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Correct juxtaposition of a tractor with a machine affects time and 
being on time with a treatment as well as fuel consumption. The 
article presents analysis of the selection of various cultivation ma-
chines to a 14 kN class tractor in the aspect of obtaining maximum 
performance and minimum fuel consumption. The following cultiva-
tion machines were investigated: cultivation aggregates and chisel 
plows, disc harrows, field ploughs. During exploitation, research 
measurements of fuel consumption and actual speed of the units 
operation were taken. It was showed that incorrect selection of the 
working width of a machine for a tractor results in a decrease of the 
cultivation unit performance and in many cases in the increase of fuel 
consumption.

Keywords:
cultivation machine, 
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fuel consumption

Introduction and objective of the paper

The range of offered farm machines and devices, both domestic as well as foreign is still 
increasing at the Polish market. Poland becomes one of the biggest users of farm equipment 
in the EU. Due to the newest technologies, machines are even better and as a result, more 
enduring, less energy consuming and more efficient. A considerable increase of sale of the 
said machines has taken place in the recent years. 2011 was record-breaking in the amount 
of sold tractors and agricultural machines. There were 17, 035 new farm tractors on our 
fields. Statistically, it is a digit by 34% higher than in comparison to 2010 (GUS, 2011). 
The increase of the number of purchased machines is the most frequently justified with the 
increased interest of farmers in the European Union subsidies. Tractors are equipped in 
even better engines, which meet even higher standards of combustion (Landis and Schiess, 
2006). Machines aggregated to them, are characterized with even higher performance at 
low consumption of working elements. Farmers who have such tractors and machines look 
for savings in their exploitation (Lorencowicz, 2008; Muzalewski, 2008). Purchase of die-
sel oil is currently expensive, therefore, there is a tendency to obtain possibly the highest 
performance of machines, at the possibly the lowest fuel consumption (Talarczyk, 2012). 
The increasing range of machines, constant technology development and existing trends in 
agriculture, prove that analysis of the sets of a tractor-machine units is indispensable. High 
performance and optimization of costs of exploitation of machine aggregates may be ob-
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tained only by means of a correct selection of machines (Kuczewski and Majewski, 1999; 
Marks and Krzysztofik, 2000). Many factors affect the selection, inter alia: farm size, scale 
and type of plant production, form of mechanization of a farm, individual conditions of 
farming and economic power of a farm (Banasiak, 1999). 

The objective of the paper was analysis of the selection of various cultivation machines 
for a farm tractor in order to obtain maximum performance at the minimum fuel consump-
tion. The following measurements were requisite for performance of the objective: fuel 
consumption by a farm tractor, actual speed of work of tractor units and determination of 
operation of the researched tractor units.

Subject and methodology of research

During the field research, machine aggregates composed of a tractor Zetor Proxima 75 
of class 14 kN and the following cultivation machines were subjected to assessment: 
– cultivation aggregates of a working width 3.2. and 3.6.m;
– chisel plows of a working width 1.8 and 2.2. m;
– disc harrows of a working width 2.4 and 2.7. m; 
– 3 and 4 -furrow field ploughs.  

Cultivation units and chisel plows as well as disc harrows were produced by BOMET 

Vogel&Noot elements. A tractor was equipped with an engine of 53kW/72KM power at 
2,200 rot·min-1 and the volume 4,156 cm3. It was characterised with a modern structure 
which meets the standards of fuels emission TIER IIIA. It is a 4-cylinder engine equipped 
with a in-line pump and a turbo compressor along with an intercooler.

A module consisting in a measurement unit ZP2- 4-I by Rotameter company (fig. 1a), 
composed of a volumetric flow-meter, fuel filter and a clarifier as well as a digital recorder 
NOSAL-TECH (fig. 1b) were used for measurement of fuel consumption. A mentioned 
device measured actual fuel consumption determining the difference between the amount of 
diesel oil collected from a tank and excess of diesel oil, which was returned to the tank.

Actual speeds of tractor sets were determined for calculation of the performance of the 
investigated units. It was carried out by measurement of time of passing the measured 100 
metres length from the first to the second control post (Banasiak, 2004).

Inve
of soil class 4a and 4 b, these were light soils. Measurements for particular groups of culti-
vation machines were carried out on the same fields, therefore, the soil compaction and 
moisture did not have to be determined. Weather conditions during investigations were
varied depending on the performed cultivation treatments. Investigations with the use of 
cultivation units were carried out in Spring at the air temperature of 11ºC, then high mois-
ture of soil occurred, which translated into the increased skid of tractor wheels. Subsequent 
investigations were carried out at the beginning of August when machines for stubble culti-
vation were investigated. During testing disc harrows temperature was 24ºC, and in case of 
testing chisel plows it was 26ºC. The mentioned tests were carried out on the third day after 
mowing grains by a combine harvester. Whereas, research of field ploughs was performed 
at the end of August when it was very dry, temperature was 24oC and soils was overdried. 
Analysis of the selection of machines consisted in comparison of the quality of work of two 
similar sets which differed with a working width, working at the same field. 
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  a)                                                     b) 

Figure 1. Measurement unit a – flow meter ZP@-4-I by Rotameter company, b – NOSAL-
TECH mounted on a tractor 

Results of the research

During research, assumptions presented in figure 2 were followed. Four rotational 
speeds of an engine from the minimum 1,500 rot.·min-1 each 250 rot.·min-1 to the signifying 
2,200 rot.·min-1were accepted for determination of fuel consumption. 100 m measurement 
lenghts were determined. Constant depth of operation between units was established in 
order to better compare their operation parameters. This depth for units and harrows was 
0.1 m and for ploughs 0.15 m. Unit crossings with simultaneous soil cultivation were per-
formed at the researched lengths. Time of operation of units and fuel consumption was 
determined during crossing.

Following measurements, hour fuel consumption and per 1 hectare of cultivated surface 
during a crossing of the investigated length, speed of the unit, cultivation time of 1 ha and 
efficiency of the investigated units in ha·h-1 were calculated. The above parameters of the 
cultivation units operation were set in table 1. Depending on the theoretical working width 
of units, cultivated surfaces for one crossing were ranging from 180 m2 for a chisel plow of 
a working width of 1.8 m to 360 m2 for a cultivation unit of a working width 3.6 m. Where-
as for a 3 – furrow plough the surface area of the cultivated measurement length was 1202

and for a 4-furrow plough it was2. 
When comparing the speed of the investigated machines, one may state that the lowest 

working speed was for the cultivation unit and was within 1.63 to 2.31 m·s-1; a similar 
speed was for a chisel plow within 1.67m·s-1 to 2.78 m·s-1. The highest working speed was 
at the cultivation of a disc harrow of 2.4 m and a rotational speed of an engine 2200 
rot.·min-1 and was 3.33 m·s-1. 
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Figure 2. Schematic representation of procedure during exploitation tests

Comparing performance of the investigated cultivation machines, which performed cul-
tivations at the same depth, one may observe that the lowest performance was for a chisel 
plow and was within 1.56 to 2.2 ha·h-1 and the highest for a disc harrow from 2.11 do 
3.14 ha·h-1. Completely different performances were for plough work from 1.31 ha·h-1 for 
a 3-furrow plough at the engine rotations 1,750 rot·min-1 to 1.86 ha·h-1 for a 4-furrow 
plough for rotations 2200 rot·min-1. However, it was related to higher resistance, which 
occur at ploughing with a higher depth of operation i.e. 0.15 m.

Lower consumption of fuel in liters per a hectare was for a cultivation unit and a disc 
harrow and was within 4.2 to 6.3 l·ha-1. Higher consumption occurred at the operation of 
chisel plows and plough and was within 7.5 to 10.0 l·ha-1.

When comparing performance of the researched machines and fuel consumption in li-
ters per hectare, one may state that a chisel plow with a lower width of 1.8 m characterizes 
with higher performance i.e. within 1.72 to 2.20 ha·h-1 at a lower fuel consumption from 7.7 
to 9.5 l·ha-1 in comparison to an aggregate with a higher width (2.2 m), for which perfor-
mance was within 1.56-1.84 ha·h-1 and fuel consumption was within 7.7-10.0 l·ha-1. It re-
sulted from the fact that at the lower width of a chisel plow, a working speed of a unit was 
higher. Additionally, cultivation time of one hectare was shorter from 3 to 7 minutes. For 
the remaining cultivation machines - a cultivation unit and a disc harrow, a lower perfor-
mance occurred in case of a machine with a lower width and a higher performance for 
higher width. Performance of field ploughs depended on the working width and was within 
1.31 to 1.39 ha·h-1 for a 3-furrow plough and within 1.65 to 1.86 ha·h-1 for a 4-furrow. 
However, it was reported here that at  the higher performance of a 4-furrow plough, lower 
consumption of fuel occurred 7.5-8.8 l·ha-1 in comparison to a smaller plough where fuel 
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consumption was within 9.2 do 10.0 l·ha-1. Ploughing time for a bigger plough was shorter 
and it was within 32 to 36 min·ha-1 and for a smaller within 43 do 46 min·ha-1. 

Table 1
Operation parameters of cultivation aggregates, disc harrows and field ploughs

Cultivation aggregate – depth 0.1 m

Working width (m) 3.2. 3.6.
Area of cultivation (m2) 320 360
Rotations of an engine (rot·min-1) 1,500 1,750 2,000 2,200 1,500 1,750 2,000 2,200
Speed of the unit (m·s-1) 1.63 1.81 2.21 2.31 1.63 1.91 2.14 2.25
Cultivation time 1 ha (min) 32 29 23 22 28 24 22 20
Performance (ha·h-1) 1.87 2.08 2.55 2.67 2.11 2.47 2.77 2.92
Fuel consumption (l·ha-1) 4.4 5.0 5.9 6.3 4.2 4.7 5.3 5.8

Disc harrow  – depth 0.1 m

Working width (m) 2.4 2.7
Area of cultivation (m2) 240 270
Engine rotations (rot·min-1) 1,500 1,750 2,000 2,200 1,500 1,750 2,000 2,200
Speed of the unit (m·s-1) 2.44 2.78 3.13 3.33 2.50 2.78 3.13 3.23
Cultivation time 1 ha (min) 28 25 22 21 25 22 20 19
Performance (ha·h-1) 2.11 2.40 2.70 2.88 2.43 2.70 3.04 3.14
Fuel consumption (l·ha-1) 4.6 5.0 5.4 6.3 4.4 4.8 4.8 5.6

Chisel plow – depth 0.1 m

Working width (m) 1.8 2.2
Area of cultivation (m2) 180 220
Engine rotations (rot·min-1) 1,750 2,000 2,200 1,750 2,000 2,200
Speed of the unit (m·s-1) 2.17 2.50 2.78 1.67 1.82 1.96
Cultivation time 1 ha (min) 35 30 27 38 35 33
Performance (ha·h-1) 1.72 1.98 2.20 1.56 1.70 1.84
Fuel consumption (l·ha-1) 7.7 8.6 9.5 7.7 8.8 10.0

Field plough – depth 0.15 m

Number of machine 
frames items 3-furrow 4-furrow

Area of cultivation (m2) 120 160
Engine rotations (rot·min-1) 1,750 2,000 2,200 1,750 2,000 2,200
Speed of the unit (m·s-1) 3.03 3.13 3.23 2.86 3.13 3.23
Cultivation time 1 ha (min) 46 44 43 36 33 32
Performance (ha·h-1) 1.31 1.35 1.39 1.65 1.80 1.86
Fuel consumption (l·ha-1) 9.2 10.0 10.0 7.5 7.5 8.8

The graph of fuel consumption presented in figure 1 confirms that the change of the 
working width of the cultivation unit from 3.2 to 3.6 m slightly affected hourly fuel con-
sumption. For the same depth of the unit operation, fuel consumption was independently 
close to the working width. For example, only at the engine rotations amounting to 2000 
rot·min-1 and the depth of work amounting to 0.1 m a smaller unit (3.2. m) consumed by 
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0.3 l·h-1 more fuel than the bigger one (3.6 m). The scope of the hourly fuel consumption 
was for an cultivation unit 3.2 m from 8.23 to 16.87 l·h-1 and for a unit 3.6 m from 8.86 to 
16.94 l·h-1. Moreover, based on fuel consumption, it was found that in case of the use of 
a bigger cultivation unit, the power of the researched unit was optimally used.

Figure 3. Relation of an hour  fuel consumption for the tested tractor to rotational speed of 
its engine for cultivation units. gh – hour fuel consumption, n – engine rotations 

Figure 4 presents the fuel consumption for disc harrows. It was reported that for the in-
vestigated four rotational speeds of an engine, the working width of a disc harrows (2.4 and 
2.7 m) did not affect considerably the fuel consumption. The investigated units had similar 
values of fuel consumption for a set measurement length. For example for engine rotations 
2000 rot·min-1 both harrows with width of 2.4 and 2.7 m has the same hourly fuel consump-
tion 14.6 l·h-1.

Hourly fuel consumption for the selected chisel plows with the width of 1.8 and 2.2 m 
were presented in figure 5. The data presented on the graph show that the cultivation with 
a chisel plow 1.8 m had higher fuel consumption for all rotational speeds of an engine. For 
the highest gear (2,200 rot·min-1) a unit of 1.8 m had fuel consumption even by 2.5 l·h-1

higher. 
Relation of fuel consumption for engine rotations for the selected field ploughs was pre-

sented in figure 6. Analysis of data allowed observation of a slight effect of the number of 
plough frames and thus a working width on fuel consumption. A tractor with a 3-furrow 
plough consumed the same amount of fuel within one hour as a tractor with a 4-furrow 
plough for a working speed 0.15 m. Only at higher rotations of an engine 2,200 rot·min-1

a 4-furrow plough working at the depth of 0.15 m consumed almost by 2.5 l·h-1 more fuel 
than a 3-furrow plough.

10
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Figure 4. Relation of an hour fuel consumption for a tractor to rotational speed of its 
engine for disc harrows. gh – hour fuel consumption, n – engine rotations

Figure 5. Relation of an hour fuel consumption for a tractor to rotational speed of its 
engine for  stubble aggregates. gh – hour fuel consumption, n – engine rotations 
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Figure 6. Relation of hour fuel consumption for a tractor to rotational speed of its engine 
for field ploughs. gh – hour fuel consumption, n – engine rotations

Conclusions

Based on the research which was carried out, the following conclusions were expressed:
1. A unit, whose working width was 3.6 m was an optimum cultivation unit. This set ob-

tained the highest performance; ca. 3 ha·h-1 at the working speed 2.25 m s-1 and engine 
rotations 2,200 rot·min-1 at the simultaneous saving 0.5 litres of fuel per hectare in com-
parison to the speed 2.14 m s-1 and engine rotations 2,000 rot·min-1.

2. At the selection of disc harrows for the investigated tractor, it was reported that aggre-
gating it with a wider disc harrow (2.7 m) affected obtaining the maximum performance 
3.14 ha·h-1 and by 11% of the lower fuel consumption in comparison to the plough with
a lower working width.

3. A chisel plow with a working width 1.8 m should be selected for 14 kN class tractor, 
since it will affect obtaining the maximum performance amounting to 2.2 ha·h-1 and 
simultaneously fuel consumption will lower by 5% in comparison to a bigger unit.

4. Combining a tractor with a 4-furrow field plough caused that the maximum perfor-
mance of work was obtained and it amounted to1.86 ha·h-1 and allowed obtaining fuel 
savings 1.2 l·ha-1 for engine rotations 2,200 rot·min-1 and at rotations 2000 rot·min-1 sav-
ings were even 2.5 l·ha-1 in comparison to a 3-furrow plough. 

5. Disc harrows had the highest working speeds from among the investigated machines 
and the maximum working speed amounting to 3.33 m·s-1 (12.0 km·h-1) was obtained 
during cultivation with a harrow of 2.4 m width. 
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 From the moment of Poland's accession to the EU, we have been 
obliged to adjust the waste management system to directives issued by 
the European Community Council. Our waste management has been 
adjusted to the requirements of the European Union directives. The 
objective of the paper was to determine: firstly, the amount of the 
produced mixed municipal waste; secondly the amount of municipal 
waste collected in a selective manner with the use of collection meth-
ods through segregation in the place of their production using two 
containers located next to each other – one for collective collection of 
paper, cardboard and plastic and the second for collection of glass; 
thirdly, the size of recovered secondary raw material such as glass, 
plastic and paper from mixed municipal waste; fourthly, the amount of 
containers or plastic bags designated for selective waste collection. 
For execution of this objective, two establishments using various 
waste management systems were selected. Research was carried out 
in Firma Usług Komunalnych [Municiapl Services Company] 
"Wodnik" in Trzebnica and in Zakład Gospodarki Komunalnej [Mu-
nicipal Management Establishment] in Gać, which have dealt with 
municipal waste sorting for many years. The research proved that the 
plastic bag method is more effective than segregation with the use of 
containers located in the neighbourhood. 

Keywords: 
waste,  
segregation,  
waste management establishment 

 

Introduction and the objective of the paper 

The increasing amount of municipal waste produced in households, production estab-
lishments and other economic establishments inflicts natural environment pollution and its 
degradation. The increasing costs of municipal waste disposal and their management influ-
enced formation of illegal rubbish dumps. From the moment of Poland's accession to the 
EU, we have been obliged to adjust the waste management system to directives issued by 
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the European Community Council. Directives should be transformed to suit the state law by 
e-

wicz, 1992). Council Resolution of 24th February 1997 set forth the Community strategy in 
waste management. The frame directive which determines basic requirements concerning 
dealing with waste is of basic significance in the normative acts systems (Górski, 2006).

The most important European legal acts on waste are Directive 2008/98/EC and 
99/31/EC of the Parliament and the European Council which determine the main require-
ments concerning waste management in the Community and waste disposal. The EU strate-
gy in waste management accepts principles, which assume protection against waste produc-
tion due to the use of the so-called clean production technologies, recycling and re-use of 
waste, optimal management, waste disposal and their appropriate transport (Directive 
2008/98/EC).

The most important document in Poland, which introduces guidelines of the EU is a Na-
tional Cohesion Strategy adopted for 2007-2013 (Kulczycka and Pietrzyk-Sokulska, 2009). 
Basic legal regulations on waste management comprise the Polish law in statutory laws, as 
follows: Act of 13th September 1996 on maintaining cleanness and order in municipalities 
(Dz. U. [Journal of Laws] 2005 no 236 as amended in 2011), the National Plan of Waste 
Management of 2010 (KPGO 2014, www.sejm.gov.pl, Ustawa o odpadach). 

The following constitute objectives of the ecological politics of the country: maintaining 
the increase of selective collection, recycling along with the economic growth, increase of 
ecologically safe waste combustion, liquidation of dumping grounds which fail to meet the 
requirements of environmental protection and their reclamation, appropriate management 
of hazardous waste and particularly selective management of at least 50% of waste which 
are produced in households (Kulczycka and Pietrzyk-Sokulska, 2009). 

Main advantages following from selective collection of municipal waste are following 
(KPGO 2014):
– decrease of the mass and volume of waste transferred to be deposited on a landfill,
– selection of hazardous substances from waste and transferring them to a suitable estab-

lishment, which deals with their neutralization,
– decrease of original raw material and energy consumption for production of new prod-

ucts as a result of the use of segregated waste,
– financial profits from selling selected raw material as well as lower charges for waste 

Selective selection of secondary raw material assumes the following waste collection 
systems: containers located in the neighbourhood, collective points of selective collection, 
selective collection "at the source of formation", district waste collection centres (Hryb, 

The objective of the paper was determination of the following changes for the period 
from 2007 to 2010:
– the amount of produced mixed municipal waste,
– the amount of municipal waste collected selectively at the place of their production (two 

containers located next to each other, one for a joint paper, cardboard and plastic collec-
tion and the other for collection of glass),

– the amount of secondary raw material, such as: glass, plastic, paper and cardboard from 
mixed municipal waste,

– the number of containers or plastic bags designated for selective waste collection.

16
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A facility and methodology of research

The research was carried out o

n dealing with collection and segregation of munici-
pal waste for many years.

The company collected mixed municipal 
waste in the investigated period from the territory of the following communes: Trzebnica, 
Zawonia, Kr

packages with a container method and with the use of plastic bags. It also carried out waste 
paper collection by collecting three times a week from collection points and waste paper 
establishments. Moreover, it collected waste paper from schools, which joined in collecting 
waste paper on the territory of a commune. 

The establishment owns two sorting lines, one designated for processing of mixed mu-
nicipal waste and the other for waste collected selectively. Sorting lines are constructed of 
the following devices: trough conveyor ascendant, a sorting sieve, horizontal conveyor, 
a sorting tribune, a waste packing press. The collected raw material was collected on the 
territory of an establishment in Trzebnica, where on a sorting line they were divided into 
appropriate fractions, which are compressed by baling and in this form they are prepared 
for further transport (Grabowski and

Komunalnymi ,,EKOGOK” [Ecological Association of Municipal Waste Collection] with 
awa. The following communes have been served by the establish-

establishment carries out selective collection system which consists in joint collection of 
plastic, metal as well as paper and cardboard to one container. Glass is collected in a sepa-
rate container. This system of waste segregation was accepted in the establishment since it 
obtains higher and higher social acceptance on account of their simplified collection and 
decrease of their transport costs because majority of waste is collected during a single 
crossing of a transport mean. Mechanical sorting of non-segregated municipal waste as well 
as waste from selective collection is carried out in the Establishment. Waste recovery is 
carried out at the sorting hall equipped with mechanical waste segregation line, composed 
of a drum sieve, an electromagnetic separator of ferrous metals, a non-ferrous metals sepa-
rator, two optical-pneumatic separators and a baling press for sorted secondary raw materi-
al. A sorting plant operates in a two-shift system and the maximum performance of a sort-
ing line is 100 600 Mg·year-1 , 2007, Prezentacja ZGO 

Results of research and their analysis

Mixed municipal waste and selectively collected waste were collected by 
Komunalne ,,Wodnik” from households, from municipal services establishments, trading, 
small business establishments and offices. Waste was collected from 100 000 citizens. 

17
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When analysing the size of the mass of the obtained waste (fig. 1), the highest share in the 
total mass comprised of household waste which amounted to approximately 300, 000 Mg 
and from establishments which run business activity, which was approximately 200, 000 
Mg. Considerably lower number of waste was from municipal services and was within 
35 000 Mg to 55, 000 Mg. In case of total municipal waste, this number increased by over 
260 000 Mg from 2007 to 2010.

Figure 1. Collected municipal waste Mk in Mg b
Trzebnica (author's own study based on data obtained from FUK ,,Wodnik” in Trzebnica) 

Total recovery of paper, cardboard, glass and plastic from total mass of mixed waste 
was within 3.5% in 2007 to 2.5% in 2010 and in the remaining years was 2% of waste 
mass. It should be emphasised that in the analysed period the amount of secondary raw 
material separated on the waste segregation line decreased. Within 2007-2010 the mass of 
waste processed on a sorting line was lower by 28, 455 Mg. Considerable differences in the 
amount of collected waste obtained at their segregation occurred. Mass of selectively col-
lected paper and cardboard increased almost by 500 Mg (fig. 2). In case of glass containers 
the biggest recovery of them took place in 2008 and it was over 7,000 Mg. Between 2008 
and 2009 a decrease of the obtained mass took place and it was approx. 1,500 Mg. In 2007 
the highest number of  plastic containers was selectively collected – it was over 3,600 Mg 
and in 2010 almost 3,200 Mg. 

A sorting facility owned by the Establishment served 22.2 thousand citizens in 2010. 
The mass of waste accepted to a sorting facility in 2010 was 5, 567 Mg and was higher in 
comparison to 2006 by approx. 2,000 Mg. 23% of raw material were recovered for recy-
cling in 2010. In 2010 selective waste such as cullet was collected from 17 thousand citi-
zens, plastic from 22.1 thousand citizens, whereas paper scrap from 12.1 thousand of citi-
zens. Plastic and glass was collected to containers of "Iglo" type of 2.5 m3, PCV 240 l, and 
to plastic bags of 240 l and 110 l volume. At the average approximately 60, 000 thousand 
plastic bags are used to collect secondary raw material every year. In 2010, 444 containers 
for glass, the same number for plastics and 424 for paper scrap were used for selective 
waste collection.

18
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Figure 2. Waste collected selectively Ms in Mg and municipal waste Mk in Mg by Firma 
unalne "Wodnik" in Trzebnica  (author's own study based on data obtained 

from FUK "Wodnik" in Trzebnica)

Due to cooperation with a local society, ecological education of citizens and constant 

a high level of recovered secondary raw material.
The other analysed establishment is , which from 

2007 to 2010 increased the amount of the accepted non-segregated municipal waste by 
16, 000 Mg (fig. 3) which constitutes the increase by 30%.  

Figure 3. Municipal waste segregated in Ms in Mg and municipal waste Mk in Mg collected 
s-

podarki Komunal )

they amounted to 7.08% and in 2010 to 7.75%. The difference resulted from the increase of 
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the mass of mixed waste accepted and segregated, which increased by approximately 
18, 000 Mg. In 2007, a mass of sorted raw material was 2, 983 Mg and in 2010 4, 694 Mg. 
In case of a selective collection of all types of secondary raw material, we may notice an 
upward tendency of the recovered mass not earlier than since 2006.

When analysing data on segregation of mixed packages waste, which was carried out on 
the territory served by 
effective and allowed separation of 2, 708 Mg raw material in 2010. Separate segregation 
of glass was 1, 029 Mg and decreased in comparison to 2009 by 300 Mg (fig. 4). 

In 2004, 92 Mg of this waste was separated and in 2010 only 31 Mg. Glass is segregated 
in a lower amount, at the level of 57 Mg, when in 2006 it reached the level of 235 Mg. 133 
Mg of plastics were obtained in 2010. The lowest number of this material was separated in 
2008 and wa , 815, 279 from sale of sec-
ondary raw material in 2010, which means a unit profit at the level of 512.50 PLN·Mg-1 of 
waste.

Mass of waste transferred to repeated use from the beginning of operation of the Estab-
lishment was 33, 236 Mg. In 2004, 1,899 Mg was recovered and in 2010 4, 693 Mg. The 
increase of the obtained mass of selective waste follows from the increase of the number of 
containers for segregation, from ecological education of citizens and from modernization of 
the waste segregation line.

Figure 4. Packages waste Ms

Conclusions

Based on the research, one may make the following conclusions:
1.

total on the entire served area approximately 560 Mg more waste collected selectively 
which constitutes an increase by 4.3%. 

2. An increase of the amount of waste col o-
n-

crease of the scope of segregation system with the use of two containers. In 2004, 1, 899 
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Mg of waste was collected and in 2010 4, 693 Mg which constituted an increase by 
60%.

3. Research of two different methods of selective collection of municipal waste proved 
that the use of segregation at the source with a plastic bags method is more effective 
than segragaton with the use of containers located in the neighbourhood.
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The paper presents evaluation of Plano RS software used in a farm 
that is covered with agri-environmental scheme. The objective of the 
research was to check to what extent Plano RS software influences the 
process of defining quantity of fertilizers necessary in a farm. Wide 
spectrum of the program, its common availability, and the fact it is 
user-friendly, allows even people with basic knowledge of computers 
to use Plano RS software as an effective tool supporting their deci-
sions. Using Plano RS software, a farmer is able to define quantities 
of fertilizers that should be applied in a farm, crosscheck manual 
calculations.

Keywords:
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computer farming software, 
agri-environmental schemes

Introduction

Profitability of production in a farm requires a farmer nowadays to have not only agri-
cultural knowledge, but also the one concerning agricultural engineering, law, finances, and 
management. Collecting all data related to a farm and production, and then analyzing and 
obtaining information, may turn out a difficult and time consuming process. Computer or 
internet decision support systems for agriculture may undoubtedly bring necessary assis-
tance.

First Decision Support Systems (DSS) were developed at the turn of 60s and 70s, and 
they were used for business management (Bojar, 2010). Since the beginning of 80s and the
development of information technology, which was accompanied by appearing of comput-
ers that were available almost for all people, decision support systems have been used in 
agriculture as well. A decision support system is in different words a set of rules recorded 
in a form of a mathematical formula or logical questions, the answer for which should be 
found in computer software , 2006). Apart from obvious economic advantages 
observable for a farmer who uses decision support systems, there are also advantages for 
environment. Taking the advantage of agri-environmental schemes means the reduction in 
production process of e.g. fertilization, or using plant protection products, which should be 
followed by a farmer in return for some financial instruments such as subsidies that com-
pensate them (Kuszewska and Fenyk, , 2009). Quantity of used pesticides 
gets reduced and processes are performed in the so called optimum conditions, which 
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means, that these products are in full consumed by plants, and they do not pose a threat to 
functioning of ecosystems. Reduction of a number of performed processes and farm works
limits the usage of machines in a farm, which means the decrease in  carbon dioxide emis-
sion from fuels used in farm machines. Consultancy concerning fertilizers requires exact 
analysis of soil and filling in data form about a farm, but it assures rational, sustainable 
fertilization of plants, and safe application of natural and mineral fertilizers (Fotyma (Ed.),
2009). In principle, all these requirements and factors that are sometimes too difficult to be 
analyzed by an individual, are taken into account by an appropriate software of decision 
support in the scope of making a fertilization plan (Jadczyszyn, 2009).

Objective, scope and methodology of research

The objective of the research was to evaluate application of Plano RS software used in 
particular for making fertilization plans in farms covered with agri-environmental schemes
within the framework of Rural Areas Development Plan 2007-2013.

The research has been conducted based on an experimental method – there has been
simulation run of Plano RS software application in relation to data and indicators of a par-
ticular farm. In the experiment there have been used: data put in the agri-environmental 
scheme adopted for a farm, as well as statistical data of a farm, current soil analysis and 
field work. The research was run in the business year 2011/2012. It was run in a farm locat-

(in north-eastern part of ty, Podlaskie Voivodeship). 
The northern part of the commune is Biebrza National Park, and the eastern border is 
marked by Brzozówka River, which is one of the biggest tributaries of Biebrza River. 

Research results 

Application of Plano RS software allowed to make fertilization plan not only for one 
business year, but also for some next years (e.g. a period of fulfilling an agri-environmental 
scheme), although it turned out that it was necessary to introduce unexpected modifications 
that depended e.g. on weather conditions or applied agro-technical procedures, e.g. soil 
drying, fertilization, introducing a new form of crop and livestock production.

The software allowed not only planning quantities of necessary fertilizers, but it also 
verified certain routine mistakes made by farmers in the process of defining quantities.  
Comparison of fertilizers demand calculated by a farmer for permanent pastures: 102 kg 
N·ha-1, 34 kg P2O5·ha-1, 70 kg K2O·ha-1, 21 kg MgO·ha-1and 10 kg CaO·ha-1. In the process 
of calculation, Plano RS software changed quantities of fertilizers 41 kg N·ha-1, 11 kg 
P2O5·ha-1, 35 kg K2O·ha-1, 6 kg MgO·ha-1and 3800 kg CaO·ha-1 .

The discussed software allowed in a very precise manner to calculate a necessary ferti-
lizers dose, which influenced economically the farm. It was defined that the farmer should 
spread agricultural lime more often on pastures because acidity of the soils is within the 
range 5.1-5.5 pH. The advantage of the software is calculating nitrogen doses that should be 
delivered for a particular plant together with giving the dates of application. No matter if it 
is a pasture (e.g. A field: dose I – before sowing, dose II – after the first windrow, dose III –

24



Application of plano RS... 
 

 
 

 

25

after the windrow), or triticale (e.g. dose I – before the beginning of spring vegetation, dose 
II – stem extension stage), the software will conduct a necessary calculation.   
 
Table 1 
Nutrition demands of a field with permanent pastures (printout) 

 
                                                     Field No.(name): O                                   Field area (ha): 5.74 
Crops Recommended portions kg per 1 ha Recommended portions for field 

N      P2O5    K3O   MgO    CaO(t) N      P2O5    K3O   MgO    CaO(t) 
Crop: grass 41      11         35       6            3,8 235    63     201        34           22 
Nitrogen fertilization (kg N/ha/ year): 54        incl. Natural and organic fertilizers:13       N balance:14 
Organic fertilizer for a plant: liquid manure-fermented and unfermented        48 tons/field 
Distribustion of nitrogen doses:(kg·ha-1) 
Dose I:16 before sewing 
Dose II:12 after the first windrwow 
Dose III:12 after the second windrow 
Half of calculated CaO dose is recommended to apply in a form of magnesium lime 
 

It was observed on the basis of fertilization analysis that the reason for incorrect growth 
of plants was shortage of phosphorus and potassium macroelements in the soil. The re-
search pointed out that the farmer calculating manually doses of applied fertilizers, even 
when applying very high amount of nitrogen (143 kg N·ha-1, 34 kg P2O5·ha-1, 40 kg K2O·ha-1) 
was not able to achieve satisfactory crops of triticale, because in order to obtain on average 
5 tons of triticale, we need 67 kg N·ha-1, 50 kg P2O5·ha-1, and 71 kg K3O·ha-1 (Jadczyszyn, 
Kowalczyk, Lipiński, 2008). 
 
Table 2 
A farm balance (printout) 

 
Balance indicators of a farm 

Area ha Consumption of natural fertilizers 
Agricultural area 44.12 NIG (statistical farm num-

ber):024136041 
Year:2012 

Arable area 37.91 Farm: Farm tested 
Fallows incl. 0   
Pastures 6.21   
Grain crops 4.04 11% share in crops structure  
Permanent 0   
Green fields 13.78 36% share in arable area  
Fields with ploughed straw 0 0% share in arable area  
Main feed area 40.08   
Crop in grain units dt   
For 1ha of agricultural area 37.5   



Andrzej Borusiewicz, Krzysztof Kapela 

Balance indicators of a farm
Area ha Consumption of natural fertilizers
For 1 ha of crop area 43.6
LSU/1ha of agricultural area 0.96
LSU/ 1 ha of main feed area 1.06
indicators N P K
NPK quantity in applied natural fertilizers 
(kg)

356 179 564

NPK consumption in natural fertilizers in 
kg·ha-1 of agricultural area

8 4 13

NPK consumption in mineral fertilizers in 
kg·ha-1 of agricultural area

91 34 89

Intake of components from all sources in 
kg·ha-1 of agricultural area

133 22 99

Intake of components from all sources in 
kg·ha-1 of arable area

144 25 108

Intake of components from all sources in 
kg·ha-1 of pastures

62 6 45

NPK balance for 1ha of agricultural area 12 3 -9
Fertilization of arable area with nitrogen (N 
kg/ha/year)

113

Fertilization of agricultural area with nitro-
gen (N kg·ha-1/year)

45

Recommended value of balance indicator 1.08 1.92
Current value of balance indicator 1.15 0.92
Straw management:
Demand for straw for litter (tons) 15.7
Amount of straw for litter to be used by 
farm (tons)

33.3 Print

Ratio of using straw for litter 2.13 Close

Another advantage of the software is the fact that it contains a lot of important infor-
mation necessary for a farmer, e.g. such as: crop rotation on a particular field, NPK ratio·ha-

1 of agricultural land, quantity of straw in a farm and demand for litter, shortage of nutrition 
components kg·ha-1 of agricultural land, livestock of adult animals LSU·ha-1. It is required 
that a farmer puts in a very exact and correct manner all data from his farm, and then it will 
be possible to use such an analysis in the farming production process. 

An element of the software that requires further improvement is calculating the natural 
fertilizers quantity, which can be used by a farm. It depends on the number of livestock in 
a farm, type of breeding, age and number of days spent on pasture. From the practical point 
of view, in a farm there are quite frequent changes to a number of livestock and their age, 
as well as number of days spend on pasture. One may notice when trying to compare calcu-
lations of the software and realistic usage of liquid and stable manure from the barn on deep 
litter, that they are quite different, which results from averaging the number of animals by 
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the software. It does not include either the possibility of combining production of a particu-
lar farm with others, whereas in farm production, there are frequent cases of e.g exchanging 
products by neighbours, which may not be included in the data input (no such function).

Table 3
SWOT  analysis of Plano RS program application

Advantages: Disadvantages:

- Common and free access to the software.
- User-friendly, even for people with basic 

knowledge of computers.
- High number of variables, which allows 

matching to a particular farm.
- A possibility to plan for many years.
- Low hardware requirements.
- Commonly used by agri-environmental 

experts in the process of preparing fertiliza-
tion plan.

- Recommended by Farming assistance center 
and farming chambers.

- Incomplete data.
- Takes into account only standard situations, no 

possibility to modify in extraordinary situa-
tions.

- High number of commands to be done in order 
to make calculations.

- Reading is possible only at the computers 
where Plano RS is installed, no possibility of 
exporting data.

- A necessity of putting fertilization data twice in 
different periods of a business year. 

- Limited possibility of manual changes in order 
to match with the specificity of a particular 
farm.

Chances: Threats:

- A modern software for making fertilization 
plans.

- Well-tried in scientific research and in prac-
tice, which proves its usefulness.

- Allows a better planning and usage of natu-
ral and mineral fertilizers.

- It requires monitoring of its correctness with a 
realistic farm production process since too high 
level of trust into the software calculations may 
result in negative effects.

-

Summary and discussion

In Polish conditions computer decision support programs in farming undoubtedly still 
remain a certain novelty, and they are too seldom used. As field works prove, only ca. 17% 
of farm producers who have a computer with the Internet access, use a program for defining 
the quantity of necessary fertilizer (Borusiewicz, 2009). A significantly higher percentage 
of farmers use computers to select the goods, make a purchase, fill in subsidiary applica-
tions correctly, or for plain entertainment. It is worth mentioning that numerous “tradition-
al” farmers do not have necessary knowledge to use computers and the Internet, and main 
users of their computers are their children or grandchildren (Lorencowicz and Figurski, 
2008), which gets confirmed by the research carried out by Kapela and Borusiewicz (2012).

However, taking into account western practices and experience, this thinking is incor-
rect, since a computer is extremely useful, and more importantly it is an effective tool for 
fertilization planning. c-
tions of farmers against modern programs of decision support, i.e.:

27



Andrzej Borusiewicz, Krzysztof Kapela 

– worries of farmers concerning high purchase costs of hardware and software that might 
not get compensated by savings obtained thanks to their application,

– too much complicated hardware and software service,
– low reliability of solutions suggested by a software, which results from accepted simpli-

fied models,
– difficulties to modify software according to individual farm properties,
– being up to the date with information stored in the data base memory,
– knowledge level of a user may be a factor that discourages from using a software.

Despite all indicated reasons, when getting better acquainted with the practical aspect of 
using a farming computer software such as Plano RS, they are not obstacles that may not be 
overcome, the more that majority of farms is assisted by different forms of farming assis-
tance experts, farming assistance centers, farming chambers or other entities.

The research of Kapela and Borusiewicz (2013) point out that the average age of farm-
ers got lower, but education level, scope of competences and awareness of modern solu-
tions increased, and these factors mean greater interest into modern technologies, including 
the programs of decision support in farming.

Plano RS program includes all these factors: soil properties, e.g. acidity, content of 
basic elements; forecrop and fertilization that was performed specially for a plant, issue of 
an aftercrop and the aim of crop, managing the side crop, application of natural fertilizers. 
Using Plano RS software allowed reduction of quantity of applied mineral fertilizers, which 
meant the cost reduction of farm costs. 

Each farm producer, even the one having specialist education and practical knowledge, 
when using the computer software may obtain a lot of valuable information that may bring 
about visible economic results. Wide spectrum of the program, its common availability and 
the fact it is user-friendly, allows even people with basic knowledge of computers to use 
Plano Rs software as an effective tool supporting their decisions. One may expect in the 
future that – as in western countries – a computer equipped with decision support systems –
will be one of the most basic tools used in a modern farm.
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Introduction 

Modern agriculture becomes a field of agriculture which is to a higher extent based on 
professional knowledge, ability to manage and apply information in the production process. 
Ability to process bigger amount of information related to implementation of new technol-
ogies becomes a key for maintaining profitability of production and meeting requirements 
of protection of natural environment. The basic assumption of the precise farming system is 
adjusting production technology to specific conditions of environment including spatial 
variability of single fields. Precise farming is determined as a farming system which uses 
highly developed navigation and informatics technologies – satellite positioning systems 
(GPS – ) and methods of obtaining and processing spatial data  
(GIS – ), (Gozdowski et al., 2007).  The basis for operation 
in the precise farming is collection of information on the natural variability of a given area, 
e.g. a field with precision to as much as 1 cm and using them to prepare precise agro-
technical treatments e.g. fertilization or using pesticides. Preparing a digital map of re-
sourcefulness and variability of soil is a precondition for implementation of precise farm-
ing. In the recent years, precise farming is implemented more extensively for agricultural 
production in many countries, especially in the United States, Australia and other countries 
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of Western Europe. Significance of precise farming in Poland has been low so far. Howev-
er, one may forecast that within several years, this farming system will be gradually popu-
larized (Gozdowski et al., 2007; Dreszer, 2005). Implementation of these technologies to 
farming opened completely new possibilities in agricultural technology, providing basis for 
use in the field production of the so-called precise farming system (Doruchowski, 2005; 
2008). Completely new generation of machines and work technologies with great participa-
tion of electronics, computerization and satellite connection systems has been created. It 
gives high time and energy savings (Narkiewicz, 2007; Turowski and Kapela, 2001). The 
Polish conditions indicate that there are many factors, which hinder more extensive popu-
larization of the precise farming systems, including: high fragmentation of agrarian struc-
ture, farmers' reluctance to associate in producer's associations, high prices of satellite navi-
gation systems and machines (Minta, 2008). 

Objective and methodology of research 

The objective of this research was analysis of profitability of implementation of precise 
agriculture techniques on the example of large farms. Research was carried out in 2011 
based on the direct survey and documents obtained from agricultural farm. The list of pur-
chased devices was made and SWOT analysis was carried out. Calculations were made 
with the use of data analysis method. A farm takes a total area of ca. 4,000 ha (with leased 
land). A 4-year cycle of crop rotation is applied. The structure of crops: potatoes 1000 ha, 
grains 1850 ha (wheat 1000 ha, barley 700 ha, rye 150 ha), rape 850 ha, grass mixture 200 
ha, maize 100 ha. The last two crops are intended for demands of own fodder production 
used in milk production (a herd of 300 dairy cows). Results obtained from implementation 
of the precise farming systems were compared with the results of conventional farming. 

Research results and discussion 

In the investigated farm, various techniques of precise farming are implemented. The 
first solution introduced in 2003 was collection of soil samples every 4 years in the system 
of points mesh with resolution of ca. 2 hectares. Simultaneous equipment of the device for 
collecting soil samples in GPS allows drawing maps of soil pH and phosphorus, potassium 
and magnesium content. Maps of content created with the use of AgroWin software, are 
mainly used for "manual" determination of fields with different pH and on this basis for 
differentiating calcium doses. Savings on this account are estimated to be ca. 15% of lower 
costs of fertilization consumption. The main reason for implementation of the fertilization 
system is searching for methods of levelling of potato tubers quality. The system for sup-
porting parallel move GPS OUTBACK'S, mounted on tractors aggregated with fertilizer 
spreaders of Amazone company with a working width 24 and 36 cm has been used for 
improvement of precision of pre-sow use of fertilizers since 2006. Mineral fertilization is 
carried out with Amazone spreaders - suspended ZA-M Profis and connected ZG-B Drive. 
The latter spreads also calcium. All spreaders are equipped with Amatron drivers+, which 
may cooperate with Trimble devices. This system allows limitation of "underlaps" and 
spots where fertilizer was double applied and allows precise fertilization at night and at bad 
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weather conditions. Since 2005 a farm has crop meters mounted on Class Lexion 560 
equipped with GPS. Maps of yielding of grains and rape are drawn with the use of AGRO-
MAP programme. Presently AutoControl system is being tested in a farm, which enables 
constant analysis and optimization of the use of tractors in a farm. Possible implementation 
of the AutoControl system depends on possible financial savings, which will follow from 
its application. The costs of one transmitter/receiver amounts to PLN 3 thousand, a fixed 
charge for monitoring of one vehicle amounts to PLN 85 monthly. A farm owns 50 tractors, 
thus their control on the area of 4 thousand is impeded. Since 2001 a farm maintains a rec-
ord of all cultivation treatments with the use of PlantPlus application. Such solution allows 
to quickly find both current and historic cultivation data. 

The whole area of potato cultivation is watered with sprinkling machines of Pivot type 
and reel sprinkling machines Irydelta. Time limit and dose of water is determined based on 
precise measurements of soil moisture with the use of sonde Diviner 2000 by Sentek Sensor 
Technologies. At the average, in the vegetation season potatoes are irrigated with a dose of 
100-120 litres of water per m2. 

Planning works on fields, where potatoes are cultivated shall be started with placing reel 
and rotational sprinklers on them. In case of the first group, following their placing on  
a given plot, a direction for planting potatoes shall be determined.  

Then, referential lines A-B for each field shall be determined. Thanks to these lines,  
3 sets with tractors equipped with the system of automatic parallel move, whose operation 
is supported by RTK aerial of base station, which measure errors and send by radio the so-
called correction to tractors which are in its scope (at the maximum 12-15 km), will be able 
to plant potatoes. 

Due to the use of precise devices, a farm decreased annually its treatment costs. Pur-
chase of RTK station and equipment for two tractors, which use a precise signal cost ca. 
PLN 170 thousand. However, according to calculations made by the farm manager, during 
work with cultivation machines of 6 m width, actual width of cultivation is approx. 5.40 m. 
With RTK station an effective width of the same equipment is 5.90 m. Calculating this 
difference by a farm area, average number of cultivation crossings, during operation with-
out GPS, area of the so-called covers was approx. 1,000 ha. Due to RTK and elimination of 
covers during cultivation, a farm decreased annual costs from PLN 102 thousand to PLN 83 
thousand. Besides the use of satellite navigation for planting and sowing it is also used for 
parallel crossing during reaping off the stubble field and sprinkling calcium. Then the trac-
tor operator, as during sowing, may concentrate on observing a tool and leaves tractor driv-
ing to devices of automatic parallel move. 

Trimble Autopilot systems are mounted on three tractors New Holland T7030 and they 
interfere through solenoid valves in their hydraulic steering systems. Moreover, sensors of 
turning AutoSense and centrals NavController II with compensation of vehicle tilts in three 
axes T3, which is formed by three couples of acceleration meters and gyroscopes measur-
ing all machine movements 50 times per a second. It is indispensable for precise tractor 
driving, since an aerial on its roof does not reflect the axis location, which always has to be 
on the navigation line. Application of the described automatic parallel move for driving 
three tractors which pull the sets composed of active plough Baselier 4FKC380, a 4-row 
structural planter Miedema PM40 Structural and a ridge former Miedema AAK 4R allows 
planting 950 ha of potatoes within three weeks of work 24 hours a day (including approx. 
250 ha of seeds plantations).  
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Table 1 
annual plants) 

Use 
of a device 

Name  
of a device 

Purchase price 
(PLN) 

Estimated savings 
(PLN·year-1) 

Precise farming,  
precise cropping 

Trimble Autopilot 100, 000 133, 000  
(35 PLN·ha -1) 

Precise fertilization,  
Precise use of pesticides 

Panele CFH, FmX plus 
VRA firmy Trimble 

  12, 000 
  23, 000 

190, 000 
(50 PLN·ha -1) 

Precise sowing 
Precise farming, 

EZ –Steer, EZ- Guide 
500 plus aerial 

  45, 000 95, 000 
(25 PLN·ha -1) 

The increase of the quality  
of signal 

RTK station 170, 000 Included above in agro-
technical treatments 

Total  350, 000 418, 000 
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Table 2  
 

Strengths Weaknesses 

Savings in consumption of fertilizers  
and pesticides High cost of purchase of equipment  

Increase of effectiveness of fuel consumption, In-
crease of crops Necessity of possessing modern machines 

Time savings, Optimal field and plant cultivation Burdensome moving of GPS devices from one 
machine to another  

Decrease of machines consumption,  
Decrease of labour input No universal GPS device for all machines  

Improvement of the quality of farm products No compatibility of various producer's devices 
Decrease of a negative effect  
of agricultural activity on natural environment 

Necessity of paying a subscription for GPS 
signal of the increase precision 

Automatic control of technical devices Need for training for employees 
Automatic formation of documentation concerning 
fertilization, protection and cropping, constant  
collection of data, processing, analysis 

GPS signal cannot be accessed everywhere 

 
Table 3 

 

Chances Threats 

Increase of the demand for services related  
to collection, management and interpretation 
of data 

Without a good understanding of data interpretation 
and equipment compatibility, there is a threat that full 
advantages from GPS use will not be executed 

Development of local training institutions No GPS signal within a specific period may lead to 
delays in a correct execution of agricultural treatments 

There is a need to create a friendly-user 
application for interpretation of various  
layers of spatial data in agronomic solutions 

Relation to GPS signals, loss of some traditional skills 
at the operation of machines, such as ability to drive 
mechanical vehicles in a straight line without the use of 
technology 

Increase of income from  
agricultural production 

Spatial technology may help in development of ma-
chines, robots, potentially reducing demand for work 
and costs of human errors, but it also may lead to the 
loss of human operators of machines in rural societies 

 
Size of acreage, in conditions, in which introduction of precise farming is economically 

justified depends on many factors, such as: applied technologies, cultivated plant species 
and produce and production mean prices (Gozdowski et al., 2007). In the researched farm, 
amortization of equipment is assumed for 10 years, whereas, savings from the use of pre-
cise farming techniques is estimated at the average of approx. PLN 37 ha-1 per a year (table 
1). Godwin et al. (2003), analysed the area from which the use of precise farming technolo-
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gy will bring income and they provide 250 ha for a complex equipment in indispensable 
devices, additionally assuming the increase of crop by 0.25-1.6 t·ha-1. However, these are 
conditions which differ many times from existing conditions of farming in Poland. The use 
of the parallel move system brings ca. 8% of savings in consumption of production means, 
that is seeds, fertilizers, pesticides and fuel, whereas in the researched farm, these savings 
are at the level of ca. 10%. This difference probably follows from the highest level of preci-
sion of the system, applied in this farm and from the possession of big-area fields, where 
effective operation of the set of machines is longer. 

Conclusion 

Based on the research which was carried out, it was determined that the purchase cost of 
the precise farming devices, in the investigated farm will bring measurable advantages as 
soon  as in the second year of use. Introduction of the precise fertilization treatment and 
application of plant protection substances brought the highest savings in a farm. 

In Poland there are more and more businesses which render services of precise farming. 
A farmer before taking up a decision on the selection of the equipment or a service compa-
ny, should carry out a precise analysis of the selection of equipment, since savings from 
implementation of the precise farming systems may be ostensible, which is confirmed by 
the research of Šařeca et al. (2009). 
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minimalna powierzchnia gospodarstwa, od jakiej stosowanie technologii rolnictwa precyzyjnego 
przyniesie dochod
ok. 75 PLN·ha-1. 
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 The aim of this research was to answer the question if the seasonal 
cow’s bedding changes are indifferent to dairy production. The re-
search was held in two different Wielkopolska farms which had very 
high milk productivity. In one of the farms, the cow’s beddings, were 
located indoor, and in the second one outdoor under the roof. The 
autumn’s change from sand into straw and spring’s from straw into 
sand are either indifferent to milk productivity or they have positive 
influence. 

Keywords: 
seasonal bedding change,  
dairy production 

 

Introduction  

Most frequently straw functions as bedding in a free-stall daily cowshed. Sand or other 

ater mat-
tresses are used as a substitution (Bedding options for dairy cows). Recently, information 
on harmful use of sawdust, which causes mastitis disease in relation to presence of a con-
siderable number of intestinal bacteria Klebsielli ed (Neja, 2013). Sand 
may come from a mine or be obtained from crushed rocks. In such form it is sharper.  
Diameter of its grains should be up to 3 mm. According to American recommendations  
a layer of sand in stalls should be 6- -20 cm) (Gooch and Inglis). 
Non-organic bedding, containing lower number of pathogens is less responsible for masti-
tis. According to Zdanowicz's research (2002) the number of bacteria cells occurring in the 
end of tits is related to their number in the bedding. Coefficients of correlation for the straw 
bedding are within +0.47 to 0.60 and for sand are slightly lower and are within +0.35 and + 
0.40. A stall, which ensures welfare, influences long rest of a cow. Due to this, blood flow 
through an udder increases by 20-30%, which raises milk secretion (Osborne, 2012).  

lameness. Sand beddings are slippery, therefore it results in a lower number of injuries and 

 
 



  

n-

cowsheds equipped with milking machines, which ensures a good condition of cows' limbs 
(Jonckers, 2011). Kaczor et al. (2011) stated that based on the research, the number of so-
matic cells in milk of cows, which rest on straw-lime beddings is lower in spring and sum-

n-
tion to a lower number of somatic cells in milk of cows maintained 
of sand beddings is that in summer their temperature is almost by 2ºC lower than the tem-

n-
firmed by Gooch and Inglis. Cook claims that a cow should stay in a stall 12 hours a day. 

m-
ages machines by rubbing their working elements and when it is not used carefully it clogs 

a-
ble piece of literature on the knowledge of bedding and laying cowsheds. These authors 
carried out detailed literature studies and they included 113 mainly English publications 
from around the world.  

The objective and the scope of the study 

A temporary shortage of bedding straw is a milk producers' problem. It may be easily 
replaced with sand, but production outco

that in high-performance cowsheds with stalls for cows, located indoor as well as outdoor,  
a seasonal replacement o

in the centre of special interest, the sense of which was to protect cattle against the effects 
of heat stress (Chaberski et al., 2012).   

Methods  

The research was carried out in two farms of dairy cows: in the end of April 2012 and in 
the end of autumn and beginning of winter 2012 and in two first days of 2013. Both farms 
are located in Wielkopolska, they belong to one, big farm and are managed by the same 
person. In farm B with inside stalls, usually ca. 360 dairy cows were maintained. In farm S, 

number of cattle 
and reached 11, 000 kilo of milk, which places the farm at a high position on the list of the 

 
Farm B and S differ considerably since in farm B stalls for cows are located inside cow-

sheds, and in farm S outside under the roofs. Thus, microclimate conditions are not identi-
 

17 cm and in 230 and 12 cm. In both farms stalls are laid 
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laced with straw.  
Photo 1. presents stalls for cows in farm S during spring replacement of straw with sand.  

 

 
Figure 1. Spring bedding change in farm S (end of April, 2012)  

 
For analyses of the impact of bedding change on the milk production a collected docu-

mentation was used. Figure data referring to a daily milk production in farm was calculated 

frequently caused by a changing number of milked cows, resulting from their physiological 
e-

ryday data were applied (10 days before and 10 days after the bedding change) and weekly 
data including milk production 4 weeks before and 4 weeks after the change. The process 

– 
transitory periods was not the subject of interest.  

 straw with sand 

authors' software was applied basing on the method described by Ruszczyc (1981). Test F 
was used for assessment of the significance of statistical dif t-
ed groups.  

 
 

41 



  

 from both farms were used (Air control for 
Wielkopolska region).  

- straw and sand were 
determined. Results were referred to a single stall.  

As a part of the research, a single, random assessment of correctness of cow feeding 
was carried out on account of a proper balancing of components of TMR fodder performed 

-
the content of fat, protein and urea were 

(2013) works. Chemical analyses were carried out by the Polish Federation of Cattled 
Breeders and Milk Producers.  

Results  

During decades subsequent to and following the periods of bedding change, the cows' 

in 0.2 to 
2.9 m·s-1 and in late autumn and in winter within 0.4 to 2.7 m·s-1.  

 
Table 1  
The impact of seasonal bedding change on dairy production in 10 days before and after   

Stall bedding change Parameters 
Farms 

B (inside stalls) S (outside stalls) 

 
 
 
Straw replaced  
with sand (spring) 
 
 

Before the bedding change  
-  
-  

 
30.4 
0.7 

 
33.1 
0.5 

After the bedding change  
-  
-  

 
32.2 
0.7 

 
33.1 
0.6 

Value of coefficient F  34.5 ** 0.03 

 
 
 
Sand replaced with 
straw (autumn/winter) 
 
 

Before the bedding change  
-  
-  

 
30.2 
0.6 

 
33.9 
0.4 

After the bedding change  
-  
-  

 
30.3 
0.6 

 
34.8 
0.8 

Value of coefficient F  0.03 10.5 ** 
 
In the spring time, it was reported that in farm B with inside stalls, transfer from straw 

a cow and 
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after – 32.2 l. This difference is statistically highly significant. This phenomena may be 

since dairy cows prefer lower temperatures (Chaberski et al., 2012; Rodenburg, 2000). In 
farm B autumn-winter change of sand does not result in the change of cows' milkability. In 
case of farm S the situation is different. There, after the change of sand into straw, a daily 
milk production increased from 33.9 to 34.8 l from a statistical cow. Differences are also 

general conditions of the animals' rest and as a result cause increase in milk production.  
Consideration of production effects of bedding change in longer, monthly time horizons 

r-
age daily milk production in a month was 30.3 l and after the change – 
these differences are not statistically significant (Fcalc.=3.29, is lower than the table one, 
which is Ftab. num-
ber of freedom degree. Almost the same is at the replacement of sand with straw, when 

– 
from a cow. Bedding change in farm S with outisde stalls from sand into straw (au-

from cow daily, differences are statistically highly significant (F=18.15).  
ially was 

not confirmed. Changes in cows' milkability occur after seasonal bedding change: sand - 
straw, straw- o-
ducers. Milk secretion in cattle herds increases or does not change. Possibility of almost 

e-
ment of straw. Many years ago Gawarecki (1862) recommended: “
in summer on richer green fodder and laying soil underneath in 

”.  
In farms 600 kg of sand and 9 kg of straw is used for first bedding of a stall. Sand is lat-

-70 kilo. Straw is n-
suming 1.5-2.0 kilo for one stall. Price of a tonne of sand is PLN 20 and straw PLN 250. 
Research carried out by Gaworski (2008) indicate possibility of using slightly bigger 
amount of sand: 6.6-28.2 kg·day-1 and 3-5 kg of straw per day. The American add sand in 

- ·tonne-1, and 
with straw 40- ·tonne-1. When compa i-
gated farms and in American farms one may say that they are quite similar.  

system), it was correctly balanced and had a mono-diet nature. Fodders were subject to 
 

eported only once, in farm S, in the half of December 
·l-1 

and energy, although it is not completely sure. In literature among reasons for such phe-
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Table 2  
The assessment of cows feed correctness in examined farms  

Farm 
Date  

of analyses 
Content in milk Relation  

of fat 
to protein 

Assessment  
of feed fat  

(%) 
Protein 

(%) 
 

(mg·l-1) 

B 
14th Jan 2013  4.21 3.28 273 1.28 Correct 
11th Feb 2013  4.04 3.31 271 1.22 Correct 

 
  
S 

14th Dec 2012 3.91 3.46 315 1.13 
 

of protein 
And energy in fodder 

18th Jan 2013  3.81 3.37 234 1.13 Correct 

 Source: Authors’ own assessment based on numerical data 
Obtained from the Polish Federation of Cattle Breeders and Milk Producers  

Conclusions  

1. 
as stall bedding for dairy cows without the production risk. It concerns both inside as 
well as outside stalls. 

2. 
 

3. In open cowsheds, with outisde stalls for cows, autumn-winter change of sand to straw 
priate welfare ensured during the winter cold.  
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ANALYSIS OF DATA OF ORGANIC FARMS WITH THE USE  
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 Gekko software is designed to keep reporting in organic farms, which 
is required by supervising institutions. The program enables collec-
tion in its base, data, which are required from a farmer and additional 
information as well. Based on these data, reports and lists are gener-
ated in the program. However, beside standard lists, the software 
enables programming by a user his calculations. These calculations 
enable generating unpredicted lists in a standard version of the soft-
ware. Gekko software was developed within the National Centre for 
Research and Development (NCBiR ) project No NR 12-0165-10/2010 
titled "Innovative influence of  technology and  information manage-
ment supporting system on production efficiency in organic farms" 
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Figure 1. Exemplary standard report in Gekko programme (screen capture) 
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ANALYSIS OF THE SIZE OF DUST PARTICLES  
WHICH WERE FORMED DURING PELLET PRODUCTION 
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size distribution 

 

Introduction 

many illnesses including pneumoconiosis and cancer ( r-
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of production processes, which are the main sources of dust emission and the use of group 
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work, concentration of dust, dimensions and the shape of fraction, their chemical composi-
tion and crystal structure as well as solub  
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10 of an aerodynamic diameter of inhaled grains smaller than 10 m, which may 
reach upper resp -  

a particle of 10 
100 m only 50% of them may get to a respiratory 

 
racterized 

n-
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iness which occurs in 
refers to small establishments which produce biofuels from solid biomass, in which encap-

n-

 
t is determined with weight by reference 

to the mass of dust deposited on measurement filters to measurement fractions of dust par-
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termination of the content of a total - -
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on, a method based on the 

analysis of the amount and the size of dust particles on surfaces of production halls was 

which are in the air and dust which deposited o  

4 10 in dust deposited on the surfaces 
of production halls and determination of properti

 

Methodology 

4 10 was carried out through an analysis 
of results of the distribution of the size of particles of the tested sample at the laser analyser 

Company, model 
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tely 2 m from the source of dust-

For each sample, triple measurement of the size of particles was carried out at the assumed 
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ed: optic 
b-

-
each particle the following were measured: A – Area;  – s of the 
following shape indices were calculated:  

d  – b-
 

 

5,04 Ad   (1) 

K –  

 2
4 A

K   (2) 

 
K were grouped according to ranges and then densities 

i-
ameters d  K. were 
grouped  

Results 

4 10, 
100 fractions were 

 
Figure 2 presents a microscope image of the dust particles and the manner of their di-

A and the perimeter  was carried 

K 
draulic diameter d  were grouped 
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cient K  

 
Analysis of figure 5 shows that there is a correlation between the shape of a particle and 

hydraulic diameter  d    K may be described with an empirical 
coefficient: 

 11818150 Kd   R2   (4) 

Conclusions 

 Analysis of samples of dust collected from the surface of shop floors, where pellet was 
4 c-
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VARIABILITY AND CORRELATION OF THE SELECTED PHYSICAL 
PROPERTIES OF PUMPKIN SEED (CUCURBITA PEPO L.) 

, b  
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Contact details: ul. Oczapowskiego 11, 10-719 Olsztyn, e-mail: zdzislaw.kaliniewicz@uwm.edu.pl 

   

Article history: 
:  

  :  
 

:  
 

 Basic dimensions (length, width and thickness), critical velocity of 
transporting seeds, sliding friction angle and the mass of pumpkin 
seeds, obtained from four fruit of various mass were determined. 
Based on the measurements, volume and thickness of each seed and its 
spherical index were calculated. Interdependence between the tested 
properties and indexes was evaluated based on the test for independ-
ent samples, analyses of variance, correlation and regression. It was 
found that the seeds mass is the most variable property and their 
length is the least variable. Empty and full pumpkin seeds should be 
separated with a pneumatic separator, where a vertical air stream of 
velocity approx. 5 m·s-1 is a separating element. Length and mass of 
seeds may be used at separation of seed material into quality frac-
tions. As a result of separating the smallest seed fraction, a seed 
material may be obtained in which after the process of removing the 
fruit-seed coat, 95% of ripe seeds will be available. 
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Results and Discussion 
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Statistical parameters of distribution of physical properties of pumpkin seeds 

  xmin xmax x S Vs 

D-4.0 

v     11.42 
T  4.62 b   
W   12.25d  6.51 
L 16.06  d 1.065  

 16  21.6    
mp 0.0444  d 0.041 17.51 

D-  

v   6.71b   
T   2.76d   
W 10.14 14.07  0.656 5.20 
L 17.77 24.26   5.17 

  42 b  16.26 
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v   6.12   22.54 
T  4.45    
W   b 0.775 5.74 
L 20.61 27.10 b   

  40 26.5    
mp  0.4115 b   
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L      
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Statistical parameters of distributions of calculated indexes of pumpkin seeds 

  xmin xmax x S Vs 

D-4.0 

Km   0.654   5.60 
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Km 0.440    5.60 
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Average value and standard deviation of physical properties and the separation index  of 
empty and full pumpkin seeds 
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Pearson’s coefficients of correlation between properties and calculated indexes of seeds 
and seeds without fruit-seed coat 

 
 T W L  mp Km Kw V  mn 
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    1 0.041 -0.276 -0.264 -    
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Equations of one variable describing physical properties of seeds and seeds without fruit-
seed coat 

  
2 

 
 

454.4.0 LW  0.554  

421..15 pmW   0.760 

.646.20 nmW    

..1 WL  0.554 1.556 

.12. pmL  0.704  

.11427. nmL  0.540  

.0040.0 Wmp    

.0.0 Lmp  0.704  

011.0.1 np mm   0.042 

002.0016.0 Wmn    

027.0011.0 Lmn  0.540 0.024 

.0421.0 pn mm    
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Figure 1. Histograms of mass distribution of seeds without fruit-seed coat for 3 fractions:  
a – seeds width, b – seeds length, c – seeds mass 
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 The objective of the paper was to present model solutions of distribu-
tion logistics with regard to organic products in organic farms. More-
over, size and production structure, as well as participation and 
structure of commodity production divided into departments was 
defined. The scope of the paper covered the research in 50 organic 
farms located in the south of Poland. The study was carried out within 
the development subsidy No NR 12-0165-10 "Innovative impact of 
technology and IT support of management on production efficiency in 
organic farms". Total commodity production in the investigated farms 
was 6009.73 PLN ha-1 which constituted at the average 69.3% of 
global production. In the structure of plant commodity production, 
vegetables, grain seeds and fruit constitute a considerable part and in 
the animal production it was milk and eggs. It was found out that 
decisions within the scope of model solutions of distribution of organ-
ic products mainly concern the selection of proper distribution chan-
nels, organization of physical distribution (marketing logistic) and 
localization of sale points. Four models of organic products distribu-
tion were suggested. 

Keywords: 
,  

 
,  

,  
,  

 

 

Introduction 

- 

z-  
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Source: Raport o stanie rolnictwa ekologicznego, on-line, 2014 

Figure 1. Number of food-processing plants within the system of organic farming in Poland 
in 2003-2012 
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Figure 1  Structure of commodity production – plant production department   

Figure 2  Structure of commodity production – animal production department   
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Contact details: ul. Balicka 116B, 30-149 Kraków, e-mail: dariusz.kwasniewski@ur.krakow.pl 

C L I N F O    

Article history: 
:  

  :  
 

:  
 

 The objective of the paper was to determine operating costs of the 
machinery park in organic farms. Moreover, the level of farms equip-
ment with farm machines and devices was determined and the use of 
their manufacturing capacities was assessed. The scope of the study 
covered the research in 50 certified organic farms located in the south 

skie voivode-
ships. The study was carried out within the development subsidy no 
NR12-0165-10 "Innovative impact of technology and  IT support of 
management on efficiency of production in organic farms". Average 
area of AL is 12.48 ha. Operating costs of the machinery park were 30 
993 PLN·farm.-1which annually per one hectare of AL generates the 
value of PLN 3 369. Amortization constituted the highest participation 
in total costs, which was as much as 65.7% and energy carriers 
related to consumption on production of diesel oil, leaded petrol and 
electric energy. The highest use of manufacturing capacities of the 
machinery park of organic farms was reported in case of a manure 
spreader, presses and windrow collectors. In case of spreaders, 19 
years are necessary for their total amortization, and in case of presses 
and windrow collectors – 20 and 21 years. In the researched organic 
farms, average annual rate of use of possible manufacturing capaci-
ties of the majority of machines was only 0.4-1.3%. It forces to length-
en the operating periods, which constitutes the main brake on pro-
gress. 
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1  The paper was written as a part of the research and development project no NR 12-0165-10 
funded by the Ministry of Science and Higher Education 
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REPLACEMENT VALUE OF FARM BUILDINGS  
AND COSTS OF THEIR OPERATION IN ORGANIC FARMS1 

Urszula Malaga-   

,  
Contact details: ul. Balicka 116B, 30-149 Kraków, e-mail: urszula.malaga-tobola@ur.krakow.pl 

C L    

Article history: 
: March 2014 

  :  
 

:  
 

 A rising trend in the number of production buildings, mainly livestock 
buildings, which were given for use in farming, has been at the same 
level for several years. The paper presents the level and structure of 
equipment of the selected organic farms with farm buildings and their 
replacement value and operating costs were calculated. The scope of 
research included 50 facilities located in the southern Poland, which 
were granted an organic farm certificate. The investigated facilities 
were the object of research within the development subsidy titled 
"Innovative influence of technology and information management 
supporting system on production efficiency in organic farms". The 
analysed data concerned 2012. For the purpose of comparative 
analysis the researched facilities were divided into two groups which 
specialize in plant and animal production. Average area of buildings 
was 314.45 m2 and was comparable in distinguished trend groups. In 
farms producing plants, storehouses prevailed and in case of animal 
farms – livestock buildings. Average annual replacement value of 
buildings was PLN 105.78 thousand and was also comparable in 
trend groups. In the structure of replacement value, storehouses 
prevailed, which constituted at the average 43.03% and livestock 
buildings – 37.68%. Average annual operating costs of buildings were 
PLN 58.61 thousand. The fact that these costs in animal farms were 2 
times higher than in plant farms, should be emphasised. Renovation 
materials and ordered repairs constituted the highest costs. 
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  The paper was written as a part of the research and development project no NR 12-0165-10 
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Figure 2 Structure of operating costs of buildings in trend groups 
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IMPACT OF WORKING PARAMETERS OF THE PIN SOWING UNIT 
AND SOWING PARAMETERS ON THE REGULARITY  
OF DOSING OATS SEEDS 

Piotr Markowski ,   

 
  

Contact details: ul. M. Oczapowskiego 11, 10-757 Olsztyn, e-mail: piotr.markowski@uwm.edu.pl 

A R T I C L  

Article history: 
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Accepted:  

The paper presents the research results concerning the impact of 
rotational speed of a sowing shaft (4-34 rot·min-1), width of a sowing 
opening (1-5 mm) in a pin sowing unit and width of interrows (7-15 
cm) and sowing speed (4-12 km·h-1) on the regularity of dosing 
Flämingsprof oat seeds at the fixed amount of sowing 156 kg·ha-1, 
which results from the accepted, recommended stock density of 400 
seeds·m-2. Tests were carried out on the laboratory stand in two 
stages. In the first one, measurements related to determination of the 
performance characteristic of the tested sowing unit was carried out, 
in the second one, measurements related to determination of the 
longitudinal irregularity index of seeds sowing was performed. It was 
proved that from among the investigated factors, regularity of dosing 
seeds has significant impact ( =0.05) on the width of interrows, 
rotational speed of the sowing shaft and the width of the sowing 
opening. From analysis of regression of many variables with stepwise 
procedure of elimination of non-significant variables, a second degree 
equation was obtained, which included independent variables - the 
width of interrows and the width of the sowing opening. The value of 
irregularity index of seeds sowing at the change of interrows width 
from 7 to 15 cm decreased by approx. 35% – from value 0.72 to 0.46. 

Keywords: 
 

seeds, oat,  
 

Introduction and the objective of the paper 

o-

its 
- in vertical and hori-

 

e-

7



 P Markowski, T  Rawa, A  Anders, P  

- -55050): 

 
a

k

j
j

k

j
jj

x

x
f

fx
2

1

1

2

 

(1)

 

where: 
fj  – Xi  
xj  – fj  

ax  – fj, 
x  –  

ax fj is calculated 
from the formula: 

 k

j
j

k

j
jj

a

f

fx
x

1

1  (2) 

- -

A measurement plate 
-

m-
xj i-

fj 
 

 

 
 in 
f-

 
 
114 



  
 

 

s-
sem  

T

ults from the 
-1  

Object and methodology of research 

2008) wi a-

-

 
Flämingsprof t-

- % cleanness, 
 

 
 

– Q – -1

-2, 
– sz –  

 
– width of t sw – 1-  
– width of interrrows mm – 7-  
– vs – 4- -1 -1, 
– nw – 

 
 

– –  
of research, measurements re-

-1 were d a-
– which simulates the seed drill motion, width of the sow-

 was carried out in three repeats pursuant to norm 
PN- - -

 
 

115 



 P Markowski, T  Rawa, A  Anders, P  

p-
-2 mm

 

 e-

 

Research results 

 n-
– a-

- – – 
 e-

a-

–  
c-

-1 w-

-1 e-

-1 and 

mean value is 
-  

n-
terrows widths us

i-
 

 
 
 

 

 
 

 



  
 

 

 
Rotational speed of the sowing shaft nw for the amount of sowing oat seeds 156 kg·ha-1 

 
width 
sw (mm) 

 
vs 

 
-1) 

Interrows width mm  
(cm) 

7  11 13 15 

nw -1) 

1 

4      

      

8      

10      

12     34.0 

2 

4      

      

8      

10      

12      

3 

4      

      

8      

10      

12      

4 

4      

      

8      

10      

12      

5 

4 4.0     

      

8      

10      

12      

 

 

 
 

117 



 P Markowski, T  Rawa, A  Anders, P  

 
Statistical parameters  of irregularity index of dosing oat seeds at the amount of sowing of 
156 kg·ha-1, sowing speed within the scope of 4-12 km·h-1, the width of a supplying opening 
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400 PLN·ha-1, although the cost of an hour of exploitation of a new combine was approxi-
mately two times higher than the combine used in the 3rd variant. Introduction of the wash-
ing and packing line in the 4th variant allowed reduction of the cost of human work by         
1 540 PLN·ha-1 and exploitation of machines by 1 200 PLN·ha-1 in comparison to the 3rd 
variant. Costs of human work of harvesting and packing in the 4th variant were  
1 540 PLN·ha-1 and were lower in comparison to the ones from the 1st, 2nd and 3rd variant 
by respectively: 14 190 PLN·ha-1, 11 330 PLN·ha-1 and 3 025 PLN·ha-1 Whereas, a  total 
cost of exploitation of a harvesting machine, transport and packing in this variant was  
8 125 PLN·ha-1 and were higher respectively by: 2 825 PLN·ha-1, 2 025 PLN·ha-1 and lower 
by 2,075 PLN·ha-1 than the ones occurring in the 1st, 2nd and 3rd variant. The cost of hu-
man work in this technology was 2,257 and was lower than the determined in the 1st, 2nd 
and 3rd variant by respectively: 14 479 PLN·ha-1, 11 440 PLN·ha-1 and 3,025 PLN·ha-1. The 
cost of exploitation of a machine in this technology was 9 913 and was higher respectively 
by: 943 PLN·ha-1, 1 145 PLN·ha-1 and lower by 2 075 PLN·ha-1 than the one occurring in 
the 1st, 2nd and 3rd variant. 

Concluding, one may say that the 4th variant of carrot production technology from 
among the researched ones is optimal and it characterizes with the lowest cost of human 
work and machines exploitation. Total cost of human work and exploitation of machines 
and tools in this variant was 12 570 PLN·ha-1 and was lower respectively by: 13 536 PLN·ha-1,  
9 995 PLN·ha-1 and lower by 5 100 PLN·ha-1 than the ones occurring in the 1st, 2nd and 3rd 
variant. 

Conclusions  

1. From among the assessed technologies of carrot production for supply of fresh vegeta-
ble market, the most optimal is variant 4th with the lowest total costs of human work 
and machines exploitation of 12,170 PLN·ha-1 and were lower respectively: by 13 536 
PLN·ha-1, 9 995 PLN·ha-1 and 5 100 PLN·ha-1 from the determined in the 1st, 2nd and 3rd 
variant. 

2. As a result of the innovative changes of carrot production technology, reduction of the 
cost of human work in technology 4th in comparison to the following variants, was         
obtained: 3rd by 3 025 PLN·ha-1, 2nd by 11 440 PLN·ha-1 and by 14 479 PLN·ha-1, and 
the costs of exploitation of machines by 2 075 PLN·ha-1, and by increase by PLN·ha-1 
and 943 PLN·ha-1. 
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 The paper presents assumptions which allow determination of energy 
demand of a machine which uses a simple guillotine cutting of  
a specific material of low elasticity e.g. soft wood. A simple manner of 
experimental determination of cutting resistance and a coefficient 
which characterizes properties of material and a cutting device has 
been suggested. A numerical value of coefficient was determined 
based on the principle of maintaining mechanical energy and the 
principle of labour and mechanical energy balance. Based on the 
determined coefficient, average load and the power of a cutting unit of 
a shredder for energy willow were determined. 
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 The issue of photovoltaic cells usage for hot tap water heating in  
a household has been presented. There has been built a research point, 
which was situated on a single-family house in the country. The aim of 
the research was obtaining maximum performance characteristics of the 
system for hot tap water heating based on photovoltaic cells. It was 
carried out during summer solstice because of the most favourable 
relationship of day versus night, from the point of view of efficiency. 
Results collected from the research enabled to obtain a lot of exploita-
tion characteristics describing the system. There have been presented 
exemplary time courses of action of generated power and selected 
working parameters. Maximum energy performance of the system has 
been determined. Further research should enable to define minimum hot 
water tank capacity as a buffer of energy and minimum number of 
panels that constitute a heating water battery, in order to fulfil require-
ments included in the Ordinance of the Minister of Infrastructure dated 
14th January 2002, related to defining average norms of water consump-
tion (Journal of Law 8/02 item70). 

Keywords: 
photovoltaics,  
renewable energy,  
dispersed generation 

 

Introduction 

Development of renewable sources of energy in Poland is an activity, the aim of which 
is taking care of environment cleanness and improving energy stability of the state. Strate-
gic document in the scope of energy development in the state is „The Energy Policy of 
Poland till 2030” adopted by the Government on 10th November, 2009. One of the priori-
ties of the strategy is increasing by Poland till 2020 the share of energy obtained from re-
newable sources of energy to the level of at least 15%. The obligation to reach the aim 
mentioned above is the result of the regulation 2009/28/EC related to application of energy 
obtained from renewable sources of energy. It is a particularly significant problem, since 
87% (53.8% hard coal, 33.2% brown coal) of electric energy in Poland is produced from 

e 
energy is the sun. Our planet receives 15 000 times of solar energy more than energy that 
we produce out of conventional sources. It is estimated that within the next 10 years, there 
will be a balance observed between the process of energy obtained in a conventional way 
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o-
my has planned development of energy taking the advantage of photovoltaics till 2020 at 

 et al., 2010). It is worth 
emphasizing that renewable energy development will be mainly based on dispersed genera-
tion that allows reduction of losses resulting from energy transfer, which will significantly 
improve energy safety of the state and will reduce emission of greenhouse gases (Popczyk, 
2011). 

 
– autonomous (independent systems, comprising of a battery of photovoltaic panels, en-

ergy buffer – batteries, monitoring system and supervision of the system work, and   
DC/AC inverter –  

– the ones cooperating with power network (system comprising a battery of photovoltaic 
panels and DC/AC inverter with capacity of dir  

– hybrid (a combination of a photovoltaic generator with another system of energy pro-
duction, e.g. wind power station). 
A special type of autonomous system is a so called conjugated system. It comprises  

a battery of 
2013). A photovoltaic hydrogen generator or installations for tap water heating may be 
included in this type of systems. This type of system is characterized by the simplicity of its 
construction, and much lower costs of production, when compared to systems with a buffer 
of electric energy. All types of the systems mentioned above can be used in households.  
It is estimated now that in Europe photovoltaic systems in households constitute 23% of 
photovoltaic systems in general, and their yearly increase is estimated at the level of 35% 

c-
es, photovoltaic cells can also be used to supply energy to household means of transport 
(electric cars, single-track vehicles with electric drive) as well as vehicles used in a garden 
(battery-powered lawnmower, battery pump, etc.) (Carroll, 2003). 

The advantage of photovoltaic systems used to supply energy to appliances in a house-
hold is that they are practically unattended contrary to biomass power generators, and they 
do not make noise, which is characteristic in case of wind power stations. Their disad-
vantage may be low efficiency (e.g. sillicon monocrystalline up to 24.7%, sillicon polycrys-
talline up to 20.3% (Panek, 2011), and instability of efficiency, for the perspective both of  
a day, and a year.  

The aim of the paper is to evaluate exploitation characteristics of a system of tap water 
heating in a household supplied in energy from batteries of photovoltaic panels.  

Characteristic of the research point and the course of measurements 

In order to achieve exploitation characteristics there has been designed and made a pro-
totype point of hot tap water heating, which was supplied by energy from photovoltaic cells 
(fig.1). The research point was installed in a household located in Zwierzewo (Ostróda 

- Mazurskie Voivodeship). The point is a classical conjugated system 
composed of 6 batteries of polycrystallic photovoltaic panels by DMEGC (DM235-P156-
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60) and a heater installed in a hot water tank of 140 dm3 capacity by Galmet. The tank was 
a part of the system exploited before. 

 

 
Figure 1. Picture of hot tap water system components in a household supplied by energy by 
means of photovoltaic panels 

 
Resistance of the heater (22.6 ) was set in a way to obtain maximum energy efficiency 

of the batteries of photovoltaic panels. Panels were put in series connection and the follow-
ing parameters were achieved: rated current of the value of 7.98 A, rated voltage of the 
value of 178.8 V, and rated power of the value of 1410 W. Battery efficiency was at the 
level of 14.5%. Panels were mounted on a static steel frame. They were directed to the 
south and the tilt angle value was 37º. It is the optimum position from the point of view of 
efficiency for the geographical location (53º º2’1”E). Panels tilt angle was cal-
culated in „Photovoltaic Geographical Information System” calculator available at the web-
site (http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php). Recording of time courses of action 
of selected working parameters, as well as monitoring of the research point functioning was 
made by means of a controller designed and produced for the requirements of the research, 
which remained in cooperation with measurement converters (Figure 2). For practical use, 
in systems that do not require monitoring of the value of selected working parameters, 
instead of a controller, it is sufficient to mount a thermostat that prevents from heating tap 
water to a too high temperature. It is a much cheaper and practical solution. The cost of 
mounting a point with a thermostat was estimated at  PLN 5 660, in case of purchasing 
brand new panels, or PLN 3 980, in case of purchasing the panels from the secondary mar-
ket.  
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Figure 2. Scheme of monitoring system and supervision of tap water heating system  

 
A designed controller was produced based on Atmega32 processor. It remained in co-

operation with graphic display of 240x128 resolution. Memory card SD/MMC was used to 
record time courses of action of selected working parameters of the system. Data was rec-
orded with 1 Hz frequency. 

During the system functioning, the following working parameters were noted: 
– voltage directly  
–  
–  
– temperature at the intake pipe connector to the hot  
–  
–  
– flow of hot water (converter that cooperates with flow-meter GSD8R). 

Applied converters cooperated with the processor using its analogue intakes data trans-
fer buses 1-WIRE BUS. Through analogue intakes, the controller was able to operate three 
collectors of energy generated by a battery of photovoltaic panels. The presented system is 
an open one, and there is a possibility of its further development. 
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Observation of time course of action of selected functional parameters was carried out 
in the period preceding summer solstice (7:04 on 21st June 2013) and some days later, be-
cause of the most favourable relationship of the day versus the night. On these days it is 
possible to obtain highest capacity of the system because it is characterised by a possibility 
of generating energy, depending on the weather conditions and season of the year.  

Analysis of the research results 

In the given period, the lowest value of the working efficiency was observed on 14th 
June 2013 (during the day it was mostly cloudy), and the highest on 17th June 2013 (clear 
sky without clouds was observed from 10:00 a.m., and then after 5:00 p.m.). For those 
days, the observed results were in the extreme in the period that was object of the research, 
and the results relating to those days were subject of further analysis.  

Figures 3 and 4 present time courses of action of generated power by the system in the 
period of two days that were characterised by different level of sunny weather. 

 

 
Figure 3. Time course of action of generated power by the system on 14th June 2013 

 

 
Figure 4. Time course of action of generated power by the system on 17th June 2013 
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Table 1 presents parameters that characterize work of tap water heating system on 14th  
and 17th  June 2013. 
 
Table 1 
Parameters characterising work of tap water heating system  

Characteristics of exploitation parameters  14th June 2013 17th June 2013 
Average temperature of water at intake pipe connector to hot 
water tank (ºC) 14.85 14.82 

Average temperature of water at outlet pipe connector from 
the hot water tank (ºC) 33.94 53.56 

Minimum temperature of water in the tank (ºC) 31.8 42.19 
Maximum temperature of water in the tank (ºC) 41.94 69.38 
Water volume increase with temperature in the tank (ºC) 10.6 27.19 
Consumption of hot water from the hot water tank (dm3) 59 89 
Average generated power (W) 180.59 565.22 
Generated energy (kWh) 2.88 9.04 
Usage indicator (%)* 12.76 40.07 
Exploitation usage indicator (%)** 29.5 92.62 
* – related to the energy that panels are able to produce in ideal conditions 
** – related to the energy that panels are able to produce on a cloudless day for assumed tilt angle equal to 37  and 
given geographical location 

 
Based on obtained results, it is possible to state that the battery of photovoltaic panels of 

total rated power 1,410W on a sunny day in June is able to produce a maximum  
9.76 kWh of energy (amount assumed on the basis of analyzed power characteristics of 17th 
June 2013, with time of recording taken into account). 

On 17th June 2013 the system generated 92.62% of energy that for a given configuration 
it was possible to obtain (this parameter defines also ratio of sunny weather during the day). 
On 14th June 2013, due to the fact it was cloudy, the amount of produced energy was three 
times lower than on 17th  June. Such small amount of energy should be found insufficient in 
order to heat water (obtained energy was too low in order to heat realistic amount of water 
for a three-persons family to the temperature above 40ºC). Figures 3 and 4 allow observa-
tion of the dynamic decrease of power battery in photovoltaic panels, proportionally to the 
rate of cloudy weather. Within some seconds, generated power reaches the zero level, 
which makes it impossible to supply energy to majority of appliances in a household with-
out the application of a system for buffering energy. 

The presented system requires further research in order to define minimum capacity of 
hot water tank as an energy buffer and minimum number of panels comprising a battery, in 
order to secure required amount of hot tap water in summer season. In the present form, the 
system can be exploited as supplementary for tap water heating, in combination with con-
ventional systems (e.g. provided in energy from power network). 
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Conclusions 

1. The system of tap water heating presented in the paper is able to heat water itself on 
sunny summer days in order to heat water and fulfil realistic requirements of a three-
persons family (on 17th June 2013 89 dm3 were consumed from the tank, of the tempera-
ture from 42.19 to 69.38 C). On cloudy days, with applied solution, it can be used as  
a supplementary system of tap water heating when combined with conventional  
systems. 

2. The presented system requires further research in order to define minimum capacity of 
hot water tank as energy buffer and minimum number of panels comprising a battery, in 
order to secure a required amount of hot tap water in summer season, according to  
requirements included in the Regulation by the Minister of Infrastructure of 14th June 
2002, related to defining average norms of water consumption (Journals of Law 8/02 
item70). 

3. Direct energy supply of the heater in the hot water tank allows to reduce significantly 
the cost of materials necessary to make the system (configuration with a thermostat), the 
cost of which was estimated at PLN 5660, in case of purchasing brand new panels,  
or PLN 3980, in case of purchasing panels from the secondary market. 

4. Systems of dispersed energy generation, based on photovoltaic cells are characterised 
by unattended exploitation and quiet functioning, they do not influence the environment 
in a negative way. However, defining the profitability of their application in the context 
of obtained efficiency requires further research in subsequent seasons of the year. 
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ANALIZA WYKORZYSTANIA OGNIW FOTOWOLTAICZNYCH  
W GOSPODARSTWIE DOMOWYM 
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 Development of the Polish organic farming is characterized with 
great dynamics in the increase of the number of farms operating in 
this production system (number of farms increased by 10 times within 
2003-2012). Moreover, area of agricultural land designated for such 
crops increases. Number of agricultural food-processing plants of raw 
materials, which come from organic farming, increases in a slower 
pace. Nevertheless, the trend is constantly rising. Results of field 
research on the example of 100 farms confirmed a national trend of 
organic farms development. The fact, that respondents from the re-
searched facilities declared additional income sources, adding that 
incomes from organic production do not cover living demands for 
maintaining a family, was an essential information. 
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Area of agricultural crops, number of farms and organic food processing plants which are 
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Source: Raport o stanie rolnictwa ekologicznego, on-line, 2014 

Figure 1. Number of farms within the system of organic farming in Poland in 2003-2012  
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Source: Raport o stanie rolnictwa ekologicznego, on-line, 2014 

Figure 2. The area of crops carried out according to the provisions on organic farming in 
Poland in 2003-2012  

 

 
Source: Raport o stanie rolnictwa ekologicznego, on-line, 2014 

Figure 3. Number of food-processing plants within the system of organic farming in Poland 
in 2003-2012 
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Characteristic of plant production 
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Table 2 
Characteristic of equipment and use of farm tractors 
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Table 3 
Characteristic of equipment and the use of basic agricultural tools and machines 
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Table 4 
Mechanization costs (thousand PLN·ha-1) 
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Production effectiveness 
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 The paper presents comparison of average static values of external 
friction coefficients of single caryopses of wheat of  Naridana cultivar 
with caryopses in the-so called stabilised system at their various 
orientation towards the motion direction on a steel base. The research 
was carried out on the research position with an optielectronical 
system of lift angle of the plane arm. It was found out that average 
values of static friction coefficients of single wheat caryopses and 
caryopses in the stabilised system depend on the manner of their 
arrangement during measurements. For single caryopses, a signifi-
cantly lower value of this parameter was reported in case of caryop-
ses contact with a base with a back side up and their arrangement 
with longitudinal axis perpendicular towards the movement direction, 
whereas for caryopses in the stabilised system - at their arrangement 
with the back side on a steel plate and with a longitudinal axis in 
parallel to the motion direction. Moreover, it was determined that 
average values of static friction coefficients for single caryopses are 
considerably higher than for caryopses in the stabilised system at 
their identical arrangement during measurements. 
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Figure 1. Schematic representation for external measurement of angle of friction of seeds: 
1 – base, 2 – system for lifting the plane arm, 3 – the plane arm, 4 – lower optielectronical 
system, 5 – replaceable base (steel plate), 6 – upper optielectronical system, 7 – wheat 
caryopses (stabilised system of caryopses) 
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Figure 2. A histogram of the distribution of the value of external static friction angles for 
single wheat caryopses oriented during the measurement perpendicularly towards the mo-
tion direction and touching each other with the furrow side with and a steel plate 
 
Table 1 
The list of statistical parameters which characterize coefficients of static external friction of 
single wheat caryopses and results of analyses of variation for various measurement vari-
ants 

  

e 

 
 (-)*  

 
(-) 

 
 

of F-
 

 
 

BD-   a  

  
BD-V  a  
GD-  50 b  
GD-V  a  
 * -  

 

r-
r-

 

 
 

205 



 -  

 
 

Table 2 
The list of statistical parameters which characterize coefficients of static friction of the 
stabilised system of wheat caryopses and results of analyses of variation for various meas-
urement variants 
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Introduction 

Agriculture technology implementation is connected with installing in the equipment or 
purchasing for a farm independent energy means, mainly combustion or electric ones. The 
main source of power in farms are tractors, and then self-propelled farm machines and 

form of manual labour and work of combustion or electric engines. Labour costs increase 
and decreasing relations between agricultural products and means of production make nec-
essary changes in farms organization. In order to increase a family income, one should 
extensively organize and manage in an intense manner (Sawa, 1998). Technical condition 
and structure of possessed mechanization means in specific (organizational and economic) 
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production conditions influence labour process and define effectiveness of managing in  

purchase and their sour
and Sawa, 2008). The process of improving technical modernization of farms requires in-
creasing the level of labour process mechanization, with the assumption however, that it 
will have a positive influence on the whole farm production process, including the envi-

defined as production means of production process, which are presented in relation of pro-
duction means (capital) to labour force (labour). For this reason, it is necessary to „equip” 
labour (man-hour) and work-place (of a man), in order to achieve high effectiveness of 

 
define the influence of agricultural land area (AL) and 

economic size on energy inputs in family farms that are beneficiaries of European Union 
funding. 

Material and methodology of the research 

In the years 2004– eneficiaries of EU fund-
ing for technical modernization were researched. In order to define energy inputs, the group 
of farms under the research were divided according to the amount of subsidy, area of agri-
cultural land, economic size (ESU) and the income of an enterprise. In the process of char-
acterizing the researched farms according to the level of possessed energy means, trac-
tors, self-propelled combine harvesters and electric engines used in the process of farm 
production were taken into account, including also the ones mounted in the equipment 
operated in the farms (e.g. machinery used for re-loading, for preparing pastures, milking 
machines and milk cooling machines). 

 

 
m

mW
o 2,0

2,0 ·100  (1) 

where:  
W  – mechanization level (%), 

m  – total energy inputs of mechanical means (kWh), 
o  – total inputs of manual labour (man-hour), 

0,2  – coefficient balancing specific labour (kWh) with manual labour (man-hour). 
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Dependance of energy inputs... 
 

 

The increase of mechanization level coefficient in the period when the research was 

the coefficient characterises the labour process because it defines percentage share of spe-
cific labour in the process execution.  

Energy share of specific labour that accompanies every man-hour may constitute the 
coefficient that defines the character of executed work (Sawa, 2009): 

 m  (2) 

where:  
  – work energetic equipment (kWh·man-hour-1), 

m  – specific labour inputs (kWh), 
  – manual labour inputs (man-hour). 

Research results 

The highest installed power (kW·100 ha-1 AL) was observed in the smallest farms in 
each researched group (table 1) and was decreasing along with their increase (e.g. of area: 
from 1241 up to 454 kW·100 ha-1 AL). The exception were farms of economic size of 8-16 
ESU, where installed power in relation to the lower group (up to 8 ESU) increased from 

-1 AL. However, specific labour inputs only in the group of farms 
placed according to their area were fluctuating, and they were higher in the group of farms 
of above 70  kWh·ha-1 AL) than 50-70 ha AL (999 kWh·ha-1 AL). Farms for 

average area (68.6 ha AL) and the lowest for this group coefficient of installed power (562 
kW·100 ha-1 AL). Specific labour inputs in calculation to a working hour amounted to 
42.41 kWh·man-hour-1 and they were only slightly lower than in farms of the area above 
70 ha AL (51.48 kWh·man-hour-1). It gets reflected in manual labour inputs that for a farm 
of the subsidy -hour·ha-1 AL) were higher from 
the inputs in farms of area above 70 ha AL (68 man-hour·ha-1 AL) and 50-70 ha AL (77 
man-hour·ha-1 
farms that were smaller from the point of view of area (82 man-hour·thousand -1 and 
524 kWh·thousand -1) and  economy   man-hour·thousand -1 and 814 
kWh·thousand -1) , and of the lowest subsidy amount (111 man-hour·thousand -1 
and thousand LN-1) and the income of an enterprise (77 man-hour·thousand 

-1 and 661 kWh·thousand -1). 
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Dependance of energy inputs... 
 

 

Table 2 

 

Specification 

Level of energy inputs (man-hour·ha-1 AL  
or kWh·ha-1 AL) in farms of subsidy amount 

 

< 50 50-100 100-
150 > 150 Average 

Labour inputs (man-hour·ha-1 AL) 
Total in a farm, 274 255 192 80 200 
including production:          

– crop 69 61 41 28 50 
– animal 120 101 71  79 
– other work plus outside workers  84  80 29 72 

Inputs (kWh·ha-1 AL) 
Total labour of own means, 2248 2206 1795   
including:          

– tractors 1868  1445  1552 
– self-propelled combine harvesters  52 9 59 40 
– pastures preparation      
– milking and milk secure 27 27 27 27 27 
– transportation of loading masses 51 51 51 51 51 
– other 119 119 119 119 119 

Mechanization coefficient according to Za-
remba (W), (%) 64.8 64.0 67.4 76.0 67.1 

 
In farms, taking into account the subsidy amount (table 2), labour inputs of outside 

workers were at the level of 72 man-hour·ha-1 AL, with general input for crop production 
79 man-hour·ha-1 AL (2251 man-hour·farm-1) and animal production 50 man-hour·ha-1 AL 

(1425 man-hour·farm-1). In the researched farms there were higher labour inputs incurred for 
crop production than for animal production. The reason for this is a low number of heads of 
livestock and high inputs for crop production caused by hiring seasonal workers at large 
plantations of tobacco and fruit bushes. c-
tion inputs of own labour (of a family) on an average 1171 man-hour·farm-1 with crop pro-
duction and -hour·farm-1 with animal production. Manual labour inputs replaced 

(2248 kWh·ha-1 AL), and they got reduced by almost 40% with the subsidy amount above 
-1 highest in farms up to  

-1 AL) and got reduced significantly with the increase by 20 ha of 
AL area. In the group of farms according to the economic size it was also proved that to-
gether with its increase, energy inputs got reduced, and the tendency remained observable 

others (2006), who stated that farms of the highest economic size incur unit energy inputs 
f lower economic value.  
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Dependance of energy inputs... 
 

 

Mechanization level of production according to Zaremba (table 2) increased with the in-
crease of the subsidy amount, but only from 100-
average value amounted to 67.1%. A similar tendency was observed (table 
the AL area increase and income of an enterprise increase. However, in the group arranged 
according to economic size, the highest mechanization level was proved by farms within 
the range of 16-40 ESU (up to 72.6%). 

It h
,197 kWh·ha-1 AL), there were high inputs of manual labour 

reported (477 man-hour·ha-1 AL). Mechanization level (table 2) is only a coefficient of 
labour process organization, and it depends on the management process, which is repre-
sented amongst others by a rational way of equipping a farm with mechanization means, 
and on the production technology, which defines the usage of possessed technical means. 
For the whole group of researched farms, the coefficient of mechanization level (67.1% on 
an average) confirms the expected indicator (60-

 
Work energetic equipment (fig. 1) increased proportionally to the area increase (ha AL) 

and ·farm-1). Despite the fact that in farms of area above 
70 ha AL the subsidy amount decreased in relation to the group from 50-70 ha AL, it did 
not influence the increase of the analyzed mechanization coefficient. 
 

 
 

assistance amount 

Conclusion 

The highest installed power was observed in the smallest farms in each researched 
group, and it was decreasing along with their increase. Energy inputs in the researched 
farms are derivatives of manual labour and combustion and electric engines work. Their 
level calculated into to area unit was decreasing systematically, both with the increase of 
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the subsidy amount, as well as area, economic size and income of an enterprise. In the re-
searched farms higher labour inputs were incurred for crop production than for animal 
production. The reason for this is a low livestock and high inputs for crop production 
caused by hiring seasonal workers in big tobacco and fruit bushes farms.  

smallest farms from the point of view of area and economy, and of the lowest subsidy 
amount level and income of an enterprise. Manual labour inputs replaced by specific labour 

farms up to 10 ha AL and decreased significantly with the increase of area of AL by 20 ha. 
In the group of farms according to the economic value, it was pointed out as well that with 
its increase, energy inputs got reduced, and the tendency remained valid for the farms of the 
highest income of a holding. In farms of small area (up to10 ha) AL, apart from high specif-
ic labour inputs, there were high inputs of manual labour observed. 
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IMPACT OF DRYING PARAMETERS AND METHODS   
ON THE VOLUME INCREASE  
OF DRIED APPLES DURING THEIR REHYDRATION1 
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A R T I    

Article history: 
:  

  :  
 

:  
 

 The objective of this paper was to analyse the impact of parameters 
and drying method on the increase of the volume of dried apple slices 
and cubes during their rehydration. Ligol apples (cut into 3 and 
10 mm slices and 10 mm cubes) were dried with the following meth-
ods: natural convection (temperature of drying 60ºC), forced convec-
tion (a tunnel drier, parameters of drying air: 50, 60, 70ºC and 0,5,  
2 m s-1), fluid drying (60ºC and 6 m s-1). Dried fruit were rehydrated in 
the distilled water of 20ºC temperature. Determination of volume was 
carried out with an uplift pressure method in petroleum ether. Tests 
proved the impact of ground dried particles and the impact of drying 
method on the increase of the volume of dried apples during their 
rehydration. The final volume of the rehydrated dried fruit increased 
along with the reduction of drying temperature, these differences in 
numerical values were low, but statistically significant. 

Keywords: 
 

 
 

 
 

 
 

 

Introduction 

a-

-

a-

 

1  The article was written as a part of a research grant no N N313 780940 financed from the National Science 
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Figure 1. The increase of the volume of dried material (apple cubes of a 10 mm side, dried 
in a fluidized drier in temperature of 60ºC and the drying air velocity of 6 m ·s-1) during 
rehydration in distilled water of temperature of 20ºC 
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Average values of the relation of the volume of rehydrated dried fruit to the initial volume 
of dried fruit in the rehydration process 
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Figure 2. The increase of volume of dried apple slices (tunnel drier, drying air temperature 
60ºC, drying air velocity 0.5 m s-1) of thickness: ( ) 3 mm (r=0.986), (   ) 10 mm 
(r=0.956) during rehydration in distilled water 

 
Figure 3. The increase of the volume of dried material (natural convection, drying air tem-
perature 60ºC) during rehydration: ( ) apple cubes of 10 mm side (r=0.992), (   )   
apple slices of 10 mm thickness (r=0.956) in distilled water  
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Figure 4. The increase of the volume of dried material (apple cubes of a 10 mm side, dried 
in a tunnel drier in temperature: ( ) 50ºC (r=0.996), (   ) 60ºC (r=0.986), (      ) 
70ºC (r=0.990), drying air velocity 0.5 m s-1) during rehydration in distilled water 
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Figure 5. The increase of dried material (apple cubes of 10 mm side, dried in temperature 
60ºC: ( ) natural convection (r=0.992), (   ) tunnel drier, drying air velocity  
0.5 m s-1 (r=0.986), (      ) tunnel drier, drying air velocity 2 m s-1 (r=0.986), (   ) fluid-
ized drying (r=0.993) during rehydration in distilled water 
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SOIL COMPACTION WITH WHEELS OF AGGREGATES  
FOR FERTILIZATION WITH LIQUID MANURE 
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IDENTIFICATION OF EXTRUSION PROCESS PARAMETERS BASED 
ON ITS RESPONSE TO THE STEP FUNCTION 

  

 
Contact details: ul. Nowoursynowska 164, 02-787 Warszawa, e-mail: tomasz_zelazinski@sggw.pl 

A R T I E   I N F O    

Article history: 
:  

  :  
 

:  
 

 The paper presents results of the research on the single-screw extrud-
er strength on sudden changes of dosing raw material during the 
extrusion process. The tests were carried out in a short single-screw 
extruder KZM-2 whose relation of length to diameter of a screw was 
6:1 and rotational speed was 200 rpm. Grits moistened up to 15% 
moisture and five disturbing samples of mass 0.2-1.2 kg prepared 
from the same raw material constituted a research material.  Particu-
lar samples were used for disturbing a stable course of the extrusion 
process. Disturbance of the process consisted in fast introduction  
of the whole disturbing dose to the extruder input and measurement of 
the value of intensity change of current consumed by the extruder 
engine, time of return to stable conditions and changes in the image of 
obtained samples of extruder. Measurements of the impact of disturb-
ance on the measured amounts were carried out for three settings of 
extruder performance. It was found out that a single-screw extruder at 
all set performances reacted with fast increase of electric current 
consumption; moreover, time of process stabilization changed each 
time. Moreover, it was reported that particular disturbing doses 
affected significantly the changes of quality parameters of extrudates. 
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Figure 1. Impact of the amount of a disturbing dose and extruder performance on the 
changes of current intensity consumed by the extruder engine. 
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Figure 2. Impact of a disturbing dose and the 
extruder performance and on the volumetric 
expansion index  

Figure 3. Impact of a disturbing dose and 
the extruder performance and on the radial 
expansion index  

 

 
 

Figure 4. Impact of the disturbing dose 
and extruder performance on WSI index 

Figure 5. Impact of the disturbing 
dose and extruder performance on 
WAI index 
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Figure 6. Diagram of average values of ETA (coefficient S/N) of the volumetric expansion 
index towards values of the analysed factors 
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Figure 7. Diagram of mean values of ETA (coefficient S/N) towards values of the analysed 
factors 
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