St −0,078,255 0,048,103 −0,162 0,09,988 −1,62,681 0,108,769 

Sr 0,014,260 0,017,083 0,000 0,00,020 0,83,476 0,407,005 

Ws 0,006,685 0,008,201 0,027 0,03,288 0,81,510 0,418,085 

Ap 0,021,841 0,031,107 0,035 0,05,031 0,70,213 0,485,184 

Dp −0,205,613 0,066,470 −0,401 0,12,948 −3,09,332 0,002,949 

Tin 0,005,911 0,008,297 0,070 0,09,867 0,71,245 0,478,819 

Regression Summary for Dependent Variable: R = 0, 99,832,589; R2 = 0, 99,665,458 
Adjusted R2 = 0, 99,607,046; F (11, 63) = 1706, 2; p < 0, 05 

From (Fig. 3) it can be seen that for the three experimental days for the Brestovica 
region the highest values of change in the weight of the hive were reported between 
11:30 and 14:00 and between 16:30 and 18:30. The lowest values are observed in 
the morning between 9:00 and 11:00 and in the afternoon from 14:30 to 16:00. 

To determine the influence of external meteorological factors on the flow of nectar 
due to changes in the weight of the hive, we performed regression analysis. The 
functional relationship between the variables was considered d, t, Tair, Hair, Ap, Sm, 
St, Sr, Ws, R, Tin and the observed indicator Y. The results of the regression analysis 
for the linear model are shown in Table 1. 

The results of the regression analysis for the linear model make obvious, that the 
coefficient of the distinctness R2 = 0,99 or, that 99% from the alteration of the Y is 
due to the factors d, t, Hair, Tair, Sm and Dp is described from the linear model which 
looks like this: 

Y = −134, 708 + 5, 129d + 11, 864t + 0, 141Hair + 0, 373Tair + 0, 479Sm − 0, 401Dp (1) 

The factor R is not included as it is a constant = 0 there is no precipitations. 
It is substantial the influence of d, t, Hair, Tair, Sm and Dp is proven, because the 
probability P-value is less than the level of significance 0, 05.
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3D Surface Plot of Y against Tair and Hair 

Acacia22_24.05.2021Brestovica2 12v*75c 
Y = -6,8524+0,3791*x+0,0909*y-0,0055*x*x-0,0019*x*y-0,0005*y*y

 > 0,2 
 < 0,2 
 < 0 
 < -0,2 
 < -0,4 
 < -0,6 
 < -0,8 
 < -1 
 < -1,2 

Fig. 4 The surface of the echo Y = f (Tair, Hair) 

It is insignificant the influence of the factors St; Sr; Ws; Ap and Tin because the 
probability P-value is greater than 0, 05. The factor d has the strongest influence, 
because for it the Student’s criterion T = 18.18673 is the largest. 

Reporting, the some main factors are Tair, Hair, and Sm there will be presented 
graphically the surface of the echo (Figs. 4, 5 and 6). 

Y = f (Tair Hair ); Y = f (Hair Sm); Y = f (Tair Sm) (2)
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3D Surface Plot of Y against Hair and Sm 
Acacia22_24.05.2021Brestovica2 12v*75c 

Y = 48,825+0,0279*x-1,3102*y-0,0005*x*x+0,0003*x*y+0,0086*y*y

 > 0,2 
 < 0,1 
 < -0,1 
 < -0,3 
 < -0,5 

Fig. 5 The surface of the echo Y = f (Hair, Sm) 

From (Figs. 4, 5 and 6) is seen, that the surface of the echo has a parabolic character 
and from it there could be difficultly defined the favorable values of Tair, Hair, and 
Sm into which the changes in the weight of the hive due to the nectar secretion Y has 
greater values. This question is better cleared out by means of the lines of the same 
echo, which are thus shown on (Figs. 7, 8 and 9).
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3D Surface Plot of Y against Tair and Sm 
Acacia22_24.05.2021Brestovica2 12v*75c 

Y = 25,6774+0,2922*x-0,7917*y-0,0035*x*x-0,0014*x*y+0,0056*y*y

 > 0,2 
 < 0,2 
 < 0 
 < -0,2 
 < -0,4 
 < -0,6 

Fig. 6 The surface of the echo Y = f (Tair, Sm) 

And the lines of similar echo f (Tair, Hair) = constant; f (Hair, Sm) = constant; f 
(Tair, Sm) = constant.
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3D Contour Plot of Y against Tair and Hair 
Acacia22_24.05.2021Brestovica2 12v*75c 

Y = -6,8524+0,3791*x+0,0909*y-0,0055*x*x-0,0019*x*y-0,0005*y*y
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Fig. 7 A line of the  same  echo f (Tair, Hair) = constant 

The lines of similar echo (Fig. 7) have an ellipse character and in the center of 
the most inner ellipse we will have the most favorable conditions we receive the Y 
greater than 0,2 g. These conditions are defined from Tair ≈ 27 °C and Hair ≈ 48%.
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3D Contour Plot of Y against Hair and Sm 
Acacia22_24.05.2021Brestovica2 12v*75c 

Y = 48,825+0,0279*x-1,3102*y-0,0005*x*x+0,0003*x*y+0,0086*y*y
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Fig. 8 A line of the  same  echo f (Hair, Sm) = constant 

The lines of similar echo (Figs. 8 and 9).show that the best conditions for 
increasing the weight of the bee hive Y > 0.2 will be at Sm ≈ 79%, Hair ≈ 48% 
and Tair ≈ 27 °C.



250 A. Z. Atanasov et al.

3D Contour Plot of Y against Tair and Sm 
Acacia22_24.05.2021Brestovica2 12v*75c 

Y = 25,6774+0,2922*x-0,7917*y-0,0035*x*x-0,0014*x*y+0,0056*y*y
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Fig. 9 A line of the  same  echo f (Tair, Sm) = constant 

4 Conclusions 

The influence local agrometeorological factors on the flow of nectar in the bee hive 
during the flowering of black locust (Robinia pseu-doacacia) is investigated. It is 
substantial the influence of d, t, Hair, Tair, Sm and Dp at P < 0.05. 

The results show that the coefficient of the distinctness R2 = 0.99 or, that 99% 
from the alteration of the Y is due to the factors d, t, Hair, Tair, Sm and Dp. Changes 
in the weight of the hive due to the nectar secretion Y is highest at the outside air 
temperature Tair ≈ 27 °C, air humidity Hair ≈ 48% and soil moisture Sm ≈ 79%. It 
is insignificant the influence of the factors St; Sr; Ws; Ap and Tin. 
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The Impact of Allelic State of dhn1 
and rsp41 Genes on Grain Moisture 
Content of Maize Hybrids Within 
Marker Assisted Selection (MAS) 
for Drought Resistance 

Larysa Prysiazhniuk , Yurii Honcharov , and Larysa Korol 

Abstract This study was carried out in 2019 and 2020 in pilot plots of Research 
Institute of Agrarian Business (Vesele village, Dnipropetrovsk region, Ukraine). Four 
hundred sixteen maize hybrids were studied. The specific allele combinations of 
dhn1 and rsp41 genes in parents of maize hybrids were analyzed. According to 
obtained results the different combinations of favorable alleles were identified. All 
testers, which were used for specific combining ability (SCA) effects assessment, 
had various allele combinations of the dhn1 and rsp41 genes. Studied maize lines 
had different rates of drought tolerance according to allelic state of dhn1 and rsp41 
genes. The estimation of SCA effects allowed to detect the optimal ratio of pres-
ence the favorable alleles and values of harvest grain moisture content in studied 
parents of maize of three-way cross hybrids. Thus, the low SCA effects of grain 
moisture content of testers were observed in A/G*A/A and A/G*A/G genotypes in 
2019–2020. A/A*G/A*G/G, A/G*A/G*G/G, A/A*A/G*A/G, A/G*G/A*G/G and 
G/A*A/A*G/G of three-way crossed hybrids genotypes provided the low SCA effects 
during studied years. It was shown that allele combinations of the dhn1 and rsp41 
genes. It was determined the greatest impact on SCA effects of grain moisture content 
both of testers and modified (three-way crossed) hybrids was allele combination—64 
and 51% respectively. 
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1 Introduction 

Maize has a remarkable place among cereals and it is used as human food, animal 
feeding and industry [1]. It is estimated that 20–25% of the global maize area 
is affected by drought in any given year [2, 3]. Drought is a widespread abiotic 
stress that causes crop production losses in arid and semiarid areas worldwide, and 
global warming is predicted to further exacerbate drought frequency and impact 
[4]. Growing drought-resistant forms and hybrids is a way to overcome the effects of 
drought on reducing plant productivity. A drought-resistant hybrid of maize is said to 
be the hybrid ensuring 30% of its potential yield during flowering and physiological 
maturity period [5]. 

The one of important agronomical traits is also harvest grain moisture content. 
The dry matter in maize grains spoils easily due to the excessive grain moisture at 
harvest. High grain moisture contents at harvest necessitate grain drying prior to 
the transport and storage of ears and requires the extra expenses for gain the basis 
moisture content. Accordingly, low grain moisture at harvest has become the one of 
the major breeding aims [6–8]. 

The possibilities of molecular biology and plant genetics allow the use of knowl-
edge about the structure of the genome and the genes expression to select lines with 
agronomic valued traits. Liu et al. [9] developed two functional CAPS (Cleaved 
Amplified Polymorphic Sequences) markers to identify allele states of dhn1 and 
rsp41 genes associated with drought resistance of maize [9, 10]. 

Li et al. [8] reported that GRMZM5G805627 and GRMZM2G137211 were iden-
tified as candidate genes underlying major QTLs for grain moisture in maize by 
combining genetic population analysis, transcriptomic profiling and gene editing. 
They concluded that the moisture content is controlled by a major QTL on chromo-
some 9, which may be associated with the regulation of CYR1-9 gene expression. 
Nevertheless, further experiments are needed to validate and understand the function 
of this genes [8]. Hence, nowadays maize breeders need some practical approach 
for selection promising maize lines and prediction of their contribution of better 
fitness-related traits to hybrids. 

In our previous study it was reported that using two CAPS markers allowed to 
select maize lines which are drought tolerant [5, 11]. According to Liu et al. [9], the 
closest gene to SNP PZA01671.1 is related to rsp41, encoding an arginine/serine-rich 
splicing factor (RSP41). The RSP41 protein is a splicing factor that is part of the 
serine/arginine-rich protein (SR proteins) family of nuclear-localized RNA-binding 
proteins. Abiotic stress is known to affect alternative splicing of SR pre-mRNAs and 
to result in the translation of different protein isoforms with changed roles in the 
splicing of pre-mRNAs. The closest gene to PZA0355.1 is related to dhn1, encoding 
a dehydrin. Dehydrins (DHNs) are group 2 late embryogenesis abundant (LEA) 
proteins that appear in seeds late in development but also in leaves during drought, 
salt, or cold stress, or upon treatment with abscisic acid [9]. 

It is known that the value of an inbred line in the commercial production of hybrid 
maize is determined by two factors, the characteristic of the line itself with respect
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to yielding ability, pollen shedding, resistance to abiotic stress, etc. and the behavior 
of the line in hybrid combinations [12–14]. Combining ability may be considered 
as the potential of an individual inbred line to contribute better fitness-related traits 
to hybrid progeny. In maize breeding programs, knowledge of specific combining 
ability (SCA) of hybrid combinations as well as the identification and exploitation 
of heterotic groups, are crucial for successful hybrid production [15, 16]. This is 
because, information on the type of gene action controlling agronomical traits is key 
to identifying useful parents and hybrids, as well as designing appropriate strategies 
for breeding [17, 18]. According to the role of arginine/serine-rich splicing factor 
and dehydrins in water accumulation and water balance regulation in plant it can be 
practically value to estimate the impact of allele states of dhn1 and rsp41 genes in 
different maize genotype on SCA of harvest grain moisture content. 

The aim of this research was to estimate the combining ability of grain moisture 
content maize genotypes and study the factors impact on SCA of maize hybrids with 
different allele combination of genes associated with drought resistance. 

2 Materials and Methods 

2.1 Plant Material 

Four hundred sixteen maize hybrids were studied. These hybrids are modified hybrids 
of heterosis model Iodent × Lancaster germplasm (three-way cross hybrids). The 
effects of specific combining ability (SCA) were evaluated by the top-crossing 
method. To obtain test crosses there are used testers, which are sister sterile hybrids 
(Lancaster germplasm). All breeding materials were provided by Research Institute 
of Agrarian Business (Dnipro, Ukraine). 

2.2 Laboratory Experiment 

The laboratory studies were carried out in Laboratory of molecular genetic analysis, 
Ukrainian Institute of Plant Variety Examination (Kyiv, Ukraine) in 2019. Two CAPS 
markers dhnC397 and rspC1090 were used to identify the allele state of SNP A/G 
polymorphisms in the drought resistance genes dhn1 and rsp41 [5, 9]. To assess the 
impact of presence of favorable alleles on grain moisture content, genotypes both 
modified hybrids and testers with all combinations of detected alleles were used.
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Table 1 The air temperature and amounts of precipitation during 2018–2019 maize growing cycle 

Month Air temperature, ºC Amounts of precipitation, mm 

Daily average air 
temperature 

2019 2020 Daily average 
amounts of 
precipitation 

2019 2020 

April 9.2 10.9 8.6 35.0 14.1 0.0 

May 15.8 18.1 13.7 50.0 21.3 2.9 

June 19.1 23.9 22.1 59.0 1.0 0.0 

July 20.9 20.9 23.2 61.0 33.7 1.3 

August 20.1 20.9 21.5 35.0 73.4 14.0 

September 15.0 16.1 19.5 36.0 6.4 0.0 

2.3 Field Experiment and Weather Conditions 

The field experiment was undertaken in 2019–2020 on pilot plots of Research Insti-
tute of Agrarian Business (Vesele village, Dnipropetrovsk region, Ukraine). The 
field experiment was designed according to classical crosspollinated plant breeding 
methods [19]. The graine moisture content was estimated during harvesting using 
the plot combine (Wintersteiger, Germany). 

The weather conditions rates of Research Institute of Agrarian Business in Vesele 
village (Sinelnykove district, Dnipro region) were provided by Sinelnykove weather 
station. The air temperature and amounts of precipitation during maize growing cycle 
in 2019–2020 are shown in Table 1. 

2.4 Statistical Analysis 

The coefficient of agrometeorological indicators from daily average amounts during 
studied years was computed using the equation below: 

Dc = (Xi − X ) 
σ 

where Dc—deviation coefficient; Xi—indicator of current weather; X—daily average 
amounts; σ—mean-square deviation. 

The rate of deviation coefficients was determined according to scale: Dc = 0–1— 
close to normal conditions; Dc = 1–2—strong different conditions; Dc > 2—close  
to unique conditions [24]. 

The significant differences of studied indicators and the rate of factors impact on 
SCA of grain moisture content were determined by ANOVA using STATISTICA 
12.0 software (trial version).
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3 Results and Discussions 

The polymorphism of CCAAAG(A) type by dhnC397 marker (dhn1 gene), which 
is associated with drought-tolerance, is detected by presence only one band 164 bp 
after StyI restriction enzyme treatment. The presence of two segments 131 and 33 bp 
characterizes drought-susceptible genotypes with the polymorphism CCAAAG(G) 
type. 

The CCAG/CCGG (SNP A/G) polymorphism by rspC1090 marker (rsp41 gene) 
resulted in an amplification product change in a nearby HpaII restriction site. For the 
genotypes carrying the SNP CCGG(G) variant, PCR products could be digested with 
HpaII and produced 225 and 61 bp bands. This allele was associated with drought 
tolerance genotypes. Otherwise, only a 286 bp segment could be detected in the 
genotypes carrying the CCGG(A) variant due to the absence of the nearby HpaII 
site, which was associated with drought-susceptible genotypes [5, 9]. 

The maize lines, which are parents of studied hybrids, were analyzed by CAPS 
markers for presence of favorable alleles associated with drought-tolerance in our 
previous studies [5, 11]. 

For each type of allele combinations of testers SCA effects of grain moisture 
content was calculated (Table 2). 

As results of analysis, the lowest SCA effect was in tester genotypes with favorable 
alleles of both dhn1 and rsp41 genes −2.6% in 2020. In 2019 the lowest SCA effect 
was obtained also for these genotypes—−0.5%. It was shown that the low SCA effect 
was detected in tester genotypes with polymorphism CCGG(A) of rsp41 gene in one 
of parent line in 2019 and 2020 −0.4 and −0.1% respectively. It was determined 
that significant differences were observed between tester genotypes with at least 
one favorable allele of both dhn1 and rsp41 genes during 2019–2020. It should be 
noted that the low SCA effect (−2.0%) was calculated for tester genotypes with 
unfavorable alleles by both of both dhn1 and rsp41 genes in 2020. Also, the low

Table 2 SCA effects of 
testers genotypes with 
different allele combinations 
2019–2020 

Allele combinations (dhn1/rsp41 
genes) 

Average SCA effects, % 

2019 2020 

A/A A/A 0.9 1.7 

A/A A/G 0.1 0.9 

A/A G/A 0.3 −0.5 

A/G A/A −0.4 −0.1 

A/G A/G −0.5 −2.6 

A/G G/A −0.5 0.2 

G/A A/A 0.4 1.3 

G/A A/G 0.1 0.5 

G/A G/A 0.1 −2.0 

LSD0.05 0.16
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Year 
4% 

Allele 
combinations 

64% 

Year*Allele 
combinations 

32% 

Error 
0% 

Fig. 1 The rate of factors impact (mean squares) on SCA of grain moisture content of maize tester 
genotypes during 2019–2020 

SCA effect (−0.5) was detected in tester genotypes with unfavorable alleles of both 
dhn1 and rsp41 genes in one of parent line in 2020.

As results of rate calculation of factors impact, it was determined that the greatest 
influence on SCA effect of grain moisture content of tester genotypes has allele 
combination—64% (Fig. 1). 

The Fig. 1 shows that year weather conditions have the lowest impact on SCA 
effect of grain moister content of tester genotypes—4%. However, it should be noted 
that interact of year weather conditions and allele combinations influences on studied 
indicator significantly—32%. It can be concluded that there is the high rate of inter-
action of year weather conditions with allele combinations impact expressed as the 
adaptation of tester genotypes with favorable alleles. It shows that tester genotypes 
with favorable alleles can adapt to different weather conditions. This can be proved 
by the low SCA effects of grain moisture content during studies years. Meanwhile, 
the major of tester genotypes with unfavorable alleles shown different SCA effects 
during studied years which indicants their low adaptation ability to different weather 
condition during maize growing season. 

As results of SCA effects calculation for modified hybrids, it was determined 
that the lowest SCA effect was obtained for modified hybrids with follow allele 
combination: A/A*A/A*A/G—−0.7% in 2020 (Table 3). In this year the low SCA 
effect was also noted in modified hybrids with allele combination: G/A*A/A*A/G— 
−0.5%. However, in 2019 these modified hybrids shown positive SCA effects: 0.0 
and 0.1% respectively. It can be noted, that the low SCA effects was calculated for 
modified hybrids with allele combination: A/A*G/A*G/G—−0.3% during studied 
years and for modified hybrids with allele combination: A/G*A/G*G/G—−0.2 and 
−0.1% in 2019–2020 respectively. 

The modified hybrids with favorable alleles of dhn1 and rsp41 genes shown 
rather positive SCA effects during 2019–2020—0.0 and 0.1% respectively. The
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Table 3 SCA of modified hybrids with different allele combinations 2019–2020 

Allele combinations (dhn1/rsp41 genes) Average SCA, % 

2019 2020 

A/A A/A A/A 0.0 0.2 

A/A A/A A/G 0.0 −0.7 

A/A A/A G/G −0.1 0.2 

A/A A/G A/A 0.0 0.1 

A/A A/G A/G −0.1 −0.1 

A/A A/G G/G 0.3 −0.1 

A/A G/A A/A 0.0 −0.1 

A/A G/A A/G −0.2 0.2 

A/A G/A G/G −0.3 −0.3 

A/G A/A A/A 0.0 −0.1 

A/G A/A A/G −0.1 0.3 

A/G A/A G/G 0.1 0.1 

A/G A/G A/A 0.0 −0.1 

A/G A/G A/G 0.0 0.1 

A/G A/G G/G −0.2 −0.1 

A/G G/A A/A 0.0 0.0 

A/G G/A A/G −0.1 0.2 

A/G G/A G/G −0.1 −0.2 

G/A A/A A/A 0.0 0.0 

G/A A/A A/G 0.1 −0.5 

G/A A/A G/G −0.2 −0.1 

G/A A/G A/A 0.0 0.1 

G/A A/G A/G 0.0 −0.1 

G/A A/G G/G −0.1 0.3 

G/A G/A A/A 0.0 0.0 

G/A G/A A/G 0.2 0.4 

G/A G/A G/G 0.2 −0.1 

LSD0.05 0.03 

stable low SCA effect was noted in modified hybrids with allele combina-
tion: A/A*A/G*A/G—−0.1%. For modified hybrids with allele combinations 
A/G*G/A*G/G and G/A*A/A*G/G SCA effects were from −0.1 to −0.2% during 
studied years. It was observed that modified hybrids with the lowest SCA effect in 
2020 had the positive SCA effects in 2019—from 0.0 to 0.1%. 

Considering the weather conditions, the air temperature during August– 
September 2019 was close to normal temperature (Dc = 0–1). In comparison to 
2019, in 2020 Dc was 2 which indicates strong different conditions. The deviation
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coefficients for amounts of precipitation during August–September 2019 were from 
1 to  −2. In 2020 during this period Dc was from −1 to  −2. Therefore, according 
to obtained data, 2020 characterized of precipitation deficit which could influence 
on grain moisture content both tester genotypes and modified hybrids with different 
allele combinations. 

The breeding potential per se in specific combinations (SCA) of maize lines 
derived from the material of temperate, subtropical and tropical origins and their 
overall performance in crosses (GCA) were investigated by Malik et al. [20]. 
According obtained results, the tropical material gave eminent GCA effects for days 
to pollen shedding, ear weight and grain moisture at harvest. Hence, it was concluded 
that tropical material contributed lateness in flowering which, ultimately, resulted in 
higher moisture at harvest [20]. 

Nasser et al. [17] examined GCA effects of the inbred lines and SCA of the crosses 
under combined drought and heat stress and well-watered environments. Authors 
assessed yield and stability of the derived hybrids under contrasting environments 
and investigated inter-relationships among traits of the hybrids under contrasting 
environments. The assessment of combining ability of studied maize genotypes the 
authors managed to select inbreds which could be used in hybrid combinations to 
develop outstanding drought and heat stress tolerant hybrids and synthetics [17]. The 
estimation of SCA effects allowed Erdal et al. [7] to select maize lines for earliness 
and lower grain moisture content. Simon et al. [1] assessed SCA of grain yield and 
other agronomic traits including the grain moisture content for maize germplasm. 
Significant SCA effects of grain yield, plant and ear height, plant and ear aspect, ears 
and plants harvested, ear rot, husk cover, moisture shown the possibility of studied 
maize lines for direct production as single cross hybrids or developed further as three-
way cross hybrids [1]. Thus, when specific combinations are desired, especially in 
hybrid maize development, SCA effects could help in the selection parental material 
for hybridization. 

To assess the rate of factors impact on SCA effects of grain moisture content of 
maize modified hybrids, the ANOVA was used. The results of assessment are shown 
on Fig. 2. 

According to obtained results, it was determined that the greatest influence on SCA 
effect of grain moisture content of maize modified hybrids has allele combination— 
51%. Partitioning mean squares into its components revealed the low impact the year 
weather conditions impact on SCA effect of grain moisture content—1%. However, 
the interaction of allele combinations and year weather conditions influence on SCA 
effect significantly—48%. It is noticed that the maize modified hybrids which shown 
low SCA effects during 2019–2020, have not only favorable alleles. 

The low SCA effects were calculated for modified hybrids with A/A and G/G 
alleles in one of hybrid parent (A/A*A/G*A/G and A/G*A/G*G/G). It may be 
explained both line genotypes characteristics, independently on allelic state of dhn1 
and rsp41 genes, and three-way cross hybrids features. Three-way cross hybrids are 
hybrids of intensive type with high requirements cultivation technology and growing 
season weather conditions. Hence, the three-way cross hybrids are characterized of 
high plasticity of adaptation ability which expressed as higher than for testers impact
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Allele 
combinations 

51% 

Year 
1% 

Allele 
combinations* 

Year 
48% 

Error 
0% 

Fig. 2 The rate of factors impact (mean squares) on SCA of grain moisture content of maize 
modified hybrids during 2019–2020 

on SCA effects of grain moisture content of the interaction of allele combinations 
and year weather conditions. 

It was noticed that in parent maize lines, which demonstrated low SCA 
effects during studied years, the presence of favorable alleles of rsp41 gene was 
observed (Table 3). Thus, the stable low SCA effects were obtained for modified 
hybrids with G/A alleles in one of hybrid parent (A/A*G/A*G/G; A/G*G/A*G/G; 
G/A*A/A*G/G). In our previous study the positive correlation was determined 
between the presence of a favorable allele of dhn1 gene in maize lines and leaf 
surface temperature, a positive correlation was also found between the presence of 
a favorable allele of rsp41 gene and the percentage of germinated seeds of maize 
lines in sucrose solution (r = 0.31) [11]. It can be considered that dhn1 gene may be 
connected more with heat tolerance and rsp41 gene responses for maize genotype 
tolerance to soil drought. 

In higher plants dehydrins connected with dhn1 gene are accumulated in seeds at 
later stages of embryogenesis and in vegetative tissues treated with ABA (abscisic 
acid) or subjected to stress factors (drought, salinity, and cold temperature). Usually, 
these proteins are not seen in premature embryos and young seedlings. It is interesting 
that appearance of the LEA (late embryogenesis abundant) proteins in embryonal 
tissue depends on content of endogenous ABA, whose level is usually increased 
during seed formation and especially before their maturation [21, 22]. 

The results which were obtained by Palusa et al. [23] clearly show that heat and 
cold strongly alter the alternative splicing (AS) of most SR genes. Hence, some of 
the heat- and cold-induced changes in gene expression may be caused by the AS 
of SR genes. It is reported that the intranuclear distribution of several SR proteins 
is regulated by phosphorylation and stresses such as heat and cold. Hence, some 
of the observed effects of heat and cold stresses on splicing could be the result of 
an altered distribution of SR protein in the nucleus. These results will have impor-
tant implications in understanding the mechanisms of gene regulation under abiotic
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stresses. Altered ratios of splice variants in response to stresses may have a role in 
the adaptation of plants to these stresses [23]. 

It can be concluded that maize genotypes with favorable alleles of both dhn1 
and rsp41 genes are tolerant for both types of drought air and soil. The single cross 
hybrids, as testers are in this study, could provide low harvest grain moisture content 
both under normal weather conditions and under combined drought and heat stress. 
On the other hand, the low SCA effects of grain moisture content during different 
weather conditions were obtained for three-way crossed hybrids (modified hybrids) 
with favorable alleles only of rsp41 gene in parent maize lines. It can be assumed, that 
dehydrins which are provide heat tolerance may decrease a grain moisture release 
due to their accumulation in seed in particular. Meanwhile, the changing of the 
alternative splicing of SR genes does not influent on seed ability of moisture release. 
Thus, the most promising parent lines for three-way crossed hybrids which would be 
demonstrated both drought tolerance and low harvest grain moisture content under 
different weather conditions are genotypes with allele combination A/G and G/G. 
Moreover, the other parents of three-way crossed hybrids have to be contained at 
least one favorable allele of dhn1 gene. 

4 Conclusions 

In the study, SCA effects both of tester and maize modified hybrids were found to be 
significant. It was determined that the lowest SCA effects of harvest grain moisture 
content were obtained for tester genotypes with favorable alleles of dhn1 and rsp41 
genes during 2019–2020. By assessment of the rate of factors impact on SCA effects 
of grain moisture content it was found that the allele combination has the greatest 
influence on SCA effect of grain moisture content of tester genotypes—64%. It was 
determined that the stable low SCA effects were calculated for modified hybrids 
with different allele combinations of dhn1 and rsp41 genes. It was shown that these 
three-way crossed hybrids included both favorable and unfavorable alleles in one of 
their parents. It is assumed, that may be explained both genotypes of maize lines 
per se and specific of genes action which are associated with drought tolerance. The 
influence of allele combinations of modified hybrids on SCA effects of harvest grain 
moisture content was 51%, while the interaction of allele combinations and weather 
conditions of maize growing season impacted on 48%. According to obtained results 
of this study it is concluded that the promising parent lines for three-way crossed 
hybrids, which are drought tolerant and are characterized by low SCA effects of 
harvest grain moisture content, can include A/G and G/G alleles of dhn1 and rsp41 
genes.
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Pollen Concentration of Ailanthus 
Altissima on the South Transdanubia 
Region in Hungary 

Viktor J. Vojnich , Árpád Ferencz , Tamás Tóth , Károly Tempfli , 
and Donát Magyar 

Abstract In areas where the tree of heaven (Ailanthus altissima) appears and multi-
plies, the original vegetation degrades and transforms. The invasive tree of heaven 
is also of great importance in urban environments, where it causes building damage, 
static problems and endangers utilities. Ailanthus pollen concentration was measured 
during the 3-year period 2018–2020 at three county capitals (Kaposvár, Szekszárd, 
Pécs) of the South Transdanubia region, Hungary (Somogy county, Tolna county 
and Baranya county), with a 7-day Hirst-type (Burkard) pollen trap. The extent of 
the prevalence of A. altissima can be deduced from its pollen concentration. For this 
purpose, multi-year pollen data are displayed on a result map in which areas charac-
terized by different pollen concentrations are represented by colour codes. The mass 
appearance of A. altissima is a serious problem in almost all areas (national parks, 
forests, inner city zones and towns), where its control/eradication would cost millions 
of euros. Pollen monitoring provides information on the size of A. altissima stands 
and provide a basis for proposals and plans for measures to control this invasive tree 
species and mitigate the damage caused by it. 

Keywords Ailanthus altissima (tree of heaven) · Invasive plant · South 
Transdanubia region (Hungary) · Pollen concentration · Pollen monitoring data
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1 Introduction 

The tree of heaven (Ailanthus altissima (Mill.) Swingle) belongs to the family 
Simaroubaceae. The genus, numbering about 10 species, has a focal point of distri-
bution in the front and back of India, as well as in the Far East. The basic variant of 
the species, A. altissima var. altissima, is native to China. The bark of A. altissima 
var. tanakai, which is widespread in Taiwan, is yellower than the base species and has 
shorter leaves. It is recognized by the reddish branches of A. altissima var. sutchue-
nensis. In addition to the tree of heaven, the downy tree of heaven (A. giraldii Dode) 
and the thorny tree of heaven (A. vilmoriniana Dode) are also among the temperate 
species of the genus [1–3]. 

Three of heaven is dioecious, with male and female flowers being borne on 
different individuals. The flowers open in loose endless buds, greenish-yellow, woolly 
on the inside, consisting of 5 or 6 cups, petals and fruit leaves. The numbers of stamens 
per flower is 5 + 5 or 6  + 6. The flowers produce a lot of nectar [4, 5]. 

The tree of heaven is native in areas along the lower reaches of the Yangtze River 
to north-eastern, central China (Hubei, Honan, Anhui, Jiangsu; Hunan, Jiangxi, and 
Zhejiang provinces) and Korea. The distribution this species is currently between 
22°N and 43°N up to 1,500–1,800 m above sea level. Its worldwide spread began 
in the 1740s, when its seeds were transported to Paris on a land journey through 
Siberia (Russia). It was planted in London in 1751 as an ornamental tree. It came to 
North America in the 18th century, where it was first planted as an ornamental tree 
in northern cities. In 1856, it was reported [6] that the stock was already in a natural 
forest at the territory of South Tyrol (Austria). It was planted in Paris to replace 
the hybrid plane or London plane tree (Platanus) in 1875. Ailanthus altissima is 
widespread in most of the western hemisphere today. It is often planted in the subtrop-
ical and northern temperate zones, including throughout East Asia and Europe, as 
well as North America. Due to its favourable properties, it has spread to all inhabited 
continents [7–10]. 

The first data on the occurrence of A. altissima in Hungary is available from a 
documentation of planting experiments of this species in Villány in 1841–1843 [11, 
12]. It has been established in the Great Plain since the middle of the 20th century, due 
to its stock-like, conscious settlements and spontaneous outbursts. Today, it occurs 
almost everywhere in the hilly, lowland areas of the country with a warmer climate. 
It is relatively rare in Western Transdanubia and in the higher regions of the central 
mountains [13, 14].
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Fig. 1 Ailanthus altissima growing in Australia 

The tree of heaven is considered to be an invasive species [15]. Nowadays, the 
problem of invasive species is gaining more and more attention. In areas where the 
A. altissima appears and multiplies, the original vegetation degrades and transforms 
(Fig. 1). The tree of heaven is also of great importance in urban environments, where 
it causes building damage, static problems and endangers utilities. In addition, it is 
worth mentioning that A. altissima pollen is an allergen [16]. 

The aim of our study is to investigate the pollen concentration of Ailanthus 
altissima (tree of heaven) in the South Transdanubia region of Hungary. 

2 Materials and Methods 

The pollen concentration of Ailanthus altissima was measured at the three county 
capitals (Kaposvár, Szekszárd, Pécs) of the South Transdanubia region (Somogy 
county, Tolna county, Baranya county) (Fig. 2) with the 7-day Hirst-type (Burkard) 
pollen trap (Fig. 3 and Fig. 4a and b), for the 3-year period 2018–2020. 

The device collides the pollen content of the intake air onto a tape with a sticky 
surface (Melinex tape). The tape is divided into two-hour bands and the pollen grains 
stained with basic fuchsine are counted in two 0.5 mm bands 6–6 mm from the edges



268 V. J. Vojnich et al.

Fig. 2 The South Transdanubia region (Somogy county, Tolna county and Baranya county) in 
Hungary 

Fig. 3 Hirst-type (Burkard) 
pollen trap

at 400 × magnification. The results are given as a 24-h average, expressed in pollen 
grains/m3 of air. 
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Fig. 4 a Impact unit in Hirst-type (Burkard) pollen trap. b Vacuum pump in Hirst-type (Burkard) 
pollen trap 

The pollen season was defined as the day on which the sum of the daily average 
pollen concentration reaches 1% of the final amount and the end of the season when 
it reaches 99% [17]. 

3 Results and Discussions 

3.1 Pollen Data for Somogy County 

In Kaposvár, the pollen trap caught a total of 33 A. altissima pollen grains in 2018. 
The highest amount of pollen grains were counted on the 29th May (7 pollen/m3). 
One year later, the pollen count of annual tree of heaven was 43, when the highest 
daily amount (11 pollens/m3) was detected on June 15th. In 2020, 18 pollen grains 
were counted as an annual sum. The highest daily pollen count of 4 pollen m3 was 
recorded in the city of Kaposvár on the 27th June 2020.
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3.2 Pollen Data for Tolna County 

In Szekszárd, the total number of A. altissima pollen was 140 in 2018. The highest 
daily concentration was detected on May 23rd (24 pollen/m3). In the following year, a 
total of 190 Ailanthus altissima pollen grains were counted. The highest daily amount 
(65 pollens/m3) was detected on June 8th. In 2020, the annual total pollen count of 
the tree of heaven was 109, while the highest daily amount (13 pollen grains/m3) of  
A. altissima pollen was measured on June 15th. 

3.3 Pollen Data for Baranya County 

In Pécs, the total number of Ailanthus pollen was 198 in 2018. The highest daily 
concentration of pollen grains (39 pollen/m3) was measured on May 19th. One year 
later, the total A. altissima pollen count was 161, while the highest daily concentration 
(58 pollen/m3) was detected on June 7th. In 2020, we counted 121 Ailanthus pollen 
grains. The highest daily value (peak value) was recorded on June 11th (33 pollen/m3) 
in Pécs. 

The data on the daily pollen number of tree of heaven are shown in 2018 (Fig. 5), 
2019 (Fig. 6) and 2020 (Fig. 7). 
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Fig. 5 Daily pollen concentrations of Ailanthus altissima (2018)
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Fig. 6 Daily pollen concentrations of Ailanthus altissima (2019) 
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Fig. 7 Daily pollen concentrations of Ailanthus altissima (2020) 

4 Conclusions 

The highest total pollen count of A. altissima was measured in all three years in 
Baranya county (198 pollen in 2018; 161 pollen in 2019; 121 pollen in 2020), while 
the lowest value was measured in Somogy county in all three years (33 pollen in 
2018; 43 pollen in 2019; 18 pollen in 2020). In Tolna county, the annual total pollen 
concentration varied between 109–190 pollen grains in the studied period.



272 V. J. Vojnich et al.

Data on the extent of plant populations can be obtained in two ways: by direct 
survey of vegetation (e.g., National Weed Survey in Hungary) or indirectly by 
summarizing and mapping other data related to the potential distribution of plants. 
The latter group may include environmental variables (suitable soil type and pH, 
precipitation, etc.) that determine the plant’s needs on the site as well as anthro-
pogenic factors (crop structure, urbanization level, etc.), at the same time, data from 
atmospheric pollen concentration measurements also provide important information 
for anemophilous plants [18, 19]. For this purpose, the multi-year pollen data may 
be displayed on a result map in which the areas characterized by different pollen 
concentrations are represented by colour codes. Based on our studies, pollen moni-
toring data could also be used to study the distribution of A. altissima. Our  work  
draws the attention to the differences in the distribution of the tree of heaven in the 
South Transdanubia region, based on which it can be seen that there can be more than 
a tenfold difference between the monitoring areas in terms of the total annual pollen 
count. Further research is needed to examine data from more monitoring stations and 
years that would allow for greater accuracy. In addition, we plan to include pollen 
data from other Hungarian cities, which can be explored on a national map to reveal 
the spatial differences in plant distribution. 

The total annual pollen count (Table 1) of other pollen-producing woody plants 
(Acer, Betula, Fraxinus, Moraceae, Platanus, Tilia species) common in urban envi-
ronments is generally higher than that of the tree of heaven [20, 21]. This is probably 
because these plants are mostly planted as urban ornamental trees and therefore have 
higher numbers of individuals and higher pollen emissions than A. altissima. As  
the tree of heaven is an invasive species, there is no so-called Ailanthus altissima 
containing species proposed for planting in urban green spaces in the List of Public 
Row Wood [22]. 

The size of the trees (height, radius of the crown projection) is proportional to the 
amount of pollen release according to some model calculations [23, 24]. The tree of 
heaven, like other noxious plants/weeds, is often removed before it reaches a larger 
size. This also results in lower pollen counts compared to other urban tree species, 
whose large specimens emit significant amounts of pollen (e.g. old sycamore trees).

Table 1 Total pollen number of plant species planted as urban ornamental trees in the South 
Transdanubia region (2019–2020) 

Allergen species City Kaposvár Szekszárd Pécs 

Year 2019 2020 2019 2020 2019 2020 

Acer spp. 682 457 1549 1650 875 1208 

Betula spp. 5360 3211 4800 5600 3455 2817 

Fraxinus spp. 1291 1299 1956 3226 1718 2478 

Moraceae 2090 --- 5852 --- 3419 ---

Platanus spp. 10,465 2027 2067 857 10,381 4222 

Tilia spp. --- 402 --- 188 --- 361
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The situation of A. altissima is somewhat similar to that of Broussonetia 
papyrifera, which is also an invasive, anemophilous tree species in urban environ-
ments. However, their pollen production is not comparable because the pollen grains 
of B. papyrifera are pooled with other tree species having similar pollen grains 
(Morus alba, Morus nigra) as “Moraceae pollen” during aerobiological monitoring.

The mass appearance of A. altissima is a serious problem in almost all areas 
(national parks, forests, inner city zones and towns), where its control/eradication 
would cost millions of euros. Pollen data provide information on the size of A. 
altissima stands endangering the interiors, utilities and buildings of cities. Pollen 
monitoring provides a basis for proposals and plans for measures to control the 
invasive tree species and mitigate the damage caused by it. 

Acknowledgements The authors would like to thank Vivien Pál for her work in producing pollen 
data from the National Public Health Center. 
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Social Networks for Sustainable 
Development in Greece: The Case 
of Messenia 

Athanassios Papageorgiou 

Abstract The deadlocks encountered in the agricultural sector of an increasing 
number of countries, over the last decades, concerning production cost, products’ 
distribution as well as “extra-financial” social and environmental burdens, have 
strengthened the idea that conventional agriculture has reached its limits. Integrated 
and organic farming are a common application method of sustainable agriculture, but 
in the case of Greece its results has been limited. In many cases, farmers have been 
reluctant to apply sustainable agriculture for an extended period of time. Usually, 
the transition towards SA is done gradually on only some parts of the farms and 
it’s difficult to have a clear image of the cost-efficiency between sustainable and 
conventional agriculture, making the farmer’s decision to fall back to conventional 
agriculture easier. The contribution of the social networks for sustainable develop-
ment has been highlighted from many researchers; however, the level of their impact 
has been fluctuating. This article analyses the factors affecting the farmers’ decisions 
concerning their cultural practices, as well as the factors related to the attractiveness 
and the contribution of social networks towards sustainable development. 

Keywords Conventional agriculture · Sustainable development · Farmers’ 
networks · Social attitude · Greece 

1 Introduction 

The increased competition observed, in the global agri-food system and the prob-
lems encountered in the distribution of many products due to market saturation and 
malfunctions regarding their quality, have strengthened the idea that conventional 
agriculture (CA) has reached its limits. For regions where the agricultural sector has 
seen a noticeable growth, including many countries of the European Union (EU), the 
crisis caused by overproduction and the drop in prices, leads to a cultural crisis, 
the loss of the possibility of product differentiation, due to the homogenization
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of the productive system. Agricultural income is decreasing, since it is more and 
more correlated to the fluctuations of a highly specialized market due to the limited 
product variety and based on European funding. Furthermore, CA practices incorpo-
rate “extra-financial” dangers related to the rural society as many farmers have been 
pushed out of the sector and to the natural resources [1, 2]. 

The environmental cost of the high-input CA led to concern and scepticism among 
both the residents of rural areas and the agricultural leaders alike. Word Bank and 
United Nations experts were among the first to systematically analyse the environ-
mental impact of the applied development model 40 years ago [3, 4], while at 1992, 
the reform of the Common Agricultural Policy, constituted the first challenge of the 
productivist cultural practices, highlighting the effects it had on the environment [5], 
and the undesirable excesses in production. Agricultural activity is considered to be 
an element of a system, which consists of the economic, the social and the environ-
mental conditions of each region comprising and functioning as a whole [6], an idea 
that is also among the core ideas of sustainable agriculture (SA). 

Furthermore, the efficiency and the profitability of the agricultural activity is not 
only measured using indexes such as productivity per hectare or production cost, but 
also production value. The latter can be twofold, quantitative and qualitative (i.e., 
organoleptic, dietary and even symbolic) and even in cases where the production 
is relatively low, as many times it is the case for alternative agriculture (AA) like 
integrated (IF) or organic farming (OF), revenues can be balanced via a higher price. 
The goal of an AA is to ensure the survival of the agricultural holding via decreasing 
the production cost, utilizing the whole of the available resources, and/or via the 
income increase by expanding the activity range, including processing, direct trade, 
or other services in or out of the farm. 

Although in Greece there were multiple attempts to apply the SA, via IF or OF, its 
impact was limited because farmers’ majority had an opportunistic approach. Their 
interest was dependent on the related funding leading many times to them going back 
to the CA and to the dismantling of networks already put in place, when the funding 
was over. 

The importance of networks in the distribution and management of knowledge 
[7, 8] and in empowering pro-environmental agriculture has been stated by many 
researchers. Hassanein and Kloppenburg (1995) mention the contribution of these 
networks on “farmer-generated knowledge, holistic and ecological thinking, and 
practical research” [9] for alternative agriculture, enabling the management of the 
production in a sustainable way. Others refer to the existence of “socio-technical 
niches” that achieve a spatial valorisation through the commitment of the key actors 
in preserving cultural, ecological and environmental integrity and in finding ways to 
create economic benefits for the local community [10, 11]. 

The aim of this study is to analyse the factors that play a role in developing and 
maintaining sustainable agriculture in Greece and the networks that apply it. The 
area of the study is the prefecture of Messenia, in south-west of Greece, where the 
agricultural sector plays a central role in the local economy and there are individual 
integrated and organic farmers, IF greenhouses and SA networks.
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The paper consists of six sections. The theoretical framework approaching the 
process towards sustainable development and networking. Next a short section on 
methodology and the case description. Results are discussed in the fourth section and 
are structured in two sub-sections, data analysis and the factors affecting networks 
and sustainability resilience. Section five is centred on the discussion, thus leading 
to the conclusions. 

2 Theoretical Framework 

Over the years, farms with the greatest exposure to intensification began to face 
numerous problems. The application of CA increased the average crop yield per 
hectare, but the widespread use of agricultural machinery and the increased inputs, 
often resulted in a disproportionate increase in production costs. Many farmers are 
greatly in debt, partly because of heavy investments in specialized machinery and 
other equipment. The repayment of the debts including interest introduces the need to 
adopt new techniques and to develop their infrastructure continuously, but every time 
with an unchanged income [12, 13]. The same farms are associated with declining soil 
productivity, deteriorating environmental quality, reduced profitability and threats to 
human and animal health. 

SA, by respecting biodiversity, uses local populations, well-adapted to the local 
habitat, resistant to parasites and diseases, offering a variety of ecological services 
including recycling of nutrients, regulation of microclimate and local hydrological 
processes, suppression of undesirable organisms, detoxification of noxious chemi-
cals, etc. [14, 15], and at the same time ensures cost reduction, by using low input 
cultural practices. These production systems contribute to the higher authenticity and 
quality of the products, and to the increase of their competitiveness [16]. 

However, as the Brundtland Report (1987, 15) consider “sustainable development 
is not a fixed state of harmony, but rather a process of change in which […] painful 
choices have to be made”. In relation to the agricultural sector, sustainable devel-
opment implies a continuously ongoing dynamic process [17, 18] and the transition 
from a CA to a SA agriculture presumes the adoption of practices and the restruc-
turing of the landscape, with a higher degree of complexity than the one encountered 
in the CA, since it takes into account the specific characteristics of each region indi-
vidually. The more these characteristics change the higher the risk becomes when 
applying it. Thus, the need to aid the farmers during the transition period to adapt to 
the changes as well as the importance of networks for interaction, sharing, exchange 
of experience and learning becomes clear [19–22]. 

According to Moschitz et al. (2015) “a network consists of individuals and orga-
nizations and the relations between them”. However, during the transition period, 
from the CA to the SA, establishing and especially maintaining these networks can 
encounter multiple hurdles. The hurdles are mainly related to the complexity of the 
transition in both the technical and collective action levels since everyone has his/her 
own perception of resolving the emerging issues. There is a social transformation
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that takes place making the whole process even more complex [23]. Pretty and Ward 
(2001), when referring to the social capital whose “central aspects are identified: 
relations of trust; reciprocity and exchanges; common rules, norms and sanctions; 
connectedness, networks and groups” mention that “as it lowers the costs of working 
together, social capital facilitates cooperation. People have the confidence to invest 
in collective activities” [24]. Once the group acts as a unified front, its members 
enjoy being a part of the group, working for a common goal, lowering significantly 
the transactional and organizational costs, and increasing their effectiveness [25]. 

3 Materials and Methods 

3.1 Methodology 

Taking for granted that the challenge towards an alternative, locally oriented, SA is 
not taken up individually, in many regions farmers organize themselves in small or 
larger entities, such as formal or informal groups, cooperatives or networks. 

The study takes place in the prefecture of Messenia, a region in the south-west 
of Peloponnese, and includes individual integrated and organic farmers, IF green-
houses, SA’s networks, producers that have distanced themselves from the groups, 
and existing networks. It is not restricted to formal groups, since by including from 
small, maybe informal groups, in rural communities to larger networks with far 
broader impact, we present the full spectrum of awareness about SA in the region. 

The selection of the criteria for the sample delimitation is related to the appli-
cation (or lack of) of sustainable farming practices based on the fact that SA can 
be multidimensional according to its objectives such as: the production of goods 
and services that respect the environment (sustainability related to the practices and 
systems used), the water management, the management of the soil capital and the 
help to avoid its erosion, the improvement of the climate, the protection from the 
natural disasters, the conservation of biodiversity and the preservation of the natural 
landscape [26]. 

Taking into account the specific characteristics presented in the study’s region, 
the following tools are used: 

● Sustainable practices: examining the protocols and the way they are applied. 
● Sustainable materials: examining the propagating material, the animal’s breeds 

used in the process and the way they affect biodiversity. 
● Sustainability dissemination: examining the dynamic with which SA is diffused. 

Relative to the first two criteria, the three following combinations for the sample 
delimitation are encountered: 

1. Sustainable practices on hybrid varieties. 
2. Sustainable practices on traditional varieties - local populations. 
3. Conventional practices on traditional varieties - local populations.
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The research questionnaire consists of four parts: a) characteristics of the ques-
tionee (farmers’ network or individual) and their professional background, b) produc-
tion and distribution of products, c) sustainability in farmers’ decision making and 
d) experience from participating in a sustainable development network. 

Due to the lack of regional data related to the evolution of SA in the Greek Ministry 
of Agriculture, since there is not a complete record of the farmers engaged in it, the 
sampling process was purposive rather than random. This point constitutes a gap in 
the current study since it is not clear if the producers are also sensible in subjects of 
biodiversity. There is the sense that in the region individuals and informal groups of 
farmers are engaged in maintaining local populations not only for personal use but 
also for marketable crop and livestock production. 

3.2 Case Description 

In Greece we encounter two types of SA, with varying degrees of strict application, 
IF and OF. 

The first attempts towards an alternative agriculture can be identified in the early 
80’s. It coincides with the arrival of foreigners, mainly from the north of Europe. They 
introduced new agricultural practices, mostly related to OF for auto-consumption, but 
at the same time they marked the beginning of a different approach on the agricultural 
productive process. In Greece, at that time, there was no interest in OF, since the CA 
was not intensified, as much as it was in the rest of Europe. The delayed adoption of 
productivist agricultural practices in Greece ended up being an advantage, at a later 
stage, for the transition from conventional to sustainable agriculture [27]. 

Alternative agriculture started evolving towards its industrial form in 1982, thanks 
to the interest of a Holland industry for organic raisin. In 1988, Friedrich Blauel, an 
Austrian olive oil importer, coordinated a project of organic olive oil production in 
the region of Mani, a semi-mountainous region of Messenia. This led to the creation 
of the first organic farmers’ cooperative in Greece, but this network doesn’t exist 
anymore. This represented the first wide scale project of OF in the country, before 
the Council Regulation (EEC) No 2092/91, in which a German protocol was applied. 

The area of study is the Prefecture of Messenia, a region without large valleys, 
a factor that justifies its lack of agricultural development. It represents 3% of the 
agricultural area of the country and 4% of agricultural holdings, from which 3% 
engages with OF. Agricultural area under organic practices corresponds to 4.1% of 
the total area, 89.9% of which is on olive growing, while for Greece as a whole this 
culture corresponds to 47.8% of the agricultural area under OF. The rural exodus, at 
least early on, contributed to a limited intensification (e.g.: limited use of chemicals) 
of the production process in relation to the rest of Greece, and to the preservation 
of local populations, centred on perennial species such as olive trees (representing 
87.6% of the agricultural area of the prefecture), fig trees, prickly pears, artichokes, 
aromatic plants and vines for raisin production, although the latter is almost extinct.
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The empirical material of the study was collected in 2019 from nine out of thirty-
one municipalities of Messenia through twenty-four personal interviews in the inter-
viewee’s workplace, based on a semi-structured questionnaire. Four were with Public 
Service executives and among them three were related to IF and OF and one to biodi-
versity, the local coordinator for the European program “On farm conservation of 
rare and endangered local animal breads”. Two were with representatives of certifi-
cation organizations for the agricultural practices and two with individuals active in 
educational programs around biodiversity, who have also created local seeds banks. 

Concerning the production process, seven interviews were made with representa-
tives/directors of farmers’ networks. Five of these interviews were with the directors 
of agricultural cooperatives being almost exclusively occupied with olive oil produc-
tion, one with an executive of “SYKIKI” cooperative of dried figs, and one with the 
coordinator of a producers’ group of raisins. Also, two interviews were with repre-
sentatives of informal groups of farmers being in transition from CA to OF, one 
on olive oil and another on aromatic herbs. One interview was made with a former 
member of a cooperative, one with a farmer who decided to leave an informal group to 
follow his personal production protocol and one with a tomato greenhouse manager. 
Furthermore, about the preservation of traditional varieties using pro-environmental 
practices three interviews were made, one with a producer of dried figs, one with a 
producer of prickly pears and one with a producer of artichokes (Table 1). 

Finally, relatively to the diffusion of biodiversity one interview was made with a 
former member of an urban garden. 

4 Results 

4.1 Data Analysis 

Five out of the seven interviewed agricultural cooperatives are almost occupied 
with the production and the distribution of olive oil and only one farmer uses the 
network for the distribution of table olives. Apart from one cooperative, which has 
as active members all the members of the community, the rest represent a more or 
less significant part of olive oil producers. 

Farmers belonging in a cooperative can be divided into two main subgroups: 
simple members and those who have created integrated management organisations 
(IMO), i.e. those who are applying SA practices, following the IF standard AGRO 
2.1 A small percentage of the farmers are involved in OF. 

All the aforementioned cooperatives are part of the “Olive growing farm orga-
nizations” machinery supply operational program, and although their production,

1 The Integrated Management System is a system of organizing an agricultural holding which 
includes, inter alia, Good Agricultural Practice, Workers’ Safety and Health, Product Safety, 
Traceability and Environmental Action. 
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Table 1 Basic data of the Messenian agriculture and the selected sample 

Total Sample population 

Farmers’ network Individuals 

All 
members 

IF OF Total IF OF 

Olive growing 

Holdings 26,291 712 394 55 2 1 

UAA (Ha) 85,632.00 2,631.00 1,219.40 166.00 11.00 4.00 

Raisins 

Holdings 1,619 250 45 

UAA (Ha) 1,525.70 260.00 70.00 

Dried figs 

Holdings 291 270 124 7 1 

UAA (Ha) 766,14 715.40 326.84 15.63 1.20 

Hydroponic vegetables 

Holdings 24 1 1 

UAA (Ha) 28.30 4.00 4.00 

Artichokes 

Holdings 17 1 1 

UAA (Ha) 38.00 7.80 7.80 

Prickly pears 

Holdings 2 1 

UAA (Ha) 2.02 1.15 

Notes IF (Integrated Farming), OF (Organic Farming) 

volume wise, is not substantial, they have managed to supply their products on the 
domestic and international market. 

The raisins cooperative was founded in 2005. Part of the cooperative has created 
an IMO and applies AGRO 2.1 and AGRO 2.2 protocols. However, due to the lack 
of motives for sustaining this cultivation the cooperative is shrinking since the older 
members have left and the younger members are switching towards olive growing. 

The most established farmers’ network in the region is “SYKIKI” dried figs 
cooperative, providing consulting services to the farmers throughout the produc-
tion process, on the preparation of the final product and the market offering. It 
was founded in 1923 and nowadays it consists of around 500 members (not only 
Messenia’s), 124 of them are part of an IMO following AGRO 2.1 and AGRO 2.2 
protocols. The region has only one local variety of figs and each year the cooperative, 
having designated the special farms where the mother plants are growing, receives 
the propagating material, reproduces and distributes the totality of the trees for the 
new plantations of the region, maintaining in this way this local population. Out of 
the total production around 30% represents IF and 5% OF.
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Two informal farmer groups are in transition from conventional to OF. The first 
one consists of six people. Apart from olive oil, it also produces table olives, dried 
grapes, and one of the members is producing aromatic herbs. They have joined the 
Interreg Mediterranean project ARISTOIL,2 a project co-financed by the European 
Regional Development Fund. The second group consists of three members, occupied 
with the cultivation of local mountain tea. The production takes place on a Taïgetos’s 
plateau at an altitude of over 1700 m. They have joined two research programs, one 
via creating a cluster with four other companies and the Department of Pharmacology 
of the University of Athens and the second program is called UBQ2 “remote crop 
monitoring infrastructure program” (PA 2014–2020). Two out of the three members 
used to work in a different field, but, as it was also the case for the members of the 
first group, they decided to leave the city centre and return to their place of origin 
due to the economic crisis. 

The tomato greenhouse belongs to a single-person and it was founded in 2012, 
with the contribution of a European funding program. It uses a hydroponic produc-
tion process on improved varieties and applies an integrated management system, 
including a system to recycle its liquid waste. Since its founding it has been on a 
development path and in 2017 has expanded its facilities. This greenhouse consti-
tutes an agricultural enterprise engaged in developing a self-assessment protocol for 
their particular operations [15]. 

The sample also includes a producer, who for four years used to participate in 
an IMO, but two years ago selected to differentiate him to apply OF. He follows a 
personally defined protocol which has as its goal the least possible human interven-
tions in the reproductive process of the ecosystem. He has joined the ARISTOIL 
project. He is young and although he used to work in a different sector, he chose, 
due to the economic crisis, to make use of the family holdings. 

Organic livestock production is almost non-existent. The production of organic 
meat is very restricted due to both the lack of demand and the lack of certified 
slaughterhouses. The limited demand is covered by individual butchers. The main 
interest for organic livestock production is focused on milk production for dairy 
products and mainly sheep and goat milk for the production of Feta cheese. 

Concerning the preservation of endangered species and breeds animal genetic 
resources, the data collected following the Council Regulation (EEC) No 1257/1999 
“on farm conservation of rare and endangered local animal breeds” show that in the 
period 1988–2012 two species, sheep and equine, have been recorded. The population 
of sheep has a significant decrease, while the population of equine remains steady. 
Since 2013, there is no official data related to the preservation of indigenous species 
because no breeder meets the requirements needed to join this program since the 
pastures were not certified.

2 Goal of this project is the “reinforcement of Mediterranean olive oil sector competitiveness through 
development and application of innovative production and quality control methodologies related to 
olive oil health protecting properties” [28]. 
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4.2 Sustainable Agriculture and Networks Resilience 

The first wide application of SA, via OF, in Greece started after the Council Regu-
lation (EEC) No 2029/91 and especially after 1995 with the inflow of European 
funding. At that time, the first certification organizations were founded. 

In the early 2000’s, the IF programs started with the creation of new certification 
organizations. It’s via these organizations and their representatives in rural areas that 
IMOs began to be formed as sub-groups inside of existing cooperatives. 

Apart from the dissemination of information about the new programs, cooperatives 
are also places where farmers are gathered and thus allowing the wider spread of AA 
in the country. As Nelson et al. (2014) mention, in the case of OF, representatives 
from the certification organizations acted as “bridges” by connecting the farmer to a 
new sub-network or source of information [29]. 

This period marks the beginning of an endless back and forth for the SA in 
Greece, represented by the continuous vacillation from the farmers’ side regarding 
the cultural practices, meaning their engagement in SA, and their decision to work 
either as individuals or as a part of a group. 

Networks are organized around a marketable product, possible variations and its 
by-products. Much attention is dedicated to the products’ concept and development, 
the production’s rules and procedures, and to the transfer of knowledge. In addition, 
they are occupied with building distribution networks, in domestic and international 
markets, having as a direct effect, the improvement of the managerial skill of its 
members. 

Inside the networks, three sub-groups can be identified, simple members repre-
senting the majority, the IMOs and those who are occupied with OF. However, due to 
the fluctuating interest of the farmers to participate in these networks, there is a contin-
uous shift regarding the active members of both the total network and their internal 
subgroups. As shown in the following (Fig. 1) the structure of these networks are not 
set by strictly set sub-teams but rather depend on the approach the members follow 
regarding the SA. They may transition from the CA to the SA (integrated or organic) 
or follow the opposite route. This fluctuation depends on multiple factors, such as 
the existence of financial incentive and the internal organization of the networks. 
Regarding the members in the sub-groups, apart from the aforementioned factors, 
their participation also depends on the existence of certification agencies, infrastruc-
ture for the certification procedure, seeds’ banks, and the support received from the 
Ministry of Agriculture. The last factor seems to be more important for those who 
don’t have a prior farming experience but come from a different profession. All these 
factors play a role in the decision of the farmers relative to the cultural practices, and 
their participation in the networks. 

Relatively to the dynamic of the SA networks, although at first there is excitement 
about the opportunities the participation in these networks may offer, the knowledge 
diffusion and the ties created among its member, after the first funding phase, lasting 
usually 3–5 years, the expectation start to tone done and the networks’ shrinking 
begins. Farmers’ attitude depends on the existence of positive outcome which is
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Fig. 1 Internal and external factors affecting networks and pro-environmental practices

received as a reward from the repeated sustainable actions [30, 31], as well as on 
whether they tend to think about the short term and/or have difficulties in estimating 
the benefits of long-term solutions around IF and especially OF [32]. Furthermore, 
the ties among the members tend to grow stronger as we observe simple members, 
members of IMOs and members of OF [29]. However, these ties are exposed to 
factors that can diminish their strength and as a result affect the membership of the
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networks. As Portes (1998) notes about social capital, these factors are about the 
feeling of exclusion of outsiders, excess claims on group members, restrictions on 
individual freedoms and downward levelling norms [33]. The two last factors play 
a major role especially on new farmers, as the ones observed in the sample of this 
research. The departure of one farmer of the sample is related to his decision to 
apply a strict protocol of pro-environmental farming which validates the premise 
that “sustainable behaviours change if people are made aware of the severity of the 
problem if they know what to do or if they realize that it is in their best interest to do 
so” [34].

Furthermore, organizational problems can occur when there is a feeling of 
inequality among the members, and/or there are farmers giving the impression of 
downgrading the efforts of other members, having as consequence the loss of trust. 
Also, problems can emerge when there are “self-regarding” preferences as “people 
who free-ride on the contributions of others” [32]. 

As a conclusion, all these problems lead to the shrinking of the networks, inde-
pendently of the positive attitude regarding their operation, and usually the farmers 
that choose to lead act independently, capitalizing on funding or other tools, different 
from the ones used by the cooperatives. 

5 Discussion 

Apart from the “extra-financial” impact to the society and the environment, the 
financial impact of the SA towards improving farmers’ income is twofold: the reduc-
tion of the production cost and the product differentiation depending on the applied 
protocols, leading to a potential increase in pricing. A producer from the sample 
managed to increase the price of his virgin olive oil by two and a half fold in rela-
tion to the conventionally produced one. The SA’s networks diffuse the knowledge 
on production practices, on funding tools, facilitating the inclusion of farmers in 
programs that otherwise would be difficult to join, such as the “Olive growing farm 
organizations” machinery supply operational program, and on projects for the treat-
ment of the remnants of the production cycle (e.g. compost). Finally, networks help 
via mitigating the perception of risk, mainly during the transition towards this new 
approach. 

However, when farmers don’t have a stable approach regarding the cultural prac-
tices, swaying between different systems, they can be overwhelmed by the created 
confusion. In many cases, the conventional practices aren’t abandoned. The transi-
tion towards SA is usually done gradually on only some parts of the farms. With this 
fractured productive process, it’s difficult to have a clear image of the cost-efficiency 
between SA and CA, making the farmer’s decision to fall back to CA easier. A lack 
of social resilience is apparent, regarding the shift towards the sustainable approach 
of the agricultural activity and the ties created in the networks between the farmers 
are usually weak, thus not providing a motive to continue working as a group for 
addressing problems arising [35], leading them to quit the network and usually go 
back to CA.
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The venture has a level of perpetuity when it is linked with specific markets such 
as the organic products and when the farmers manage to see economic benefits in a 
short period. When the incentive for SA is exclusively for absorbing the funding and 
this venture has strictly opportunistic origins, the farmers lead back to CA practices 
when the funding is finished. 

Regarding the attractiveness of the cooperatives, it depends on their necessity 
for conditioning and distributing the final products. When this service is provided 
by other companies, the cooperative can act as a bridge for the farmers in this new 
productive process but after some time, when their necessity is less evident, it’s 
abandoned. This happened in the case of the first cooperative of organic olive oil in 
Mani. 

The attractiveness of the SA in the region of Messenia is limited. The number of 
participants in the IMOs depends on whether funding is provided. Once the program 
is ended, producers fall back to CA. According to Koutsouris (1998) “evolution 
and development can be conceived as a process of ‘creative destruction’ when new 
innovations in effect lead to the destruction of established practices” [36]. However, 
the majority of the farmers select to avoid the hurdle, and prefer to have the best 
possible financial result while putting in the least possible effort, mainly related to 
the workload. The casualty of this mentality was OF, which although, when started, 
had a militant position it ended up being the rear-guard, marginalized and without a 
viable future. 

The exception to this paradigm, are people that understand the limited effective-
ness of the CA and follow alternative farming and they are willing to collaborate and 
create groups to facilitate the transition. Among the interviewees there is a strong 
impression that there will be a rise in the number of the IMOs’ members, although at 
the same time it seems that there is a lack of social sensibility, of what the economic 
theory of natural resources highlights as cultural capital, which in turn justifies the 
great diversity of sustainable development applications in Greece [37]. 

6 Conclusion 

The diversity of the Greek rural countryside allows for the multidimensional devel-
opment of the agricultural sector, and the product differentiation. The application 
of sustainable protocols taking into account the regional and local conditions can 
enhance the economic, social and environmental capital over time, offering even 
more diverse capabilities for the future. However, the vast majority of the farmers 
had an opportunistic approach. Although the pre-existing agricultural system, at least 
up until 1980’s, was not intensified and the transition towards SA could be smooth, 
there was not an interest to move towards this direction. 

The long-lasting economic crisis that brought drop to the farmers’ income and the 
degrading of the standard of living of the society demonstrates the need for change. 
During the last decades, farmers’ interest in joining groups and networks that could 
assist them in establishing a different sustainable production system is increasing.
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They are new farmers, experienced innovative farmers, or farmers’ offsprings who 
returned to their country of origin since they could not find work in the city centres. 

Investing in SA is not done exclusively by farmers. There are also individuals that 
understand the arising business opportunities and are interested in the future devel-
opment of their region. They follow production protocols taking advantage of the 
market’s concerns, and generate revenue in the process, having already understood 
that the countryside is not a short-term source of income that can produce for an 
infinite amount of time, but it is an evolving ecosystem affected by everyone. 

Finally, raising awareness on an individual level is not the most important aspect, 
since some will understand the importance of adapting a pro-environmental approach. 
The goal needs to be the shift of the general public’s mentality and social networks 
can play a vital role in this process. 
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The Prospects of Using Vegetable Oil 
in the Building Industry 

Magdalena Kachel and Anna Krawczuk 

Abstract The use of vegetable oil-based products is due to their poor technical 
performance, low prices of mineral oil-based products, and lack of awareness of 
environmental consequences. Our research has shown that better wetting parameters 
characterize the applied adhesive based on vegetable oil, as the angle θ between the 
surface of the wetted wood and the tangent to the droplet placed on this material is 
lower (11.9°) compared to the current market mineral oil-based fluid (28.6º). 

Keywords Vegetable oil · Free fatty acids (FFA) · Contact angle · Adhesive 
liquids · Biodegradability 

BOD Biochemical Oxygen Demand 
COD Chemical Oxygen Demand 
AN Acid Number [mg KOH/g] 
ThOD Theoretical Oxygen Demand 
FFA’s Free Fatty Acids [%] 

1 Introduction 

The construction industry is committed to using greener, cleaner and sustainable 
products. Due to the resulting environmental benefits, the resulting preparations 
based on ecological ingredients are increasingly used. Products based on mineral 
oils and the emission of volatile organic compounds produced by them in times of 
global warming and the formation of photochemical “smog” are serious problems.
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One of the current priorities of the EU is to achieve 50% recycling by 2025. There-
fore, work on vegetable oil-based release agents has been going on for many years 
[1]. However, the market application of these products is still limited due to poor 
technical performance, low prices of mineral oil-based products, lack of awareness 
of environmental consequences, and many other reasons, the market share of this 
type of oil is still small. Almost any substance that eliminates or reduces adhesion 
can be used as a release agent, as long as it is not harmful to concrete or formwork 
[2]. The various variants of separating agents based on vegetable oil include pure 
vegetable oils, fatty acid esters (ester oils), and emulsions of fatty acid esters or pure 
vegetable oils in water (emulsions) [3], usually modified with additives to improve 
their performance or application. 

Because hardened concrete adheres firmly to the mold and causes undesirable 
effects during demolition, the surface of the concrete molding is damaged, or the mold 
(formwork) is damaged. Any damage that occurs requires repair due to the required 
quality of the structure and the expected visual parameters. To avoid complete 
disqualification and demolition works of elements or their possible reconstruction, 
it is advisable to use separating (adhesive) means, ensuring minimization of the 
adhesive forces between the materials in contact. We are dealing with a shortage of 
national architectural regulations and standards regarding concrete or wood in the 
current situation. The available specifications consider the provisions and require-
ments for surface quality contained in the German guidelines [4]. In the standard 
PN-EN 13,670 [5] – Execution of concrete structures in Sect. 5.2.2, where basic 
requirements for anti-adhesive agents are formulated. 

New molding oils, according to the applicable normative regulations, should 
contain biodegradable components, including substances of plant origin (separating 
agents based on mineral oils and separating agents based on vegetable oils). These 
oils should also have appropriate properties. The current parameters of vegetable oils 
tell us about a high FFA content up to about 4%, AN content below 5 mg KOH/g, 
and water up to about 3%. 

The research aimed to analyze two adhesives available on the domestic market. 
Rapeseed oil was analyzed for the content of FFA, AN, phosphorus (P), and water 
(H2O) and then subjected to the transesterification process. After trans-esterification, 
the oil was analyzed for FFA, AN, P, and H2O content. The agents were analyzed for 
aerobic biodegradability, and the surface tension and the contact angle were measured 
during the application of these agents to the wood. 

2 Materials and Methods 

2.1 Research Subject 

Vegetable oil in the form of industrial rapeseed oil was trans-esterified, and then 
an adhesive was obtained. Two adhesive compounds were used for comparative
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purposes in the next step and the assumed research methods. The first was a liquid-
based vegetable oil obtained from rapeseed oil (industrial). The second was an 
adhesive fluid based on mineral oil on the domestic market. Both substances were 
analyzed for biodegradability. Then, measurements of the surface tension of the fluids 
mentioned above were carried out, and after the droplets were applied to the wood 
sample, the contact angle measurement was carried out. 

2.2 Analysis of Rapeseed Oil Parameters 

The content of AN/FFA was determined based on the titration method, phosphorus 
content following the PN-88/A-86930 standard [5], while the water content was 
tested using the Karl Fischer method on the TitroLine 7500 KF trace apparatus by 
DONSERV. 

2.3 Biodegradability Testing 

The study of aerobic biodegradability in the water environment of the agent based 
on vegetable (rapeseed) oil and the agent based on mineral oil was carried out using 
manometric respirometry. This method consists in incubating in aerobic (aerobic) 
conditions, with constant stirring, at a constant temperature (22 ± 1 °C), for 28 days 
of test material with a known concentration (usually 100 mg/l, giving at least 50– 
100 mg ThOD/l substance, which is the only source of organic carbon), an appropriate 
amount of inoculum (inoculum) – up to 30 mg DM/l and a mineral nutrient solution 
in tightly closed respirometer vessels. The activated sludge was collected from the 
aerated reservoir of the “Czajka” Sewage Treatment Plant in Warsaw, which treats 
mainly domestic sewage. 

Biodegradation is determined by the automatic determination of oxygen consump-
tion and is directly expressed in mg/l BOD. The amount of oxygen taken up by the 
sludge microorganisms during the biodegradation of the test material (corrected for a 
parallel blank) is expressed as a percentage of the ThOD calculated from the chemical 
formula or COD. 

During the study, the following were in accordance with Annexes 1 and 3 to 
SPO/BS/01/b (issue 5) and PN ISO 9408: 2005 [6]. 

2.4 Measurements of Surface Tension and Contact Angle 

Measurements of the surface tension and the contact angle were carried out on the 
KRÜSS DSA30 measuring device. The sagging drop method was used to measure the 
surface tension. Based on the image of a liquid hanging drop, the drop shape analysis
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was carried out, because of which the surface tension was determined. Dosing of the 
adhesive was done manually with a syringe by turning the adjusting screw, which 
was placed in the syringe barrel instead of the plunger. After turning the regulating 
screw through the angle of 135°, a drop of liquid with a volume of 15 μl flowed from 
the needle. Knowing the diameter of the dosing needle, which was 1.828 mm, and the 
density of the analyzed sample, the surface tensions of the liquid were determined. 
Thirty measurements of surface tension were performed. 

Measurements of the contact angle of the adhesive liquid were carried out on wood 
samples (aspen). Using a NICHIRYO Le-20 automatic pipette, a measuring drop of 
4 μl volume was applied to the material’s surface. Based on the digital analysis of 
the applied droplet image, the angle between the wood surface and the tangent to the 
measuring drop at the point of contact of these phases was determined. Ten contact 
angle measurements were made on both the left and right sides of the applied drop 
of adhesive. 

3 Results 

3.1 Vegetable Oil Analysis 

The table below (Table 1) presents the basic parameters of rapeseed oil used for 
the analysis. The carried out transesterification process and the processes involved 
allowed for the reduction of the considered parameters. The content of acid number, 
free fatty acids, phosphorus, and water decreased compared to the control sample. 
The obtained values were lower and amounted to 18.60, 18.60, 3.70, and 2.5%, 
respectively. 

Figures 1 and 2 show the biodegradability results for the analyzed adhesive 
liquids. The tested material is susceptible to aerobic biodegradation in the aquatic 
environment. 

A 28-day study of the final aerobic biodegradability of the fluid on rapeseed oil 
baize by manometric respirometry following the OECD 301F [7] guidelines was 
carried out at a temperature of 22 ± 1 °C. On the 28th day of the test, the aerobic

Table 1 Properties of the tested vegetable oil 

Parameters studied Determination of 
AN/FFA [mg 
KOH/g/%] 

Phosphorus content (P) 
[mg/kg] 

Water content [%] 

Initial parameters 
– control 

4.30/2.15 77.50 1.283 

Oil parameters after 
trans-esterification 

0.80/0.40 2.87 0.032
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Fig. 1 The slope of the biodegradation curves of the test material and reference material based on 
vegetable oil 

Fig. 2 The slope of the biodegradation curves of the test material and the reference material of a 
commercially available agent
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biodegradability, calculated as the BOD/COD ratio for the tested material, reached 
95.1%.

The results of the tests on the biodegradability of the adhesive liquid based on 
mineral oil are presented in Fig. 2. A 28-day study of the final aerobic biodegradability 
of the preparation based on mineral oil by manometric respirometry, following OECD 
301F guidelines, was carried out at a temperature of 22 ± 1 °C. On the 28th day 
of the test, the aerobic biodegradability, calculated as the BOD/COD ratio for the 
tested material, reached 47.8%. According to OECD guidelines, the respirometric 
method’s threshold level for high biodegradability is 60% COD. The threshold level 
has not been reached. Thus, based on the obtained results, it can be concluded that 
the tested material does not show high susceptibility to aerobic biodegradation in the 
aquatic environment. 

Figures 3 and 4 show the results of surface tension measurements and an exemplary 
view of the applied measuring drop. Figure 5 presents exemplary photographs of 
drops of adhesive liquids applied during the contact angle measurement on wood 
samples. 

Table 2 presents the average measurement results of the contact angle and surface 
tension of the analyzed anti-adhesive liquids and distilled water as the reference 
liquid. 

Similar values of surface tension characterize the analyzed anti-adhesive liquids. 
The surface tension of the vegetable oil-based adhesive is 27.57 mN/m, while the 
mineral oil-based adhesive is 26.3 mN/m. The surface tension of these fluids is about 
60% lower than that of distilled water (72.01 mN/m). The lowest contact angle value 
was obtained by applying a vegetable oil-based adhesive of 11.9° to a wood sample. 
The contact angle value is nearly 80% lower than distilled water (54.9°) and about 
60% lower than that of the market release agent (28.6°). 

Fig. 3 View of the Drop Shape Analysis program window with a photo of a drop of a vegetable 
oil-based adhesive liquid during surface tension measurements



The Prospects of Using Vegetable Oil in the Building Industry 295

Fig. 4 View of the Drop Shape Analysis program window with a photo of a drop of a mineral 
oil-based adhesive liquid during surface tension measurements 

Fig. 5 An example photo of a drop of adhesive liquid: a based on vegetable oil and b available on 
the market, applied on wood (aspen) during the measurement of the contact angle 

Table 2 Average values of the measurement results of the contact angle and surface tension of the 
analyzed anti-adhesive liquids 

Wood Liquid Contact angle [°] Surface tension [mN/m] 

Aspen distilled water 54.9 72.01 

AD – vegetable oil 11.9 27.57 

AD – commercial 28.6 26.30
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4 Conclusions 

Based on the obtained results, it can be concluded that vegetable oil as a base 
compound in the production of industrial agents ensures at least 95% certainty of its 
biodegradability. 

The use of adhesive products for concrete/wood molds based on vegetable oils 
provides a good/comparable contact angle from the point of view of wood treatments 
with mineral oil-based fluids on the market. 

Similar values of the surface tension characterize the tested adhesives. The surface 
tension of the vegetable oil-based adhesive is 27.57 mN/m, while the mineral oil-
based adhesive is 26.3 mN/m. Both analyzed fluids show good wood wetting prop-
erties. The contact angles are less than 90°. However, the mineral oil-based adhesion 
exhibits better wetting properties (11.9° contact angle) than a commercially available 
mineral oil-based fluid (28.6° contact angle). 
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6. PN ISO 9408:2005. Jakość wody -- Determination of the total aerobic biodegradation of 
organic compounds in the aquatic environment by determining the oxygen demand in a closed 
respirometer 

7. OECD Guidelines for the Testing of Chemicals, Section 3 - Environmental fate and behaviour, 
Ready Biodegradability, 301F Manometric Respirometry Test, przyjęte. Accesse 17 July 1992
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The Problem of Waste on the Food 
Market 

Agnieszka Dudziak and Monika Stoma 

Abstract The process of wasting food is an increasingly serious global problem, 
moreover, it has many negative consequences for society and the environment. Non-
renewable resources are used and greenhouse gases are emitted, which are respon-
sible for the heating of our planet. Food production uses huge amounts of water, 
energy and fuel, and food that is disposed of in landfills undergoes putrefactive 
processes, during which the very harmful compound methane is produced. There are 
many concepts that encourage society to counteract this phenomenon, such as the 
concept of zero waste or less waste, but first of all, there is need to change the way 
of thinking for these concepts to exist and contribute to actual, long-term changes. 
Many consumers have already changed their approach to the problem of food waste, 
through increasing awareness of human participation in upsetting the economy of 
the circulation of products on the market. This is a positive symptom, but it cannot 
be said that a lot has been done on this topic, because much is still ahead of us. 

The aim of this paper is to present the problem of food wastage among consumers, 
the implementation of which was carried out with the use of own research, showing 
how consumers perceive the problem and whether they are familiar with the concept 
of zero waste. 

Keywords Food ·Waste · Consumer behavior · Zero waste 

1 Introduction 

The problem of wasting food on the food market has been present in the society 
for years. The processing sector is responsible for the generation of a large amount 
of food losses, the number of which depends on the advancement of techniques 
and the type of raw material processed. Food losses and waste occur at all stages
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of the product manufacturing chain (cultivation / breeding - processing - storage -
sale - consumption). The causes of large losses include, among others, improperly 
selected machines, incompetent workforce or disloyal suppliers of raw materials. 
The meat and dairy sectors are responsible for the consumption of large deposits and 
the emission of greenhouse gases [1]. 

In Poland, about 235 kg of food is wasted per year per capita and our country is 
in the seventh position among other European countries in terms of food waste. Irra-
tional purchasing behavior of consumers often wastes food. Moreover, it is assumed 
that approximately 1.3 billion tons of food is wasted during deliveries. On the other 
hand, around 680 million people in the world suffer from hunger [2]. The irony, then, 
is the simultaneous growing amount of food wasted and the number of starving, 
malnourished people. It should be added that the outbreak of the Covid-19 pandemic 
had a negative impact on the increase in food prices, and the ongoing war in Ukraine 
will certainly further aggravate this problem in the near future. 

It is worth mentioning that in recent years there are more and more concepts and 
ideas that place particular emphasis on the care for the use of products as much 
as possible. One of such concepts is the concept of "zero waste" [3, 4]. It treats 
waste as a substrate to produce another product. The definition adopted by the Zero 
Waste International Alliance is: "Zero Waste is the protection of all resources by 
responsible production, consumption, reuse and recovery of all products, packaging 
and materials, without burning them, and without discharges to land, water or air 
that endanger the environment or human health". Whereas, functioning according to 
the idea of "zero waste" comes down to applying certain rules of the so-called 5R: 
refuse, reduce, reuse, recycle, and rot [5, 6]. 

The aim of the study is to present the problem of food waste on the food market 
and in households, as well as to show the consumer’s approach to food waste and 
how to counteract this problem. On the other hand, the main practical aim of the 
work is to present the results of research on the scope of consumer knowledge and 
behavior towards the problem of food waste. In order to achieve the assumed aim of 
the work, own research was carried out with the use of the proprietary questionnaire. 
The respondents represented various age groups, place of residence, and they were 
also diversified by gender. 

2 The Issue of Wasting Food 

In the currently dynamically developing market and the constant change of civiliza-
tion, satisfying physiological needs, such as eating food, remains unchanged. Over 
the past decades, eating habits have changed, but the need to consume food is still the 
same. For this reason, well-developed countries have begun to overproduce food on 
a large scale, due to excess food a significant part is spoiled. In poor countries, access 
to food is a problem, while in richer countries, wasting food is a problem [7]. After 
research in Europe, it turned out that about 179 kg of food are thrown away each 
year. According to Bilska et al. [8]: “in Poland about 235 kg per person is wasted per
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year. It is households that are responsible for the greatest food waste, producing 38 
million tons of food waste per year, which is 42% of losses in the entire food chain 
in the European Union - production 39%, food services - 14%, retail and wholesale
- 5%. Polish households waste 22.8% of food”. Poland was ranked seventh among 
other European countries in terms of the amount of food wasted. 

It is caused by inadequate management of food products and raw materials neces-
sary for their production. Producers often do not take into account the costs incurred, 
the consumption of natural resources or human work [9]. The blame is also partly on 
the part of consumers - they buy too much food that they are not able to consume by 
the expiry date and, as a consequence, throw it into the trash. In recent years, more 
and more people acknowledge that they experience this practice. Despite the increase 
in the ecological approach to purchasing choices, the trend of showing your wealth to 
others by buying excess food is not diminishing. If nothing changes, we can expect a 
rapid increase in waste, which has a very harmful impact on the environment, and the 
loss of natural resources. In short, this can be summarized as waste. The reasons for 
this include increased prosperity, easier access to food and a wide range of products 
[10]. 

Food losses and food waste are used interchangeably, but they actually refer to 
different aspects of the same problem. The first concept includes losses at the level 
of storage, processing and production, while the second includes trade along with 
distribution and consumption. Production losses of food in terms of the agricultural 
sector refer to the accidental reduction in the quantity and quality of food before 
consumption. These losses are mainly related to weather anomalies, plant diseases, 
the presence of pests, as well as a change in cultivation / harvesting techniques [11]. 

The second term refers to the deliberate disposal of food that is fit for human 
consumption. Global food demand continues to increase; as previously mentioned – 
it is estimated that about 680 million people do not have access to food and suffer 
from malnutrition. In addition, the problem is projected to increase significantly 
due to the Covid-19 pandemic, which is still ongoing. Overall, the first wave of the 
pandemic disrupted the four pillars of food security (availability, access, use and 
stability) [12]. The society, fearing the impending threat, began to accumulate food 
in large amounts, regardless of whether there would be enough for the rest of the 
people. In March 2021, in many countries, including Poland, the shortages of durable 
food products, such as groats, pasta, canned food, could be seen on store shelves. Due 
to the sudden increase in demand, warehouses and wholesalers were unable to keep 
up with the import of stocks. One of the disruptions resulting from the outbreak of 
the pandemic on the food market was the impeded movement of people and limited 
stay in public places. There has been an increase in interest in cheaper food, of lower 
quality due to the increase in unemployed people as a result of the pandemic, as well 
as an increase in the prices of commonly selected products. It is known, however, 
that it is impossible to completely reduce the amount of wasted food and the losses 
arising in its production [13, 14].
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3 Reasons for Food Waste 

The most common food losses occur during production or cultivation, transport, 
processing, distribution and consumption. About 1.3 billion tons of edible food are 
estimated to be lost or wasted in the supply chain [15]. 

There are many reasons for this ever-increasing problem. The main factor that 
relates to each stage is mismanagement or lack of planning. In highly industrialized 
countries, the highest percentage of food is wasted at the stage of distribution and 
consumption, while in developing countries, at the stage of production [16]. In the 
case of the first group, it can be concluded that this is due to the excess production 
and the lack of a rational approach to purchases on the part of consumers. On the 
other hand, in the second group, it is mainly the result of the lack of skillful plan-
ning, modern production techniques and warehouses ensuring appropriate storage 
conditions [17]. 

It is also worth paying attention to the food quality and visual appearance; more 
and more often on store shelves food items that deviate from the commonly accepted 
standards by consumers can be found. Most people choose those products that look 
fresh and undamaged, with a long-term shelf life [18]. Mostly distributors and ware-
housemen are responsible for this, as they do not maintain adequate security measures 
during transport and storage of food [19]. This is due to the lack of competences and 
knowledge about a given topic of employees in these positions. Another reason is the 
failure of devices responsible for maintaining appropriate conditions of the stored 
food. The non-observance of the expiry dates of food stored in warehouses is also 
an oversight on the part of warehouse staff. 

Markets and grocery stores lower the prices of these products in order to encourage 
the customer to buy, unfortunately a large part of them is wasted and thrown into the 
garbage [20]. Therefore, the causes of waste in the food industry should be analyzed. 
An inadequate marketing strategy, an incorrectly selected target group of recipients 
or inadequate inventory management affect the growth of unsold items. On the other 
hand, there are many organizations that accept food for recycling and give it to the 
poor and the poor. Some producers have no idea about the possibility of transferring 
products that are not suitable for sale to these organizations. This is one way in 
which it is possible to reduce the amount of food you throw away and also to reduce 
the number of people suffering from hunger. For example, in Poland, there is the 
Federation of Polish Food Banks that deals with helping the poor and homeless [21].
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4 Material and Method 

In order to assess the attitudes of consumers on the food market in terms of food waste, 
own research was carried out using the diagnostic survey method, which was carried 
out using a questionnaire distributed online. The main tool used for the study was 
a structured proprietary questionnaire. The questionnaire contained closed questions 
that were clearly developed so that they did not require additional comments, and 
the respondents were asked to indicate one correct answer from several available 
options, reflecting their attitudes and preferences. 

The own-authored questionnaire contained both substantive questions in the 
analyzed research area as well as metric questions, enabling the obtaining 
of socio-demographic characteristics of the respondents due to various grouping vari-
ables (respondent’s descriptive features, such as: gender, age, place of residence) – 
Table 1. 

It was assumed that the research sample would be a minimum of 250 units -
inhabitants of South-Eastern Poland - food consumers, which was successfully imple-
mented in this study. A purposeful non-random selection of the research sample was 
used - the criterion of purposeful selection was the fulfillment by the participants of 
the study of the criteria defining the categories of grouping variables included in the 
record. 

The Statistica, version 13.3 program was used to analyze the results of the research. 
The method of statistical analysis in the form of correspondence analysis was used,

Table 1 Socio-demographic profile of the population surveyed 

Socio-demographic profile Number of respondents Percentage share [%] 

Total 384 100.0 

Gender 

Female 194 50.5 

Male 190 49.5 

Age 

Under 18 years of age 168 43.8 

19–25 years old 70 18.2 

26–40 years old 56 14.6 

41–60 years old 58 15.1 

60 years and more 32 8.3 

Place of residence 

Rural area 112 29.2 

City to 100.000 residents 94 24.5 

100–300 residents 104 27.1 

City with more than 300.000 residents 74 19.3 

Source the authors’ own studies
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Table 2 Information resources’ factors 

Number 
of 
Dimensions 

Eigenvalues and Inertia, Total Inertia = 0.29579, 
χ2 = 56.793, df = 36, p = 0.01513 
Singular value Eigenvalues Percentage of 

Inertia 
Cumulative 
Percentage 

χ2 

1 0.361871 0.130950 44.27067 44.2707 25.14246 

2 0.315850 0.099761 33.72643 77.9971 19.15411 

3 0.228797 0.052348 17.69743 95.6945 10.05083 

4 0.112851 0.012735 4.30547 100.0000 2.44519 

Source the authors’ own studies 

which is presented in Table 2. The use of this analysis will help to meet the research 
goals set by the authors.

5 Results and Discussion 

Based on the information obtained from the respondents, in the initial phase of the 
research procedure, an analysis of correspondence between three groups of charac-
teristics was carried out, i.e. the frequency of wasting food (5 groups of answers), the 
age of the respondents (5 groups of answers) and gender (2 groups). Respondents 
were asked if they ever wasted food, and if so, how often. 

In order to present the configuration of points representing the input data, a two-
dimensional factor space was chosen. The first factor allows to reproduce 44.27% of 
input data variation (i.e. total inertia), and the second factor 33.73% (Table 2). 

The largest share in the creation of the two-dimensional factor space by the 
frequency of food wasted by the respondents had the answers that occasionally 
and never - I coordinate, and every day and 2–3 times a week- II coordinate. On the 
other hand, the greatest share in the creation of the two-dimensional factor space by 
age and gender was given by the answers given by women in the age group under 
18, 19–25, 26–40 and over 65 - the 1st dimension, and the answers given by men 
over 65 years, 41–65, and those under 18 and women in the age range 41–65 - 2nd 
dimension (Fig. 1).
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2D Plot of Row and Column Coordinates; Dimension: 1 x 2 
Input Table (Rows x Columns): 5 x 8 

Standardization: Canonical
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Fig. 1 The results of the correspondence analysis between the three groups of characteristics - the 
frequency of food waste, gender and age of the respondents. Source the authors’ own studies 

There are four distinct groups of respondents declaring specific answers in relation 
to food waste, these are the answers: 

– declaration regarding occasional food wastage, which is made mainly by men 
aged 41–65, and women in the age group under 18, 19–25 and 26–40 (group A); 

– declaration regarding the lack of food waste, which behavior is admitted mainly 
by women over 60 and men aged 26–40 (group B); 

– declaration regarding food waste with a frequency of 2–3 times a week, which 
is made mainly by young men under 18 (group C); 

– and the respondents’ declaration of wasting food once a week, which is mainly 
done by young women and young men, i.e. those aged 19–25 (group D). 

The greatest correlation occurs within the answers given in groups A and C, i.e. 
between the occasional wasting of food and 2–3 times a week (group C), here the 
relations in relation to the answers given by the respondents are quite strong. Due 
to the value of the indicator - i.e. the age and sex of the respondents, the two groups 
under consideration differ from the others (i.e. from groups B and D). The weakest 
link is in groups B and D, i.e. in groups where respondents admit that they never 
waste food (group B), and in the group where it happens once a week (group D). 

Referring to Figs. 1 and 2, on the basis of the results carried out, it can be seen 
that the successive dimensions (which are orthogonal to the others) explain smaller
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Fig. 2 Scree plot of eigenvalues. Source the authors’ own studies 

and smaller parts of the overall value of the chi-square statistic (i.e. inertia). Figure 2 
shows four eigenvalues, due to the four dimensions distinguished in the statistical 
program, but for further - more in-depth analyzes – only two were selected. The 
reason was that the first dimension can reproduce as much as 44.27% of total inertia, 
and the second dimension included increases the percentage of explained inertia to 
77.90% of total inertia. Therefore, based on this criterion, it is advisable to position 
the profiles in a two-dimensional space. 

After determining the number of dimensions, in the next step the coordinates of 
the column profiles were calculated in a new orthonormal coordinate system defined 
by singular vectors. In order to interpret the coordinates of the points representing 
the columns, the row-column standardization method was used, where the coordi-
nates are calculated from the matrix of column profiles. This standardization made 
it possible to obtain coordinates of points representing the respondents’ attitude in 
terms of place of residence and gender in relation to the knowledge of the “zero 
waste” concept by the respondents. Figure 3 shows a categorized histogram of these 
relationship.
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Fig. 3 Histogram categorized according to the knowledge of the concept of “zero waste”, gender 
and place of residence of the respondents. Where: F – female, M – male; RA – rural areas, C < 
100 – city with less than 100 th. residents, C100–300 – city with th. residents, C > 300 – city with 
more than 300 th. residents; Source the authors’ own studies 

6 Conclusion 

Although the overwhelming number of women are still responsible for shopping in 
their households, the number of men performing this function is also increasing. 
Older people over 65 more often prepare a list of necessary products before going to 
the store /market, this is the result of problems with memory, more free time, thanks 
to which they do not buy unnecessary products. Young people aged 19–25 have 
divided opinions, some make a list and the rest do not have time to do so. Reasons 
for making a shopping list may be limited funds, in the case of students, or having 
your own family to support. The other part, on the other hand, is at risk of making 
larger purchases with unnecessary food products. Adults, self-supporters, and their 
families usually write down a list of items they need before they go to the market. 

People living in the countryside occasionally throw their food into the trash, this 
is due to the fact that most of them have animals that eat food scraps. The number of 
people who practice throwing away food every day is satisfactorily low. The Covid-
19 pandemic has left its mark and respondents are trying to reduce the amount of 
both bought and discarded food. However, Poles are famous for their hospitality and
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tradition, hence, for various holidays, large amounts of food are bought several times 
a year, which, unfortunately, is often wasted. 

Fruit and vegetables as well as leftovers from meals most often end up in the 
basket, the first group is unstable and deteriorates due to inadequate or too long 
storage. The appropriate portions of meals should be prepared so that there is no 
need to throw them into the trash. It is worth paying attention to training in the 
matter of proper food storage, as not all products can be kept in the refrigerator. 
Excess food can be frozen. Buying in advance and using advertised promotions is 
not a good solution and results in the fact that food that is not consumed in time 
expires and ends up in the basket. 

The respondents more and more often read the labels on the packaging of selected 
products, thus making informed purchasing and food choices. The most frequently 
checked information is product composition and expiry date. Nowadays, more and 
more people suffer from various types of food allergies and other diseases for which 
they must exclude individual components. In addition, advertising campaigns on 
harmful additives and substances also have their merit in this. Checking the expiry 
date of a food item is a good habit which, in combination with rational shopping, 
helps to reduce wasted food. A large part of the respondents declared that they are 
willing to buy products with a short shelf life, of course, at an attractive, low price, 
which is the main determinant when making purchases. As a result of the Covid-19 
pandemic, society is trying to reduce the cost of living for the family, due to the 
constantly rising prices of food, energy, water, etc. 

The respondents said that another important factor when choosing a product is its 
quality. When comparing the price and quality of two items, the one that pays off is 
usually chosen. The ecology of products is the least popular among the respondents. 
But as you know, products that come from, for example, Germany do not have much 
in common with the meaning of the word, due to the increased and frequent treatment 
with pesticides and plant protection products. 

As experience grows, the number of people who say that they are doing nothing 
to prevent food waste is falling. This proves that at the stage of teaching they were 
made aware of this topic. 

According to the respondents, the methods most frequently used by them to coun-
teract food waste are to buy only the necessary products, segregate products with 
the use-by date and prepare a list of the products needed. If the respondents were 
honest in their answers, then in the future the problem of food waste should partially 
decrease. Another way mentioned by the respondents was to share the surplus of 
food with those in need, thanks to which the problem of hunger and wasted amount 
of food is eliminated. 

The vast majority of respondents do not know the term or the concept of “zero 
waste”, therefore the government should make the public aware of this issue and 
encourage the implementation of its principles. Young people encountered this 
concept through education and while using social media.
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Technical and Social – Economic Impact 
and Remedy of a Large-Scale 
Mechanized Plantation Farming 
on the Host Community 

Alex Folami Adisa, Peter Olugbenga Omotainse, Ayoola Abiola Babalola, 
Ayodele Gbenga Adisa, Omolola Mayowa Adeola, and Abidemi Toyosi Ajose 

Abstract Agricultural technology contributes to increase in farm productivity, addi-
tional rural employment with antecedent effect of reduction in labour and costs 
which eventually lower food prices, requires careful planning because it addresses 
multiple and conflicting objectives. Socio-economic impact on community residents 
can be positive or negative. This study examined technical and the socio-economic 
impacts over a four year take off period of a mechanized large scale sugarcane crop 
production making use of data obtained from 2015 to 2018 cropping seasons, Sunti, 
Nigeria. Adequate steps were taken to solve 12 major occurred disturbances by the 
host communities due to the company’s presence and operations by at the govern-
ment and company’s levels. The Presence of the Plantation has to some reasonable 
extent impacted positively on wellbeing and living standard of the communities 
in catchment areas by employing both skilled and unskilled labour, education, skill 
acquisition, infrastructure sectors and community crop farming, fishing activities and 
overall improves their economic life. All necessary measures were put in place for the 
future 17,000 ha irrigable farmland plantation activities not to put the communities 
in dangerous environmental condition by the sugarcane cultivation and 4,500 metric 
tons/day sugar processing factory operations with installation of equivalent wastew-
ater treatment plant. Values of available fleet of tractors and equipment power ratings, 
draft, capacity and implements selection for field cultivation operations for 2017 and 
2018 cropping seasons for 1,300 ha was determined and found adequate which took
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into consideration precaution of negative impact of soil cultivation operation and 
equipment trafficability. 

Keywords Agricultural · Socio · Economic effect · Plantation · Community 

1 Introduction 

Technical or agricultural technology can be defined as improved management prac-
tices relating to crops, livestock and fisheries, machinery/mechanization, infrastruc-
tural development, products of plant and animal breeding (biotechnology), intro-
duction of new crops external inputs (chemicals, bio-control products and vet-nary 
products) and local inputs (soil amendments, mulches, to mention few). Agricultural 
technology is better presented as a key aspect of an effective system [3]. South and 
East Asia experienced rapid growth in agricultural productivity as a result of adoption 
of new agricultural technologies which increases incomes and wages, lower food 
price and generate new livelihood opportunities by providing basis for economic 
diversification under rainfed and irrigated agricultural practices [7]. 

Impact of technological change require identification of the most effective plan-
ning procedures to reduce poverty, decide the degree or appropriate level of agri-
cultural investments and types of agricultural technology to be adopted with regard 
to available equipment, man power (both skilled and unskilled) and other relevant 
resources [3]. Technical or agricultural technology contributes to increase in farm 
productivity, additional rural employment with antecedent effect of reduction in 
labour and costs which eventually lower food prices. It requires careful planning 
because it addresses multiple and conflicting objectives [3]. 

There are potentials in proper agricultural investments on appropriate land to 
promote rural development and the expectation of such investments could be the 
engine of technical and economic development and food security for the host commu-
nity and the country at large [5]. Socio-economic impact on a community is the impact 
of a change on residents of a community. The two words social and economic are 
seen as being inherently linked nature of social and economic impacts [4]. This is 
to assess the social impacts or influence on employment generation for local and 
imported people, social and cultural issues relating to the livelihood of the commu-
nity and impacts on population, [4]. In a community where there are multiple types 
of land use, social and economic change may be occurring simultaneously, at times, 
it is usually difficult to identify what has really caused socio-economic change [4]. 
Due to various reported cases of disturbances at this project study location, there was 
need to examine the technical and the socio-economic impacts of mechanized large 
scale crop production and the remedy.
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2 Methodology 

This study was to examine the technical and the socio-economic impacts of the 
four-year period of mechanized large scale crop production with available data 
obtained for 2015 to 2017 while 2018 was ongoing cropping seasons. The study 
was supposed to be comprehensively done by analyzing trends in key agricultural 
industries; machinery and infrastructures put in place, employment and investment by 
the plantation sector; population living in rural areas and towns; socio-demographic 
characteristics of the population, including age structure, educational attainment, rate 
and type of employment and unemployment, number of new residents and household 
income; provision of key services including education, retail, government, health, 
community groups and rural land prices [4]. With data available, not all aforemen-
tioned factors and data analysis could be carried out hence this study was therefore 
carried out within the limited available information and data in the following sections. 

2.1 Project Study Location and the Host Community 

The sugarcane plantation, Sunti Golden Sugar Estates, a Flour Mill of Nigeria Plc 
subsidiary company is located in the tribal land of Nupe, northern bank of River 
Niger low land flood plain in Niger State, Nigeria. The host community social life 
was of a complete rural type, barely, no modern facilities/amenities before the takeoff 
of this plantation. The sugarcane plantation land acquired is about 15,000 ha out of 
which only 4,770 ha was found suitable for sugarcane cultivation due to the soil high 
water table located on the northern bank of a very big river, River Niger, Nigeria. 
The people are mainly peasant crop farmers and fisher men and women. There are 
plenty water ponds and channels covering a large portion of their land, hence fish 
farming and culturing is highly practiced by high percentage of the population, and 
they cultivate in small scale crops like rice, maize, melon, cassava and guinea corn. 

2.2 Company Organization of Sunti Golden Sugar Estates 

The Organogram of the Sunti Sugarcane Estate which is meant for sugarcane produc-
tion for sugar refinery is shown in Fig. 1 as of 2018 cropping season. This study was 
majorly concerned with sugarcane related cultivation operations.
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Fig. 1 Organogram of Sunti Golden Sugar Estate (Source Sunti Golden Sugar Estate personnel 
office, 20,180) 

2.3 Findings 

Disturbances of the Host Communities on the Company’s Presence and Operations 
from 2015 to 2017 Cropping Seasons 
Table 1 is summary of challenges and disturbances that occurred between the host 
communities and the company due to their presence and activities from 2015 to 2017. 

Identification of challenges and problems faced by the host communities because 
of the sugarcane plantation’s presence 
This study was based on attempt to answer the following questions as much as 
possible and the challenges faced by the company from their host communities: 

(i) What are the benefits of immediate community from the plantation? 
(ii) Are they able to supply the needed labor, both skilled and unskilled? 
(iii) Have the presence of the plantation improved the wellbeing, economic, social 

and infrastructural of the people? 
(iv) Direct and indirect benefits being derived from the organization like crop 

farming, fish farming activities, good road, electricity, portable water, standard 
of living, modern education, skill acquisition, access to good health facility. 

(v) What is the environmental impact on the irrigation and drainage farming activ-
ities, community road, air in the environment and drinking water like effect of 
application of chemical and fertilizer on stream water and atmosphere?
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Table 1 Sunti Golden Sugar Estate host communities’ disturbances on the company’s presence 
and operations from 2015 to 2017 

S/No Date Communities involved Grievances/causes

1 11/2/2015 All host communities except 
Batagi village were involved 

Issue of appointment of Human 
Resources/ Administrative 
Manager that is not an indigene of 
any of the host community made 
them to disturb the company’s 
activities 

2 24/6/2015 Kusogi Appointment of one Kusogi 
indigene as a Senior Supervisor 
instead of their preferred position of 
Agronomist which did not go down 
well with them, hence resulted in 
disturbing the company’s operation 

3 5/8/2015 Company was challenged of siting 
borrow pits inside villagers’ farms. 
The company was forced to stop 
work that day 

4 9/12/2015 Kukpanti Kukpanti community complained 
of being marginalized in company’s 
recruitment of seasonal and 
permanent staff 

5 19/12/2015 Kusogi Company was forced to close the 
trench dug (for security purpose) by 
the company security management 
at golf one because the community 
claimed it was not needed by them 

6 3/2/2016 Dzagun Community kicked against the 
construction of dyke 3 (meant to 
control flood) which resulted in 
closure of some of the community 
fishing ponds 

7 9/3/2016 Dzagun and Kusogi The two communities Kicked 
against the suspension (disciplined 
for committing offence) of six field 
seasonal casual staff who are their 
indigenes 

8 24/3/2016 Kusogi Non-compensation for Kpata Dogo 
water point which was a source of 
water supply to the company 
sugarcane field and that it was 
being situated outside acquired 
land by the company

(continued)
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Table 1 (continued)

S/No Date Communities involved Grievances/causes

9 4–5/4/2016 Kanzhi Community claimed that 
construction of dyke (flood control 
structure) was not needed and 
hence forced the company to stop 
work for two days 

10 11–12/4/2016 Kusogi Kicked against construction of 
haulage road (for sugarcane 
transportation) across Essan river 
which the community claimed was 
not needed because of its side 
effect on their fishing ponds around 
the area 

11 16/1/2017 Host communities lead by Kusogi 
village 

Vowed that Yoruba tribe staff 
should leave the company with 
emphases on Human Resources 
Manager and Sectional Manager. 
This resulted in destroying houses, 
offices and company staffs were 
beaten as well 

12 22/3/2017 Kusogi community with support of 
men from Luasfi village 

A man from Kusogi village was 
caught urinating at undesignated 
place at the factory premises 
(unhygienic behavior) and hence 
was apprehended and then 
reprimanded by the company 
Senior Security Officer. This 
triggered problem that resulted into 
death of three Kusogi people, eight 
company’s vehicles were burnt, 
151 ha of sugar cane field was set 
ablaze and four women were 
assaulted and rapped 

Source Information supplied from Sunti Golden Sugar Company Liaison Department’s record 

Determination of available tractors/equipment power ratings, draft, capacity and 
size selection for field operations of 1,300 ha sugarcane farm for 2017 and 2018 
cropping seasons 
A lot of factors are involved or considered when selecting farm machinery like 
field efficiency, soil condition, topography, crop factors, moisture content, machinery 
capacity, size of job to be done, time availability just to mention few. 

Effective field capacity is usually expressed on area basis calculated by Eqs. (1) 
and (2) while Eqs. (3) and (4) were used to calculate material capacity [6, 8]: 

(1)
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Ca = A 

ZaT 
(2) 

where: A – area under operation 
Za – available working days 
T – available working hours per day, h/day 

Capacity expressed on material basis using Eqs. 3 and 4: 

(3) 

Cm = CaY (4) 

where: Ca – field capacity on area basis, ha/h 
Cm– field capacity on material basis, t/h 
v – machine travel speed, km/h 
Y – crop yield, t/ha 
w – machine working width, 

– effective field efficiency, decimal from [6] (Table 15.1). 

Required Machinery Width Calculation 
Implement working width required was calculated from Eqs. (1), (2) and (3), [8]. 

Number of implements required calculation by using Eq. (5) [8]: 

N = W 

w 
(5) 

where: N – number of implements required 
w – maximum available working width, m 
W - total width required to do work within time available, m 

Draft and Power Requirements 
It is essential to determine adequate tractor or engine draft and power to meet the 
implement and machinery requirements for agricultural operations. 

Draft requirement calculation by using Eq. (6) [6]: 

D = Fi 
( 
A + Bv + Cv2

) 
wd (6) 

where: D – implement draft, kN, (Table 15.2 in [6]) are average. 
Fi – dimensionless texture adjustment factor, (Table 15.2 in [6]). 
i – 1 for fine, 2 for medium, or 3 for coarse textured soils. 
A, B, and C – implement –specific constants (from Table 15.2 in [6]). 
d – tillage depth, cm (use 1.0 for minor tillage tools and seeders).
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v – travel speed, km/h (from Table 15.1 in [6]) 

Drawbar power calculation by using Eq. (7) [6]: 

Pdb  = Dv 
3.6 

(7) 

where: Pdb – drawbar power, kw 

Power Take Off (PTO) Power Determination: This was estimated from [6] 
(Fig. 15.1). That is power relationships for agricultural tractors from [6] (Fig. 15.1) 
for 4WD, tractive condition for firm soil = 0.78 and for tilled soil = 0.75. And for 
self-propelled machines that has rotary power. Power – takeoff, PTO power required 
to power the implement from PTO shaft of the tractor or engine. PTO power require-
ments can typically be determined by using rotary power requirement parameters 
available from a number of sources. Implement power take-off power was calculated 
as [2] and [1] using  Eq. (8): 

Ppto  = a + bw + cCm (8) 

where: Ppto – power-takeoff rotary power required by the implement, kw 
w – implement working width, m 
Cm – material feed rate on wet basis, t/h 
a, b, c – machine specific constants (from Table 15.3 in [6]) 

For some machines, drawbar power requirement must be added to the rotary power 
requirement to obtain the total power requirement. Example is potato harvester – 
Table 15.3 in [6]. 

Hydraulic Power Required: Fluid power required by the implement from hydraulic 
system of tractor was calculated as follows using Eq. (9), [1]: 

Phyd  = ρ F 
1000 

(9) 

where: Phyd – hydraulic power required by the implement, kw 
F – fluid flow, L/s  
ρ – fluid pressure, kpa 

Electric Power Required: Electric power required to operate components of 
implement was calculated using Eq. (10) as follows, [1]: 

Pel  = I E  

1000 
(10) 

where: Pel – electric power required by the implement, kw.
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I – electric current, A 
E- -electric potential, V 

NOTE: The total engine power should be more than the total power to accelerate, 
overcome changes in topography and crop conditions apart from hydraulic control 
and electrical unit powering. About 20% may be required for power reserve. 

3 Results and Discussion 

3.1 Steps Taken to Solve Disturbances of the Host 
Communities from 2015 to 2017 on the Company’s 
Presence and Operations 

Sunti Golden Sugar plantation is covering three zones namely Kade, Sunflag and 
Kusopa zones. Niger State Government, Nigeria constituted two committees, one 
at state level comprising six members coordinating committee. Other is three sub 
committees for the three zones each comprising nine members for Kade, Sunflag and 
Kusopa zones. They have been committed with assignment of monitoring and medi-
ating between the company and the communities for mutual and cordial coexistence 
for the plantation farming of 15,000 ha. Main while, armed security personnel are also 
stationed in strategic locations and infrastructural installations till the aggrieved host 
community members are pacified with the company’s efforts to solve the causes of the 
grievances. Direct and indirect immediate community benefits from the plantation 
are discussed under the following sub-headings: 

Efforts made to solve challenges and problems faced by the host communities 
because of the sugarcane plantation’s presence 
Some measures that company put in place to solve most of the raised questions and 
the challenges faced by the company from their host communities as highlighted in 
Table 1 are: 

(i) Sinking bore holes for supplying drinking water for all the communities with 
a typical type shown in Fig. 2. 

(ii) Schools’ rehabilitation as shown in Figs. 3, 4 and 5 shows company continuous 
contribution for all the host communities to be benefited. 

(iii) Training and employing men and women on operation of modern agricultural 
equipment. Figure 6 is showing one of the trained female operators on her 
tractor out of five females that were trained along with their several male 
counterparts. This also is a continuous exercise done periodically. 

Figure 4 is showing a rehabilitated school building but the pulpies here does not 
have school uniforms because the parents could not afford it and the whole school 
was just having one teacher for all age group, awaiting the assistance of the company 
to help recruit more teachers and provide school uniforms.
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Fig. 2 Typical bore hole water supply facilities for one of the communities 

Fig. 3 A classroom building to be rehabilitated by the company in one of the communities 

Availability of Unskilled Labour Within Plantation Catchment Area 
Plantation coverage as of the time of this study was Kade axis community, comprising 
five villages namely Kusoji, Sunti, Dzagun, Kanzhi and Batagi with estimated popu-
lation of 20,000 people. The community and other suburb communities were able 
to supply more than enough unskilled labour requirement for the plantation opera-
tions. During 2018 cropping season, 300 female labourers were employed to replace 
male counterparts for sugar cane manual planting and were found to be meticulously 
performing better. Five female were trained this cropping season as tractor opera-
tors, but only two of them decided to stay behind to do the work while 3 have gone 
to get married. Up to 500 male labourers were employed as fixed time workers or 
casual labourers who were involved in weeding, chemical application with knapsack
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Fig. 4 A finished class room building rehabilitated by the company in one of the communities 

Fig. 5 A rehabilitated classroom equipped with furniture, with a teacher and pupils here ware 
school uniform that was provided by the company and employed additional teachers 

sprayers, manual fertilizer application, security guards, tractor operator mates, Estate 
cleaners to mention few. 

Availability of Skilled Labour Within Plantation Catchment Area 
Few skilled labour were available because larger number of the community members 
are not educated and have no required skilled in plantation operations. From the 
community, available few skilled labours were engaged as tractor operators, workers
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Fig. 6 A trained lady tractor operator with her tractor brought to workshop for repair among five 
uneducated ladies that was trained as tractor operators from the host communities 

in accounting unit, stores, data capturing, pump operators, factory workers, elec-
tricians, plumbers, boiler house operators, estate maintenance, medical personnel, 
some field sectional heads, field area managers, supervisors in workshop, factory 
maintenance unit, engineering department and few senior staff members. 

Plantation Impact on Wellbeing and Living Standard of the Community 
Community livelihoods were improved through wages earned to assist spinster to 
fulfill some marriage expenses, educational pursuit, modern facilities acquisition 
like television, radio, motorcycle to mention few. Improve housing infrastructure 
conditions and better living standard within the last four years of the plantation take 
off. As part of encouragement, some contracts within the indigenes financial and 
technical know- how capacities were awarded to them just to be part of infrastructural 
development within their community. Recently, 15 village heads benefited in contract 
award of construction of culverts and some classroom blocks under the supervision of 
competent company staff. Arrangement was on to construct health center for Kanzhi 
community. 

Educational Sector 
Education was an important aspect of community need. Hence schooling activities 
for the young ones was being attended to. The management especially the company 
Chairman was paying special attention to educational sector of the communities.
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Sunti Golden Sugar Educational Trust Fund was already in place which was been 
chaired by the wife of the General Manager. Todate, three community schools have 
benefited with some blocks of classroom construction and rehabilitation with furni-
ture under this program, viz: Batagi, Sunti and Dazgun villages. Also, at Sunti village, 
company provided children with uniforms, textbooks and employed additional paid 
class teachers. A Sunti village indigene was sponsored for his Higher National 
Diploma (HND) program in Agricultural Science in a College of Agriculture who 
after his National Youth Service Corps (N.Y.S.C.) service year was supposed to work 
in the company for five years as part of the condition for being sponsored. 

Infrastructures 
Five communities so far have benefited from bore holes with overhead tanks with 
piping and all powered by functional generators at Kusogi, Sunti, Batagi, Kukpanti 
and Kpatcheta. The communities took part in the project execution. Road network 
leading from trunk A road to Estate from Mokwa (33 km) and Kudu to Jaagi (20 km) 
are being maintained by the company. In the previous year, the host State, Niger State 
Government intervened on the two roads maintenance. The Estate Road network 
within the Estate is being maintained by the company. Electricity supply from 
National grid’s work was already on the pipeline by the company’s management 
to link the host communities for better and steady electricity power supply. 

Impact on Community Farming and Fishing Activities 
Larger percentage of the land being used before for communities’ farmland and 
fishponds are now taken over by the sugarcane plantation. In place of these, the 
followings are the measures in the pipeline to alleviate their suffering: 

(i) Out grower scheme was being put in place for the host communities and this 
will be implemented on currently earmarked 141 ha within the plantation as 
pilot scheme for the immediate five communities that are affected. 

(ii) Aquaculture scheme for fishponds also were in pipeline to be established for the 
host five communities. A fishing consultant firm from Malawi has been commis-
sioned to design a sustainable model for these communities. The arrangement 
was at 70% completion as of the time of this study in 2018. The two schemes 
will be on cooperative farmers and fishers’ level based on the experience and 
17 of the communities’ members gained through their visit to similar schemes 
at Malawi previous year which was sponsored by the company. 

3.2 Environmental Condition of the Location for Sugarcane 
Cultivation and Processing 

A modern factory to process one million metric tons/year of sugarcane from 17,000 ha 
irrigable farmland into average 100,000 metric tons/year sugar was installed with 
equivalent wastewater treatment plant. There was need to determine how favorable 
and suitable to agricultural mechanization investment, the sugar cane production 
technology at this location of the followings:
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(i) Soil condition- suitability of soil profile 

– soil type generally is sandy loose loam with low water retention ability. 
– soil depth generally ranged from 300 to 400 mm. 
– water table is generally high, actual value not made available. 
– land topography/terrain for mechanized/irrigated farming opera tion is 

generally flat. 
– the size of available land area that is suitable for cane cultivation presently 

is 4,770 ha while 930 ha total lakes surface area out of 17,000 ha available 
land. 

– the farm is located on the flood plain of a big river, River Niger, there is enough 
water for irrigation in the dry season but very great drainage problem in the 
rainy season which required construction of six drainage pumping station 
(DPS) along 35 km dike presently. 

(ii) Weather condition –annual rainfall and period of the year at the farm location:
-

– average rainfall intensity duration during land preparation & cane planting 
if done before April was found to be alright. 

– soil water table and impact on cane crop grown is that 9,300 ha of the land 
has too high-water table which was not good for present cane varieties under 
cultivation with root depth between 500 to 1500 mm soil depth. 

– agro-ecological condition of the environment is good for crops varieties that 
can tolerate high water table. 

The presence of the company has made the road better maintained. Fertilizer 
and chemical applications were manually, and knapsack applied respectively, hence 
so far, it was not polluting the environment. Also from sugar processing factory, 
Fig. 7, wastewater from the factory was being treated, Fig. 8, hence not affecting 
stream water. In future when the company’s operation will be fully mechanized, 
safety precautions/measures to control environmental and air pollution must be put 
in place. 

3.3 Determined Tractor/Equipment Power Ratings, Draft 
and Capacity for Field Operations of 1,300 ha Sunti 
Farm for 2018 Cropping Season 

Table 2 shows the values of the available fleet of tractors and equipment power 
ratings, draft, drawbar power, power take off (PTO) for both firm and tilled soils, 
hydraulic, electrical power, and unit numbers of equipment in the plantation were 
determined. Also, Table 3 shows the values of available fleet of implements power 
required range, implement size/working width and depth, required draft, drawbar 
and PTO and machinery capacity. Tables 2 and 3 adequately provides information
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Fig. 7 A modern 4,500 metric tons/day sugarcane processing factory capacity at Sunti plantation, 
Sunti, Nigeria 

Fig. 8 One million metric tons/year sugarcane processing industrial wastewater treatment plant, 
Sunti, Nigeria

for both power ratings, equipment size and capacity selection within the available 
fleet in the sugarcane plantation for field operation expansion from current 1,300 ha 
to the 4,770 ha available suitable land for sugarcane cultivation. This was done 
to take proper precautions against impact of soil cultivation/tillage operation and 
equipment trafficability resulting in soil texture and structure destruction. The avail-
able equipment was found to be adequately sufficient for the 1,300 has sugarcane 
cultivation. 
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4 Conclusion 

The study carried out was to examine the technical and the socio-economic impacts 
of the change over a four-year period this mechanized large scale crop production 
took off making use of available data obtained for 2015 to 2017 cropping seasons. 
This study was able to discover negative and positive technical and socio-economic 
impacts, which was reasonably addressed. Adequate steps were taken to solve distur-
bances of the host communities because of negative impacts of the company’s pres-
ence and operations by putting in place peace committees at both government and 
company’s levels. In term of employment, efforts were made to solve challenges 
and problems faced by the host communities by employing as much as possible 
both skilled and unskilled labour within plantation catchment area. The presence of 
the plantation has to some reasonable extent impacted positively on wellbeing and 
living standard of the communities in areas of education, skill acquisition, infras-
tructure sectors and Community farming and fishing activities and overall improves 
their economic life. All necessary measures are being put in place for the planta-
tion activities not to put the communities in dangerous environmental condition by 
the sugarcane cultivation operation and sugar refinery. Further efforts were taken to 
determine values of available tractor and equipment power ratings, draft, and capacity 
for field operations of 1,300 ha Sunti farm for 2018 cropping season. Also imple-
ments power ratings, equipment size and capacity selection of the available fleet in 
the sugarcane plantation for field operation of 1,300 ha cultivation was determined 
and found adequately sufficient for the sugarcane cultivation which took into consid-
eration precaution of negative impact of soil cultivation operation and equipment 
trafficability. 
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Assessment of Potential Territorial 
Suitability for the Sustainable Production 
of the “Acquaviva Red Onion” (Allium 
Cepa L.): A Study Using Overlapping 
Approach 

Giuseppe Ruggiero, Marco Parlavecchia, Francesco Santoro, 
and Simone Pascuzzi 

Abstract The onion (Allium cepa L.) is one of the most important horticultural 
crops worldwide; it is widely appreciated by consumers for its nutraceutical effects. 
In the extreme South of the Murgia area (Apulia, Italy), the Acquaviva red onion has 
been cultivated for a very long time, as an excellence of this territory. The production 
of this product typically extends across a rather limited and substantially confined 
area within the municipality of Acquaviva delle Fonti. Therefore, this circumscribed 
oasis of production demands territorial planning policies aimed at valorizing its 
sustainable production by safeguarding the soils most suited to this typicality of 
production, whose erosion would result in the disappearance of a product with high 
territorial value. In order to assess the potential territorial suitability for the Acquaviva 
red onion, data on climate (average temperature and precipitation), soil (texture, pH, 
electrical conductivity and organic matter content), topography (altitude and slope) 
and land use were found for each district, through preliminary surveys, and using the 
Informative Territorial System (SIT Puglia) database. Territorial suitability ranges 
were established, based on the onion cultivation needs and the indications of the 
Designation of Municipal Origin (DE.C.O) production specification and the Slow 
Food production specification for Acquaviva red onion. Using the GIS software 
Arcmap Arcgis 10.5, all information layers were overlapped, obtaining the maps 
of suitability for each feature. Finally, from the overlap of these, it was possible to 
obtain an overall map of the areas with a greater territorial suitability. The results 
obtained suggest that accurate territorial planning can be integrated with the contents 
of a regional development program that is attentive to the valorisation of this typical 
local product. Beyond the purposes described above, this method could be extended 
to conterminous territorial areas to verify the possible expansion of the optimal 
production area.
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1 Introduction 

Worldwide, the onion (Allium Cepa L.) is the second horticultural crop in terms of 
production and it is widely appreciated for its nutraceutical benefits [1]. Addition-
ally, in Italy, the onion is one of the most important vegetables and it is widespread 
throughout the national territory with a great number of varieties strongly connected 
to specific production areas. In fact, every Italian region has numerous typical 
productions of onion not always recognized by quality certifications. In Apulia there 
are different varieties distributed in different production areas, such as Barletta’s 
Precocissima White Onion, Margherita di Savoia White, August’s Bianca grossa or 
Agostegna, Rossa and Brown Flat Barletta, and Zapponeta Onion. In particular, in the 
extreme south of the Murgia area, the Acquaviva Red Onion, cultivated since time 
immemorial, excels. This local product is known for its organoleptic and healthy 
qualities and is typically spread in a production area rather limited and exclusively 
confined to the municipality of Acquaviva delle Fonti, in the province of Bari [2]. It 
is therefore an oasis of production, which imposes territorial planning policies aimed 
at safeguarding the soils most suited to the typicality of production, the erosion of 
which would result in the disappearance of a product with a high territorial value. 
This risk may be averted by protective and rational choice initiatives concerning alter-
native land uses. Proper spatial planning can, inter alia, be integrated into the content 
of a regional development programme that focuses on the valorisation of typical 
local products. Ultimately, in light of the established symbiotic relation between the 
produce and its surrounding territory, such endeavors would allow for the implemen-
tation of more sustainable production methods. Sometimes, territorial vocation has 
been studied only with respect to some factors, such as climate characteristics [3]. 
Recently, the cartographic overlay using GIS based software, allowed to carry out 
several territorial studies [4–8]. In addition to this, different GIS approaches have 
been useful to define the territorial vocation for crops, regarding various territorial 
features, such as soil quality features, climatic characteristics, land topography, and 
land use [9–11]. This work, therefore, aims at exploring and establishing the produc-
tive vocation of the municipal territory of Acquaviva delle Fonti for the red onion 
produce, identifying areas with different production potential both in terms of quality 
and in relation to quantitative aspects. Territorial productive vocation consists in the 
predisposition of a specific territory to host successfully a crop. Vocation, therefore, 
indicates the efficiency of the symbiotic relationship between a specific crop and 
the territory that hosts it. The creation of a vocational map aims to differentiate the 
productive territorial potential by identifying both the areas that allow the optimal 
development of the crop and those in which such vocations are scarce or even null.
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2 Materials and Methods 

In order to acquire the essential data to characterize the productive peculiarity of 
the Acquaviva Red Onion, the state of the art was studied through the study of 
technical-scientific sources, merchandise sources and cartographic sources. In partic-
ular, the technical-scientific bibliography concerning the agronomic characteristics 
of the onion was consulted. Among the different scientific texts and works exam-
ined are: “A come Agronomia” [12], “Manuale di Corretta Prassi per la produzione 
integrata della cipolla” [13] and “Metodi di Valutazione dei suoli e delle terre” [14]. 
With reference to product sources, the Production Disciplinary of the Acquaviva 
Red Onion elaborated by the “Consortium for the protection and valorization of 
the Acquaviva Red Onion” [15], and the Acquaviva Red Onion Integrated Produc-
tion Disciplinary drawn up by the “Consortium for the promotion, protection and 
enhancement of the typical qualities of Apulia” [16] have been analysed. These refer-
ences have been compared with similar elaborations related to other local productions 
such as the onion of Tropea (Production Specification Onion of Tropea), and that of 
Margherita di Savoia (Production Specification for Margherita di Savoia onion PGI). 

The cartographic elaborations have required the acquisition of a chart able to 
represent the toponymy and agronomic inter-communal subdivision in order to more 
effectively correlate the analyses and the results to the same territory. The chart was 
built starting from the framework of cadastral union to which the subdivision of terri-
torial districts (contrade) was superimposed (Fig. 1). This choice is justified by the 
possibility of correlating analyses and subsequent vocational attributions to territo-
rial units (districts) easily identifiable by place names and agronomic characteristics. 
In fact, the districts allow easy-to-interpret correlations between the geography of 
the territory and its production variability. For the analysis of the territorial charac-
teristics deemed essential for the study, official cartographic sources have also been 
used, such as the site of the Territorial Information System (SIT Puglia). The carto-
graphic elaborations have been conducted in GIS environment through the use of the 
software Arcgis Arcmap 10.5. 

The study has been articulated in several phases, synthetically represented in 
Fig. 2. Analysis of the sources above-mentioned allows to identify the indices quali-
fying the production performance of the Cipolla Rossa di Acquaviva in the area under 
analysis and the corresponding quality classes. Figure 3 indicates three classes of 
production capacity (i.e., high, medium, low) defined through value ranges attributed 
to various production indices, further grouped into the commercial, organoleptic, and 
field performance category. 

Additionally, territorial factors that influence the production capacity of the 
onion in the same territory were identified and subsequently reported on the carto-
graphic base (see Fig. 1). The spatial reference framework featuring such factors 
was developed by, firstly, adopting the altimetry map and the land use map from SIT 
Puglia. 

Secondly, additional qualifying factors consisting in soil maps (texture, pH, elec-
trical conductivity and soil organic matter) and maps of average temperatures and
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Fig. 1 Chart of Acquaviva delle Fonti with the territorial districts subdivision (contrade)

precipitation were developed through analyzing data from soil analysis and the Civil 
Protection Service of the Apulia Region respectively. Such thematic maps were then 
subsumed under the three classes of productive vocation: high, medium and low 
(Table 1), ultimately producing the maps of territorial vocation. In other words, from 
the maps it is possible to read, for each territorial factor considered qualifying, the 
level of territorial productive vocation of each district for the cultivation of the red 
onion of Acquaviva delle Fonti. Furthermore, the areas with different vocations are 
represented by different colors: in green are reported the districts particularly suited 
for the cultivation of onion, in yellow the medium-suited areas and in red the areas 
not suitable for the cultivation of the product. Finally, the cartographic overlay of
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Fig. 2 Study phases scheme 

the thematic maps so produced has allowed to obtain a synthesis of the productive 
vocation of the onion of Acquaviva across the territory (Fig. 4).

The identification of production indices and territorial qualifying factors carried 
out according to the cultivation needs found in the literature and the indications of 
the production specification of the onion of Acquaviva and the specification Slow 
Food, has made it possible to differentiate the territorial quantitative–qualitative 
profile of the onion in the Acquaviva delle Fonti countryside by identifying three 
ranges of territorial vocationality as per Table 1. With regard to the selection of the 
territorial qualifying factors, those considered most significant for the determina-
tion of the quantitative–qualitative aspects of the product were identified, and listed 
below: average temperature and precipitation (climatic factors); texture, pH, elec-
trical conductivity, soil organic matter (pedological factors); altimetry (topographical 
factors); land use. 

In relation to climatic factors, the annual average values of temperatures and rain-
fall have been taken into account. The lack of official thermo-pluviometric stations 
within the area under study, led to the use of other databases, namely those provided 
by the Civil Protection Service of the Apulia Region and the website www.climate-
data.org. Both provide data for the entire municipal area without any internal differ-
entiation. The climate data were thus processed through a comparison between the 
two sources used, referring to the period corresponding to the crop cycle of the onion 
(December to June). In the knowledge that pedological factors are decisive for the 
productive results of quality, it was considered necessary to evaluate the variability 
of the nature of the soil within the municipality. In the absence of official sources, a 
survey has been conducted to take the results of physical–chemical analysis of the

http://www.climate-data.org
http://www.climate-data.org
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Fig. 3 Classes of production capacity defined through value ranges attributed to various production 
indices

land carried out during the two-year period 2019–2020 by local laboratories commis-
sioned by farms. The collection of analysis certifications was carried out in order to 
cover the entire territory as well as the individual districts, with a significant number 
of analytical results. The characteristics taken into consideration concern the soil 
texture and structure, the total organic matter content and the depth of the soil depth. 
Among the various factors that determine the topography of a territory, altimetry is 
undoubtedly the characteristic that influences the productive performance of crops 
because it helps to determine climatic conditions with particular reference to temper-
ature. In order to design the map of the productive vocation of the onion connected 
to the altimetries, the relative excerpts of information from the SIT Puglia have been
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Table 1 Territorial features ranges of vocationality 

Territorial features High vocationality Medium vocationality Low vocationality 

Climatic features

- average temperature (°C) 15–25 10–14 <10/>25

- precipitations (mm/year) 400–700 700–800 <400/>800 

Pedological features

- texture Loamy 
Sandy loam 

Clay loam 
Clay sandy loam 
Clay silty loam 

Others

- pH 6,5–7,4 7,5–8,5 <6,5/>8,5

- ECe  (mS/cm) <1,2 1,2–1,8 >1,8

- SO (%) >1,0 0,5–1,0 <0,5 

Topographical features

- altitude (mamsl) <300 300–400 >400 

Land use features

- consociation >3 2–3 <2 

acquired, subdividing, with appropriate elaborations, the territory in three altimetric 
bands. The use of soil was considered a useful indicator in assessing the productive 
potential of the red onion of Acquaviva through the agronomic productive correla-
tions between the prevailing crops and the cultivation of onion in a given area. Also, 
for this character the cartographic source of the informative system of the SIT Puglia 
has been used.

3 Results and Discussion 

The production of the map of the districts, used as a base map for the analyses and 
territorial elaborations carried out, is the first result of this study. It is a map that 
includes about 13,000 ha of municipal territory, divided into districts on a cadastral 
basis (framework of union). It displays location of districts with the corresponding 
sheets of map and extension (ha). From the cartographic elaboration (overlapping of 
the contradas to the sheets of map) they have been perimeter 79 contrade (Fig. 1). The 
territorial significance of the districts, already expressed above (method) is confirmed 
by the mean surface area of 163 ha per unit. 

As reported by Grassano et al. (2011) the territory evaluation for a special produc-
tion is determined by investigating the agents related to soil properties, climate, 
topography factors and by local expert opinions [17]. The map of territorial voca-
tionality related to the average temperature in reference to the cultivation cycle of 
the onion highlights only two bands of the three possible ranges, and these are the
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Fig. 4 Territorial vocationality synthesis map 

high and medium level. With reference to the thematic map related to average rain-
fall, defined in relation to the production period of the onion, homogeneity was 
found, as the whole territory is characterized by the only class with high vocation-
ality (400–700 mm/year). It is, therefore, a map that, in the inter-map overlapping 
process (Fig. 4), will not have an impact on the territorial differentiation of productive 
vocationality. 

The thematic maps relating to pedological aspects (texture, pH, electrical conduc-
tivity and soil organic matter) show greater territorial differentiation [18]. As for 
the soil texture, 25 districts (32% of the municipal territory) fall into the high-
vocationality range, 52 districts (66% of the municipal territory) in medium vocation-
ality and only 2 districts (Cimaglia and Marchesana) have a low vocationality. The
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latter are located at the extreme south of the countryside of Acquaviva delle Fonti, 
while those falling in the middle belt occupy the central north–south axis of the 
municipal territory. In the map of territorial vocationality linked to pH it is possible 
instead to identify the East–West transversal bands with different vocations. Alto-
gether 43 districts (54% of the territorial surface) show a high vocationality, while 
the remaining districts have an medium vocationality (35 districts); the exception is 
the district Cessa where there was a low territorial vocationality. The thematic chart 
of electrical conductivity, shows a lower variability in vocations, as 75% of the terri-
tory presents itself to medium vocationality. The other two classes are present with 
different percentages (16% of the territory to high vocationality and 9% to low), spec-
ifying that the areas to high vocationality are concentrated in the south-east portion 
of the communal territory. With reference to the content of soil organic matter, the 
territory of Acquaviva delle Fonti shows good levels that define only two categories 
of vocationality: high vocationality (content of organic matter > 1.0%) affecting 45 
districts (57% of the communal territory) and medium that defines 34 districts (43% 
of the territorial surface). The analysis of altimetry has made it possible to draw up a 
thematic chart of vocationality that divides the territory into three transversal bands. 
The territory to the north is defined by a high vocationality (55% of the communal 
territory); the central portion is defined by an medium value of vocationality and 
interests approximately 33% of the territory; finally, the third band that constitutes 
the less extended portion is relegated to the extreme south. Finally, considering the 
territorial thematic map related to land use, it has been shown that a large part of 
the territory has medium values of vocationality (68% of agro-municipal) and is 
associated mainly with tree crops. While high vocationality has been recorded in the 
districts where differentiated agronomic uses prevail, low vocationality was found 
in areas presenting a narrowed range of cultivations, such as olive groves and arable 
land. The synthesis map (Fig. 4) demonstrates that a large part of the territory (95%) 
shows a vocation for the production of red onion between medium and high values. 
More specifically, the northern portion of the agro (50% of the land area) has a high 
productive vocation. All the results obtained are not comparable to previous studies, 
because in literature there are not similar analysis about the study area and the red 
onion crop. 

4 Conclusions 

This study confirmed the vocationality of the territory of Acquaviva delle Fonti 
for the production of red onion, verifying a diversification of the same within the 
municipal territory. The zoning obtained showed that the productive potential of the 
red onion is still poorly exploited because only a small part of the territory manifesting 
high productive vocation, is in fact used. Notably, the degree of under-utilization 
increases particularly in areas with medium vocations. These considerations call 
for territorial development policies aimed at enhancing the product by increasing 
the areas involved. It also seems essential to launch agronomic programming of
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farm production in order to make the best use of the ability to adapt the onion and 
its versatility to be used as an intermediate crop while overcoming the limitations 
linked to the necessary crop rotation. Finally, the authors recognize that the method 
developed can be used, through appropriate corrections, to evaluate the productive 
vocationality of other territories in relation to agricultural products similar to the Red 
Onion of Acquaviva delle Fonti. 
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Abstract The growing awareness of the population in various areas and aspects of 
life means that we pay more and more attention to what we put on our plates. There-
fore, food without preservatives is gaining popularity, because products that contain 
harmful substances adversely affect our health. Products with labels confirming that 
they are ecological are appearing more and more often in stationary and online stores. 
There are also special zones with such products. It should be added that the access 
to ecological products is increasing every year, which consequently increases the 
possibility of choosing the best products. 

The aim of the research was to analyze consumer practices and behaviors in the 
field of buying food in relation to the issue of sustainable development, especially 
preferences regarding organic products, as well as to analyze changes in consumer 
behavior over the last 5 years. The main reason for taking up this topic was the 
observed increase in interest among modern buyers in buying organic products, as 
well as checking whether an upward trend can also be observed when it comes to 
consumer awareness in this topic. 

This work is theoretical and empirical in nature. For the purposes of this study, 
a questionnaire survey was conducted. The respondents answered questions about 
changes in the food market in terms of environmental protection. 
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1 Introduction 

Food is one of the most important areas of consumption responsible for the largest 
share of the environmental impact. According to Reisch et al. [1] food production 
and consumption are associated with several important environmental impacts, such 
as greenhouse gas emissions, water pollution and biodiversity loss, which will be 
exacerbated in the future by a growing world population. 

All over the world a growing demand for organic food products can now be 
noticed. This may result, on the one hand, from the perception of organic food by 
consumers as being safer, nutritious and trustworthy than traditional food [2–4], and 
on the other, from the fact, that eating organic food can be a way to maintain health 
and fight the progressive harmful effects of pesticides and chemical components, 
characteristic for the modern economy, mainly based on industry [5, 6]. 

The organic food market is constantly changing due to the growing popularity of 
organic products. The European organic food market is diverse and has a high sales 
rate. The most dynamic development of ecological products can be observed on the 
German and Swiss markets as well as in the Scandinavian countries. Whereas, the 
Polish market of organic products is still at a lower level than the above-mentioned 
countries, although an increase in the popularity of organic products can already be 
observed here, which also implies an increasing selection of this type of food product 
range. 

Organic food is available in various places and points of sale, as it can be purchased 
from local farmers, at marketplaces, in specially specialized stores and in large-format 
stores. However, the largest selection of organic products can be found in specialized 
stores, as they are focused only on this type of product. In addition, online platforms 
are being created, where the choice of organic food is also often very large. 

The increase in the competitive advantage of organic food over conventional food 
is thus influenced not only by the increase in environmental awareness of consumers 
and attention to the quality and composition of products, but also by the increased 
availability, attractiveness and diversity of this type of product. 

Hence, the aim of this article and the research conducted was to analyze consumer 
practices and behaviors in the field of buying food in relation to the issue of sustainable 
development, especially preferences regarding organic products, as well as to analyze 
changes in consumer behavior over the last 5 years. 

2 Organic Farming and Organic Food 

Organic food is also often referred to as "eco" and "bio". According to Tanase et al. 
[7] there is no one universal definition of this concept, moreover, it happens that 
consumers interpret it completely differently than researchers; because consumers 
do not need regulations, so they often consider ecological products as those products 
that are environmentally and health-friendly, and not only those that are certified
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and labeled in accordance with applicable regulations. It should be added that the 
concept of an organic product is also multifaceted for the scientific community itself. 
Nevertheless, it is a term for food that comes from organic farming, where the primary 
goal is to care for the environment and the welfare of farm animals. 

Organic farming, like organic food, is of interest to many researchers - both theo-
reticians and practitioners, hence different authors or organizations, when defining 
this concept, emphasize its various aspects. According to International Federation of 
Organic Agriculture Movements (IFOAM) organic farming is „a production system 
that sustains the health of soils, ecosystems and people. It relies on ecological 
processes, biodiversity and cycles adapted to local conditions, rather than the use 
of inputs with adverse effects” [8]. Organic farming combines tradition with inno-
vation and science to benefit the environment and promote a good quality of life for 
all parties involved [9, 10]. 

In turn, Domagalska and Buczkowska [11] point out that organic farming is a 
system of food management and production in the most beneficial way for the envi-
ronment and climate. This system is designed to protect natural resources and ensure 
the welfare of livestock. Organic food production has a social function, provides 
consumers with organic products, and also contributes to the environment, because 
it protects plants and animals, and also affects the development of rural areas. It 
should be added that the compliance with the requirements of organic farming is 
supervised by regulations in the form of ordinances and directives. 

In general, various scientists [3, 12] consider organic farming to be an organic 
production system that is produced without the use of fertilizers (pesticides and 
herbicides) and other chemicals to support the environment and protect human 
health; hence, this type of agricultural practice is characterized by a high degree 
of environmental sustainability. 

It should be added that the overall strategies in the field of organic farming include 
the application of practices that (a) grow healthy plants with good defense capabili-
ties, (b) stressing pests, and (c) enhancing populations of beneficial organisms [13]. 
Whereas, the main goals of organic farming are: maintaining the biological balance 
of the environment, maintaining good soil fertility by caring for the biological quality 
of humus, as well as balancing plant and animal production by closing the matter 
cycle [14]. 

Summarizing the above, it can be stated that in “eco” food there are no additives of 
chemical fertilizers or plant protection products. In the case of animals, antibiotics 
are not administered, no organisms are artificially modified, and the products do 
not contain artificial dyes, flavors or fragrances. Sustainably produced products are 
produced in compliance with all ecological and social requirements, to a much greater 
extent than traditional products [15]. 

Regardless of the definitions, this topic is an important issue not only for producers 
and consumers, but also for the market and the economy, society as a whole, 
authorities and the environment.
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3 Environmental Protection and Consumer 
Environmentalism 

As already mentioned, both the production and consumption of food have a significant 
impact on the natural environment. Hence, the concept of “consumer environmen-
talism” has appeared in scientific studies. This means that recently consumers are 
more likely to buy organic products, on the one hand because they are fresh, healthy, 
of good perceived quality and contain more nutrients, and on the other because they 
respect more both human health and the environment [3, 16, 17]. This may be due to 
the fact that modern consumers pay more attention to the increase in environmental 
protection efforts and the impact of the destruction of fauna and flora. 

The very concept of consumer environmentalism is defined differently by different 
authors, paying attention to its other aspects or emphasizing its various features. 
Mutiara andArai [8] defined consumer environmentalism as an individual’s readi-
ness to maintain ecological purchasing behavior, which in particular reflects the 
consideration of less pollution. However, King et al. [6] found that the more a person 
is sensitive to healthy and organic consumption, the greater their intention to buy 
this type of organic product. Tarkiainen and Sundqvist referred to this phenomenon 
in a similar way [18] writing that the more a consumer is interested in supporting his 
environment and protecting his health, the more he becomes involved in purchasing 
organic food. This commitment should be long-term to lead to a positive attitude and 
purchase intention [4]. Nasif adds that the term covers various and separate elements 
of consumer behavior and their environmental attitudes [19]. 

Consumers can therefore be important, active contributors to a sustainable society 
by making food choices that are both healthy and that are produced in compliance 
with environmental and socially ethical standards. They can be considered as one of 
the key factors for sustainable development and can play a key role in the transition 
to sustainable food systems [20, 21]. Sustainable consumer consumption, through 
the purchase of sustainable and ecological products, can lead to the reduction of the 
amount of waste, consequently minimizing its impact on the environment [20, 22]. 

4 Material and Research Methods 

In order to assess the attitudes of consumers on the food market in terms of environ-
mental protection, own research was carried out using the diagnostic survey method. 
The main tool used for the research was a structured proprietary questionnaire. The 
questionnaire contained closed questions that were clearly developed so that they 
did not require additional comments, and the respondents were asked to indicate 
one correct answer from several available options that best or most precisely reflects 
their attitudes, preferences, feelings and behavior. In addition, several questions were 
multiple-choice questions, also with the possibility of giving your own, different
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answer, in a situation where none of the proposed variants fully reflect the attitudes 
or feelings of the respondent. 

The own-authored questionnaire contained both substantive questions in the 
analyzed research area, as well as metric questions, enabling to obtain the socio-
demographic characteristics of the respondents due to various grouping variables 
(respondent’s descriptive features, such as: gender, age, place of residence, education, 
professional status and financial situation of the household) – Table 1. 

It was assumed that the research sample would be at least 300 units - inhabitants 
of South-Eastern Poland - modern consumers. A purposeful non-random selection 
of the research sample was used - the criterion of purposeful selection was the 
fulfillment by the participants of the study of the criteria defining the categories of 
grouping variables included in the metric part of the questionnaire. 

The research was carried out in two stages: pilot studies and main studies. The pilot 
study was conducted in a group of 10 people. Its purpose was to check the commu-
nicativeness, clarity, unambiguity and completeness of the questions and variants of 
answers contained in the research questionnaire. Following the results of the pilot 
survey, some questions were modified to make them more understandable to the 
respondents. New answers have also been added to some questions; on the other 
hand, several answers - which, in the opinion of the respondents, were unnecessary 
or did not fit the given question - were removed. The pilot study also raised further 
questions that were added to the survey questionnaire. 

346 people participated in the main study. People participating in the study were 
informed about the purpose of the study and took part in it voluntarily. Before starting 
the study, they were informed about the purpose of the research and were assured of 
the anonymity of the survey. 

MS Excel was used to analyze the research. Moreover, the statistical analysis of 
the chi-square distribution function was used, which is presented in Table 2. The use 
of this analysis will help to answer the research problems posed by the authors. 

5 Results and Discussion 

As already mentioned, 346 people took part in the survey. The exact socio-
demographic characteristics of the respondents, due to the assumed grouping 
variables, are presented in Table 1. 

As can be seen from the data presented in Table 1, the research involved respon-
dents differentiated according to the assumed grouping variables - both women and 
men, of different ages (although mainly 18–60), with different education (mainly 
secondary and higher), living in areas with varying degrees of urbanization, mainly 
working people (working for someone, running their own business, or working and 
studying at the same time), declaring an average or good financial situation. 

After the respondents were characterized in terms of selected grouping variables, 
the content of the questionnaire was analyzed. The obtained results are presented in 
a descriptive form, as well as in graphical form in Figs. 1 and 2 and in Table 2.
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Table 1 Socio-demographic characteristics of the respondents 

Grouping variable Number of respondents Percentage share [%] 

Gender 

Female 145 42 

Male 201 58 

Age 

<18 7 2 

18–25 90 26 

26–40 111 32 

41–60 118 34 

>60 20 6 

Place of residence 

Rural areas 145 42 

City to 50.000 residents 69 20 

City 50–300 th of residents 59 17 

City > 300 th of residents 73 21 

Level of education 

Primary education 17 5 

Vocational education 35 10 

Secondary education 128 37 

Higher education 166 48 

Professional status 

Professionally inactive student 42 12 

Professionally active student 45 13 

Professionally active (“hired” employee) 173 50 

Self-employed 38 11 

Unemployed 17 5 

Pensioners 31 9 

Financial situation 

Very good 31 9 

Good 180 52 

Average 118 34 

Weak 14 4 

Very weak 3 1
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Table 2 Relationship between age and buying organic food 

Age Definitely yes Rather yes Rather no Definitely no I have no opinion Total 

n n n n n n 

% % % % % % 

<18 0 1 1 1 1 4 

0,00% 25,00% 25,00% 25,00% 25,00% 100,00% 

18–25 1 20 12 11 1 45 

2,22% 44,44% 26,67% 24,44% 2,22% 100,00% 

26–40 5 21 23 5 1 55 

9,09% 38,18% 41,82% 9,09% 1,82% 100,00% 

41–60 3 27 22 5 1 58 

5,17% 46,55% 37,93% 8,62% 1,72% 100,00% 

>60 2 7 0 2 0 11 

18,18% 63,64% 0,00% 18,18% 0,00% 100,00% 

Total 11 76 58 24 4 173 

6,36% 43,93% 33,53% 13,87% 2,31% 100,00% 

Statistical analysis: Chi2 = 27,8283; p = 0,0331 

32% 
16% 

48% 

2% 
2% 

definitely yes rather yes rather no definitely no I have no opinion 

Fig. 1 Changes in consumer behavior over the last 5 years in the opinion of the respondents

At the beginning, the respondents were asked a question about their interest in the 
state of the environment in their place of residence, and as it turned out from the results 
obtained - 81% of respondents declared such interest to a greater or lesser extent. It 
would seem, therefore, that the level of interest and environmental awareness of the 
respondents is high, which is very optimistic, however, it should be noted that 17% 
are not interested in this problem, and 2% have no opinion on this subject.
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0 20 40 60 80 100 120 140 

Because others are buying 

I try to support small, local businesses 

Buying them is fashionabl 

They are healthier 

They do not harm the environment 

They do not contain artificial substances 

Increasingly greater availability of products 

A large selection of products 

They have more vitamins and other ingredients / nutrients 

I consider myself as a health and ecological conscious person 

Fig. 2 The main reasons for buying organic products 

Then, the respondents were asked for their opinion on the impact of consumer 
market behavior on the environment. The vast majority of respondents (90%) believe 
that market behavior affects the state of the environment. Only 7% believe that they 
rather do not influence, and 3% do not have an opinion on this subject. None of 
the respondents expressed a firm opinion about the lack of influence of consumer 
behavior on the condition and quality of the natural environment. It is very important 
that consumers are aware that the purchasing decisions they make have a huge impact 
on the environment. 

In order to achieve the research goals, the people participating in the survey were 
asked whether their purchasing behavior has changed over the last 5 years, especially 
in terms of environmental protection. The results are presented in Fig. 1. 

Most of the respondents, as much as 80%, replied that they had changed their 
market behavior over the last 5 years. This may be influenced by many factors, 
including: a greater number of actions promoting a healthy lifestyle and raising envi-
ronmental awareness of consumers, a different approach to matters related to envi-
ronmental protection, both on the part of the government, enterprises and individual 
consumers, but also an increase in the number of retail outlets, a greater amount of 
assortment in stores or the development of purchases on the e-commerce market. The 
improvement of the professional situation and, consequently, the financial situation 
of the society, as well as the development of social media and various modern forms 
of marketing activities seem to be no less important. 

Then, reference was made to organic products and the respondents were asked 
whether they were interested in this type of product. Almost 60% of respondents (48%
- rather yes, 11% - definitely yes) declared that they are more or less interested in the 
subject of organic food. It may be influenced by the general increase in environmental 
awareness of the society and the increasing popularity of these products. On the other 
hand, almost 40% are not interested in a given topic.
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The next question concerned the respondents’ declarations regarding the purchase 
of organic food by them. The results were distributed quite evenly because nearly 
half of the respondents (49%) declared that they buy organic food - this may be due 
to the greater awareness of the respondents, greater availability and popularity of 
these products as well as the increasing selection of the assortment. However, on the 
other hand, 48% of respondents replied that they do not buy eco products. 3% of the 
respondents did not have or did not want to express their opinion on the analyzed 
issue. 

In order to deepen the considerations, the relationship between age and the 
declaration of buying organic food was examined (Table 2). 

The further analysis carried out (Table 2) shows that organic products are most 
often bought by people over 60 years of age. The smallest group that does not buy 
organic food are people between 18 and 25 years of age. There is also a tendency 
to notice that the older people are, the more likely they are to buy organic products. 
The demonstrated differences were statistically significant (p = 0,0331). 

Figure 2 shows the main reasons - indicated by respondents - influencing the 
purchase of organic products. 

As many as 130 people replied that they buy organic products because they are 
healthier than conventional products and do not contain artificial substances (113 
Nowadays, consumers are more and more aware of and care about their health. 
95 people buy these products because they do not harm the environment, and 76 
people buy them because they support local farmers. The fewest people buy organic 
products because they are fashionable. In addition, 49 people declared that they buy 
these products as they are increasingly available in various stores and other points 
of sale. 

According to Wojciechowska-Solis and Soroka [23] when choosing ecological 
products, consumers were most often guided by health considerations and the lack 
of harmful substances in these products. Other authors have also studied the motives 
of organic food consumption [3, 5, 24] – particular attention was paid to the increased 
awareness of the relationship between diet and health [25], the interest in food 
safety [26] and environmental benefits [16, 17]. Therefore, consumers consider 
organic products from organic farming to be higher-quality, healthier and more 
environmentally friendly products [24, 27]. 

Comparing to the research conducted by the authors, the study group is also guided 
by the same factors. However, we are glad that consumers associate the purchase of 
ecological products with a reduced negative impact on the natural environment. 

The respondents were also asked about the frequency of purchasing ecological 
products by them. According to the data obtained, 31% of respondents buy organic 
products 3–4 times a month, 20% 1–2 times a week, 16% as much as 3–4 times 
a week. The smallest group are people who buy organic products every day (3%). 
People who do not buy organic products are a large group - 23%. Research conducted 
by Nestorowicz and his team [28] showed that 35% of respondents do not buy organic 
food, 23% do it once a year or less frequently, 18% every three months, and the 
remaining respondents do so at least once a month ( 15%) or at least once a week -
7%. Thus, it can be observed that in our own research, consumers declared a much
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higher frequency of purchasing organic food. This may result from the passage of 
time and, as a consequence, changes in consumer behavior in the area of purchasing 
organic products, which can be observed over the last 5 years. 

6 Conclusions 

Responding to the research problems posed, it can be stated that the people taking part 
in the study are quite conscious consumers in terms of purchasing organic products 
and environmental protection. Consumers have a strong interest in the state of the 
environment in their place of residence; they are also aware that the purchasing deci-
sions they make affect the natural environment. Consumers also declared that their 
purchasing behavior in terms of environmental protection has changed significantly 
over the last 5 years. 

On the basis of the conducted research, it was also found that: 

● inhabitants of South-Eastern Poland are interested in the subject of organic food 
to a greater or lesser extent; 

● the level of organic food purchases is at an average level, as only half of them 
declared that they buy organic products; 

● the older people are, the more likely they are to buy organic products; 
● it would seem that the increasing popularity and fashion affects the increase in 

the purchase of organic products, but for consumers the most important are the 
health benefits of these products, as well as their lower negative impact on the 
environment. 

What seems disturbing, however, is the fact that in many of the questions it was 
possible to observe a certain, sometimes quite significant, percentage of answers 
such as: “I’m not interested in it” and “I have no opinion” - it seems that such 
a structure of results should imply the introduction of more educational actions 
or promoting pro-ecological behavior and consumer environmentalism in order to 
raise the level of consumer awareness of sustainable consumption. As emphasized 
by various authors in their works,[29, 30] - although people’s awareness of food 
sustainability is increased, the inclusion of sustainable development in everyday 
food choices remains marginal and food may be a consequence of deliberate or 
unconscious actions. It is therefore a kind of challenge for the authorities, both at the 
central and local level, but also for enterprises. 
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Development of a New Unbiased Impact 
Index on Water for Pesticides 
Use – A Case Study in Belgium 
for Herbicides Application on Sugar Beet 
Crop 

Guillaume Bergiers, Bastien Durenne, Bernard Weickmans, 
and Bruno Huyghebaert 

Abstract Reduction of pesticides use is one of the main objectives of the Farm to 
Fork Strategy developed in the framework of the European Green Deal, aiming to 
make food systems fair, healthy and environmentally-friendly [4]. The operational 
target is a 50% reduction in use and risk of chemical pesticides by 2030. The Walloon 
Region in Belgium is committed to a strong prevention policy to reduce the impact 
of pesticide residues on human health and the environment, with a particular focus 
on water resources. This target will be measured based on i) the quantities of active 
substances by using an unbiased index and ii) the hazard properties of plant protection 
products (PPP) gathered in a negative list for the water resource. In order to be able to 
monitor PPP applications at farm level, several indicators have been used, such as the 
French widespread indicator “TFI” (Treatment Frequency Index). Nevertheless, it 
was demonstrated that this index implies a systematic bias in the evaluation of active 
substances used. Therefore, to quantify the pesticides used by farmers, a derived unbi-
ased index called “ISAC” based on Active Substances per Crop has been developed 
and is now applied to compare several weeds control strategies. A focus on water 
resources preservation can be realized by selecting problematic active substances 
(such as chloridazon, metamitron, dimethenamid-P, ethofumesate, lenacile, …) into 
the ISAC, therefore obtaining an index of pressure on water resources (ISAC’eau). 
Theses indexes have been applied on Walloon farming practices related to weeds 
control through herbicides use on sugar beet crop. In conclusion, the use of the
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Unbiased Impact Index allows relevant comparisons between different strategies 
that can in fine help to propose alternatives for reducing herbicides use in sugar beet 
and their impact on the water resources. Obviously, it is necessary to investigate how 
to manage weeds with less or no herbicides in arable farming while maintaining the 
productivity, which implies considering agronomic performance such as yield, and 
crop net profit. 

Keywords Herbicides · Sugar beet · ISAC · Water resources 

1 Introduction 

From a regional point of view, Wallonia is committed to a strong prevention policy 
to the reduction of the risks linked to plant protection products (PPP) use, especially 
for human health and the environment. Pesticides have strongly contributed to the 
intensification of agriculture and the increase in food production, but it has also caused 
contamination of the environment by the diffusion of active substances residues 
and/or of their associated metabolites [11]. At the Walloon level, the water resource 
is carefully monitored and especially the catchments for the production of drinking 
water. A significant increase in pesticide contamination of water catchments has 
been reported by these monitoring in recent years across Europe [6]. Herbicides are 
largely concerned by groundwater resources contaminations [9], which is also the 
case in Belgium, in particular with radicular herbicides used in sugar beet crop. 

In order to quantify and compare the PPP use from data at farm level, the TFI 
(Treatment Frequency Index) has been widely promoted for a few years now in France 
[5]. This index turned out to be biased, because it is based on commercial products 
available at national scale, which can contain more than one active substance (a.s.). 
per product, consequently driving farmers to misguided decisions. In fact, artificial 
reductions of herbicides use (based on the TFI) have been observed, while sales of 
herbicides a.s. have increased. Therefore, to avoid the pitfall of TFI, a new index has 
to be set up to compare PPP uses and allowing putative reductions of use. The so-
called ISAC (Index of Active Substances per Crop) is based on the a.s. included in the 
commercial products used by farmers. The ISAC allows an unbiased characterization 
of the use of PPP, and is normalized by a maximal dose defined for each a.s. [3]. 
This standard dose per active substance is legally registered at the national level. 
This way, an emphasis on specific a.s. is made possible. In Wallonia and within 
research activities dedicated to water resources preservation, a focus was done on 
drinkable water resources by selecting the problematic a.s. The ISAC applied to 
active substances detected in water and identified in Wallonia becomes an index of 
impact on water resources (ISAC’eau). The PPP use for 19 different farmer’s parcels 
were collected and analyzed. The dataset was dedicated to herbicides application on 
sugar beet. In Wallonia, sugar beet is one of the main crop, providing high yields 
exceeding regularly 90 tons/ha/years, but in return requiring intensive use of PPP 
and specifically herbicides. This crop is therefore of interest to promote the PPP
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use’s reduction and alternatives such as mechanical weed control that is especially 
effective for young annual weeds [2]. 

Collecting data from the field is an essential step to characterize actual PPP use 
and examine its diversity. Based on these data, ISAC and ISAC’eau were obtained 
and compared. This comparison using ISAC allows us to see the variety of PPP uses, 
as well a benchmarking of the agronomical practices, and identify the most virtuous. 
In sugar beet, the reduction of herbicides doses or the application of non-chemical 
weed measures is a major agronomic challenge, because the yield is intensively 
impacted by competitions with weeds [2]. Finally, for ISAC’eau in this case study, 
focusing on herbicides use on sugar beet only five a.s. were applied (chloridazon, 
dimethenamid-P, ethofumesate, lenacil and metamitron). These five a.s. have a high 
solubility, which is an important factor to explain their presence in groundwater and 
also their use as root herbicide. 

2 Material and Methods 

2.1 Collection of PPP Use Quantities and Dataset Analysis 

Data from the field were collected in farms situated in Wallonia (in the southern 
part of the Sambre-Meuse axis, which is a very productive area). Walloon voluntary 
farmers were asked to provide for selected field the list of the herbicides applied as 
well as their doses, date of application, surface treated, and if possible the reason of 
the application. Once all data were collected, a keen analysis is realised in order to 
verify the reliability and the coherence of the data. 

2.2 QAC and ISAC 

The doses per hectare of herbicides is needed to calculate the Quantities of active 
substances Applied per Crop (QAC) which is defined per hectare (g.ha-1).This 
decomposition of each commercial product into its formulation is made in order 
to avoid the pitfall of the Treatment Frequency Indicator (TFI). TFI is clearly based 
on commercial products contrary to the ISAC index which corresponds to an Index 
of Active Substances by Culture. ISAC is equal to the QAC divided by the corre-
sponding DMA, i.e. the maximum dose authorized by a.s. per hectare (g.ha-1) for  a  
specific crop. This step normalizes all PPP uses, which makes it an a-dimensional 
measure. All DMA must be validated for each a.s. on sugar beet and is registered at 
national level. The value of the ISAC represents the percentage of the DMA applied. 
As DMA is a legal value, an ISAC above 1, is an illegal overdosage of the a.s.
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2.3 ISAC’eau 

In order to focus on a specific issue, corresponding to water protection, a category of 
PPP containing a.s. can be isolated from the ISAC (which consider all the a.s. applied). 
Therefore, ISAC’eau was specifically developed for the protection of water resources 
(groundwater), with a focus on the 22 problematical a.s. predefined for the Walloon 
region (2,4-D, aclonifen, bentazone, bifenox, chloridazon, chlortoluron, cyperme-
thrine, diflufenican, dimethenamid-P, ethofumesate, flufenacet, lenacile, MCPA, 
mecoprop-P, metamitron, metazachlor, metobromuron, metribuzin, pendimethalin, 
prosulfocarb, S-metolachlor and terbuthylazine) This short list of 22 a.s. is the result 
of the analysis at the regional level of all identified worrying water’s contamina-
tions (according to the drinking-water norms and standards for contamination and 
its frequency in water resources). 

3 Results and Discussion 

The chemical weed treatment of sugar beet is driven by the low doses system devel-
oped in Europe during the 90’s. It consists in repeating small doses of PPP to control 
weed in sugar beet using foliar or radicular herbicides active substances. The number 
of treatments can vary from 3 to 6 according to the weed pressure and the meteoro-
logical conditions before and after PPP application. The ISAC and ISAC’eau bring 
multiple and clear information about PPP’s uses allowing a comparison between 
different farmer’s practices. The weed pressure (specific weed or family) and its 
time of emergence drives the choices of active substances. For instance, many annual 
weed species have well-defined periods of emergence [2]. Therefore, the date of the 
application of a.s. depends on such timing and recommendation. For instance, chlo-
ridazon, metamitron and dimethenamid-P are radicular herbicides and lenacil can 
be sprayed in pre-emergence and has a clear action of photosynthesis inhibition on 
annual dicotyledons. 

3.1 Presentation of ISAC on Sugar Beet 

The main objective of the ISAC is to compare different practices amongst famers. The 
first graph (Fig. 1) represents the ISAC for 19 different agricultural parcels of sugar 
beet in Belgium for the year 2020. A variability in the herbicide application schemes 
can be observed. The maximal values are around an ISAC of 4, while the minimum 
is around an ISAC of 2. Between those two extremes, a 50% reduction of herbicides 
use is observed. Many agronomical reasons can explain this significant difference. 
Therefore, in the analysis it’s of prime importance to consider different factor, such 
as the history of the parcel, the weed pressure, the meteorological conditions, the 
frequency of treatment … All these factors do influence the choice of the commercial
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Fig. 1 Histogram showing the ISAC for 19 different agricultural parcels of sugar beet in Belgium 
for the year 2020 

product (with a specific formulation), consequently the ISAC. With the ISAC, it is 
possible to assess the full treatment. In some cases a treatment can be replaced 
by a mechanical weed control, consequently decreasing the PPP consumption, and 
therefore the ISAC. 

3.2 Use of ISAC’eau to Focus on Water Preservation 

Focusing the analysis only on the problematic a.s. for ground water used in sugar 
beet (chloridazon, dimethenamid-P, ethofumesate, lenacile and metamitron) the 
ISAC’eau is calculated and shown on Fig. 2. The maximal ISAC’eau reaches 1,772, 
and the minimal value is around 0,9. By comparing both graphs (Figs. 1 and 2) it  
can be seen that in most case, almost half of the herbicides uses has potentially an 
impact on water resources. The case of the parcel “P008” is particularly interesting. 
Because it’s ISAC is the lowest one, but it’s ISAC’eau is one of the highest. Which 
means that, even though this farmer has a low consumption of a.s., it’s pressure on 
water resources remains important. 

The use of the ISAC’eau allows a focus on practices having a negative impact on 
Walloon water resources. Therefore, it’s easier to modify these practices and search 
for alternatives. By focusing on a specific a.s. and the reason of its application on 
the field, solutions can be proposed to reduce its impact on water resources. Along 
with this focus, an unbiased quantification of the diminution of PPP use is made by 
the ISAC’eau. The awareness-raising of farmers, commercials, and advisors to the 
problematics a.s. in Wallonia is a first important step to enhance the quality of water 
resources.
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Fig. 2 Histogram showing the ISAC’eau for 19 different agricultural parcels of sugar beet in 
Belgium for the year 2020 

4 Perspective 

As a perspective to improve, the ISAC’eau could be associated to the hazard proper-
ties regarding water (e.i. groundwater) of each active substance. The association of 
hazard properties of the a.s. to ISAC’eau would allow to determine the Ground Water 
(GW) score. In this way the importance of each a.s. into the pesticides would change 
and be balanced regarding their hazard to groundwater. Practically, the ISAC’eau 
of each substance would be multiplied by its corresponding hazard to groundwater. 
The aim of the Ground Water risk score is mainly to raise farmer’s awareness of 
problematic a.s. and focus on its application modalities. Topographic information 
are essential to complete the diagnosis. 

This part is under development for the moment. The difficulty is to determine 
the hazard indicator of a.s. for the water resources (e.i. groundwater). For instance, 
several indicators and index have been created to characterize the lixiviation of pesti-
cides into groundwater. These indicators and index can be simple cause index or based 
on operational model depending on their construction mode and input parameters. 
The Macro model being the most complex model which is based on mechanical 
processes. Amongst simple cause index, a certain variety exists in the literature. 

Combining different physico-chemical properties of the a.s. [1] would be a solu-
tion. For that purpose, we propose to base the Ground Water (GW) score on the three 
most represented physico-chemical characterization of the a.s.: the water solubility 
in water at 20 °C (mL.g−1), the half-life (DT50) in field conditions (days) and a soil 
adsorption coefficient (mL.g−1). The M.LEACH index includes theses three param-
eters [1]. This index allows a ranking of lixiviation tendency of the a.s. This index 
would be mathematically modified in order to reduce the range of the values, thus
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allowing an easier use of it. The data used for calculation could be mobilized in the 
peer review’s document from the European Food Safety Authority (EFSA). The half-
life (DT50) of the a.s. were chosen amongst the data from the EFSA’s peer review in 
order to match better to Belgian climate. The formula to calculate the Ground Water 
score could be expressed as below. 

Ground water li  xi  viation  index  = log10
[

solubili t y  ∗ DT 50 

soil adsorption coefficient

]
+ 10 

As mentioned before, this process is still under development and need to be 
precise. We are currently collecting all the necessary data for the calculation of the 
ground water lixiviation index, in order to calculate finally the Ground Water Risk 
score of the active substances. 

5 Conclusion 

This new unbiased index provides an objective basis for raising farmers’ awareness 
of water resource protection. The results presented highlighted contrasting PPP uses 
for the 2020 crop year. In addition, the ISAC’eau via the quantification of PPP 
use allows an unbiased comparison between the different applications of herbicides 
that can potentially be problematic for the water compartment. It also allows at 
the watershed level to identify possible improvements with a view to reducing the 
impact on water through the implementation of alternatives, particularly in terms of 
weed control such as: the promotion of mechanical weeding the reduction of doses 
or reflections concerning treatment schemes (chemical substitutions) used in sugar 
beet crop. By collecting each year the data of herbicides use on sugar beet crop in 
this region, we forecast to obtain referential guidelines that can objectively provide 
a tool to compare farmer’s practices. 

The ISAC allows the analyze of different agricultural practices and PPP use 
amongst farmers. It’s essential to focus on problematic a.s., as the results have shown 
despite a low PPP use, the potential impact on water resources can remain impor-
tant. Therefore, a consciousness-raising of the problematic a.s. and their likelihood 
behavior in the environment is essential to enhance PPP practices. By applying all 
solutions on the whole territory at national scale, and by focusing on “hot spot”, 
the contaminations of water resources are expected to decrease [7]. Undoubtedly, 
farmers need a powerful and official agronomical support to operate the variety 
of existing solutions and to help drive its decisions according to the field’s condi-
tions [8]. Finally, it is clear that the effective pollution of groundwater will obviously 
depend on the use of the a.s. (including the conditions of application) [10]. Moreover, 
the pedoclimatic data and topographical conditions corresponding to the agricultural 
parcels are relevant and must be taken into account for estimating the transfer to water 
resources, thus including the factors influencing infiltration and potential leaching 
for each active substance.
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Since not all a.s. have the same weight on water resource, a focus on more prob-
lematic a.s. among the selected ones would be possible, by coupling the ISAC’eau 
with an hazard index, resulting in the development of a Ground Water Risk score. 
The development of this score is under development. 
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Assessment of the Suitability of Apple 
Pomace for Food Purposes in the Context 
of Sustainable Agriculture 

Rafał Nadulski, Paweł Sobczak, Kazimierz Zawiślak, and Zbigniew Kobus 

Abstract The aim of the study was to determine the chemical composition of 
pomace from various apple varieties in terms of their suitability for the production 
of food products. The research covered pomace obtained from five apple varieties. 
The content of dry matter, ash, protein, fat, sugar, sorbitol, vitamin C, dietary fiber, 
polyphenols and antioxidant activity were determined. Significant differences in the 
chemical composition of the tested pomace were found, especially in terms of the 
content of health-promoting compounds. Therefore, when processing the pomace 
for food purposes, it is important to take into account the variety of apples they 
come from. Due to its chemical composition, pomace from the Szempion variety is 
particularly suitable for food purposes. 

Keywords Pomace · Apple · Utilization · Technology · Chemical composition 

1 Introduction 

The main aim of apple processing is the production of juice and its concentrate. Apple 
pomace is a major byproduct obtained during apple juice processing. Its quantity 
depends primarily on the technical and technological conditions of the process, as 
well as the characteristics of the fruit variety, and may vary from 10 to 40% of the 
input material [20]. Currently, the processing of apples for juices is also carried out 
by local processing plants run by producer groups of farmers [12]. This is consistent 
with the modern concept of sustainable agriculture. In small processing facilities 
pomace obtained after pressing is characterized by, among others, higher moisture
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content as compared with the pomace obtained under industrial conditions after 
initial enzymatic treatment and pressed using basket press with drainage tubing. 

The pomace is a problem for processing plants because it is unstable and suscep-
tible to the development of microorganisms. The plant needs to get rid of or process 
them quickly. There are many methods of processing pomace for food and non-
food purposes [4, 5, 17]. Pomace contains plenty of important compounds, such as 
carbohydrates, phenolic compounds, dietary fiber, vitamin C and minerals [7]. Apple 
pomace is of great nutritional value, providing health benefits, and can be used to 
produce functional food [8]. For this reason, apple pomace is a valuable raw material 
for the food industry [10]. In general, the pomace is processed without distinguishing 
what variety of apples it comes from. The aim of the study was to assess the chem-
ical composition of pomace from various apple varieties in terms of their use in the 
production of food products with health-promoting properties. 

2 Material and Methods 

2.1 Material 

The research was carried out on pomace obtained from five apple varieties (Szam-
pion, Idared, Ligol, Red Jonaprince, Redchief). The apples were purchased from the 
company Zrzeszenie Producentów Owoców Stryjno-Sad with its seat in Kawęczyn 
near Piaski (Poland) (GPS coordinates: 51°9'56.0'' N, 22°50'49.1'' E) The tests 
were carried out on the raw material after two months of storage in a cold store 
with a controlled atmosphere (temperature 1.6–2.2 °C, oxygen content 1.6%, carbon 
dioxide 2.2% and nitrogen 96.2%). 

The shredded pulp (mash) was divided into portions weighing 300 g and then 
pressed on a laboratory basket press of our own design with a capacity of approx. 
1000 ml [13]. For each variety of apples, pressing was performed in 10 repetitions. 
Before further measurements, the pomace was stored in a refrigerator at a temperature 
of approx. 4 °C. 

2.2 Methods 

Methodology of the Chemical Research 
The content of dry matter, ash, protein, fat, sugar, sorbitol, vitamin C, dietary 
fiber, polyphenols and antioxidant activity were determined. Each measurement was 
perfomed in three repetitions. 

Dry Matter
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The dry matter of the pomace was measured with a moisture analyzer (MAC 210/NH 
Radwag, Radom, Poland). Samples weighing 5 g were dried at 105 °C, after which, 
the changes in the water content of the samples were not recorded by the device. 

Ash 
The ash content was determined by the gravimetric method (AACC Method 08–01, 
2000) [1]. 

Protein 
The protein content was determined using the Kjeldahl method (AACC Method 
46–08, 2000) [1]. 

Sugar and Sorbitol 
The content of total sugar and sorbitol was determined using HPLC with a refractive 
index detector PN-EN 12,630:1999 [14]. 

Fat 
The fat content was determined using the Soxhlet method (AACC Method 30–10, 
2000) [1]. 

Dietary Fibre 
The total dietary fibre content (TDF) was measured using the enzymatic–gravimetric 
method (AACC 32–05, 2000; AACC 32–07, 2000) [1]. 

Vitamin C 
The vitamin C content was determined using the HPLC method (PN-EN 14,130: 
2003, 2003) [15]. 

Polyphenols 
The content of polyphenolic compounds was measured using a spectrophotometric 
de-termination in the presence of Folin-Ciocalteu reagent, in accordance with the 
modified Singleton method [18] presented in the work by Wilczyński et al. [20]. 

Antioxidant Activity 
The antioxidant activity of the extracts obtained from apple pomace was evaluated 
using a free radical DPPH (2, 2-diphenyl-1-picrylhydrazyl) assay according to the 
method presented by Wilczyński et al. [20]. 

Statistical Analysis of the Results 
Statistical analysis was performed by means of Statistica 12 software (StatSoft, 
Inc., Tulsa, OK, USA) [19] using one-way analysis of variance. The significance 
of differences be-tween mean values was determined using Fisher’s test at p < 0.05.
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3 Results 

As a result of the research, the chemical composition of the pomace was determined, 
with particular emphasis on the compounds with health-promoting properties. The 
test results are presented in the charts. 

In the case of the cultivars Szampion, Ligol, Idared and Red Jonaprince, the dry 
matter content was similar and no statistically significant differences were found 
between the examined pomace (Fig. 1a). The Redchief variety was characterized by 
the highest dry matter content in pomace. The most rich in minerals were pomace 
from the Red Jonaprince and Redchief cultivars, for which the ash content oscillated 
around 6% (Fig. 1b). For the cultivars Szampion, Idared and Ligol, the ash content 
was almost twice lower and ranged from 3.07% to 3.46%. A high ash content indi-
cates a high minerals content. These minerals include: sodium, calcium, phosphorus, 
magnesium, iron, zinc, copper, manganese [12]. 

Figure 2a and b shows the content of dry matter and ash in the pomace of the 
tested apple cultivars. The pomace obtained from the Szampion and Red Jonaprince 
cultivars had the highest sugar content. According to Savatović et al.  [16], the total 
sugar content of fresh apples is 12–14%. 

Our research shows that the tested pomace is characterized by a lower sugar 
content compared to fresh apples. The highest content of sorbitol was recorded for 
pomace from the Szampion (0.67/100 g) and Redchef (0.48/100 g) varieties. 

The content of sorbitol in the other varieties (Idared, Ligol and Red Jonaprince) 
was at a similar level and amounted to approx. 0.36/100 g of pomace. In fresh apples, 
the sorbitol content is higher, ranging from 0.87/100 g to 1.49/100 g [6].
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Fig. 1 Dry matter a and ash b content in the apple pomace. a,b,cValues in a column marked with 
the same letter are not statistically significantly different (p > 0.05)
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Fig. 2 Total sugar a and sorbitol b content in the apple pomace. a,b,cValues in a column marked 
with the same letter are not statistically significantly different (p > 0.05) 

Apples are generally low in protein and fat. The obtained pomace differed in 
terms of protein and fat content. The pomace from the Ligol cultivar (3.35%) had 
the highest protein content, while the pomace from the Idared and Redchief varieties 
(approx. 2%) was the lowest in fat (Fig. 3a). In the case of the Szampion and Red 
Jonaprince varieties, the protein content in the pomace was similar and amounted to 
approx. 2.5%. Generally, a much higher protein content is observed in the pomace 
compared to the protein content in fresh apples [16]. The pomace of the Szampion 
variety (1.29%) had the highest fat content, while the pomace of the Idared variety 
(0.71%) was the lowest (Fig. 3b). In fresh apples, the fat content generally does not 
exceed 0.1% [16].

Among the components of the pomace, vitamin C, fiber, polyphenols and antiox-
idant activity are of particular importance from the nutritional point of view 
[2]. 

The pomace of the tested apple cultivars differed significantly in terms of vitamin 
C content (Fig. 4a). The highest content of vitamin C in the pomace was observed 
in the Szampion variety (5.92 mg/100 g), and the lowest in the Red Jonaprince 
variety (1.55 mg/100 g). The pomace from the Idared and Ligol cultivars had a 
similar vitamin C content (approx.4.5 mg/100 g), while in the case of the Redchief 
cultivar, the vitamin C content in the pomace was 1.84 mg/100 g. For comparison, 
the vitamin C content in fresh apples is approx. 7.5 mg/100 g [3]. The pomace from 
the Szampion variety was yellow in color and did not undergo enzymatic browning, 
which is probably related to the high content of vitamin C, which partially remained 
after pressing. 

As reported by Morales-Contreras et al. [11] the apple pomace is an important 
source of pectin, and 14% of the worldwide-produced pectins comes from this 
byproduct. In our research, the highest content of dietary fiber was found in the
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Fig. 3 Protein a and fat b content in the apple pomace. a,b,c,dValues in a column marked with the 
same letter are not statistically significantly different (p > 0.05) 
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Fig. 4 Vitamin C a and total dietery fiber TDF b content in the apple pomace. a,b,cValues in a 
column marked with the same letter are not statistically significantly different (p > 0.05) 

Redchief variety (6.75%), and the lowest in the Szampion variety, 5.28% (Fig. 4b). 
The other varieties were characterized by the fiber content at a similar level. 

The tested apple pomace is characterized by a high content of polyphenols and 
shows high antioxidant activity. The red Jonaprince cultivar (65.24 mg GAE/100 mg) 
and cultivar (57.15 mg GAE/100 mg) had the highest content of polyphenols (Fig. 5a). 
For the others cultivars, the content of polyphenolic compounds was approximately
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Fig. 5 Total polyphenols content TPC a and antioxidant activity AA b in the apple pomace. 
a,b,cValues in a column marked with the same letter are not statistically significantly different 
(p > 0.05) 

50 mg GAE/100 mg. On the other hand, the extracts obtained from pomace cv. 
Szampion (72%), Red Jonaprince (70.8%) and Redchief (68%) were characterized 
by the highest capacity to scavenge free radicals (Fig. 5b). In the case of the Idared 
variety, the inhibition rate was 57%, and for the Ligol variety only 47%. Research 
by other authors also indicates that apple pomace has a broad content of natural 
antioxidants constituents that have strong antioxidant activity [9]. 

Due to the high content of dietary fiber, phenolic compounds, vitamin C and other 
nutrients, the pomace tested by us can be used as a component of food products with 
health-promoting properties. 

4 Conclusion 

The research shows that the obtained pomace from different cultivars differs signifi-
cantly in the chemical composition. The previous concepts of apple pomace manage-
ment did not take into account their chemical composition. The results of the research 
indicate that in further work on new food products based on apple pomace, their 
chemical composition should be taken into account. This will allow you to compose 
products with pro-health properties. Based on the conducted research, it was found 
that the pomace obtained from all tested apple varieties has a high content of nutrients 
and bioactive compounds. The pomace from the Szampion variety is characterized by 
the highest content of total sugars, vitamin C, and the highest free radical scavenging 
capacity, and is also resistant to enzymatic browning.
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