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INTRODUCTION

It is for the %' time that the International Scientific Symposium ‘G-arm
Machinery and Process Management in sustainableulgre” is organized as a
forum for international researchers to exchangesidad experiences on that important
aspect of agriculture. Our determined effort iraniging the Symposium is a proof that
Sustainable Agriculture is not a fashion or temppteend.

Agriculture has been changing dramatically. New hitetogies,
mechanization, increased chemical use privilegediystion maximization.
Despite positive aspects of the changes thergiswaing concern at the cost
of changes. Sustainable Agriculture may be thetimoldo those changes.

There are many definitions of Sustainable Agriadthut in general it can be
described as a method of farming that is not oniyjnéine and socially
ethical, but can sustain itself. It addresses mamyironmental and social
concerns but at the same time proffers innovativeg @conomically viable
opportunities to all in the food production system.

The important aspect of Sustainable Agriculturetsssystems perspective,
from the individual farm and local ecosystem to ocwmities affected by
farming both locally and globally. A systems apmioa implies
interdisciplinary efforts and responsibility of gdhrticipants in the system;
farm owners and workers, policymakers, researcheetailers, and
consumers.

Multifaceted aspect of Sustainable Agriculture spexially visible in the

transition process from more traditional farmingucB transformation
requires interdisciplinary coordination among mdmlds of research and
practice. It also requires high effort in educattowards all stakeholders of
food system. We are convinced that the Symposiuth make its own

unique contribution to the transition process taisarthe Sustainable
Agriculture.

The Symposium is the result of a successful ancareéwg collaboration
between the Lublin University of Life Sciences artde Walloon
Agricultural Research Centre. The constant suppoyt sponsoring
institutions is gratefully acknowledged.

The Organizing Committee
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CHANGES IN DISTRIBUTION PATTERNS OF AGGREGATE SIZE
DISTRIBUTION AND MEAN WEIGHT DIAMETER
IN A CORN FIELD UNDER HEAVY TRAFFIC

Ekrem L. AKSAKAL, Kenan BARIK, Taskin OZTAS
Ataturk Univ., Faculty of Agriculture, Departmerft®oil Science 25240 Erzurum-TURKEY
e-mail: elaksakal@atauni.edu.tr; kbarik@atauni.gdutoztas@atauni.edu.tr

Abstract

The objective of this study was to define and eatichanges in distribution patterns of
aggregate size distribution (ASD) and mean weigamdter (MWD) within a corn field
following field traffic. The results indicated th#te proportions of soil aggregates smaller
that 4 mm significantly decreased and MWD increaseth 5.23 mm to 12.46 mm after
harvesting. Spatial distribution maps of ASD and MVWhowed that the effects of field
traffic on ASD and MWD were more effective in thpper 15 cm layer. It was concluded
that heavy field traffic produced higher fractiohamgregates larger than 4 mm which are
not desirable because of a reduction in soil-rootact area and root penetration.

Keywords: field traffic, soil compaction, aggregate size disition, mean weight diameter

Introduction

Soil compaction is a serious problem in mechaneguculture and it is
one of the most important causes of soil structutagradation. Soil
compaction has important consequences on crop g@iioduand on the
environment. Heavy field traffic causes soil contfgac which has negative
effects on plant root development and yield byradte soil characteristics
such as soil bulk density, aggregate size disiobuimean weight diameter,
infiltration, hydraulic conductivity and penetratioesistance.

The extent of the soil compaction problem is a fiomcof soil type and
water content, and further vehicle weight, speedyigd contact pressure and
number of passes, and their interactions with drapfrequency and farming
practices [3, 7]. Evaluating the impacts of soilngaction on soil structural
parameters has great importance for making effecteil management
decisions. While a number of parameters have beed tor this purpose,
bulk density, total porosity and penetration resise [1, 2, 4, and 6] are the
most commonly used ones. For accurate assessmeahaoiges in soil
structure due to compaction, measurements of berisity and total porosity
are not sufficient [5], therefore some other par@mghould be considered.

The objective of this study was to define and eatuchanges in
distribution patterns of aggregate size distribut{dSD) and mean weight
diameter (MWD) within a corn field following harviasg.

11
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Material and methods

The study area, located at the Ataturk Universigynfland, covers 1
hectare area (80x125 m) under corn production.i8diie study area formed
on alluvial parent material. The experimental fielchs divided into 5
transects in the short distance and 6 transedtiseifong distance. At each
intersection of the transects (30 points), a neadrkg soil sample from O-
15cm and 15-30cm soil depths was taken just betord after corn
harvesting. Soil samples were air-dried and sepdranto 10 different
aggregate size fractions (<0.25, 0.25-0.5, 0.5-2, 2-4, 4-9.5, 9.5-19.1,
19.1-25.4, 25.4-38.1 and 38.1-50.8 mm) and aggeegate distribution
(ASD) and mean weight diameter (MWD) were determingndisturbed soil
samples were also taken from the same places gutdsdéor bulk density
determinations.

A New Holland TD 65D marked 2650 kg tractor, a TURKT-MSM
marked 450 kg slag machine and a trailer with aptgrweight of 1500 kg
and with a capacity of 3950 kg were used in slagiBgt the trailer was
loaded about 2350 to 2550 kg cut corn depending/ater contents of corn
during field operations. Total pressure from a Ergass in one direction was
about 25.46 kg cih

General properties of the soil in the study areeevdetermined using the
standard methods. Distribution maps of ASD and MW&» obtained using
the GS+ geostatistical software.

Results and discussion

General properties of the soil in the experimefiigld were given in
Table 1. Soil layers showed significant differengeslay, silt, sand contents,
organic matter content (OM), bulk density (BD) amater aggregate stability
(WAS).

The t-test results indicated that changes in belksidy and water stable
aggregates following field traffic due to harvegtiwas statistically very
significant at p<0.01. While the bulk density oflB-cm soil layer before
harvesting was on the average 1.17 §cinincreased to 1.34 g ¢hwith an
increasing rate of about 15%. Similarly, the bubnsity of 15-30 cm soil
layer increased from 1.34 g €hto 1.43 g crif by harvesting. However, the
increasing rate (6.7%) in bulk density value foe ttreeper soil depth was
much lower. On the other hand, the WAS percentdgsoib significantly
decreased with compaction. For the surface sokrlathe percentage of
water stable aggregates decreased from 60.5% B8364vith a decreasing
rate of 26.6% following compaction. Similarly, iecreased from 50.4% to
41.9 % for the 15-30 cm soil layer. The differenaedVAS values before
and after harvesting was statistically significémt both soil layers, but the
effect of soil compaction on WAS was more pronouahicethe top soil layer.

12
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Table 1. General properties of the soil in the expental field.

. 0-15cm 15-30 cm
Soil property Min. Max. Mean Min. Max. Mean

Clay, % 15.7 17.8 17.1B 19.8 19.9 19.9A
Silt, % 40.7 40.9 40.8A 30.7 34.4 32.6H
Sand, % 415 43.4 42.1B 45.%5 49.b 47 .5A
OM, % 1.08 1.50 1.27A 0.38 0.64 0.52B
BD, g cnf® Before 1.07 1.38 1.17Bb 1.18 1.46 1.34Ab

' After 1.16 1.45 1.34Ba 1.30 1.53 1.43Aa
WAS % Before 43.0 78.1 60.5Aa 34.9 69.9 50.4Ba

' After 23.1 56.0 44 .3Ab 30.2 54.7 41.9Bb

A, B: mean comparisons between soil layers (p<0.01)
a, b: mean comparisons before and after harve§tir@01)

The results indicated that soil aggregate sizeifnas were significantly
altered with field traffic due to harvesting. Beddnarvesting, the amounts of
soil aggregates was the highest (19.6%) for 1-2 siwa fraction and the
lowest (3.5 %) for 25.4-38.1 mm and no aggregatiéls a/size greater than
38.1 mm was obtained for the 0-15 cm soil layegFé 1a). However, the
amounts of soil aggregates was the highest (16/8%9.5-19.1 mm size
fraction and the lowest (5.2%) for <0.25 mm follogi harvesting. The
amount of aggregate fractions in <0.25, 0.25-0.5;10 1-2 and 2-4 mm size
groups decreased with the rates of 126, 109, 8andi8L3%, but it increased
in 4-9.5, 9.5-19.1, 19.1-25.4 and 25.4-38.1 mm egaje size fraction with
the rates of 1.5, 38, 60 and 69.% following hanngstMoreover, about 6%
of aggregates were in the 38.1-50.8 mm size fractibich was not found in
soil before harvesting. The amount of aggregatéls avsize of greater than 4
mm also significantly increased following harvegtifhese results indicated
that clod formation occurred during compaction. i&mresults were also
obtained for 15-30 cm soil layer.

(b)

~
&

25

O Before

Aggregate percentage, %

W After 16
144
£ 121
S
= 81
=g/
4
) | b | 0
_ ] Before After Before After
Aggregate size fractions, mm 0-15cm 15-30¢cm

Figure 1. Changes in aggregate size fraction (d)na@an weigh diameter (b).
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Since soil compaction caused clod formation whidudl to increase the
amounts of soil aggregates greater than 4 mm, tWDMf soil following
harvesting significantly increased (Figure 1b). Wthe MWD was on the
average 5.23 mm before harvesting, it increasetb 42.46 mm after heavy
field traffic in the 0-15 cm soil depth. Similarsidts were also obtained for
15-30 cm soil layer. Spatial distribution pattenfsMWD before and after
field traffic are given in Figure 2. The highestues are located in the north
side of the research side in where additional catga was occurred
because of trailer operations for slaging.

(a) (b)

80 80

60

WD, nn

West, m
N
S
|
West, m

O,L 0
0

25 50 75 100 125 0 25 50 7% 100 125
North, m North, m

Figure 2. Distribution patterns of MWD before (adaafter (b) field traffic.

Conclusion

Results of this study clearly indicated that hedigld altered soill
aggregate size fractions and increased MWD becafusid formation.The
effect of soil compaction on ASD and MWD and wasrenpronounced in
the top soil layer. Heavy field traffic producedjher fraction of aggregates
larger than 4 mm which are not desirable becauseretfiuction in soil-root
contact area and root penetration.
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APPLICATION OF SOME HERBICIDES IN WEED CONTROL
OF MAIZE ( ZeamaysL.)
AND THEIR ENVIRONMENTAL RISK

Ferdi BRAHUSHY', Perparim LAZE, Fran GJOKA

'Department of Agro-Environment & Ecologpepartment of Plant Production,
AUT-Agricultural University of Tirana, Tirana, ALBWA

*Corresponding author: e-mail: brahushi@hotmail.com

Abstract
The application of herbicides in weed control ifated with an environmental risk. Some
soil-applied herbicides in weed control of maizee avaluated for three pedo-floristic
situations in Albania in order to find the treatrhesith low environmental risk.
The selected herbicides: pendimethalin, metolachlatachlor, terbuthylazine and
rimsulfuron were chosen for the main types of wi@e in maize under these conditions.
The evaluation of the environmental risk was baseda "Ground Water Danger Index"
(GWDI), which was calculated as the proportion loé tactive ingredient applied which
leaches downwards. The fraction of the active idigm& which can leach was estimated with
Groundwater Ubiquity Score (GUS) and Attenuationtéa(AF).
The lower values of GWDI using AF index occurredtie case of the treatment with
pendimethalin, terbuthylazine in clay and loamyl st8 well as in the treatment with
rimsulfuron in sandy soil, whereas the higher valaecurred for the treatment with alachlor
in three soils.
As the result, under these conditions the treatwithtalachlor in weed control of maize has
a high environmental risk, while the treatmentshwiendimethalin, terbuthylazine and
rimsulfuron have lower environmental risk for th®@gndwater contamination.
Therefore, the choice of the herbicide should belenkom among these herbicides or
others, depending on their efficiency and environtalaspects.

Keywords: herbicide, weed, environmental risk, groundwateg mays (L.)

1. Introduction

Many herbicides are in use for weed controls ofzmasome of them are
registered and used in Albania. In agriculturalcpcags, one or mixture of
two or more herbicides can be applied in sequemakfierent times during
crop cycle. The reduction of the using cost and tmprovement of
performance are required. Actually, the choicereftments in weed control
of maize is usually based on the efficiency andetfronmental risk.
Different models were proposed to estimate theatalu of yield caused by
the presence of weeds and to recommend the tretstfoerweed control [1,
2, 6], and also to predict the potential pollutairherbicides.

The objective of this study was the evaluation loé fpotential risk of
groundwater contamination from some soil with heides applied in weed
control of maize in order to find the treatmenthwibw environmental risk
for groundwater contamination.

15
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2. Matenals and methods

2.1. The pedo-climatic conditions

The soils, which we referred, are situated in tlestwpart of Albania as the
most important area of soil cultivated with maitrethis study three different
soils by texture are selected: 1 - clay soil, @amy soil and 3 - sandy soil;
this choice was based on influence of soil textarthe fate of herbicides in
soil.

2.2. The herbicides

Between many soil-applied herbicides that are renentded in weed control
of maize five were selected. The active ingredi@nt), dosages (rate of
application) and the price of the considered héibg for the different weed
control of maize are given in Table 1.

Table 1. The herbicides: price ($/l or $/kg) andalyes (a.i.) (g/ha) according to the soil.

Trade name The active ingredient The price Dosage (g/ha)

(a.i.) % ($/1 or $/kg) | Clay soil | Loamy soil Sandy soil
Stomp 330E Pendimethalin, 31.Y 20 900 900 800
Dual Vegoil Metolachlor, 68 25 1900 1900 1900
Lasso Alachlor, 41.5 10 1600 1600 1600
Click FL Terbuthylazine, 37 12 900 750 750
Titus Rimsulfuron, 25 1000 15 15 15

2.3. Quantification of the risk to groundwater from herbicides
A danger index was calculated for groundwater, ictamed as water source
for human drinking. The toxicity of herbicides igpeessed on the basis of
the guidelines (GI) [5], for the water destined farman consumption. The
“GroundWater Danger Index” (GWDI), therefore waseesned by the
equation, as follows:

GWDI =L*R /Gl

where, L is the fraction of active ingredient (jawhich leaches down to the
water table, R is the rate of application for theeds a.i. and Gl is the
guidelines.

Different approaches can be used to calculate mheuat of herbicide (L)
which reaches the groundwater. In this study twpregches of different
complexity were used: an index of leach ability ro@dwater Ubiquity
Score -GUS- proposed by Gustafson [3] and an eospirmodel -
Attenuation Factor-AF [4]. These approaches allber quantification of the
amount of herbicide, that reaches a given soilldapt the soil is considered
as homogeneous till to depth of water table.
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3. Results and discussion

The calculated values of AF and GUS for every al presented in Table 2,
and these are used to calculate the Groundwategdddndex (GWDI) as
potential environmental risk index.

Table 2. AF and GUS calculated according to the soi

Herbicide GUS AF AF AF
(clay, loamy | (clay soil) (loamy (sandy soil)
& sandy soil) soil)
Pendimethalin 0.60 0.0059 0.0168 0.0857
Metholaclor 3.32 0.8073 0.8428 0.9005
Alachlor 2.08 0.3323 0.4144 0.5815
Terbuthylazine 2.81 0.6517 0.7102 08110
Rimsulfuron 3.42 0.7669 0.7958 0.8148

As the result, by using AF and GUS index was eggchdghe GWDI as risk
index of groundwater pollution by herbicides. Thalcalated values of
GWDI as an environmental risk index are presemnethble 3.

Table 3. The values of GWDI index according toshé

Herbicides GWD{4ys GWDI pe GWDI pe GWDI pe
(clay, loamy | (clay soil) (loamy (sandy soil)
& sandy soil) soil)

Pendimethalin 0.10 0.0032 0.009 0.04

Metolachlor 23.34 3.067 3.203 3.42

Alachlor 86.08 17.72 22.1 31.01

Terbuthylazine 2.69 0.488 0.444 0.507

Rimsulfuron 0.17 0.019 0.019 0.02

The calculated values of GWDI in all soils by us@g@S index range from
0.10 for pendimethalin to 86.08 for alachlor.

The lower calculated value of GWDI by using AF irdeas in the treatment
with pendimethalin on clay and loamy soil and ire ttreatment with

rimsulfuron on sandy soil, while the higher valugsre resulted in the
treatment with alachlor on three soils.

The results demonstrated that was discordance batiyee herbicides with
high potential to contaminate the groundwater esged by the values of AF
and GUS index and the herbicides with high envirental risk expressed by
the value of GWDI index. These results can be eéxpthas the value of
GWDI index depends on the potential of the herlgsitb contaminate the
groundwater (L), the rate of application (R) ané tuideline (Gl) which

were quite different among the herbicides.

In this context, the treatment with alachlor has jootential to contaminate
the groundwater but it has high environmental bskause the guideline of
alachlor is very low 0.3 pg/l, while the treatmevith rimsulfuron has high
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potential to contaminate the groundwater but itlbasenvironmental risk as
the rate of application for rimsulfuron is very Idsg/ha (a.i.).

4. Conclusions

Under these conditions of west part of Albania, tdptimal treatments in
weed control of maize are with pendimethalin, rithson and
terbuthylazine and they should be the main herbiéw this purpose, while
the treatments with alachlor and metolachlor mestitmited because they
present high environmental risk.
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Introduction

In spite of 27% reduction of sugar production eoéor by sugar market
regulations, and decrease in sugar beet cultivarea by 23% [Bzowska,
Ostroga 2010, Ostroga 2010], Lublin Region stagsRbland’s third biggest
producer of both sugar beet and sugar [Turski RiakJS., Zawadzki S.
2007]. As the crop is important for the economyttwt rural region, the
authors undertook a survey on local sugar beet Sammachinery and
equipment to assess the potential of improvingtiogluction capacity.

The survey concerned the farms and sugar beetagitamtsize, condition
of the equipment, cultivation methods, and outpyiart from machinery and
equipment dedicated solely to sugar beet grownagtdrs and trailers were
also considered. The age of the machines was ms$tedhland the scale of
new purchases determined.

Methods

Data was collected by means of questionnairesdfiby the farmers
[Stachak 2006]. Respondents were selected purphysefith help of sugar
factories supply departments, according to the itguabf crops.
Geographically, the distribution of the farms pidkéor the survey was
similar to the distribution of sugar beet plantaian the region (e.g., the
biggest sugar beet acreage is located in Hrubieszdunty, and most
surveyed farms were located there — Fig. 1). Clmgckvhether the farms
growing methods were appropriate and state-of-theras done on the basis
of the available research on the subject [Bzowshkakarz, Bieganowski
2008, Nowakowski 2003, Przybyt 2006, Przybyt i 2004, Skec i in. 20009,
Szeptycki 2005, Zimny 2007].
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Figure 1. Location of farms selected for the surfragip courtesy ofvww.wikipedia.pl

Results

A trend to increase the plantation size providegoojinity to introduce
innovation to growing methods. However, considerittge scale of
investment in new machinery and equipment recodigthg three years of
analysis, the opportunity was not exploited: themirs, especially those
operating in small and medium-sized scale, did testd to buy new
machines.

100

number machines

<0-5) <5-10) <10-15) <15-20) >=20

age

@ Seed dreels @ Combine harvesters

Figure 2. The age of seed drills and sugar beebgwraccording to the survey

20



V International ScientifiSymposium
"Farm Machinery and Process Management in SustdaAbriculture" Lublin, Poland, 2011

For instance, 60% of seed drills and 42% of sugeet bcombine
harvesters used by the surveyed farmers were iratbge for no less than 20
years. The age structure of other machines alseedransatisfactory. This
indicated a need for investment, switching to sdarens of shared use, or
services.

Discussion

A seeming self-sufficiency of sugar beet farmseints of machinery and
equipment results from their relying on old andalete apparatus — the basis
of traditional farming methods. Many farmers dependsupport from their
neighbors — this may be the basis for creatingyredgroups.
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Abstract

Augmented reality (AR) is a system combines thé weald with world
generated by the computer. It usually uses the enfemm the camera with
generated in real-time 3D superimposed graphicer 06 AR can observe
objects on the screen shot camera as well as cemmlements generated
imposed on the real world.

AR elements appear more frequently in the realdy@hd are now available
for normal user. Examples are mobile phones, ircivkiiere are applications
that "enriching" the actual image of the built-ilaneera with additional
elements, such as information about objects in w@nity. Another
application is systems to facilitate parking andstaering.

Agriculture is an area where advanced technologgiwsays introduced
with a delay. Currently, it appears that new teghas and technologies
appear in it very quickly. Probably, also augmentslity will soon become
popular, especially since there are many areashichamts implementation
might be advisable. The condition is however a cédn in the cost of this
technology so its use would be cost effective. &erélements of the AR in
agriculture are already present, but many oppdramito use these
techniques in the future can be predicted. Belosvgiwven few examples of
possibility of applications of this technology igraculture.

1. The research areas - due to the financial chjpedbithe probability of
placing AR in the research centers is much gre&#temany cases, the
technique of "enrichment” of an image for furthéeneents are already
used to varying degrees (but are not often refewwexs AR). For existing
objects on the screen are added dimension linegriggons, coordinate
systems and other virtual objects to help investigand analyze the shot
areas.

2. Another place where the AR probably will vigit the near future is the
cabin of modern tractors and mobile machinery. Soamponents of this
system already exist and are used in the formmoplg displays that show
the use of GPS, the conduct of the tractor or nmechAdding the large
display or special glasses, where on the imagdsfieifill be imposed lines
drawn by the computer which are showing the wayp@assage or plot
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boundaries, is a logical development of existindgutsans. Analogous
solutions exist in military technology, but ardlstery expensive.

3. The solutions, which can be introduced into atiproduction, is a system
of farm monitoring, cowshed or piggery. Use of abié software may
allow determining individual “pieces” on the screewith simultaneous
administration of the relevant information abowgrth The following can
be shown; the data registration, information onhtbalth status, etc.

4. In crop production it is possible to identifyapts with a camera and
appropriate software. This gives the ability toedétpests and to plan
appropriate protective procedures.

The presented examples show some possible solutifiesed by the
application of augmented reality in agriculture. @irse, places where this
technology can be applied are much more. Probabtize near future, with
the development of technology and falling prices emjuipment, these
solutions will increasingly appear in farms. Theyillwbecome an
indispensable part of precision farming. It canasumed that the carrier of
the new technology will be smartphones, with bmltcamera, screen and
powerful processor, with advanced software.
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Introduction

Significant changes took place in the protectionsafjar beet against
weeds in the last thirty years (Wilson 1994; Paveslo and Adamczewski
2002). The main change was from one treatmentgtf ose of herbicide to
chemical protection systems with 3-4 times usingrarates of herbicides
(Dexter 1994; Wenica et al.2004; Domaradzki 2007). These activities
correspond with principles of sustainable agriaeltuAccording to them
pesticides must be used only when it is essentidl in as low doses as
possible (Jensen 2004).

The aim of conducted investigations was the asssswf effectiveness of
microrates of herbicides in chemical protectionteys of sugar beet as
element of sustainable agriculture.

Methods

The field trials were conducted in the years 200092 They were
conducted with the use of method of random blook$our replications, on
fields of 25 3. All the experiments were located in farmers’d&lon black
soils of class Il. In the research 4 herbicidesemgsed, applied separately
and in mixtures. Examined herbicide mixtures alwagatained herbicides
Betanal Progress 274 OF and Safari 50 WG and adlivddpolan 80 EC,
supplemented with Goltix 70 WP or Flirt 460 SC amere applied 4 times.
The components of mixtures in two reduced dosess(® and 67%) were
used. As a standard the herbicide Betanal Pro@&$<OF 3 was applied 4
times in full recommended dose (hd'). The characteristics of tested
herbicides, i.e. the content of the active sub&isnand the doses, are
presented in Table 1. The application was performagtth the use of
backpack sprayer Gloria with a spraying pressur@.26 MPa and a volume
per hectare of 250ha™.

The efficiency of the tested herbicide mixtures wasessed 3 weeks after
the last application.

The trials were harvested by hand at the growtlyestaf technical
maturity.
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Results

The conducted trials indicated that the weed coneflicacy of
investigated herbicide mixtures depended on thee dasd type of the
components. Better results were obtained using highest doses of
herbicides. Among tested systems the best weedotaifect was obtained
after application the mixtures Betanal Progress @F + Flirt 460 SC +
Safari 50 WG + Atpolan 80 EC; in doses reduced B%o5characterized
average weed control was 92%. This combination efactively (87-97%)
controled Amaranthus retroflexysPolygonum persicariaGalium aparine
Brassica napusand Anthemis arvensisOnly Chenopodium alburmand
Polygonum convolvulugrere medium sensitive and its control ranged from
80 to 81%. Application of herbicides in reduced epsto 33% of
recommended, in classic systems caused decreasgeodge efficacy to
83%. The worse weed control effect was observed rafation to
Chenopodium albuniolygonum convolvulusndBrassica napus

Average weed control of up to 91% was observedhi®isystem based on
4 times application of the mixture Betanal Progrgs$é OF + Goltix 700 SC
+ Safari 50 WG + Atpolan 80 EC of 50% at dose rem@mded in classic
systems.. This mixture applied 4 times effectivély 87-94%) controled
Amaranthus retroflexysPolygonum persicariaGalium aparine Brassica
napus and Anthemis arvensisMedium sensitive (82-83% efficacy) were
Chenopodium albunand Polygonum convolvulusReduction of herbicide
doses in this chemical protection system (to 33%fudif doses) caused
decrease average weed control efficacy to 81%. wWdrst controled were
Chenopodium album, Amaranthus retroflexBslygonum convolvuluand
Brassica napusThis weed species were destroied on the level €§456.

The average weed control effectivenes of standgsiess (Betanal
Progress 274 OF applied three or four times) wagil@nd amounted to 83-
87%.

The yield obtained from the untreated control wamiBcantly lower
compared to yields from treated plots. All testegkding systems based on
mixtures (3 herbicides + adiuvant) gave the in@eafsyield in comparison
to standard systems (Betanal Progress 274 OF dpipiiee or four times).
The yield of sugar beet roots from plots treatethvaxamined herbicides
oscillated on the level of 52.05-63.264". In the case of untreated plots it
was 26.95ha’. The upmost level of yielding (62.77-63.2B4t") insured
application mixtures Betanal Progress 274 OF +i%@00 SC + Safari 50
WG + Atpolan 80 EC and Betanal Progress 274 OFirt 460 SC + Safari
50 WG + Atpolan 80 EC used at the dose reduce@% & recommended in
classic systems. Despite some differences, the yiekugar beet roots not
differed significantly between the herbicide treatits.
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Table 1. Characteristics of investigated herbicides

Base dose
Herbicide Active substance (a.s.) Contentofals, Investigated
treatment doses
systems
Betanal Progress phenmedipham + 91glt+71 g+ 1 tha 100%, 50%,
274 OF desmedipham + ethofumespte 112 g 33%
Flirt 460 SC chloridazon + quinmerag ~ 41B'gr 42 g™ | 2 lha? 50%, 33%
Goltix 700 SC metamitron 7009 1 that 50%, 33%
Safari 50 WG triflusulfuron-methyl 50% 3thg! 50%, 33%
Atpolan 80 EC* paraffin oil 76% 1.5 100%

* — adiuwant — adjuwant

Table 2. Weed control efficacy of microrate hertdcsystems and its influence on yield of
sugar beet root.

Numb Dose o Yield Weed control [%]
Herbicide er of compo| of in it dominant species
system treatm nenFt)S roots averag nt : peci

ents [tha?] CHEAL | AMARE | POLPE| GALAP | POLCO|BRSNX|ANTAR
Untreated objeqt — - 126.9§ - - - - - _ _ _
Betanal Progrey 4 50% |63.26 91 79 92 94 93 83 82 93
274 OF +
Goltix 700 SC
+ Safari 50

4 33% .
WG + Atpolan 6 |55.66 81 61 84 92 92 77 73 94
80 EC
Betanal Pfo_gfef 4 50% |62.77 92 80 94 97 95 81 87 97
274 OF +Flirt
460 SC +
Safari SOWG| 4 | 339616019 85 | 68 | 93 | 94| 96| 72| 79| 87
+ Atpolan 80
EC
Betanal Progreg
274 OF 4 100%(59.81| 87 87 90 78 90 91 100 88
Betanal Pogresg
574 OF 3 100%|52.05] 83 77 86 57 89 91 98 83
LSD
(0.05) 11.761

ECHCG —Echinochloa crus-galli GALAP — Galium aparing CHEAL — Chenopodium
album POLCO —Polygonum convolvulysAMARE — Amaranthus retroflexysBRSNX —
volunteerBrassica napusPOLPE —Polygonum persicarigANTAR — Anthemis arvensis

Discussion

The conducted trials indicated the possibility pfimization of herbicide
application in the sugar beet protection system usyng mixtures of
appropriate components in microrates. The appliedbibide mixtures
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showed high efficacy in weed control and the atstivof herbicides was

depended on the dose of mixture componértis. best effect was obtained
using the herbicides in doses reduced to 50% afmewended in classic
systems. All tested weeding system based on mitgase the increase of
yield in comparison to standard systems.

The first trials concerning microrates efficacy sugar beet were
conducted in USA. Their results proved a high effic of herbicides used in
the doses reduced from 50% to 60%, without theifsignt decrease of weed
control efficacy and sugar beet yielding [Dexter949 Wilson 1994]. A
similar effect was observed in the first trialsread out in soil and climatic
conditions of Poland byWoznica et al. (2004). Authors attained success
applying herbicides in the doses lowered by 50-6G%vas confirmed in
another trials carried out in Poland [DomaradzkD20Krawczyk et al.
2007].

Summing up, it may be stated that herbicides agpiie appreciable
lowered doses in chemical protection systems odishget allowed to reduce
weed infestation effectively. The microrates of biedes also put less
pressure on environment. These activities are sporading with assumption
of sustainable agriculture [Jensen 2004].
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Abstract

The quality of education at universities is an im@ot element in the
functioning of higher education. This is due to twmstant development of
higher education. The changes put before the wityeauthorities, new
challenges, include the need for a professionatcgmh to the management
of universities. The main problem is the selectidruniversity management
strategies, effective resource management, quaksgurance system and
quality of education.

How many scientific disciplines and education as field of agricultural
engineering feel of a world-wide problems; the mogportant is the ability
to remain competitive. This seems particularly ima@ot, since the creation
of the European educational space, whose distihgugischaracteristic is to
provide quality education. Over the past 10-15 yaarmany countries we
are witnessing a decline in the number of engineerd, consequently,
lowering the prestige of the engineering profesgign

There are various definitions of quality, formubhteby leading
representatives of school management. And so, én gpinion of Peter
Drucker [2], "the quality of the product or servidge not what the
manufacturer put into it, but it is what one custéoras and what it is willing
to pay". Definition of the American Society of Qial Control [3] is:
"Quality is the totality of features product or\@ee, deciding on their ability
to meet the identified or potential needs”. Howewercase of the quality of
education, this issue must be considered from teepoint of the service,
because university education is a kind of educati@ervice. Hence, the
guality can be defined as the ability of schoolsnteet students' expectations
or demands of the labor market [4].

Quality of education from the perspective of unsiees can be understood
as the changes taking place in the students uhdenfiuence of the learning
process, while the environment of the universitynigrested in changes in
social life caused by the activities of univergitaduates [5].

The quality of education is also influenced by otfaetors, which may be
lower, for example:
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- Academic staff (lack of systems to monitor theoqass of teaching,
knowledge transfer obsolete or even incompetenstea of knowledge, lack
of motivation for self-education, ill-directed raggments for students),

- Lack of effective mechanisms for accelerating @waluation of training
programs,

- Too many students per teacher, resulting in latkime for thorough
verification of students' knowledge [4].

A process of continuous improvement of the qualiteducation when we
can speak basic conditions are fulfilled its fuoeti The university should
have as stable nature, the education system slopdcate smoothly and
academic staff should be completed as a team. qdlbres should serve to
improve the quality of education but it is worthypey particular attention to
those that exert a decisive influence on the quafiteducation and are in the
range and possibilities of the university.

The main activities to improve the quality of higheducation in the
Colleges can include:

- Proper selection of academic staff,

- Overestimate the educational criteria

- Improvement of education programs,

- Improving the educational process of education.

The aim of the work is to analyze the current anture tasks for
agricultural engineering, resulting from changesieas within the scope of
agricultural engineering.
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Introduction

Equipment of machines in agricultural farms refedheir economic
situation. New machines allow the use modern teldgnes, increase farms
productivity, allow to increase the scale of praitut At the same time it
has effect on economic strength of farms and tbempetitiveness on the
market. Investments in equipment affect further ncles for farm

development.

Aim

The aim of this presentation is to analyse Polidrket of tractors and
selected agricultural machines. This material shihwanarket share of main
producers of these products. It also presents dhes gesults of combine
harvesters and telehandlers. Tractors were dividiedgroups according to
the brands and engine power. Combines harvesteesdiaded according to
the brands, farms arable land area and numbestalied straw walkers.

Results

Comparative analysis of the number of agricultdrattors registrations in
2009 and 2010 was made. According to the resulthefanalysis, 13,886
agricultural tractors were registered in Polan@@®9. In 2010, the number
of registrations was higher by 3.5% and amountefl4®&80 units. Both in
2009 and 2010, the largest recorded number of trage;m occurred in
months: March and April. Since Polish accessioth&European Union, sale
of the new tractors is steadily increasing. Culygrthere are twice more
tractors sold than five or six years. For each yeatcept the crisis in 2008 —
the number of sold tractors was higher than eveeyipus year. Figure 1
shows the results of analysis of number of regdistna in 2009 and 2010.
Figure 2 shows the number of tractors registratidngded into brands of
main producers. The largest market share (about) 2&8ongs to CNH
Group. Next 15% belongs to Zetor. Same Deutz-Fahous - SDF
(containing three brands: Deutz-Fahr, Same and baghini) has about 10%
of the market and it sells over 1,400 tractors. Thest popular brand
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belonging to SDF is the Deutz-Fahr (over 72%), sdcts Lamborghini
(almost 15%) and third - Same (almost 13% of dll 8SDF tractors in 2010).
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Figure 1. Number of tractors registration in 2008 2010.
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Figure 2. Market share of main tractor producerdh0.

All main tractor producers offer many different &iof tractors. Farmers can
choose from wide range of machines equipped witines from low engine
power (less than 50 HP/37 kW) up to tractor witlgieas with power over
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250 HP/184 kW. Almost 40% of tractors sold in 204€re equipped with
engines with power from 80 to 100 HP (59-74 kW)makt 90% of machines
were equipped with less than 150 HP/110 kW engines.

Table 1. Tractors registration divided by engineseqower.

Power [HP] Power [kW] Quantity Market share [%]
mini mini 583 4.05
50-80 37-59 2204 15.33
80-100 59-74 5740 39.92
100-120 74- 88 2393 16.64
120-150 88 -110 1975 13.73
150-180 110-132 580 4.03
180-200 132 - 147 222 1.54
200-220 147 — 162 130 0.90
220-250 162 — 184 67 0.46
> 250 > 184 154 1.07
others others 328 2.28
total total 14376 100.00

Table 2 represents the sales results of combinés May 2011. The largest
market share belongs to New Holland. Almost 40%cambines sold in
analysed period was branded by New Holland. Alnoost third of combines
were produced by Claas. Same Deutz-Fahr, after mdifferent
organizational changes, comes back on the markairobine producers.

Table 2. Combines sales results (up to May 2011).
Brand Quantity Market share [%
Claas 265 27.40
New Holland 384 39.71
John Deere 155 16.04
Deutz-Fahr 32 3.30
Fendt and MF 96 9.94
Others 35 3.61
Total 967 100.00

Many farmers decided to buy a telehandler to tfems. These machines
are very useful and can be used to do many diffekamd of operations.

Manitou is the market leader and it has over 45%nafket share. Other
producers also have in their offer such machinmasexample New Holland,

JCB, Merlo. Same Deutz-Fahr offers these machidse. éDeutz-Fahr

telehandlers had about 6% of market share in 2010.

References
Same Deutz-Fahr Poland materials
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Introduction

Restrictive UE standards have considerably limitedlist of permissible
biologically active substances of plant protectiproducts meeting the
criteria of good agricultural practice. Triazinetmdrawal from the register
list of herbicides permitted for use, as well asnamity developed by some
weed species, resulted in the search for altematieans and methods of
their control [Go¢biowska and Kaus 2009].

The recommended maximum dose of herbicides pravigle efficiency
and fast operation compared to most weed speciésow regard to their
sensitivity. However, herbicides are used frequeintla certain excess, than
would appear from the actual weed infestation. Higpes for effective weed
control are associated with the possibility of camrig new chemicals in
mixtures at reduced doses [Praczyk and Skrzypca@f]2

Developing systems for the application of hertecmixtures in reduced
doses, safe to natural environment, becomes aaasitcigly more important
issue in selected plant cultivation regarding teguirements of sustainable
agriculture. High demands on the assumptions daswable agriculture will
be largely enforced the design of chemical weedtrobrsystems using
minimal doses of herbicides supported the additibmarious substances to
improve their effectiveness.

The aim of the study was to evaluate the effen@gs of the destruction of
weed communities in maize cultivation on two diffier types of soils with
the use of mezotrione and nikosulfuron and theixtunes used in reduced
doses, in different times and stages of developn@uatton et al. 2002].
Second aim was effect of oil adjuvants Actirob &2 oraz Atpolan 80 EC,
featuring diversified chemical properties, on higlefficacy of mezotrione
and nikosulfuron and their mixtures, applied inueed doses according to
Echinochloa crus-galliand annual dicotyledonus weeds in different $ime
and stages of development.
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Methods

In the years 2007-2009 field experiments were ootetl on the evaluation
of some herbicide mixtures efficacy regarding cnogize. The layout of the
experiments was a complete randomized block desigour replications.
The area of each maize plot was 25 Selectivity and efficacy of herbicides
and their mixtures were evaluated for each sysfEme. experiments were
established on two types of soil: haplic phaeozants haplic cambisols in
the south-western region of Poland. Mezotrione ammbsulfuron weed
control effect, as well as its mixture used once according to divided doses
system in diffrent dates and phases of maize mlamelopment, along with
additive adjuvants Actirob 842 EC and Atpoan 88 Efere assessed on
selected soil stands.
Weed control was visually assessed on the basestihated analysis of
weed infestation which took place 4-5 weeks aftpragng. Maize
harvesting was done manually in the phase of fallumty, more determined
grain yield and dry matter containing over 15% mots.

Results and discusion

The assessment of weed infestation of maize etétd/ on haplic
phaeozems points to low diversity of plant specas,well as to its low
intensity. High efficiency of weed control was abh&d applying mesotrione
+ nicosulfuron in divided doses with adiuvant Agol88 EC which resulted
in statistically higher yield than those in theetig untreated with herbicides
and than the yield obtained when mesotrione andsnituron were used
separately. High weed control effect was also olethifor half of this
mixture dose (tab.1).

On haplic cambisols was observed high intensitiafinichloa crus-galli
Setaria spp., Chenopodium albunand Amaranthus retroflexusccurence.
Artemisia vulgaris proved to be a perennial, troublesome weed. The
mentioned species were most effectively controlbgdherbicide mixtures
composed of mesotrione + nicosulfuron with Actirdh2 EC as well as
Atpolan 88 EC EC applied once in 1/3 full dose. Rbpbse objects
significantly highest grain yields were obtainedb(®). Similar results of
positive interaction studies of efficacy herbicidegh ajuvants have been
reported by Wenica [2003].
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Table 1. Effectiveness of selected herbicide agptigfull and reduced doses to weed control
on haplic phaeozems and influence on maize yieRDDV-2009.

Weed control (%) Yield
Treatment Dose (I of grain
(I-Ha ECHCG SETVI CHEAL | SOLNI| OTHER** (dt‘?’ha'l)
Untreated - - *17 *8 *22 *9 *11 45.2
15 |U1DP™ 88 86 98 100 100 108.9
"~ |BBCH 12 )
Callisto 100 2/3 DP**
sc 1.0 BBCH 12 75 77 96 90 95 100.6
1/2 DP**
0.75 |5BCH 12 70 68 85 87 86 93.6
1/1 DP**
15 |55cH 12 94 92 85 96 100 100.1
Milagro 040 2/3 DP**
sc 1.0 BBCH 12 88 86 78 90 92 92.5
1/2 DP**
0.75 BBCH 12 82 80 63 86 87 90.1
0.8 [1/1 DP**
+1.0 |BBCH 12 + 96 97 92 88 100 100.5

+1.5 |BBCH 15

Milagro 040 053 [2/3 DP*
sc :
? Calisto 10" 2.27 ggg: g + 90 88 89 90 92 96.5
SC 040 |12 DP™
+0.50 [BBCH 12 + 88 86 83 86 87 91.1
+1.5 |BBCH 15
08 |1/1DP™
. +1.0 |[BBCH 12 + 98 100 97 100 100 106.1
Milagro 040 + 15 |BBCH 15
sc '
. 053 [2/3 DP™
. ga”'s“’ 100,067 [BBCH 12 + 95 92 93 98 93 105.0
. +15 |BBCH 15
¢ fetiob 842620 172 P
+0.50 |[BBCH 12 + 90 87 98 86 90 101.2
+1.5 |BBCH 15
08 |1/1DP™
. +1.0 |BBCH12 + 100 100 100 100 100 111.1
Milagro 040 +15 |BBCH 15
sc '

0.53 [2/3 DP**

+ Callisto 100, "1"c- |sRCH 12 + 95 95 95 98 96 110.0

sc
+15 [BBCH 15
Atpolan 88 1540 [172 bP

+ 0.50 |IBBCH 12 + 93 90 90 95 93 106.1
+15 |BBCH15

NIR. LSD gosf 1.06

* - number of weeds perm*DP full dose

***QOther: AMARE, ANTAR, VIOAR, AETCY, THLAR, LAMPU, STEME ANGAR

ECHCG Echinochloa crus-galli SETVI Setaria viridis CHEAL Chenopodium albupSOLNI Solanum nigrum
AMARE Amaranthus retroflexysANTAR Anthemis arvensid/IOAR Viola arvensisAETCY Aethusa cynapium
THLAR Thlaspi arvenseLAMPU Lamium purpureumSTEME Stellaria mediaANGAR Anagallis arvensis
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Table 2. Effectiveness of selected herbicide agptigfull and reduced doses to weed control
on haplic cambisols and influence on maize yield0A7-2009.

Weed control (%) eld
Treatment Dose (I- of grain
(- e chcdSETVI[CHEAL | AMARE |ARTVU [OTHER™ (d% hgl)
Untreated : - 27 | *9 49 13 "5 1 427
15 |L1DP™ 86 85 100 94 98 100 96.5
> |BBCH 12 :
Callisto 100 23 DP*
- 10 [ESI 72 73 92 90 95 96 91.1
1/2 DP*
075 [g2 0 63 61 89 89 86 88 89.8
/1 DP*
15 oo 92 90 84 92 99 98
Milagro 040 2/3 DP**
oo 10 [ESI 85 85 72 89 90 94
1/2 DP*
075 Lot 82 80 60 100 86 85
08 |1/1DP*
+1.0 |BBCH12+ | 95 95 94 100 100 100 1003
. +1.5 |BBCH 15
Milagro 040 053 [2/3 DP*
sc -
> dlisto 10 ++0i657 ggg: g +] 90 90 86 90 90 98 98.3
SC 0.40 |1/2 DP*
+0.50[BBCH 12+ | 84 81 80 85 85 93 96.5
+1.5 |BBCH 15
08 |1/1DP*
. +10[BBCH12+ | 100 | 100 | 100 100 92 100 1132
Milagro 040 +1.5 [BBCH 15
sc '
. 053 [2/3 DP*™
. ga”'s“’ 100 o67lBBCH 12+ | 92 95 90 90 95 95 112.§
+ Actirob 842 g 165 ?/EZSCDHPE
EC +050[BBCH 12+ | 88 90 88 85 85 93 109.6
+1.5 |BBCH 15
08 |1/1DP*
. +1.0BBCH12+ | 98 96 96 100 92 100 110.2
Milagro 040 +15 |BBCH 15
sc '
. 053 [2/3 DP*™
. ga”'sm 100 Jo67lBBCH 12+ | 92 93 86 92 94 95 94.1
+1.5 |BBCH 15
étgc"an 88 =540 [1/2 DP~
+050 4BBCH 12+ | 86 88 85 85 85 92 91.1
15 |BBCH 15
NIR. LSD gos] 0.992
* - number of weeds per'm **DP full dose

***QOther: ANTAR, VIOAR, GALAP, FUMOF, GERPU

ECHCGEchinochloa crus-galliSETVI Setaria viridis CHEAL Chenopodium alburAMARE Amaranthus
retroflexusARTVU Artemisia vulgarisANTAR Anthemis arvensi®/IOAR Viola arvensis GALAP Galium
aparing FUMOF Fumaria officinalis GERPUGeranium pusillum
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Introduction

The aim of this paper is to examine the impact oivienmental

sustainability of farms on the level of individuatonomic costs of milk
production.

The idea of sustainable development is based onrémel of ecological
economics, whose basic premise is the possibilitgevelopment of the
economic system only within the environmental systeas the global
ecosystem (biosphere) has its natural limits. $ueitée agriculture cannot
exist without sustainable farms. In sustainablenfahe agricultural practices
do not violate environmental sustainability.

The method and source material

Proposals to define and to measure the sustaityabilagricultural holdings
are discussed in the pages of Polish and the itetdture. Controversy also
indicates the lack of the universal approach te igsue. In the present study,
a method of measuring the four-level scale of emrrental sustainability
developed by Ms. Wioletta Wrzaszcz is used. Tordetee the sustainability
of the farm, she chose those variables that reflemih the positive
agricultural practices (within the adopted recomdsions) as well as
negative impacts on the natural environment. Thell®f environmental
sustainability has been defined as the average alzed value of six
selected diagnostic variables:

a) the number of groups of plants grown on aradoté |

b) the coverage ratio of arable land vegetationinter,

c) the balance of organic matter in soll,

d) the share of cereals in crop structure,

e) the livestock density on the unit of area of@agdtural land,

f) the balance of nitrogen in the soil.

The empirical basis of that paper are 2008 farma ffatm farms which kept
accountancy for the Polish FADN, classified by WkzZ@szcz according to
their degree of sustainability. For the analysisit costs of milk production
an own developed method adapted to the accounataipdse of Polish farms
has been used. The analysis was conducted on $ie dfadata from nearly
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1,500 farms specialized in milk production, in whithe share of milk in
total production value was at least 60%.

The study includes annual milk production, diregsts, general economic
costs, depreciation, cost of external productioctoid and costs of own
production factors calculated per one dairy cowiéw of the fact that in the
FADN costs of own production factors (land, worldarapital) do not exist,
they were estimated by using an original valuatroethod. Therefore,
calculation of the economic costs of milk productigas possible as well as
calculation of economic surplus per 1 head of mokv and 100 kg of milk,
including gross margin, operating surplus, inconmel grofit from milk
production. All these volumes were analyzed onlthekground of selected
information characterizing the size of farms antleaincluding dairy cows.

Results

The study showed that dairy farms with a greateellef sustainability are
bigger in terms of arable land area and they keege roattle, including dairy
cows. This may indicate that for farms with biggega it is easier to meet the
conditions for environmental sustainability.

With the increase on the level of sustainabiligoaihcrease of milk yield and
milk price of cows is observed, resulting in a #igant increase of
production value from a cow. While in farms withethowest level of
sustainability milk yield was 4882 kg with an avgegorice 98.0 PLN of 100
kg of milk obtained on the market, in farms withetlmighest level of
sustainability these indicators amounted to 5306 aml 103.8 PLN.
However, higher milk yield required higher diredsts, especially feeding
stuff costs. For this reason, in farms with thedstwdegree of sustainability,
direct costs per 100 kg of milk were amounted tc63BLN, when in the
farms with highest degree of sustainability — to438LN.

Farms with the lowest level of sustainability aclei@ the amount of
subsidies per cow higher by 17% comparing to tloeigrof farms with the
highest level of sustainability. As a result, grasargin along with direct
subsidies to 100 kg of milk were respectively 82LN and 83.7 PLN.

At the same time there was a tendency of overhests qper cow with
increasing levels of sustainability. The amounthait group of costs per 100
kg of milk differed by 404 PLN (1378 PLN to 974 PLN

Total accounting costs, including depreciation neperating costs and costs
of external factors (wages, rent and interest paidpw-sustainable farms
amounted to 4346 PLN per cow and 89.0 PLN per 1@®fkmilk, and in
highly sustainable farms - 3938 PLN and 74.2 PLNtal income with
subsidies in these two groups of farms amountgoedvely: 1560 PLN and
2540 PLN per cow, and 32.0 and 47.9 PLN per 106
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Estimated costs of own production factors (landpla and capital) declined
with increasing levels of sustainability (from 29&LN to 2071 PLN per
cow). Total value of economic costs amounted to37BBN and 6009 PLN
per cow, and 150.2 PLN and 113.3 PLN per 100 ké¢.nihis level of costs
irrespective of the level of sustainability of fasngenerated a loss of
production amounting to 2383.5 PLN per cow at a level of sustainability
and 347.5 PLN in farms with highest level. In farmigh lowest level of
sustainability subsidies did not offset loses. Tgrsup carried out the loss of
1427 PLN per cow and 29.2 PLN per 100 kg milk. Shbsidies received by
farms with medium and high degree of sustainabitigreased revenues to
more than economic costs. So thanks to these, thase have carried out a
profit. Its highest level amounting to 469 PLN pew and 8.8 PLN per 100
kg of milk carried out the group of farms charaizied by the highest level of
environmental sustainability.

Summary

Account of the milk production profitability withéwsubsidies showed that it
was profitable in 2008 at the level of accountimgts for all four analyzed
groups of farms specialized in this production. Batount of profitability at
the level of economic costs (which included theteasf own production
factors (land, labour and capital) showed that dletsvity resulted in losses.
The level of environmental sustainability of dafeyms increases with the
size of the area and hence also the scale of mi#ugtion. Value of milk
production as well as variable direct costs inaedasith increasing degree of
sustainability of farms. Conversely, the remainitiger groups of production
costs (overheads, depreciation, costs of extermatlystion factors and
estimated costs of own production factors) retaizgdh the increase in the
degree of sustainability level, the declining uoaist of milk production is
observed.

Economic results of milk production as measuredvasiety of economic
margins are positively correlated with the degreke emvironmental
sustainability of farms.

Value of milk at market prices without subsidied dbt cover the economic
costs of its production in 2008, so that it was rofimble. Taking into
account the subsidies received, production wagruaittable for farms with
the lowest level of sustainability; the other grsupeached the profit
amounted to 1.9% - 8.3% of production value.
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Introduction

The usage of modern means of mechanization inHPalisiculture requires
specialised technical background. The maintenanoekshiops network,
currently being built with considerable supportegfuipment manufacturers,
is highly diverse considering the quality of seevidThe time (needed on
removing technical or technological faults occurdeding their use) is the
measure of reliability of machines operation systd®krobacki, Ekielski
2006]. The seasonality of works in agriculture negdy affects the use of
service facilities and generates the need to stinely}course of developments
in this market segment [deinski, Piekarski 2008a; Jainski, Piekarski
2008b]. Taking into consideration the fact of sitaneous occurrence of
many causes leading to the heterogeneity of demtrel, maintenance
services require many intensive logistic workss¢iski, Piekarski 2009].
The aim of the research was to determine the patenf network of
maintenance workshops for agricultural machinergrapng in Western
Pomerania.

Methods

The research, determining the potential of netwaoik maintenance
workshops for agricultural machinery, was condudtechonths I-VI 2009 in
Western Pomerania. The source materials were auotdop using the method
of questionnaire with a closed structure. The stundjuded 30 agricultural
maintenance workshops for agricultural machinerlie Bample size was
chosen by using the method of purposive samplitgg Jample was made
more detailed according to method of selectionypical individuals. The
evaluation of collected data was made using thesstal analysis of R-
Spearman statistical correlation.

Results

The promptness of realization of specific agrotécdinpractices plays a
crucial role on a farm. Facing a machine failu@ne farms with outdated
construction equipment decide to repair it themelwhile farmers with
modern machinery must have it repaired by a speedhlworkshop. More
than half (57.8%) of researched workshops, in otdeuse their full repair
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potential, takes a machine for repair in less tBadays from the date of
notification. In 32.6 % analyzed workshops the tioiexpectation on repair
ranged from 4 to 7 days. In other service planizkiess more than 7 days.
The repair time is an extremely important elementhie total repair. Over
half of repairs (53%) is made in 2 days from themmeat of arrival of a
machine to workshop. Workshops make 20% of ordeepairs in a day,
while the remaining 27% of repairs is made in Ftdays time. The repair
time of agricultural machines depends on the degfegamage. When the
failure of specific machine is repetitive and tygjcworkshops are earlier
supplied with spare parts and the repair time liatively short. When the
failure is rare, workshops are not able to elinenaearlier than in 3 days.

Repairs last longer when farm works are not beimged In 47% of cases,
they may take up to 3 days. 41% of repairs is miadiene from 4 to 7 days,
and the remaining 12% of failures is eliminatednare than 7 days. During
field work off-season, mainly the machines thatused seasonally are taken
for major repairs. There are also the repairs ofhimes which at this time
are rarely used. The extension of repair time aswlts from the fact that
workshops are supplied with less spare parts.

Conclusion

1. The level of execution of the routine technical m@nance and repairs is
one of the most important factors having the esslemifluence on the
process of machines, tractors and agriculturakpart means wear.

2. The factors which have a decisive influence ontélebnical maintenance
and repairs are design solutions of individual geof machines, the
workshops equipment of technical facilities with deon tools and
devices, as well as the technical level and thdifepadions of repair
staff.
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Introduction

Historically, machinery ownership has been the ndomfarmers and
ranchers in the U.S. and Europe. Increasingly,higd cost of machinery
has forced producers to consider alternatives tchimary ownership for
some portions of the production process. Due tohtgk cost of harvesting
equipment and the relatively low annual hours of €@ this equipment,
alternative means to accomplish the task of hangdtas been the first
production process analyzed for cost efficiencWégh increasing machinery
prices for all types of equipment, this type oflggei is also being applied to
the combination of cost and production efficiencreslized with custom
operators who bring in large equipment capable e¢timg limited windows
for completing field work.

The example used relates to the task of harvestimggl grain crops for a
case farm. The case farm used in this exampleM®@tana dryland small
grain farm. The farm size is 1,214.1 hectares wilH#.2 cropped hectares.
The crop mix for this operation is 339.9 hectarees of hard red spring
wheat (HRSW), 72.8 hectares of winter wheat onogcfi21.4 hectares of
recrop barley, 161.9 hectares of winter wheat dovieand 509.9 hectares of
summer fallow. The case farm uses a no till pradacsystem. The farm
size, crop mix, tillage system and ratio of croppetes to summer fallow are
representative of the average dryland farm in Mioata

Methods

There are several methods to evaluate alternativesans of
accomplishing a particular farming task rather tti@n traditional method of
purchasing needed equipment [AAEA 2000, Edwards2@08, Kastens E.
1997]. Evaluation methods can incorporate more trancriterion, but often
focus on a small number of criteria. For exampl@chmery size, width,
horse power, cutting capacity, etc., focuses onathiéty to accomplish a
particular task within a given time frame, acres peur covered. Time
frames are often determined by the size of theatjer, production practices
and labor constraints. An example is purchasingrayscoupe with a large
boom to help avoid bottle necks in production dgreritical times of the
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year, seeding and spraying weeds (chemical sumatilexving) during the

spring of the year. In this instance, the farm ng@nas not optimizing the
size of an individual machine to match the numbedays to spray weeds.
The farm manager is trying to optimize the produciprocess by eliminating
possible bottlenecks, such as a short supply afr}dly creating added field
capacity in the machinery compliment.

However, there are definite trade-offs between nojing physical
production practices based on the requirementettihg all operations done
within a window of time, versus the financial antbeomic considerations
for the individual machine and the entire farming@tion.

The primary methodology used is after tax net presalue financial
analysis of expense streams. The task manageméon®mnalyzed are
purchasing, leasing, and custom/rental, to accaiply a particular farming
task. Methods discussed here and the softwareisiset@nded for individual
firm decision makers and addresses a limited sadfppossible decision
making criteria. Table 1 summarizes relevant véemldor the three task
management options evaluated. The purchase optialyzed includes an
outright purchase or trades in, both of which idelsiterms for financing and
incorporate tax benefits of deducting cash and casit expenses. The
software used here does not include possible incetneams generated by
the machine purchased, such as buying a larger inentban necessary to
complete harvest on the farmer’s operating andgloirstom work with the
combine. Since only expenses are considered, thpresent values used to
evaluate the task management option are the ne¢realue of the expense
streams over the analysis period for each optibesé& values are negative so
the selection criteria are to choose the smallegative number of the three
options evaluated.

A breakeven acreage analysis, not shown here, agiided in the
software. This analysis uses economic rather tivaanéial analysis. This
analysis estimates the operating and ownership aosip to three power
units and five pulled implements. The economic @stmates are used to
estimate the breakeven acreage necessary to jostifyng the machine, or
combination of machinery, to accomplish a particulask. Breakeven
acreage is calculated using selected cost estimamtdsthe custom rate
charged to accomplish the same task.

While the example here uses as many of the variadilees across task
management options as possible for analysis, otsnecessarily the case
that purchased and leased equipment would be the sa kept the same
number of years. The custom hire/rental option amelguires the task be
completed. The lease option includes a variablseléarm in years with an
option to buy the leased equipment after the oaigi@ase term expires. The
buyout option allows variable financing terms a thme the buyout occurs.
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If the buyout option is not selected, the softwassumes the lease in
renewed continually until the end of the analygis1t to assure a relevant
time period comparison between options.

While the example here uses the same variable ya@ca®ss as many of
the task management options as possible, it isnaogssarily the case, or
required by this software, that purchased and teasgipment be the same
or kept the same number of years. The purchaseroptid the lease option
both involve considerable participation from th@gwcer. The custom hire
option does not require as much involvement andrémgal option may
involve the producer just as much as the purchaddease options.

Table 1. Summary of required input values for thecRase, Lease and Custom Hire/Rental

task management options.

Terms Purchase Lease Custom Hire
Combine Combine or Rent
Combine
Combine Federal and State Marginal Tax Rate 33.0% 0983. 33.0%
Discount Rate 4.0% 4.0% 4.0%
Current Market Value of Trade In $0.0 NA NA
Undepreciated Value of Trade In $0.0 NA NA
Original Cost of the Old Machine Sold or Traded $0.0 NA NA
Specify Option (Sell = 1, Trade = 2) 1 NA NA
Machinery Group Number 1 NA NA
Depreciation Class Life for Tax Purposes 7 Year Class  NA NA
Capital Gains Tax Rate 0% NA NA
Annual Cash Operating Expense $31,10( $31,100 $31,10
Annual Cash Operating Expense After Buyout NA $28,000 NA
Annual Rental/Custom Work Payment NA NA $52,200
Expected Annual Inflation Rate for Operating Costs .09 3.0% 3.0%
Purchase or Lease Price Established $375,000 $BY5, NA
Dollar Amount of Purchase or Lease Buyout Pricg  $300,000 $ 28,125 NA
Financed
Lease Term in Years NA 3 NA
Interest Rate for Financed Amount 7.00% 7.50% NA
Number of Years Financed 5.0 5.0 NA
No Buyout = 1, Lease Buyout = 2 NA 2 NA
Number of Years for Analysis Period 15 15 15
First Year Tax Deduction For Amount Expensed $100,0 NA NA
Investment Credit Taken $0.0 NA NA
Salvage as a Percent of Lease Buyout Amount NA 20.0% NA

Results

Table 2 shows the net present value of each oftabke management
options included in this analysis. These valuesallr@egative numbers as
there is not income stream included in this analyBbr this analysis, the
lowest negative number was the Purchase optiors. vidlue is an estimate of
the present value of the steam of expenses and cdkh outlows, principal
payments, over the fifteen year analysis perioduifd 1 shows the annual
flows for each task management option. While tlseilte shown in Table 2
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clearly indicate the purchase options has the sstallegative net present
value, it is not clear from the pattern of expeniseBigure 1 which option
would be preferred. The pattern of expenses/outitliffiers for each task
management option.

Table 2. The net present value of the task manageopdions evaluated.

Purchase Lease Custom Hire or
Combine Combine Rent Combine
| Net present Value $528,766 $567,953 $855,677
Annual Equivalents For Each Year of Analysis
$120 000
$100 000 -
$80 000 -~
$60 000 -
$40 000 -
$20 000 -
$0 -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
‘ B Purchase O Lease O Custom/Rental ‘ Years in Analysis

Figure 1. Comparison of the estimated annual stsed#rexpenses and other cash outflows
for each task management option considered.

Discussion

While this type of analysis is routinely recognizasl a methodology to
compare the least cost method to accomplish acpéatitask, it lacks the
type of comprehensive consideration given to ai@dar task and how that
task must be managed within the context of all ipesslay-to-day farming
operations.

Given the difficulty of a complete analysis thatlirdes the optimization
of all factors of production, this type of limiteshalysis provides information
to producers regarding the financial implication§ their machinery
investment decisions.
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Introduction

Estimating cost of production is a common firstpste preparing
business management information for producersr thesiness partners and
lenders. In recent years, emphasis has also beacedplon energy
consumption during the production process. Inytjahe focus was placed
on farming practices, such as tillage systems, toald help manage the
impacts of volatile fuel prices. Volatile input pes for fertilizer and
chemicals in combination with concerns about emrirental quality have
also prompted interest in overall energy use biugjgetaddition to the typical
economic based budgets estimates. This presentailbreview software
that combines budgets estimates by tillage systedhcaop mix for both
economic and energy use analysis. The case farthinghis example is a
Montana dryland small grain farm (Table 1).

Table 1.The main characteristic of case farm

Farm size 3,000 acres 1,214.1 ha
with cropped 1,740 acres 704.2 ha
The crop mix for operation:
- spring wheat 840 acres 339.9 ha
- winter wheat on recrop 180 acre 72.8 ha
- recrop barley 300 acres 121.4 ha
- winter wheat on fallow 400 acres 161.9 ha
- summer fallow 1260 acres 509.9 ha

The case farm uses a no till production systeme fEim size, crop mix,
tillage system and ratio of cropped acres to sunfaiw are representative
of the average dryland farm in Montana. The maatyicomplement for the
case farm is valued at approximately $509,000.

Methods

Estimates for the economic and energy budgets mnaded by an
Excel spread sheet. Economic estimates for maghicosts are prepared
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using procedures described in the American Agnicalt Economics
Association (AAEA) [1]. Operating and ownershipstoare estimated for
each piece of machinery based on how it is usedearh crop in the
enterprise mix.

An energy use budget is estimated for each cromerdy use is
estimated for the three major energy sinks in agjtce, fuel, fertilizer and
chemicals. Fuel used is estimated for each crogrge based on how each
piece of machinery is used in the specified crop. lastimates for nitrogen,
phosphate, and potash are based on weight of dpatitve ingredient by
crop enterprise. Nitrogen fertilizer is applied ngsia yield based goal for
each enterprise. Phosphate and Potash were apdied a soil fertility
banking concept. Energy estimates for chemicalgks@®based on chemicals
applied for the specific crop mix.

Energy use in production of consumed fuel, apphedilizer and
pesticides, are all converted to MJ of energy meglio produce these inputs.
There is considerable variation in the energy meguito produce various
inputs for small grain crops [2 - 6].

Results

Tables 2 - 7 and Fig. 1 summarize results of thailde calculations made in
the Excel spreadsheet used for this analysis. HEalole shows selected
summarized information from the spreadsheet.

Table 2. Summary of machinery complement hectaraese hours of use and estimated
operating and ownership costs by tillage system.

Total Hectares Total Hours .
Machinery Machinery Use Machinery Use Total Costs in USD
Complement | Mech | Min No Mech | Min No Opera- | Owner-| Total
Till Till Till Till Till Till ting ship
Heavy Disk 510.3] 510.3 0.0 97 97 0 1P41 2946 4 887
Tool Bar 2235.61215.00 194.4| 425 231 37 3543 4381 7924
Harrows 704.7| 7041 194.4 134 134 37 536 938 1474
Air Seeder 704.7) 704.7 7040 117 117 117 G 7190 28% 17 004
Self Propelled
Spray Coupe 704.1 1725.3256.2 46 113 213 1286 13335 2627
Water Tender 7047 17253256.2] 10 25 47 51p 300 814
Tractor
325 HP 4WD | 4 155.83 134.7/1093.5) 773 579 191 50 683 14 209 64 892
Totals 65 225 34 394 99 619
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Fig. 1. Summary of economic cost estimates for nimeci use by tillage system.

Table 3. Summary of enterprise total income argkages (in USD) for the no till case farm

crop mix.
Summer Hard ww Barley | WWon | Totals
Fallow Red on on Fallow
Spring | Recrop| Recrop
Wheat
Enterprise Total Income 0| 236 846 61 135 78 024] 165 379 541 385
Enterprise Total Expenses 63 384| 102 306/ 25 554| 36 366/ 47 306| 274 916
Enterprise Net Income -63 384 134 540 35582 41 658| 118 073 266 469

Table 4. Summary of total estimated total income expenses by tillage system (in USD).

Mechanical Minimum No

Till Till Till
Total Income by Tillage System 541 385 541 385 541 385

Expenses by Tillage System

- Summer Fallow 44 736 54 394 63 384
- Crop Enterprises 211 582 211 532 211 532
Total Expense by Tillage System 256 268 265 926 274 916
Net Farm Income by Tillage System 285 117 275 458 266 469

Table 5. Summary of energy (in MJ) required todoice applied active ingredient by type
of fertilizer for each crop enterprise in the nbdase farm (calculated based on expected

ields).
Hard Red Barle
Summer Spring WW on on y WW on Total
Fallow Wheat Recrop Recrop Fallow
Nitrogen 0.0 2978.5 3772.8] 4964.2| 4368.5 16084.1
Phosphate 0.0 317.4 317.4 317.4 317.4 1269.7
Potash 0.( 156.4 156.4 156.4 156.4 625.7
Totals| 17979.4
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Table 6. Summary of energy (in MJ) required todoice applied chemicals (herbicides) by
enterprise in the case farm.

- Summer Hard.Red WW on |Barleyon| WW on Total
Herbicidies Spring
Fallow Recrop | Recrop Fallow
Wheat
Mechanical Till 0.0 345.4 223.3 305.2 223.3 1097.3
Minimum Till 643.2 345.4 223.3 305.2 223.3 1740.4
No Till 1060.1 345.4 223.3 305.2 223.3 2157.4

Table 7. Summary of energy in MJ required by télaystem for the three major energy
sinks in agricultural operations.

Mechanical Minimum No
Type of Energy Till Till Till
Fuel 1838 889.4 14847326 730 593.8
Fertilizer 17 979.4 17 9. 17 979.4
Chemical 1097.2 17404 21574
Total MJ by Tillage
System 1 857 966.0 1504 452.4 750 730.6
Discussion

Two simplifying assumptions were made in the ineldid¢ase farm. The first
that the same machinery complement can be usedafc type of tillage
system and the second that the production prooedkd cropped enterprises
is held constant across tillage systems. Theserggns will typically not
be true across a wide spectrum of individual fagnaperations, but the
variations that can be expected will be relativayall. While the
simplifying assumptions help with comparative asaythe software used
allows complete flexibility for including minor viations by cropping system
for the production process.
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Abstract

At the moment in Belgium, the average volume/hectprayed on large crops ranges
from 150 I/ha to 200 I/h, for a spraying speed &6 B km/h. The most used nozzles sizes are
ISO-03 (blue) and ISO-04 (red). They constitute¥85f the used nozzles in Belgium [1].

Last years, users tend to reduce the volume/hectare reduction allows increasing of
the working time efficiency and the speediness hb@f treatment. In this way, the user
operates just in time which can be decisive forghecess of the treatment. However, this
reduction modifies the spray quality and deposhiiclv could limit the biological efficiency
of the treatment.

The objectives of this study are to determine thit$ of the reduction of the spraying
volume in function of the pesticides (contact, sgst, radicular, etc.), the nozzle type (flat
fan, conventional, air-injection, etc.) and theagfing conditions (RH %, T° and wind).

Introduction

To ensure a good biological efficiency, the pedgsi require different
spraying quality, i.e. impacts density (impacts/cnahd impacts size,
following their action mode (contact, systemic,icatbr, etc.). For example,
a contact pesticide requires numerous and littigpaicts which cover
completely and regularly the target [1]. On the eotihand, a systemic
pesticide could be efficient with bigger and lessnerous impacts, since the
active ingredient works after being entered inglaat and transported by the
sap to the action zone. Therefore, it is importantind the right spraying
quality and deposit regarding the pesticides typesatmospheric conditions
[4].

Table 1 gives the minimum values of the impactssdgr{impacts/cmz?)
and the average diameter of the droplets (um) degathe action modes of
the pesticides in order to ensure a good biologitfaliency.

The values shown in the table 1 constitute a goasisbfor further
comparisons. However, they do not take into accthetparticular conditions
during the treatment (weather conditions, stathefplant, etc.). It is required to
reach these values but it does not allow totallyisg the complex equation of
the spraying, as there are numerous unknown factors
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Table 1. Minimum values of the impacts density adplets size regarding the action
modes of the pesticides.

*Average
diameter of the
droplets (um)

Impacts density

Action mode of the pesticide
I pestic (impacts/cm?)

Contact 30-70 100-300
-eave > 20-30 100-200
penetration
Systemic
Root’s
penetration 20-30 300-450

* Average diameter of the sprayed droplets. Thendigr of the impact is greater and will
depend on the surface characteristics of the tamggtthe physic-chemic characteristics
of the sprayed product.

Material and method

In 2010, a trial has been installed in a field blat. The aim was to study the
consequence of the reduction of the volume/he¢tiamm 200 I/ha to 100 I/ha)
and its interaction with 2 types of nozzles: cotieeral flat fan nozzle and air
injection nozzle.

To reduce the volume/hectare without modifyingftmevard speed (+ 8 to 10
km/h during all the trials) and the spraying press(2.3 to 3 bars for the
conventional flat fan nozzles and 3.8 to 5.2 barshe air injection nozzles), two
nozzle sizes have been used for each nozzle tyide(Z).

Table 2. ISO size of the used nozzles during this tr

Volume/hectare Size of the Size of the air
conventional flat fan L
(I/ha) nozzles injection nozzles
200 ISO 04 ISO 03
100 ISO 02 ISO 015

The quality of the spray deposits have been medsuite water sensitive
paper that the dimension is standardized (76 x 2 {8]. They have been

placed in the crop (see figure 1).
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Figure 1. Water sensitive paper positioned initiid.f

In total, 80 samples were collected (2 volume/lecta2 types of nozzles x 4
repetitions x 5 samples/repetition). Afterward® thater sensitive papers are
treated by a process of numerical image analykis.slystem allows to define the
quality of the deposit. This one is characterisgd b

- Coverage rate of the spraying (%): percentage @fatimlysed surface

covered by the spraying.

- Impacts density: number of impacts by cmz.

- Impacts size: average diameter of the impacts (um).

Results and analysis

Table 3 gives the characteristics of the spray slepeegarding the
volume/hectare and the nozzle types. The valuesspmnd to the average of 20
measurements. The standard deviation is giverairkbts.

We observe in the table 3 that the coverage rajas(%irectly linked to the
volume/hectare. When this one decreases, autothativa coverage decreases
proportionally. Taking into account similar tri@ed results, treatment at 200 I/ha
produces usually a coverage rate from 30 to 40 #iedfarget. On the other hand,
treatment at 100 I/ha gives a coverage rate froto 39 %.

We observe also that the density of impact inceegé@ to 57 impacts/cm?)
and the average diameter of the impacts decre@@@ddq 542 um) in the same
time when the volume/hectare decreases.

The air injection nozzles produce greater impdws tthe conventional flat
fan nozzle regardless the volume/hectare.

The coverage rate decreases also when we use ithje@ion nozzle.

Finally the impacts density is linked to the noz#slpes. The density of
impacts decreases significantly when air injeationzles are used. There is a risk
not to reach the required level of 30 impacts/@arértsure a good efficacy of the
contact pesticides.
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Table 3. Characteristics of the spray deposit @iggrthe volume/hectare and the nozzle
types.

. Average
Volume/hectare
- Nozzle types Cove(r;)g)]e rate Impabctsctlzlneznsny diameter of
(I/ha) y impacts (um)
. 49 58 551
Conventionnal (o = 10) (0 = 27) (o = 67)
o 42 33 689
200 Air injection (6=5) (6=9) (o = 100)
Average 40 0 020
g (¢=9) (0= 23) (o = 110)
_ 24 78 466
Conventionnal (6=5) (c=11) (o = 54)
21 36 618
100 Air injection (0= 4) (¢=9) (0 = 91)
Average 22 > >
g (¢=5) (0=23) (0 = 107)
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Abstract

The main aim of integrated sustainable agricultsi® obtain high yields of
very good quality at reduced doses of mineral arghruc fertilizers and
pesticides. It implies the use of such rules oficatpural technology and
mechanization to all applicable operations in cargiroduction technology
were harmless to the environment and have a pesgffect on vegetation
conditions. This includes soil operations for plagt precise fertilizing,
precise and timely planting, proper cultivation apcbtection of crops
against diseases and pests.

The following problems should be attended in thegrated production of
potatoes.

1.

Determining the appropriate crop rotation and delacof appropriate
varieties of potatoes to soil conditions; the lsesks are of class Ill and
IV, rich in assimilable minerals, humus content% and slightly acidic
(pH of 5.0 - 6.5).

Application of soil subsoiler to post-crop or fallltivation in order to
crumble subsoil to a depth of 50 - 60 cm allowirgtér storage of water
and easier assimilation of minerals by plants dnsdo deeper soil
layers. Field experiments have shown increase tdtpgyields due to
soil crumbling from 10-30%.

Sowing of the second crop (after harvests) suamastard, pea, lupine
or phacelia and their late autumn plowing to entlof soil humus and
minerals to prevent erosion. Plowing of the preslgwshredded second
green crop can fully replace the full dose of martuaditionally used on
farms.

Introduction to the soil, before plowing, of badéfungal fertilizer,
which speed-up the decomposition of second gregmsiiredded straw
and manure and may obtain phosphorus from unati@nainerals.
Field experiments have shown that spraying befdosvipg of the
second crop or manure with soil fertilizer, at ttese of 0.9 I/ha
dissolved in 300 liters of water, have contributedthe increase of
humus content in soil, have improved water angaiperties; the effect
has been an increase in potato tuber yield of 1215
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The use of precise methods of fertilization, takimg account the needs
of the varieties grown, its utilization and thelsachness in minerals,
with application of computers and the up to datwitkel maps of soll
richness. In addition, making a row fertilizatiorsing the new
generation of fertilizer (Nitrophoska, Yara, ENTEG) both sides of
tuber, which slows the release of nutrients toshié solution, allows to
reduce the dose of fertilization and to obtainghhr yield compared to
the traditional methods of fertilization. Experimterhave shown an
increased of the potato yield by 10-15% using rextilization with new
generation of multi-component fertilizers. Ferg@izdispenser or drill
can be combined with the planter.
Reducing the spring soil cultivation operations anelention excessive
soil compaction using a power harrow with the ubaaive machine
based on cultivator, rotary cultivator, rotary loavy which provides
proper soil preparation for planting in one machpassage. It applies to
soil cultivation by heavy and twin wheels tractors.
In adverse weather conditions, for most f of patatoses, to apply foliar
intervention to dry leaves after short rows atwdotemperature in the
doses recommended by the producer. Recommendetizdest are:
Alkalin PK 10:20, Adob Mn, Basfoliar 36 E, Florovi, Plonvit K,
Sonata Z, Wuxal Kombi and 10% urea solution. Stuti@e shown an
increase in tuber yields of 12-18% and improve ualily. Modern
sprayers can be equipped with sensors to analyee lagliel of
chlorophyll in the leaves and on-board computertrots the nozzles of
sprayers.
In the integrated production system it is very imt@ot to precise plant,
under optimum agronomic dates for particular regiovith tuber
sprouted in spacing of 75 cm. Planting density khdwe adjusted
according to tuber size, potato usage and soilitgualhe depth of
planting and the height of tuber earth up are Jemgortant in the
planting technique. Too deep planting and highheartup extend the
emergence period and in the case of cold springchwbccurs quite
often in Poland, it is followed biRhizoctonia solansprouts infection,
which then attacks the stems and leaves and carcaegelds by 10-
20%. The best production results are obtainedeifdinsity of plants in
average soil conditions is:
- 60,000-85,000 plants per 1 ha of seed production the
multiplication,
- 50,000-60,000 plants per 1 ha for early varietited on the early
crop,
- 40,000-50,000 plants per 1 ha for potatoes andsinidiipotatoes
- 28,000-36,000 plants per 1 ha for potato chipsciisgs.
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13.

The appropriate mechanical - chemical cultivatibrplantation with a
minimum of herbicides used in the period just befplant emergence
on the wet soil to preserve the plantation freeveéds for a crop period.
An important factor is the appropriate earthed lgmis before spraying
high and wide ridges that tubers are not exposednfiection of
Phytophthora infestansnd greening.

Chemical protection of plantation agaihsiptinotarsa decemlineatnd
Phytophthora infestanshould take into account the level of resistance
of varieties and its application should be basedh® monitoring of
disease risk. The selection of crop varieties tasisto the pathogen is
of high importance. For seed production the chehgoatection should
be based on the signaling of the flight Alilacorthum solaniby
spraying aphicides.

To prevent yield declines as a result of periodimught on larger seed
production and potatoes appropriated for food msiog, when the soil
moisture at a depth of 10 cm falls below 60% fielater capacity, field
should be irrigation of reel or bridge sprinklingaamine with 15-20 mm
dose of water

Achieving the desired size of tubers of good quadnd minimal
mechanical damage requires proper preparationegblintation to crop.
This can be accomplished by mechanical shreddippiaifto stalks prior
to crop and then precision spraying with expendem®liant of Reglone
at a dose of 1-2 I/ha only in the rows of plantshweavings of potato
stalks. Early and medium early varieties can lediin 7-10 days after
spraying, and the medium late and late - after A 8&/s of potato stalks
destruction.

On larger plantations, with cheap labor, it is plaesto make crop with
the use of two-rowed potato diggers loading powtheectly on driving
trailer. Domestic or foreign loading diggers can dmpiipped with a
small selection table to remove clods of earth stodes; they also have
a wide coated rod sifter, brushes for cleaning i@t of the sand and
feed elevator with cascade ending chute with faliser setting the
height of fall on a trailer to about 20 cm. The fpanance of these
diggers is up to 1 ha per hour with minimal mecbahidamage to
tubers. In the integrated system of production phase harvest is
introduces on an increasing scale. Two-row potégwagor-digger lifts
and cleans the dirt potatoes, leaves them in rawthe field, and after
2-3 hours, when the tubers are warmer and the ls&tomes more
elastic, are collected with a harvester equippestead of blade, in pick-
up brush or paddle, short sifters and capacioustpes tray of up to 10
tons. Such combine harvesters can operate at d spee 12 km/h with
yield to 1.5 ha/h. On small plantations, which doeminant in Poland,
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14.

different types of labor intensive vibratory diggesnd elevators are
applied to harvest.

In a sustainable system of production which usedamotechniques of
fertilization, cultivation; efficient plant protaon products and prolific
variety, it is possible, to achieve high yieldsgafod quality potatoes in
each direction of use with lower costs.
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Abstract

Oil crops and mainly rapeseed are one of the nmygbitant sources
of feed and energy in Europe, located after cerddlsy are one of the most
productive species in our climate. This plant isnested to be significant as
a valuable material for processing in differentrimtzes of industry mainly
because it is a renewable source producing no \patirtion; its production
is easy and can be a new income source for agmreulfraditional and other
uses have been for lamp oils, soap making, lulngabils, plastics
manufacturing and an insulating material. It carubed as an animal feeds,
production of cooking oil and energetic purposeshsas oil burners for
heating, production of biodiesel (estimates for 0@ore than 4.0 million
tons of rapeseed oil went into biodiesel) and bibwaee. Nutrition properties
together with attractive colour and thermal stapibf rape oils used for
roasting are important factors determining oil ulgghbin food industry. In
the production processes carotenoid and chloropleghtent together with
the level of glucosinolates are of importance. @aroids are responsible for
the attractive colour of oil and are assumed ty plasignificant role in the
protection against the attacks of free radicals,levfthlorophylls are
technically undesirable due to the unattractivelkamal the visual darkening
of the oils containing certain levels of chloroghylin case of fuel industry
the required raw material should be characterisgdablow content of
pigments and a relatively high thermal stability.

The aim of the presented study was to assessfewt ef the storage period
and conditions on the quality and biological preessin the rape seeds and oil.
Experimental material consisted of the industregbe seeds from the Oill
Plant in Bodaczow, taken randomly from the bulk mraaterial supplied by
different contractors. All the samples came from tthiblin area (South-East
Poland) and consisted of a mixture of differenietggs (winter seeds: Bazyl,
Bojan, Californium, Cabriolet, Casoar, Kaszub, kis@d Libomir) collected
by individual suppliers. Seeds were stored undemdsrd laboratory
conditions.
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The physico-chemical parametefbumidity, crude fat, sulphur-containing
species, viscosity) and biological value (produdtexidation) of the winter
rape seeds stored under laboratory conditions fotouthree years were
analyzed. The levels of carotenoids and chlordphloils as well as time —
induced lipid oxidation products and the resistatecéemperature-induced
oxidation were estimated by the levels of the emddpcts of lipid
peroxidation, reacting with thiobarbituric acid (ARS).

For almost all the seeds examined the minimal teldgical quality
requirements were met. In general, the tendendeofease of crude fat and
of increase in humidity of samples was observesamples stored for longer
periods although no statistical differences wernentb All the seeds were
characterised by a similar content of sulphur-doittg species which didn’t
change over a time. Although oils were charactdrityy comparable
viscosities the results obtained from the samptesed for longer period
showed higher multiplicity of data thus a greatandard error.

Samples were characterised by a diverse contecitlofophylls and
carotenoids. In spite of prolonged storage time ldweel of carotenoids
remained constant within the experimental error levhine level of
chlorophylls decreased. Once the presence of camole is highly
demandable, chlorophyll is an unnecessary adddawesing problems with
industrial processing of the oils. As lowest poksitontents of carotenoids
and chlorophylls would be appreciated in the prtéidacof biodiesel where
the technological processes require eliminatiomigfents and conversion
of fats into their methyl esters.

Interestingly, the oxidation of the lipids was rfogher in the oils
pressed from older seeds. The initial amounts oARB in oils were not
correlated with the levels of carotenoids or chbirgls. No statistical
correlation was found between samples containinghdri amounts of
carotenoids with the TBARS concentration after 3 @r of thermal
degradation at 12&. Such a result demonstrates that biological mees
taking part in seeds and oils are very complex.

Although in many cases seeds show a relatively kteghnological
value the wide-scale production of goods from rapdsstored for longer
periods is strongly dependent on the costs of degdg and storage.
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Abstract

Effects of climate change on BR29 rice yield, a yap winter rice
variety in Bangladesh, were assessed using a lyisigait simulation model
ORYZA2000. The yields of BR29 over the time of 2a@5 and 2081-
2100 were simulated for 3 districts in Bangladester looking at the current
trend of 1994-2008 at 14 major rice growing dissridcRequired data on soil
characteristics, and winter rice management prestigere collected from
Soil Resources Development Institute (SRDI) anddBaaesh Rice Research
Institute (BRRI) respectively. Hindcasted, reanatyand projected climate
datasets on daily basis were provided by Bangladegteorological
Department (BMD), National Center for Environmen®akdiction (NCEP)
in combined to Asian Precipitation Highly Resolv@bservational Data
Integration Towards Evaluation of Water Resouré@BHRODITE'’s water
resources) project and Meteorological Researchitutst (MRI), Japan
correspondingly, besides collecting rice data frBangladesh Bureau of
Statistics (BBS). After examining crop models datitory performance
toward reproducing the field data, simulation stégdivere carried out for the
future. As compared with the present, a signifiaaaluction in average rice
yield of 6 and 12% respectively, over the period2646-2065 and 2081-
2100 is estimated for the 3 selected locationsrwpwa fixed planting date
Januaryl18. Future increases in daily maximum teatpes would be the
main reason for yield decreases, while higher s@ldiation associated with
increased carbon-dioxide might have some marginasitige effects;
although not balancing the strong negative effemtsglobal warming.
Projected rainfall pattern and distribution wouldvh also a significant
negative impact on future yields; claiming as 331 &8% higher water
demand correspondingly, over the earlier mentiotiesk courses and
transplanting date. Different transplanting dategh projected climate are
expected to shorten the growing season and thusciregl the vyields.
ORYZA200 is considered as a very useful researoh tto investigate the
possible impacts of climate change for other cabgsreducing the
uncertainty with high resolution climate model’'ssembles and calibrated
data’s.
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Introduction

Current trend in plant protection tends to enhaheebicide efficacy,
reducing pesticides active ingredients applied omabla fields,
simultaneously. Appropriate selection of sprayingrgmeters affects
accuracy of covering spraying surfaces by herbicisiglution and
consequently quantum of retained and absorbed eadtngredient of
herbicide. In weed control, herbicide formulatigran important determinant
of its active ingredient activity by building ugsiphysicochemical properties
[Zabkiewicz 2007]. Present research performanaslf towards production
of herbicide formulation are characterized by betfgay solution retention,
spreading on the leaves surface and uptake onlame fissue that finally
affects herbicide effectiveness. Spraying paramgtaich as spray volume
and type of nozzle, play an important role in weedtrol effect because of
their influence on covering and distribution of aprsolution on plants
surfaces [Sttainer et al. 2006, Kierzek and Wach&\&i009].

The objective of this study was the evaluation @ime spraying
parameters on two formulations (water dispersibiengles - WG and oil
dispersion - OD) of two sulfonylurea herbicidese thmixture iodosulfuron
methyl sodium + amidosulfuron and iodosulfuron metlsodium +
mesosulfuron methyl efficacy.

Materials and methods
Research included two types of experiment:

1. evaluation of the influence of spray volume (1250 Zand 320 I/ha) on
herbicide effect was performed under both glasshoasd field
conditions,

2. evaluation of type of nozzle (extended range ftatate TeeJet XR 11003-
VS and drift guard flat nozzl€eeJet DG 11003-VS) on herbicide effect
was carried out in glasshouse.

Glasshouse experiment involved five weed specidssded plants. Grass
weeds Apera spica-venti, Alopecurus myosuroidegere sprayed by the
mixture iodosulfuron methyl sodium + mesosulfuroethyl, that is primarily
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aimed to grass and small number of broadleaved sveedtrol. Plants of
Anthemis arvensjsGalium aparineand Thlaspi arvensewere treated by
iodosulfuron methyl sodium + amidosulfuron, thatapropriate to control
broadleaved weeds. Field experiments were establishh two locations of
winter wheat that varied with respect to weed it#esn. At the first
experimental site wheat was mainly infested by g@sd small number of
broadleaved weeds therefore plots were sprayetidoynixture iodosulfuron
methyl sodium + mesosulfuron methyl. At anotheratam, infested by
broadleaved weeds, the mixture iodosulfuron methgbdium +
amidosulfuron was used. At the time of herbicidsatment weeds were at
early growth stages (2-4 leaves). Field treatmead made at the full tillering
of wheat, when weeds growth stage varied betwesnd4l2 leaves.

Each herbicide was used in recommended and redwychdlf doses. The
mixture iodosulfuron methyl sodium + mesosulfuroethyl, used as WG
formulation, was applied in combination with adiuwa\ctirob 842 EC, to
ensure high effect of weed control. Herbicide aggilon under glasshouses
conditions was made using laboratory sprayer “ApoExperiment 1 was
performed using standard nozzles (Teeldet XR 110®B-Wperated at
different speed and pressure to obtain three lefedpray volume: (125, 250
and 320 I/ha). Field experimental plots were spilalgg knapsack sprayer
“Gloria” equipped with standard - TeeJdet XR 11008-\hozzle. At
experiment 2, sprayer operated at constant speed.Sofkm/ha and the
pressure of 200 kPa producing standard spray voafrag0 I/ha.

Three weeks after treatment, weeds were harvestad dach pot or field
plots and their fresh weight was determined. Heélbg efficacy was
assessed on the base of fresh weight reductioneiméed by herbicides
activity in comparison with untreated object.

Results

Considering the influence of herbicide formulatiothe mixture
iodosulfuron methyl sodium + mesosulfuron methylswaore efficient
against weeds, when was applied as water dispergibhules compare to oil
dispersion and its activity was more dependent gamgned spraying
parameters. Another tested herbicide, the mixtwdosulfuron methyl
sodium + amidosulfuron, did not prove differencesthwrespect to
formulation, at type of nozzle as well as sprayunod study.

Spray volume affected the activity of the mixtuoglosulfuron methyl
sodium + mesosulfuron methyl, resulting in decreasactivity as along rise
of water volume used for herbicide treatment. Sigamt differences were
observed in case of reduced dose application. Cablga weed control
effect at recommended and reduced dose level wtsned only for the
lowest (125 I/ha) spray volume. Effectiveness ad thixture iodosulfuron
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methyl sodium + amidosulfuron was not related togaging volume,

markedly (tab. 1a). Field experiment resulted iordase of efficacy at the
highest spray volume for both herbicide rates & itbdosulfuron methyl
sodium + mesosulfuron methyl used as oil formutaftab. 1b).

Table 1. The influence of spray volume on the afficof two formulations of the mixtures
methyl sodium + mesosulfuron methyl and iodosulfuncethyl sodium + amidosulfuron
a. glasshouse experiments

Efficacy (%)
iodosulfuron methyl sodium iodosulfuron methyl sodium
Spray volume + mesosulfuron methyl + amidosulfuron
(I/ha) oD WG oD WG

24+12 | 1.2+6 |(24+12 1.2+6 (3.75+15 1.875+|3.75+15 1.875 +
g/ha g/ha g/ha g/ha gha | 7.5g/hal g/ha |7.5gha

125 93a 9la 94a 93a 934 92a 94a 9la
250 92a 85b 94a 92a 944 92a 95p 9la
350 94a 77c 92a 9la 944 92a 94a 9la

b. field experiments(average from 2007-2009)

Efficacy (%)
iodosulfuron methyl sodium iodosulfuron methyl sodium
+ mesosulfuron methyl + amidosulfuron
Spray volume
(7ha) WG oD WG oD

24+12 | 1.2+6 |24+121.2+6|3.75+15 1.875+|3.75+ 15 1.875+
g/ha g/ha g/ha g/ha gha | 7.5g/hal g/ha | 7.5¢gha

125 95a 9la 94a 894 98a 95a 94a 94a
250 89a 88a 88a 85b 98a 96a 95a 93a
350 86b 85hb 84b 80b 99a 964 92a 94a

values marked by the same letter do not differiagmtly
OD - oil dispersion, WG - water dispersible graemsil

Type of nozzle did not affect activity of iodosuien methyl sodium +
amidosulfuron. Herbicide treatment with drift guarszzle resulted in
significant diversification of the mixture iodosutbn methyl sodium +
mesosulfuron methyl efficacy with respect to itsnfalation. Plants treated
by oil formulation were poorly controlled than sped by granules
formulation. There were also reported essentialfedihces between
recommended and reduced doses activity. Usage @lefdDG 11003-VS
gave considerably weaker weed control effect theeJét DG 11003-VS, at
both doses level (tab. 2).
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Table 2. The influence of type of nozzles on tHeaty of two formulation of the mixtures
methyl sodium + mesosulfuron methyl and iodosulfuncethyl sodium + amidosulfuron

Efficacy (%)
iodosulfuron methyl sodium iodosulfuron methyl sodium
Type of nozzle + mesosulfuron methyl + amidosulfuron
oD WG oD WG

24+ | 12+6 | 24+ | 12+6| 3,75+ | 1,875+| 3,75+ | 1,875+
12 g/ha| g/ha |12g/ha| g/ha | 15g/ha| 7,5 g/ha| 15 g/ha] 7,5 g/ha

TeeJdet XR
11003-VS 88a 80b 93a 92a 97a 954 95a 95a
Teeldet DG
11003-VS 85b 68c 9la 89a 97a 96a 94a 96a

values marked by the same letter do not differiagmtly
OD - oil dispersion, WG - water dispersible graemsil

Discussion

Correctly application method should result in grgaantity of herbicide
active ingredient deposited and uniformly distrdguibn plant surface. It can
be obtained by optimizing of spraying parametexhsas spray volume, size
of droplets, herbicide dose and formulation. Resuwlbtained from these
experiments show, that herbicide efficacy was #grflced by interaction of
kind of active ingredient, herbicide dose and foatian, spray volume and
type of nozzle used in herbicide treatment.

Increase of spray volume leads to dilution of hada and reduction of
spray solution retention on treated plants, givitegbicide effect decrease
[Shaw et al. 2000]. In the present study, weakécaefy with respect to
herbicide formulation was observed for only iodéstdn methyl sodium +
mesosulfuron methyl. Activity of water dispersilgianules formulation, that
was applied under controlled conditions was ndatteel to spray volume, but
differences occurred only in case of oil formulatiosed in reduced dose.
The OD is a new formulation that combines the athges of solid and
liquid formulations. This formulation improves rat®n of spray solution
and its spreading on the leaves surface. Theraforeas expected that
activity of oil dispersion herbicides should not bignificantly related to
other factors such as spraying parameters. Howmsailts of presented
research are in disagreement with this assumpitiononly with respect to
iodosulfuron methyl sodium + mesosulfuron methylGVibrmulation was
used, according to producer recommendation, wittlitad of adjuvant,
whilst the same formulation of another investigateerbicide does not
require usage of adjuvant. Thus joint applicatioNG formulation +
adjuvant) was probably more profitable than singfee (OD formulation
alone). Efficacy of iodosulfuron methyl sodium +sosulfuron methyl (WG
and OD) applied under field conditions was dependanspray volume for
both recommended and reduced dose, resulting ikevegeed control at the
highest spray volume. Proven differences betweetd fand glasshouse
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experiments are due to higher herbicides activitydew controlled
environment conditions and also different weedswificstage and the time of
spraying [Domaradzki and Kieloch 2007]. The efficaaf oil dispersion
herbicide has also been reported for the mixtudesalfuron methyl sodium
+ mesosulfuron methylsodium, giving better OD tNHG effect [Kerlen and
Brink 2006], but other researcher did not find elifinces between
formulation [Paradowski and Jakubiak 2006].

Type of nozzle affects size of droplets and alsayspistribution on plant
surface. Results obtained from this research prdntter herbicide efficacy
when TeeJdet XR 11003-VS was used for spraying. & loféerences were
found for only the mixture iodosulfuron methyl sodi + mesosulfuron
methyl applied as oil formulation. More pronouncdiVersification for
reduced rate was observed. Nozzle TeeJet DG 11@0&-¥specially useful
under windy weather conditions, because it prodlenger droplets, that are
less vulnerable to drift. Similarly to these fings, it was reported
previously that better herbicide efficacy could gerformed using nozzles
producing small droplets [Shaw 2000; Kierzek ancciéaviak 2005].
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Introduction

The biostimulators applied in cultivation of plasstanulate life processes
and they increase stress conditions their hardireesdribute to obtainment
of larger and better qualitatively yield [Przybystzal. 2008]. Asahi SL is a
biostimulator which contains compounds from theapibenols group and
Kelpak which the main component is extract from wsssd Ecklonia
maxima.Asahi SL stimulates the synthesis of natural homsoto increase
their activity. Improving the process of assimuatiof mineral compounds
by plant increase their hardiness on stress comditas well as positive effect
on their yield’s quality [Kositorna and Smidiki, 2008]. Active elements in
seaweed extracts are trace nutrients and plantdmasnlike cytokinins and
auxins [Jensen 2004]. Kelpak contains 11 mg/littenatural auxins and
0.031 mg/litre of natural cytokinins [Russel 200RgIpak’s plant hormones
protect plants against stress such as diseasenaadts, cold weather and
drought. The positive Kelpak effects on root growtlant growth, resistance
to disease and increase of yield was observed pwdtyand Kaczmarek,
2008, Russel 2002, Verkleij 1992, Zodape 2001].

Methods

In 2010 the experiment was conducted on experirhefdts of Institute
of Agricultural Sciences PWSZ in Chetm the laiddapultycze Krélewskie.
It was established in a randomized block desigr} neplications, on plots
about area 4.5 The aim of this study was to determine the infeee of
biostimulators Asahi SL and Kelpak on be&mh&seolus vulgarig.) cultivar
Raba growth and yield. The bean's seeds were sawheo8" of May 2010
on depth 3 - 4 cm, in spacing of drills 45 cm, gp@ the density of 50
plants per 1 i Plants were sprayed with Asahi SL in concentratif.1 %
and 0.3 % or Kelpak in concentrations 0.2 % and %.4Two forms of
plant’s spraying was applied, the first in the 3 deaves stage (the 3f
June), the second in the 2 — 3 leaves stage arzbg@inning of the bean's
blooming (the B of July). Received results were compared with doatipn
in which biostimulators were not applied. The numbad the weight of
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seeds, the number of pods in plant and the weighbhausand seeds was
estimated.

Results

The results of this study showed beneficial effeicthe application of
biostimulators on the yield of beans. Increase eadsyield by 26% was
achieved in combination, in which the plants spdagace with 0.3% Asahi
SL solution. Plants that grow in the combinatiorhewe the plant applied
once spraying 0.1% Asahi SL solution obtained iasieg the number of
pods by 13% and thousand seed weight by 6%. Sgrayiants with a
solution of 0.4% Kelpak at the stage of 2-3 leawveseased seed yield by
31% and the number of pods by 18%. Thousand serghiwecreased by 2%
was observed in combination, in which the doublegpg of plants used
Kelpaku 0.4% solution.
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Introduction

Enterprise to development must manage well-thooghtinvestment
policy. Similarly, in the case of a farm, excepattithe production activities
of market risks in addition to the farmer must ayticular attention to the
possibility of adverse weather conditions. This legsp directly to crop
production and livestock indirectly.

In the period of intense transformation of Poligi@ulture, the issue of
implementation of investment opportunities is betgnvery important,
especially in technical measures in the farm fan@lyrrently, large impulses
affecting the improved ability of farms to inveseahe EU funds directed
under the Rural Development Programme 2007-201®dryears before and
after accession to the European Union, Polish fesnoan benefit from
support to investments under the Special Accesdtwogramme for
Agriculture and Rural Development, Sectoral Operal Programme
Restructuring and Modernisation of the Food Seatwt Rural Development
for 2004-2006 and Rural Development Programme @ox22006.

The aim of the study is to analyze investment opaties in selected
farms.

Materials and methods

Material represents data from 21 farms in whichdbeelopment project
(NCBIR 12 00 43 06/2009) implemented by the Ingtitof Technology and
Life Sciences in Falenty questionnaire-interviewswanducted involving the
development of the farm activities of descriptioar f2009. Financial
resources that a farmer can spend on investmentitacon the farm
(excluding housing and domestic investment) deteeohi from the
methodology used by Wojcicki [2009] after the magdifion:

Pin = (dbr - Wr)/2 - k+ n;
where:
Pin — financial resources for investment activitiekNPyear]
dyr — gross income of the farmer family [PLN/year]
ki — investment credits [PLN/year]
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W, — remuneration for work of the farmer and his flgrffPLN/year]
n; — the investment outlays [PLN/year]
Remuneration for work of the farmer and his fanmly2009 was taken as
Wojcicki [2010] at 12 PLN for one man-hour.

Analysis of results

The area of analysed farms amounted from 14.8%.@08hectare of

arable area (table 1).

Table 1. The general characteristic of analysemi$ar

o . . rJ1 standard
Specification minimum| maximu average . i
eviation

Arable area (ha) 14.87 85.00 38.56 19(92
Livestock Unit (LU) 4.52 116.6( 41.49 27.60
Livestock Unit (LU/ha) 0.30 1.89 1.08 0.47
European Size Unit (ESU) 12.05 61.87 31/60 16.45
Value of fixed assets buildings (PLN) 273000 2380 768.139 484 96y
Value of fixed assets buildings (PLN per ha 4684 88120 19 918 20 076
Valge of fixed assets machinery and 231 600! 1320 30( 851 672 304 361
equipment (PLN)
Valge of fixed assets machinery and 7943 58 061l 22 084 10 32
equipment (PLN/ha)

Source: own study.

Preliminary analysis of the performance of farmsedigped on the basis
of the descriptions of farm activities carried shibws that from among the
21 analyzed farms two of them have no financiabcap because computed
the financial resources it has the farm on thestment activity is negative.
This situation proves that farms are not able wvigie to the farmer even
income parity of 12 PLN gross price for one man+h@ther farms have the
ability to finance investments from own resourcésvery different levels
from 2266 PLN to 129386 PLN per year. In terms @0 PLN replacement
value of fixed assets (buildings, machinery andimgent), this volume
contains from 0.40 PLN to 8.57 PLN.
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Introduction

The farmer as each producer has to make decislooth, on current
production and development strategy of the farmceR#y, development
strategy and the associated technical modernizajmned on particular
significance, mainly due to programs implementedtiyy ARMA offering
financial support.

According to Wagg [2010] a decisive influence on the modernizatdn
farms has the financial support of EU programs,cwhs why farmers in
making decisions regarding the modernization of fdren should take into
account the foundation of sustainable agricultetated to the farm.

The main objective of the modernization is underdtas:

— achieve the highest level of commodity production,

— ensure parity standard of living and working fanmgmbers,

— implement processes in agricultural productionjnigkinto account
the environmental requirements [Sawa and KocirapR0

Aim of this study is an analysis of selected fanfayms with regard to
sustainable modernization.

Materials and methods

Materials are data obtained in the developmenteptdNCBIR 12 00 43
06/2009. The detailed lists of conducted activitegsboth economic and
planned modernization were made in each of theyaedl farms. The
interviews and discussions with farmers were adstenéd to discuss
investing activities on schedule modernizationse Bimalysis was based on
methods of comparative and tabular-descriptive aitiley some of the
indicators in the field of economics and farms nathation.

The measures of integrated evaluation in the psoaas agricultural
production and indicators for these evaluationsewesed for the evaluation
of farms with regard to sustainability modernizatifSawa and Kocira,
2010].
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Analysis of results

Before the planned modernization the analyzed fahmse had the
agricultural area of: 24.11 ha, 28.10 ha and 7&&%Table 1). As a result of
the planned modernization, the increase of the hyed ha of agricultural
land was expected only in the first farm. None e tinalyzed three farms
complied with all the criteria for sustainable modeation. However, all
farms have improved the balance of organic matiiétiihg the requirements
in this regard.

Net commodity production per Cereal Unit both befoand after
modernization was at a satisfactory level.

Table 1. The general characteristic of analyzech$ar

Farm 1 Farm 2 Farm 3
Specification 5009 o modern| 2009 |modernj 2009 |modern
zation | rok | zation| rok | zation
Area [ha of agricultural area] 2411 | 28.11| 28.10 28.10 73.65 73.65
Livestock density [Livestock Unit] 20.89 | 20.89| 18.89 18.89 58.32 58.32

Labor inputs of family members [man-hour] | 4816 | 4527 5281| 5300 5299 3299

Energy expenditure [kWh] 4258944050 | 34726 33692 68239 67687

Reproduction or degradation of organic mat
1

er
o - . 0.613| 0.891| 0.438 0.780 0.305 0.564
indicator 0.4-1.5 t-haf agricultural area

Net commodity prolduction,

- . 63 60 58 63 55 54
>55 Cereal Unit - haof agricultural area

Source: own study.
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Abstract

Chrysanthemum grandiflorurRamat./Kitam. is an important world-
wide grown and high-value crop, which productiors lrecreased in recent
years. In Poland, this ornamental is traditionaled for decorating tombs on
the All Saints Day. Recently, these beautiful oreatals cultivated in pots
are getting very popular all year round. Unfortehgt the beauty of
chrysanthemums is spoiled by many soil-borne amébane pathogenic
fungi (especiallySclerotinia sclerotiorum, Botrytis cinereand Puccinia
horiana).

Necrotic lesions, on roots, stems and leaves aentbst common
symptoms of the diseases. The aim of the study twadetermine the
influence of the fungicides sprayed by means ohdded and thick drop
nozzles on the healthiness of the cultivar Trig@dirc grown in the fields.
The experiment was set up in RZD Czestawice in s/e2007-2009,
according to the method of random blocks. The hewss of
chrysanthemum was estimated at the blooming pémid2ctober. The fields
were sprayed four times in 14 day intervals, udditipane NeoTec 75 WG
(a.i. mancozeb), Sumilex 500 SC (a.i. procymidare) Amistar 250 SC (a.i.
azoksystrobine). Sprayings have been done withardional flat fan nozzles
(RS-MM 110 03) and air injection nozzles (ID 120).08praying pressure
was 3 bars and working speed was 4 km/h.

Table 1. Mean height and the number of paralyzadtpl

Kind o_f Mean height of plants in the The number of paralyzed plants in the blocks
preparation/ blocks (cm)
nozzle I Il Il IV [IA |IB [IA JIB JIA [IIB|IVA|IVB
Control 37.3(032.40{31.90/ 33.18| 9 0 6 3 6 3 8 1
Dithane/RS-MM| 37.8238.20| 36.00| 35.20| 7 2 7 2 6 3 7 2
Dithane/ID 38.00 39.10{ 36.90/ 34.90| 7 2 8 1 7 2 6 3
Sumilex/RS-MM | 38.67 37.55|39.10| 37.95| 7 2 7 2 8 1 7 2
Sumilex/ID 38.5238.90/39.40/38.40| 7 2 7 2 8 1 6 3
Amistar/ RS-MM| 40.10{ 39.90| 41.15/37.12| 7 2 6 3 6 3 7 2
Amistar/ID 40.00 41.15|42.18/40.90] 7 2 7 2 8 1 7 2

A — ill plants, B — healthy plants
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Crop from each field as well as the paralysis @nfd treated with
three fungicides were compared in a controlled wHye analysis of the
results of the three-year investigation discovehed the type of nozzle used
did not have influence on the quality operationirgfapathogenic fungi in
the security of chrysanthemums. Regarding the effachealth status and
plant development chemical treatment with Amista® SC seemed to have
the biggest influence on healthiness of chrysantimerplants.
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Introduction

The level of agricultural production is more andrengonditioned by the
application of industrial production means. Theppr@priate use of such
means can influence the quality of agricultural enats and pose a threat to
environment. In order to achieve optimal crop yieidodern and
environmentally-friendly agriculture requires piagi economical and
reliable fertilizing technique. Precise fertilizati does not only mean
accurate and fluent dosing by means of pin feedBdlgna 2006].
Separating nozzles used in pneumatic spreaderefakey importance in
effective spreading of fertilizers. In spreadershwdisc spreading systems,
inclined discs are used to ensure a ballistic d¢tajg of ejected fertilizer.
Such a trajectory enables fertilizer to drop ordceal plants like falling rain.
In addition a trajectory of that shape ensuresleegpread, limited influence
of wind on fertilizer trajectory, gentle fall ofrtdizer, top dressing and zonal
fertilizing without fixing additional elements. Suttaneously, the velocity of
flying fertilizer is smaller than in the case ofrizontal setting of discs.

Material and methods

The effect of work of mineral fertilization machmealepends on many
various, interacting factors. The physical and maeatal properties of
fertilizers are of major significance since largeedsity of these properties
creates difficulties in the designing and constarcdf fertilizer distributors,
and also it influences the quality of sowing.
The application of fertilizers is conducted witlparticular accuracy, mainly
characterized by a variation coefficient connectetth the surface
irregularity (the longitudinal and transverse oneadlation to the direction of
the unit ride) of the distribution of a fertilizelose on a field surface. The
transverse irregularity of spread mainly dependshentype of distributing
unit, the longitudinal irregularity, however, oretfertilizer dosing unit. The
irregularity of fertilizer distribution on a fieldurface influences yielding of
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crops, including a fall in crops and the incomplgtiézation of a fertilizer as
well as the pollution of the natural environmengafKinski 2000].

The irregularity of fertilizer spread is a phenomenvhich occurs in every
case of fertilizer application, both by hand andhachine. Generally, two
types of irregularity can be identified, i.e. thanptual and belt one (the
transverse and longitudinal one). The punctualgutaity results from a
random distribution of fertilizer granules or graisowed using any method
and it is measured on definite, small areas. Tltdrbegularity results from a
diverse fertilizer mass distribution in transveasel longitudinal directions in
relation to the movement of the distributor. Itneeasured on large areas
which are equivalent to the width of a sowing leela definite section of the
distributor ride. This irregularity is measuredngsrelative mean deviation or
relative standard deviation, variation (irreguigricoefficient of fertilizer
mass distribution. Many researchers claim thatrdeteng of longitudinal
irregularity is inexpedient, because deviationarfrthe mean distribution
vary within a small range and the irregularity dméént is small. For this
reason, numerous methodological recommendationsseadto replace
measuring of longitudinal irregularity with the nse@ement of fertilizer
dosage irregularity on a sowing disc [Witek 2000].

The regular distribution on a sowed field surfax@me of the basic factors
determining the quality of sowing. The questiondadtribution regularity is
especially important in the case of applying vasidertilizer doses, as it is
practiced in modern precision farming in environtaiendly agricultural
technologies. The basic criterion of evaluating tpeality of fertilizer
distributor work is the relative standard deviatioh fertilizer transverse
distribution. The transverse distribution is cortedcwith the working width
of a machine determined in such a way that alloovsttie overlapping of
fertilizer spread belts from successive rides &drélizer distributor moving
on the field in a sewing shuttle way. Another ¢idr is obtaining of the
planned dose of fertilizer per 1 hectare, which i&riable in the function of
the distance covered by a machine according toptae of fertilization
[Yilidrin 2006].

The distribution regularity is also affected by thleape of a distributing
paddle, its height and place on the sowing disméspreader manufacturers
use diagonal cuts in paddles in order to optimemgular spread at a close
distance from the discs. It is also crucial thderilizer spreader should be
properly leveled otherwise fertilizer particles ajected from the disc onto
the field along different trajectories. Evef? 6f disc deviation results in
considerable differences in the quality of feralizpread [Yilidrin 2008].
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Introduction

Quiality is a parameter defining a degree of futidlassumed aims. Tasks
of spraying include removing reasons which hindemgh and plant yielding
through bringing chemical agent in a particularcpland in a specific dose
with minimal effects for the environment. Most aftén plant protection
pressure sprayers are used which change potemibtye of compressed
liquid into kinetic energy of sprayed liquid. Amduof produced drops and
their spectrum depend on operating pressure, sideslaape of a nozzle and
parameters of sprayed liquid. Air movement also ddsg influence on the
quality of spraying since along with the size obplrit decides about
regularity of distribution of chemical agent and itmpact on natural
environment.

Aim, scope and principles

The aim of this study is to determine the size anbunt of drifting of
drops produced in sprayer with different wind véhacA spectrum of drops
produced by a flat stream sprayer LU 12003 in ttesgure range 0.1 — 0.5
MPa was considered in the research [Szulc et &@#R0n the calculations
water was assumed as the sprayed liquid and tleegs®f evaporation was
not taken into account.

Accomplished tasks
The assumed aim was achieved by determining:

— The way which is travelled by a drop with diameterfrom the moment
of liquid outflow from a sprayer to reaching faélacity;

— The distancé, to which a drop will move while falling with vetdy vop
and wind effect in horizontal plane with velocity(1-3m/s);

— The function of Rosin — Ramml@s(d) for sprayer LU 12003 in the

pressure range 0.1 — 0.5 MPa [Orzechowski, Pry@es8p

The dependence of functiai(d) on the size of driftinds liquid;
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Research results and their analysis

The conducted calculations of the Rosin — Rammigrction have
revealed that the increase of pressure in spraydributes to production of
drops with bigger homogeneity. Heterogeneity of pdracauses irregular
spraying through their drifting by wind. As resuftem figure 1 with the
spraying pressure 0.1MPa and wind velocity 1m/s,.7%8 of the
volume(mass) of sprayed liquid is subject to drgtiit refers to the drop
with diameter d<24m. For instance 5% of liquid is drifted within the
distancd > 1m [for| = 1m - @(d) = 0,05]. On the basis of this diagram we
can also state that within the distance 0 to 1amfsprayer 33,7% of liquid
is drifted and 4% within the strip 1 — 2m. Over fam sprayer less than 1%
of liquid is drifted, which does not have a sigesiint impact on uniformity of
spraying but with a large scale of agrotechnicahgpgs in a particular area
it affects the environment.

@5 (d)

0,44

0,35 \

0,34

0,254

0,24
0,15
0,14 \
0,05

0

0 1 2 3 4 I (m)

Figure 1. The size of drifting of drops with theaying pressure 0,1 Mpa and wind velocity
1 m/s (diameter of drops 50 — 24f).

Conclusions

1. Heterogeneity of produced drops by sprayer has itfieence on
regularity of spraying.

2. lrregularity of spraying occurring as a result oiftthg of drops by wind
is significant.

3. The biggest irregularity of spraying occurs witlsirsmall distance from
sprayer. With the increase of this distance thewrnof drifted liquid is
decreasing rapidly.
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Introduction

The increased demand for energy, as well as eaalbgiemands for
environmental protection within the energy prodgcsector, contributes to
the increased use of renewable energy sources (REShe dominant, over
90% share within this field, is the energy of biang2]. Furthermore the
increase of use of agricultural and not forest l@esnis sought after [4].

In many cases the quality of soil is connected whik species of
harvested plants. Not all kinds of soil ensures$gtig harvests and physical
qualities of raw materials [5].

Taking the above ecological and economical factdrgroduction of
biomass as source of energy into account, reselaash started on the
energetic analysis of black locust timber, acquiredorest stands on clay
soil.

Methods
The research samples were taken in three monoeuftrest stands

located within two sites: Piaseczno - forest stadds1 and 2, aged 35 and

Zawidza - forest stand No. 3, aged 41. Within &lihe selected stands, with

the use of sample tree method [1], a single tnw&h an average height and

diameter of trunk, was selected and chopped dowe.chopped trees were

then cut into trunks and branches, which servegcagsce of samples for

further laboratory tests that enabled us to detaemi

— the relative moisture of fresh timber trunks andnghes in bark content
with the use of dryer-scale method, by drying thmgles in temperature
of 105°C in convection dryers;

— the density of timber trunks and branches in baboth fresh and dry,
with the use of weighing and volumetric calculasipn

— the calorific value of dry timber trunks and braeshn bark - with the
use of calorimetry, using KL-12Mn static calorinete

— the volumetric calorific value of dry timber in lbaras the product of
density and calorific value.
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Results
The results of research were introduced in table 1.

Table 1. Physical qualities black locust timberbank.

The The The density The The
relative density of of dry calorific volumetric
No. forest Assortment moisture of fresh timber value of calorific
stand fresh timber dry value of dry
timber timber timber
(%] [kg(in] [kg(in] [MIRg"] [GIm ]
trunk 30 828 648 17.77 1151
1 branches 32 796 554 18.01 9.98
whole tree 30 824 636 17.80 11.32
trunk 28 838 707 18.12 12.81
2 branches 33 894 645 17.67 11.40
whole tree 29 847 698 18.05 12.60
trunk 27 855 726 17.61 12.78
3 branches 37 880 718 17.75 12.74
whole tree 29 859 725 17.63 12.78
trunk 28 840 694 17.83 12.37
Average branches 34 857 639 17.81 11.37
whole tree 29 843 686 17.83 12.24
Standard trunk 1.36 13.65 40.67 0.26 0.74
deviation branches 2.66 53.00 82.16 0.18 1.38
whole tree 0.76 17.79 45.63 0.21 0.80

There was a substantial difference observed wittsh conditions, between
the moisture content of fresh timber trunks in bankl branches in bark. The
examined stands of black locust the average relatmisture content of
timber branches in bark was 21% higher than theevaf this parameter for
timber trunks in bark, with the standard deviatlming relatively 2.66 and
1.36 (tab. 1).

Some minor differences in density of fresh andtdnper trunks and the
corresponding parameters timber branches in bark aso observed. The
average density of fresh timber branches in bark 20a higher than value of
this parameter for timber trunks in bark, with age density of dry timber
branches in bark being 8% lower than the densitytifiober trunks in bark.
The standard deviations for these parameters weigse of fresh timber -
53.00 and 13.65; 82.16 and 40.67 for dry timberregpondingly (tab. 1).
The calorific values of both dry timber trunks abghnches in bark were
almost equal and their average values were, canelspgly 17.81 and 17.83
[MJ-kg']. The standard deviation for these parametersnalber trunks in
bark was 0.26; while for the timber branches irkbahad the value of 0.18.
The difference between the selected values of feosithe inspected sorts
of timber largely influenced the volumetric calarivalue. The average of
this parameter for timber trunks in bark was 12a8d for timber branches
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11.37 [GJ-r]. The standard deviations for these values wesegrdingly
0.74 and 1.38 (tab. 1).

Discussion

The timber of black locust is perceived as a vargdysource of energy,
being the heaviest kind of timber that can be hstece from re-growing
plantations, within the natural conditions in Pald].

During the examination, comparison with the timbewillow and poplar
[3; 6] has showed that the black locust timber am@d approximately half
the content of water, had an almost 70% higher ilelasid only slightly
lower calorific value. From the point of view ofengy production the black
locust timber has favourable physical charactesstiwith the lead
parameters being its moisture content and timbesite a source of its large
volumetric calorific value.

The energetic plantations of black locust, plardadtlay soil stands can
form an alternative for production of valuable ravaterial, bringing about,
at the same time, measurable ecological effectsgeagle with the
conception of sustainable development.
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Summary

Within the frames of realized 3-year's (2009-20189search and
development project on “Technological and ecoldgicendernization of
selected family farms”, the specialists from thetiblte of Technology and
Life Sciences, as well as from agricultural univtegs in Pozna, Krakow,
Lublin and Siedlce, investigate the equipment activiies of 53 selected
family farms, localized in different regions of Bod. Investigations are
carried out according to settled methodology (Wakjcet al., 2009) and the
synthetic results of particular research taskszeadlwithin the project have
been published in successive monographs (Wojc€kip; Wajcicki, Kurek,
2011; Kurek, Wojcicki, 2011). This paper contaihg tsynthetic results of
productive-financial activities in 2009 year for S®lected modernized
family farms. The farms of acreage from 8.5 to b&0AL, are characterized
by using their crop production mainly for fodder raised cows and other
cattle or swines. Besides the general charactsisfi surveyed farms (Table
1) and obtained by them incomes, expenditures eofdgp(Table 2), detailed
analysis included material and non-material ingatsn during a year for
production and service activities. Surveyed objectse divided into five
acreage groups (Table 1), by 10 farms in groupslV,—-and 13 farms in
group V (Kurek, Wojcicki, 2011).

Table 1. General characteristics of surveyed farms.

Average AL area (ha) per 1 farm _ Value of permanent
clusive: Livestock | assets (thous. PLN
Farm Number - density (LU) per 1 ha AL)
acreage | of farms ,AL AL PG per 1 ha AL buildinas
group (pcs.) | (@gricultural (arable (permanen (agricultural | technical 9
land) land) | 9rassland land) means and
and) and other structures
| 10 16.01 9.77 6.24 1.26 33.22 57.61
Il 10 24.67 16.76 7.91 1.07 33.86 41.38
1l 10 32.44 24.73 7.71 1.22 26.51 29.82
\ 10 48.85 33.82 15.03 1.12 25.28 19.80
\% 13 86.48 76.96 9.52 0.62 11.85 13.13
In total 53 44.23 34.93 9.30 0.83 22.15 24.73

Source: own results
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Differential balance between estimated incomese(s$) of a farm and the
expenditures (inputs) born indicates (table 2)dtwdits obtained by surveyed
object in 2009, and thus, the possible paymenetavailable to the members
of farm owner family for their work.

Table 2. Incomes obtained by surveyed farms in 2688.

e Incomes, expenditures and profits (thous. PLN) in 209
arm
acreage average per 1 farm average per 1 ha AL
group incomes | expenditures profits incomes  expenditufes rofitg
I 164.35 123.72 40.63 10.26 7.73 2.53
Il 261.65 184.86 76.79 10.61 7.49 3.12
mn 281.78 179.76 102.02 8.69 5.54 3.15
v 447.65 297.92 149.73 9.16 6.10 3.06
\ 743.4 625.07 118.33 8.60 7.23 1.37
On average 400.35 301.67 98.68 9.05 6.82 2.23

Source: own results 2011

Balances of financial-economic activity in investigd farms showed that
they obtained extraordinary gross incomes amoundimgaverage to 9.05
thous. PLN per 1 ha AL, whereas the commodity ayefar surveyed farms
in 2009 was twice lower.

In the structure of average incomes 52.1 % madevdhee of sold animal
production and 16.5 % the market agricultural potiduwm, while 31.6 %
gross incomes were extra charges and recoveries ¢48 credits (12.9 %),
non-agricultural production (2.8 %), as well as té&red pays and other (2.2
%). The inputs (expenditures) born by surveyed $im2009 year amounted
on average to 6.82 thous. PLN per 1 ha AL, what &psgvalent to 75.36 %
of gross income value (balance sum). In the streabdfithese average inputs
28.3 % took the replacement and development inva#sn 25.8 % purchase
of agricultural origin products, 12.8 % mineral tiezers and other
agrichemicals, 11.2 % direct energy carriers, 19.2ax duties and other
immaterial, 5.6 % the charges and materials, 3.3&#%ices and others
material, and 2.8 % the salaries of outside workers

The agricultural profit (of farms) amounted on ags to 4.65 thous. PLN
per ha AL, whereas the gross profit of farmer’s ifeas reached on average
2.61 thous. PLN/ha AL; that enabled to obtain ghitgh wages for the own
work: 29.50 PLN/work hour of productive labour &.25 PLN/work hour of
general labour inputs of the family members on ager

The activities of surveyed farms in 2009 ought ¢éoplsitively estimated, as
almost all farms under investigation fulfiled thdemands made to
developing family enterprises.

92



V International ScientifiSymposium
"Farm Machinery and Process Management in SustdaAbriculture" Lublin, Poland, 2011

The year 2009 was propitious to productive and nmog activities for
surveyed farms and — according to the preliminamgarative analyses — it
was better than the average balance results odt&n2010, and then the
results assumed in modernization projects for 2015.

It will be also better than the results expectedb® obtained in crop
production on investigated farms in 2011.

The Institute of Technology and Life Sciences (I'TiRas originated, and is
still developing, an extensive base of empiricatad&@oncerning the
equipment and activity of selected family farmsjsita basis to preparing
detailed scientific-technical comparative analysesonnected with
investigations on technological modernization ofedeping family farms in
Poland.
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Introduction

Liquid fuels are one of the most important energyurses used in
agriculture and therefore they contribute greatito ithe production costs.
Continues fluctuation of crude oil prices influertbe constant changes in the
prices of the diesel. In years 2001-2011 the awexdigsel price in Poland
doubled, whereas from 2007 increased by ca 40%.abbge is due to both
changes in the price of the crude oil and alsadlaions in the exchange rate
of the currency in which the oil is purchased. Thel cost is the major
contributor (approximately 50%) to the operatiostsmf tractors.

Material and methods

The main purpose of the analysis was to assessnfheence of the
fluctuation of crude oil price on fuel price anditupperational costs selected
tractors in years 2007-2011. Fluctuation in crude nobay represent an
additional factor stimulating the price transmissito agriculture product
market [1, 3]

The analysis was based on the following data; ttezage crude oil price
REBCO (Russian Export Blend Crude Oil) [7], currgrexchange rates [6]
and price of diesel on the Polish market from Janga05 to June 2011 [5].

The above using data was used to calculate the apatational costs
applying methodology as described in [2]. The dalitons were done for
selected tractors grouped in two classes deperatineir power (70 KM -
ca. 53 kW) and 110 KM - ca 80 kW) and in two clasdepending on the
producer (“Eastern” and “Western”). The power otssseflect the most
popular tractors purchased by the farmers in Poland

The brands and the models of the tractors consideese Zetor (Proxima
75 and Forterra 115), John Deere (5415 and 6420a8&)New Holland
(TN70NA and T6020). Economic life-time was assurteete 18 years and
the 500 hours of average annual work.

Results

The collected data indicates that the monthly ayeraill REBCO price
increased during the period under consideratiod 18#6; although, in 2008
the price was higher than in the first half of therent year. The maximum
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price in the period was $135.38 for barrel and Hespped recently to
$112.88 (Fig. 1). Political conditions, such as. ¢hg war in Iraq, were the
major factors influencing the price fluctuations.

Crude oil price Dollar price|
[$/barrel] [PLN/$]
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Figure 1. Monthly average oil REBCO price and thehange rate US dollar ($) and Polish
Zloty (PLN) for period 2007-2011.

It is worth noting that there was no direct relatioetween the price of
crude oil and the price of fuel petrol on the Folisarket. It was due to the
fact in the periods of dramatic increase of thepoite the exchange rate of
US dollar to Polish zloty decreased. During theiqueunder consideration,
the US$/PLN exchange rate varied from 2.07 to 8T&b. 1).

It is quite evident that the monthly average oicerhas the tendency to
increase; increased from 3.57 PLN/I in January 2@04.96 PLN/I in June
2007, high increments were noted in July 2008 w.68 PLN/I and again in
April 2011, when the price crossed the barrier 85/ (Fig. 2 and Tab. 1).
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Figure 2. Monthly average diesel fuel prices inadl for period 2007-2011.

However, despite 62.2% percentage increase in ailgeices, the price of
diesel increased only by 29.7% (Tab. 1).
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Table 1. Yearly average prices of crude oil, diesel US$ for period 2007-2011.

Average oil REBCO price 2007 2008 2009| 2010 2011 2007- | Change
[US$ / barrel] 2011 | [%]
Average 67.52 96.61] 57.62| 78.56| 109.51] 78.73] 62.2
Maximum 85.87 135.38] 72.33] 87.29] 123.47/135.38 -
Minimum 52.20 46.30| 40.27| 70.69 93.19| 40.27 -
Average US$Exchange Rate 2007 2008 2009 2010 2011] 2007-
[PLN] 2011
Average 2.7796 2.3791] 3.1632| 3.0159] 2.8386| 2.8285 2.1
Maximum 2.9973 3.0338| 3.7674| 3.3953] 2.9822|3.7674 -
Minimum 2.473] 2.0665| 2.8248| 2.8297| 2.6541] 2.0665 -
Average oil REBCO price 2007 2008 2009 2010 2011 2007-
[PLN / barrel] 2011
Average 186.1% 223.90] 180.70] 236.40] 309.94(218.25| 66.5
Maximum 216.26 288.26| 210.65| 268.23| 333.07/333.07] -
Minimum 155.85 140.46| 151.71) 205.71] 277.91]|140.46 -
Average diesel price 2007 2008 2009 2010 2011 2007-
[PLN /1] 2011
Average 3.71 428 3.68] 4.27 4.89| 4.09| 29.7
Maximum 4.22 468 3.93] 450 5.08| 5.08 -
Minimum 3.51 3.96 3.44 3.95 4.66| 3.44 -

During the period under review, the prices of wastremained relatively
unchanged. The manufacturers tried to adjust tpdoes to purchasing
capacity of the farmers. However, in case of tnacfwoduced in developed
countries (Western Europe and USA) the price depaadso on the Euro or
US dollar exchange rate. Tractor prices were ndynfixled for a year, with
changes usually taking place in autumn/winter. ther analysed period the
prices of the selected tractors varied betweent@a@27 thousands of Polish
Zloty and increased between 8% and 22% (Tab. 2)

Table 2. Net prices of tractors considered forquef007-2011.

Tractor Power | Minimum Price Maximum Price Change
(kW] [PLN] [PLN] (%]
Zetor 53 102 000 130 500 21.8
Zetor 81 150 000 166 000 9.6
John Deere/ New Holland 53 128 000 137 000 6.6
John Deere/ New Holland 81 209 000 227 000 7.9

The calculated tractors’ operational costs variemnf 51.34 PLN/h to
87.06 PLN/h. The lowest costs were observed fartdra Zetor of 53 kW
power; these are relatively cheap tractors with fael consumption. The
highest costs were noted for tractors John Deete New Holland with
power of 83 kW (Fig. 3).

The share of the fuel cost in the total operatiac@dt was fluctuating
from 48% to 58%, depending on the period (Fig.4).
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Figure 3. Tractor operational costs vs ail price.
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Figure 4. Fuel cost as the share of the operatimrgtk for the selected tractors in 2007-2001
(by quarters).

Conclusions
Despite huge increment of the oil prices on thermational market in

period 2007-2011 the price of diesel on the Potisdrket increased only
approximately half of that. That indicates that fece transmission was
asymmetric which has been also confirmed by otharket research [4].
Also, the price dynamic for tractors was lower thhat of the fuel prices.
These are the reasons that the unit operation#és obdghe selected tractors
increased only by ca 15%. Fuel price had the higt@sribution (ca 50%) in
the total operational costs.
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1. Introduction

Soil tillage in conventional tillage systems is opné the most energy
consuming processes. The intensity of soil tilldgeends on the number of
soil tillage operations, kind of device (activewdm by PTO or passive by
drawbar power), implement geometry and depth ofraipan (Loibl 2006,
Godwin 2007). Fuel consumption of soil tillage @related with intensity of
soil tillage. In the energy flow from engine to ilament there are efficiency
loses in the engine, transmission and wheel-sodrfimce (Schreiber et al.
2004, Jahns and Steinkampf 1982). From the avdtaeconsumption for
ploughing (25 litre/hectare) only 5 litre/hectarfetle fuel energy is used for
the necessary drawbar power (Kutzbach 1989). Depgndn the soll
constitution, the fuel consumption increases peaticeetre ploughing depth
between 0.5 and 1.5 I/ha (Moitzi et al. 2006; Kald Hulsbergen 1999).
Moreover slippage, which is an expression of thetion efficiency, affects
the field performance and the fuel consumption.

This paper deals the influence of working deptisigm and fuel consumption
during stubble field skimming with a short disctordtor, ploughing with a
2x4-mouldboard plough and subsoiling with a sulesoffixed tines) in a
representative region for cereal growing in thet&asregion of Austria.

2. Materials and methods

2.1 Site description

The experiments (Table 1) were conducted on thaeleafeelds at the research
station Gross Enzersdorf (Lower Austria) of the wémsity of Natural
Resources and Life Sciences (BOKU) in Vienna.

The experimental site is situated in the semi-aeigion with an average
rainfall of 546 mm and average temperature of 9.8PRe silty loam soil
belongs to the soil type Chernozem.
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Table 1. Overview of the investigations.

Ploughing Stubble field skimming Sub soiling
Soil tillage device 2x4 mouldboard . Subsoiler
(working width) plough (170 cm) | Shortdisc harrow (300 cm) - 555 oy
Time of investigation 8 November 2005 Fuly 2008 2% October 2008

corn
14.3 % (0-30 cm)
1.35 g/cm

Previous crop

Mean water content in
the soil (gravimetric)
Mean bulk density

winter rapeseed
18.3 % (0-20 cm)
1.40 g/lcm

corn
16.9 % (0-40 cin)
1.39 g/cm

2.1 Tractor with measurement equipment

For the investigation a four-wheel-tractor (Ste$f9) with an engine power
of 92 kW (DIN) was used. The engine with exhaudbausupercharger has 6
cylinders with a displacement of 6,600 trfthe transmission (Steyr-Power-
4) is a full synchron multistep powershift with 4g6ars. The basic weight is
6220 kg and was ballasted with a front ballast3ff Bg.

For the measurement of the fuel consumption a palfermance flow-meter
(AVL PLU 116H) with a proportional — integral (PH controller was
integrated in the fuel system of the tractor. Tlymas of the radar sensor,
transmission sensor, inductive sensor and flow-n{é&ble 2) were recorded
with a scan frequency of 1 Hz with a multi-chandekalogger (Squirrel
Datenlogger 2020).

Table 2. Processing parameter and their measurement
Process parameter Measurement engineering

Radar sensor: generates a rectangular signal

(130 pulses/m = 27,8 Hz/(km/h)
Transmission sensor (inductively transducer), ggasra
alternative current (0.4 - 3.8 V), rectified witfode rectifier
Inductive sensor: generates a rectangular si§rb2 vV

>50%=12V,<50% =0V
Flow-meter (PLU 116 H), inductive displacement sgns
generates a digital rectangular signal (22 - 288D H

Vehicle speed (v)

Wheel speed ¢

Engine speed {p)
Position lifting system

Fuel consumption (B)

3. Results

3.1 2x4 mouldboard plough

Whereas the fuel consumption in I/ha increasesatlgewith the working
depth, the fuel consumption in I/h increases adogrdan quadratic
polynomial function (Figure 1). At the working dbapof 35 cm the engine
was well loaded, which resulted in a declining @ase of the hourly fuel
consumption. The mean engine speed ranged betwédd and 1873
rev/min, the vehicle-speed from 6.69 - 6.80 kmiie field performance
between 1.13 - 1.19 ha/h. Slip increased from 3.89%.12 % with rising
working depth.
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Figure 1. Fuel consumption at ploughing in différerking depths (18, 20, 30 and 35 cm).
3.2 Short disc harrow

The mean engine speed ranged between 1711 anddw&8n, the vehicle-
speed from 8.10 - 8.22 km/h, the field performabetveen 2.43 - 2.47 ha/h.
Slip increased from 3.4 % to 6.0 % with rising wiatkdepth.
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Figure 2. Fuel consumption at stubble field skimgnivith a disc harrow in different
working depths (0, 8, 10 and 13 cm).

3.3 Subsoiler

The mean engine speed ranged between 1691 andthé2@&hicle-speed
from 3.17 - 3.41 km/h, the field performance betw8e39 - 1.02 ha/h. Slip
increased from 4.3 % to 16.4 % with rising workaepth.
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Figure 3. Fuel consumption for subsoiling in diéflet working depths (20, 30, 33, 40 and
45 cm).
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3.4 Specific energy consumption

The effective moved and loosened soil for ploughiagl00 % of the
measured working depth and working width, whilésiestimated 70 % for
the short disc harrow and subsoiler. The so cdledlspecific energy
consumption (parameter which describes the enearigysity of the moved
soil) decreases with the increased working deptgu(E 4). The increase
after the minimum at 33 cm working depth for thésailer is the combined
effect of increased slip and hourly fuel consummtio

Specific Energy consumption [MJ/tonne Soil]

0.30

0.28

0.25 -

0.20 -

0148
015 4 0135 137 0.136

0.10 -

0.05 -

Figure 4. Specific energy consumption for soibtié devices at different working depth.

4. Conclusions

[
2]
3]
4]
5]

(6]
[7]

» The slip in solil tillage is an important factor famalysis of fuel
consumption.

* With increasing working depth, the slip rises.

* The fuel consumption [I/ha] increases linearly witbrking depth for
mouldboard plough and short disc harrow.

* For subsoiling the fuel consumption [I/ha] increase
disproportionately.
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Introduction

The pellets and briquettes production from plamniass is becoming
more and more common and it may be predicted thatili be highly
significant also for agricultural production. Thareent trends in professional
energy development aim at the growing use of reb&wvanergy sources,
particularly of biomass. It is one of the main umeentional energy sources
in Poland [Niedziétka, Szymanek 2010]. Plant bismaespecially straw,
needs a lot of storage space. That is why, in am@mprove the energetic
efficiency of the fuel, it should be properly presed. Hence, there is a
tendency for the compacting of solid biomass byp#a#eting or briquetting
[Hejft 2011, Mani at.al. 2006, Wach 2011].

Materials and methods

The following raw materials were used for the gslland briquettes
production: cereal straw and meadow hay. Moist@itbe raw materials was
approximately 11-16%. Pellets from the tested phaaterials were produced
in pelleting machine with flat matrix (fig. 1a). Rdional speed of matrix was
230 and 290 rpm. Briquettes were produced in thewsbriquetting machine
JW-08 (fig. 1b). The temperature in the compactidmmber in this
briquetting machine was: 200, 225 and 250°C. Moistgontent was
determined by means of dryer-weight method withf@onity to PN-ISO
6540 norm. Plant materials, prior to briquettingrevshredded in chaff cutter
to theoretical length of 20 mm. While before thdgimng the plant materials
were additionally crushed using chopper with sieeés3 mm openings.
Energy consumption during the compaction of bionveas recorded using a
power and time converter type of Lumel PP83, coaey with the
computer.
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Figure 1. Compacting machines for: a) pelletinghfijuetting.

Test results

The average power consumption for compacting oéalestraw, at a
speed of 230 rpm matrix, amounted to 0.143 kh and at a speed of 290
rpm obtained a value of 0.125 kWiy*. The average energy consumption for
pelleting of hay meadow, at a speed of 230 rpm imnamounted to 0.155
kWhkg?, and at a speed of 290 rpm reached a value o2 &\M81kg™.

Comparing the energy consumption of the processoofpaction plant
materials, it was found that increasing the spdealmaatrix from 230 to 290
rom caused a decrease in energy consumption byt 45000 for pellets
with hay and about 12.5% in the case of straw fzelle

Based on the results of research it was found wigt increasing
temperature in the chamber briquetting decreaserygrconsumption. In the
case of 200°C range of energy consumption was fotd5 to 0.183
kWhkg™, for temperature 225°C from 0,134 to 0,169 kiyH, whereas for
250°C from 0,114 to 0,152 k\\kgj™.

In turn, comparing the energy consumption of plaiaterial briquetting
process, it was found that lower power consumpialoes were recorded for
cereal straw (0.128-0.145 kWkgg™"), and higher for hay meadow (0.152-
0.183 kWHkg™). The decrease in energy consumption in the ptamuof
briquettes between the temperature of 200 and 25@°Cereal straw was
about 13.0%, and for hay meadow has obtained & \wdlabout 20.0%.
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Conclusions

Based on the obtained results can be stated tlogvfng conclusions:

1. The energy consumption of the pelleting plant maltein relation to the
unit formed agglomerates decreased with increasotgtional speed
thickening matrix of pelleting machine. More favole results were
obtained in the case of compaction of the crushexat straw, and
slightly less favorable in the case of hay meadow.

2. The energy consumption of the briquetting proceSglant materials
decreased with increasing temperature of chambekething. The lowest
energy consumption occurred during briquetting @lestraw, and much
more for hay meadow.
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Abstract

The liberalization of international trade, due e elimination of market
barriers between countries, within the context @sromic unions, like the
European Union (EU), the commercial preferentiabimes and the
expansion of globalization, has caused increasedpettiveness, at both
geographical and sectoral level. Concepts suctieaglopment, productivity,
effectiveness and competitiveness have acquiredva dimension for the
productive sectors since the wider an economyesjrore the dual nature of
competitiveness, domestic and international, isfoeced.

A number of definitions regarding competitivenessl #s measurement
tools have been proposed, depending on the levbkaddnalysis, i.e. country
or region, industry, firm and product level. For ns®d researchers,
competitiveness is seen as the ability to perforefi, while for others it is
the generation and maintenance of a comparativanaage of countries.
Besides the above, competitiveness is also defasethe management of
decisions and processes taking into account thereisiis of society, and
where investments, and R and D are crucial foraguiag and improving the
comparative advantage of countries on a long teamisb Scholars of
international competitiveness are studying thetiaiahips between growth
and the trade balance of an open economy, tryitigeasame time to identify
their determining factors.

In the beginning, the notion of competitiveness wasd to demonstrate
the ability of a firm or an industry to cope withet competition of its
opponents. Later on, such notion was of a widetiegtppn both at the level
of centralized policy formation, even at the legélthe EU, and in the form
of an index measuring the ability of local econorsigstems: “"regional
competitiveness". The European Commission views ithgrovement of
competitiveness in Europe’s lagging regions ad tatésocial cohesion” [4].

Although the notion of a competitive business is a@olarge extent
straightforward, there is still no persuasive tlyedo explain national
competitiveness. R. Landau (1992) defines a naioompetitiveness “as the
ability to sustain an acceptable growth rate aral standard of living for
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their citizens while efficiently providing employmewithout reducing the
growth potential and standard of living for futigenerations” [3]. European
Commission (2009) documents state accordingly: ‘feetitiveness is
understood to mean a sustained rise in the stamddiriving of a nation or
region and as low a level of involuntary unemplowinas possible” [1].
These definitions combine competitiveness with anability and social
goals.

The European Competitiveness Report (2009) revibesEU’s overall
competitiveness performance as well as the extena@linternal aspects of
competitiveness. External aspects concern the naienal presence of
production sectors whose main goal is the maintenamd increase of their
export market share. In particular, this reportlesrgs the external dimension
of competitiveness by analyzing the consequence®adnt developments
among the BRIC countries (Brazil, Russia, India &fdna) in the global
arena. Internal aspects are related to the shapitige productivity level at a
European level and the factors that influence[tis

If we are to examine the competitiveness of firtings concept can be
defined as the immediate and future ability of, ampportunities for,
entrepreneurs to profitably design, produce andketavalue worldwide
whose price and non-price qualities form a moreaetitve package than
those of foreign and domestic competitors. At atermational level,
competitiveness measures whether a commodity cerpete with similar
goods in the international market, given the castsirred in the production
process. If a product is competitive, then it caregist with the imports of a
country and/or can be exported. By contrast, ifgfauct is not competitive,
then it needs protection from imports, its expateptial is low and only if it
is subsidized, can the competitiveness of suchoduat improve in relation
to its price.

Jan Fagerberg (1988) notes that “factors relatedettnology and
capacity are indeed very important for medium aoagl run differences
across countries in growth of market shares and ,GdRile cost-
competitiveness plays a more limited role than comym assumed”. He
develops a model of international competitivenesschv relates growth in
market share to three sets of factors: the aliitgompete in technology, in
price, and in delivery [2].

Regarding the agricultural sector, the measuremiais of its
competitiveness are production growth, productiviypd international
competitiveness. In spite of this, due to the diffiy of measuring the above,
the tool which is widely used is international catipveness. This is
expressed by the ability of a country to deliveoducts in a competitive
price, better quality and differentiated in compan to the competition. The
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competitiveness of an export country is usually snead by taking into
account two criteria: price competitiveness andquarance competitiveness,
which includes quality competitiveness.

In low-income countries, such as Greece beforadtession to the EU,
development planners were continually confrontedhwhe question of
whether to export agricultural products, importntheor strive for food self-
sufficiency, but such a dilemma was never an i$esuéreece. Since 1962,
when the Association Agreement between Greece faEU entered into
force, the country was exposed to internationahenac interests and no
policy was implemented to restrict their expansibhe accession of Greece
to the European Economic Community in 1981 markscbmplete opening
of the Greek economy to globalization and the md#gonal politico-
economic system.

However, the Common Agricultural Policy applicatitbund country’s
agriculture unprepared and weak to face the aggeesstrategies of
European and non-European multinational firms. Pphiee increase of a
large number of products due to the increase of gneduction cost but also
due to the leveling out with the average Europedneg reduced their
international competitiveness. Exports were limiteda small number of
products or had to be subsidized.

Because of intrinsic weaknesses, such as in ligkgteoduction and the
limited flexibility of many crop productions, theogition of Greek products
deteriorated not only globally but particularly tine domestic market. The
rise of standards of living due to the increaseimmfome of the Greek
consumer, a result of EU capital inflows, contrduitto the increase of
imports which had as a result the upheaval of theket. Furthermore, every
effort for food self-sufficiency, as in livestockrgaucts, was inhibited
because of their high production costs. The Greakket constituted a small
but easily accessible market for the disposal ofptéiucts. The agricultural
product and food trade balance moved from a surplu$981 (€ 36.65
million), and in 1982, a year after the accessiorg deficit (€ -34.8 million),
a deficit which is becoming larger and larger (4646 millions of Euro in
2009). The deficit stopped growing only in the Igsar (2010) because of the
economic crisis and the fall in demand which brdugihout a decrease in
imports (-1.951, € 48 million).

If one of the EU integration objectives is a sustdirise in the standards
of living of a nation, which is an objective thatlinked to competitiveness as
well as to sustainable development, in the cas@rekce this seems to be
totally temporary and extrinsic. The EU capitallomfs after the country’s
accession did not contribute to the growth of thesdpctivity and
competitiveness of the economy. A large part obmes was a consequence
of lending and when this ceased, all the weaknesistgee Greek production
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system were revealed. Since 2007, when the hidgnesitof GDP per capita,
based on purchasing power parity, was 98% of theatstdage, the GDP per
capita has continuously fallen and in 2010 it W8%&f the EU average.

The aim of this study is to present the strengtitsv@eaknesses of Greek
agriculture through the analysis of its internasiboompetitiveness after the
country’s accession in the EU and till 2010. Weni include the period
before the accession of Greece to the EU for tvesamls. The first one is
related to the fact that the comparison betweem#i®ds before and after
the accession shows great discrepancies in regarit® growth dimension
of the agricultural sector and its dynamics duth®oEU capital inflows. The
second reason concerns the trends of product pandstheir impact on
competitiveness. This study analyzes Eurostat delaed to the trade
balance of Greece. The only products whose tratihta shows a surplus
are the Mediterranean ones and fish farms whergriated in a suitable
Greek environment. We intend to show the inade@sacdf the existing
policy and the necessity of a new approach of suetée development, based
on the principles of an endogenous agricultural ramnal development.

The Greek economic crisis can be considered as pgortnity to
redefine the country’s entire development stratégyfar as the agricultural
sector is concerned, this re-establishment could te principles of
sustainability, showing proper respect to the eounal, social and
environmental characteristics of the regions. Asesult, agriculture will
correspond better to the local and more generalthe Greek society needs
as well as becoming less dependent on internatiotealentions.
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Introduction

Growing demands concerning safe application of tplprotection
substances create a situation where next to fatraering the technical
efficiency of the equipment becomes crucial. Taeagextent, the method of
evaluation of the technical condition of nozzlelgeseon a visual assessment.
Only the liquid system is checked with the use pécsalist measuring
equipment. A particularly important stage of thaleation is the quality test
of the operation of the nozzles that assessesuhktygand regularity of the
spray. Such tests are inconvenient due to thetlattthey are carried out on
nozzles which are already aggregated with the dracand are done in
particular conditions which agree with the estdtd$ methods.

Conditions and methods of testing

As part of a research project MNiISW 493/N-Belgi@2M entitled
“Establishing methods and equipment for extensiuality testing of the
work of agricultural nozzles, as well as validatiminthe methods”, which is
done at Department of Machinery Exploitation and nikgement in
Agricultural Engineering, University of Life Sciees in Lublin (UP) a
device was constructed for assessment of the teahrdondition of
agricultural nozzles. The device for testing noga#ows for an assessment
of such parameters as: spray unit outflow at arurasd pressure, the
regularity ofthe distribution of the sprayed liquid, and andi¢he stream.

The device has a pattern with the width of the gesomeasuring 50 mm,
a container of the spray, a hydraulic system arattenic system for
recording the level of the liquid in the measuraagptainers.

The results

The testing individual control of the technical ddion of the flat
nozzles was carried out with the testing devicelRtin Lublin. For testing,
flat nozzles exploited in field conditions were ds@lbuz ADI 110 03; TTD
JET RS 110 04 R. The liquid pressure was 3 barh#éght of the installed
nozzles above the spray patternator was 500 mm, th@dtime of an
individual test of the nozzle was 60 s. The resoitisained were set on Excel
spreadsheet.
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The spreadsheet contained the distribution of pnaygd liquid from
individual nozzles into the virtual spray boom. KNethe mean value and
standard deviation were specified, as well as tWiec@=fficient of the virtual
field spray boom. The results were again set mbétand compared with the
results obtained in the laboratory of CRA-W GembaluBelgium.

Table 1. The comparison of the obtained coefficartvariation.

CV coefficient of variantion [%0]
Number of - - -

Type of nozzle nozzles. Test!ng d.eV|ce at UP in Laboratory CRA-W
| Lublin. Virtual pattern. Gembloux
tems. . :

Spacing of grooves | Spacing of groovesg
50 mm 100 mm
Albuz ADI 110 03 24 14.2 111
TTDJET RS 11004 R 20 16.9 16.0

Summary

The results of tests presented here point to tbietlfet it is possible to
assess the technical condition of the boom spraynbgns of the method
evaluating the technical condition of individuakzates.

The comparison of the results obtained at a pattermwith spacing of 50
mm provides clearer criteria of evaluation of thé efficient, and hence,
the coefficient will be higher, which is supportied other authors: Sawa, et
al. [2002], Szulc, et al. [2001].
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Introduction

Hop farming is one of the areas of crop productaitiough dealing with a
marginal position, but accompanied by a man alrfrost the beginning of
civilization. Hop is one of the most important ramaterial in beer
production. Hop production is one of the most lainbensive and energy-
intensive areas of agriculture, and technologicatess is complicated and
has very uneven workload throughout the year [Zao2002; Migdal,
Zaorski 1996]. Hop harvesting is a stage of hoglpetion, consuming about
40% of the annual workload. Once plants reach w@ogrcal ripeness, in a
short period of time there is a cumulation of wag&sociated with the
harvesting and initial maintenance of the hop comdsich suggests the
occurrence of employees fatigue [Rosner 1985].

Agricultural Experimental Station "JASTKOW" Ltd. waestablished in
2001 and continues the 60-year tradition of hogivation in this farm.
Currently, the company is one of the largest predsiof hop in Poland. 25
people are working at hop harvest, including twopgbe with technical and
technological surveillance. Supported workstaticea® located on the
plantation and at the harvest resort.

Jobs on the plantation are:

- Cutting plant,
- Cutting off plants from the grid carrier,
- Laying of plants on the trailer,
- Bringing plants into the picking position.
Jobs at the harvest resort:
- Feeding the plants into the picking combine,
- Chores around the position of picking,
- Selection of pollutants,
- Receiving cones from combines and pouring tadtlyer,
- Technical support of dryer and humidifier,
- Packing of cones,
- Sewing of packaging, marking and weighing of raaterial.
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Methodology and aim of the study

The aim of this study is to determine the degreefaiigue of the
Experimental Agricultural “JASTKOW" Ltd. workers dag hop harvesting.
The objective was achieved by conducting a survégpanese questionnaire
of subjective feelings of fatigue [Yoshitake 1978he questionnaire consists
of 30 questions divided into three groups of sympaelated to activity,
motivation and physical fatigue (A, B, C). Eachgpaontains 10 questions,
to which a subject answers "YES", "NO" - thus magkithe presence or
absence of the symptom of fatigue. During the waykdvorkers filled out a
questionnaire three times - before starting woukjndy lunch break and after
work. The study was conducted from 5 to 21 Septer®@#&1, during the hop
harvest.

Results and summary

Surveys conducted showed that among the superviafiy performed a
type of fatigue A>B>C. The highest intensity chaeaiced a group of
symptoms of decrease in activity, and the mostnoftelicated symptoms
were: eye fatigue, leg heaviness, slowness andiress/ of movement.
However, among the workers dominated the physiaafde symptoms -
trembling limbs, hoarse voice, feeling of thirstoklk performed by workers
during the harvest of hops performed the type dfigie@ C>B>A
characteristic of the physical work.
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Introduction

An important part of the management of the foodusid/ is a safety
management and occupational health. It includestral elements work
together which help establish policy and objectisgéshe company. It also
provides carry out tasks related to the manageroemccupational risks
occurring in the workplace. The basic elementsabéty management system
and occupational health may include among otherssatety policy,
participation of workers who had been trained aratlenaware of the risks,
SO increasing their competence and motivation tokwBasic requirements
for safety management system resulting from the laer which it is
necessary for example, use of plant protectionypaional risk assessment,
training employees, etc. Is also very importanéinal communication that
enables the development and shaping of safety reultit involves the
transfer of information on health and safety witlinfood plant by both
employers and employees. May rely on promoting,efcample in the form
of posters, correct and safe behavior of employeegloyees should be able
to report observed irregularities and hazards énwtlerkplace [Ejdys 2010].
A necessary condition for effective functioning thfe health and safety
management work is complete and unanimous supgdornanagement.
Expressing their commitment to health and safetpl@ms, top management
should: establish, in cooperation with employeeslth and safety policies
and give employees information about this policypovide the necessary
resources to implement policy and carry out pedadviews of health and
safety management system [PN-N-18001:2004]. Anceie system of
health and safety management in enterprises offdbd industry relies
primarily on improving working conditions. Its futh@ning depends on the
attitude and commitment of employees [Ejdys 201(gleH2003]. A
measurable effect of this may be the reductioncofdents and occupational
diseases and other ailments related to work [Paskaw Rcitto 2002].
Therefore, top management should be well-managegbaoy, and above all,
pay attention to safety aspects.
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Aim and materials

The aim of this work is to check the status of gational health and safety
at the plant fruit and vegetable processing. Fdriesing the developed
questionnaire was used, which was carried out antbatly executives and
lower-level employees. The survey contains 30 dqouest grouped
thematically. Questions relate to, inter alia, treahnd safety training,
protective clothing used, risk assessment.

Analysis of results

When assessing the safety of the employees welgiggest problem with
the assessment of information flow. Although mamsgand direct
supervisors informed about the risks, preventivasuees in the workplace,
inter alia, through posters, leaflets, safety sigrerds, risk assessment,
workers believe that the internal communicatiowesy poor. Only 42% of
survey respondents commented that the flow of imé&tion is correct. In
accordance with Article. 237 of the Labor Code jtng training in health
and safety is the responsibility of the employerd aihe employee's
responsibility is the need to participate in thdsmnings. Observations
indicate, however, that the health and safety itngimre carried out at very
different levels, often are not preserved any sdess in this area, and it
conducts staff is not prepared in substance andnoammeet the needs of
trainees. With time, this situation causes an @&&eein negative attitudes to
training and the increasing reluctance. It is wontbting that although
employees are aware of the need to receive traimadth and safety, it is in
the study only 53% of people declare that they rebex and distinguish
between the training completed, while the remaindi&% of respondents
could not indicate what training accomplished. mother study addresses the
theme of the block of personal protective equipmemiuding clothing and
footwear. This issue is extremely important frone thtandpoint of both
safety and hygiene of the employee. Properly usexsopmal protective
equipment to reduce the level of occupational r&sid in some cases cause
the accident risk and the risk of occupational ases is reduced to an
acceptable level. The results of this study indidaiat all respondents - the
workers were aware of the need for personal prieeuipment (protective
clothing, footwear, earplugs to protect againstapi

On the basis of questionnaires and received ansteespme questions
could be assumed that health and safety rulesersetected plant fruit and
vegetable processing are not followed. However, omyn observations,
discussions with management, employees of the isg@ervices indicate
that the company has developed and implementedysaf@nagement
system, systematically carried out training and plence with the
procedures and provisions. Lack of understandinghenpart of employees
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may result from the downplaying of OSH. Employeesndt pay attention
that the system safety management and occupati@adth and functioning
properly there, but you do not want to obey him.
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Introduction

Weed management is a major issue in agriculture.efactive weed
control is absolutely necessary in order to achisatsfactory yields and
appropriate gains. In this concern, herbaceousvagdtable crops are two of
the most sensitive sectors [2]. Promoting the sumide use of
agrochemicals is a recent issue of the EuropeanorUniDirective
2009/128/EC). In this respect, both the “alterreitiequipments (for instance
the machines for physical weed control) and theemea@pplications of
precision farming may play an important role [14P,

The European Project RHEA (Robot Fleets for HighBffective
Agriculture and Forestry Management) fits into tloisntext and aims to
realize a fleet of autonomous aerial and ground il@obnits for crop
protection.

RHEA Project: an overview

The RHEA Project (Robot Fleets for Highly Effectivigriculture and
Forestry Management) is an UE funded (within tfleFP) research project.
The leader of the project is Prof. Pablo Gonzalefdntos of CSIC (Spain).
The project started in 2010 and involves 15 Eurogestners (universities,
research centres, spin-off companies, private pnses) allowing to have a
synergic support from different technical, engimggr agronomic
competences such as robotics, informatics, farmhimary, weed science,
telecommunications etc. The project aims at desgmiealizing and testing
an autonomous and robotic system able to perforth bleemical and non
chemical weed control in herbaceous crop and pestapplication on fruit
and forestry tree canopy. This important goal carobtained by means of a
robot fleet, including ground and aerial units, kmg closely together. Each
unit will be equipped with a detection system andaatuation system, and
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work in three different scenarios: precise appiorabf herbicides in wheat,
physical weed control in maize and pesticides appbn on olive tree
canopy.

The aerial mobile units will be based on quadrgtatsich will be able to
acquire relevant data (images and videos from fthkl)fand to send
important information to a base station and thaigdomobile unit, like the
localization of weed patches. The ground mobilg,uhat is the same for all
the operative machines, will be based on an orditractor, powered by a
37.5 KW engine. It will be equipped with specifiensors for the automatic
guidance, the weed-crop discrimination, weed dgressessment, etc.

This work takes into account just one scenario amds to describe the
machine designed to perform mechanical and thewmaatl control in maize,
which will be realized at the University of Pisa.

The machine for physical weed control in maize

This machine will be equipped with rigid elementy fshallow soil
cultivation between the rows and couples of burrfersselective in-row
flaming, as maize is tolerant to thermal shock (Fegl).

Crop plant

= Main frame

Entire central foot-goase rigid element

[ “L" shaped lateral rigid element
| Burner

Half central foot-goose rigid element

45m

Figure 1. Sche‘me of the machine for precision paysiveed controi' in maize. Detail of the
fold frame (top box) and of a couple of burnerstitom box).
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In order to enhance the precision of the treatnitet,hoe will be equipped
with directional wheels connected to an electrooie detection system. The
thermal treatment will be performed only in casenafed detection by the
perception system, while the mechanical treatmeihbe always performed
(Figure 2).

weed detection

i o s SN

row detection

s —
NG

Directional-steering wheel for precision hoeing

Figure 2. Scheme of the perception and actuatistesyof the ground mobile unit.

The LPG dose per surface unit (hence the intensiheat transfer) will be
adjusted according to the level of weed canopy,ciwhwill be detected
separately in the different bands where the burwdr®perate. The working
width of this machine will be 4.5 m. This measuoeers 6 inter-row spaces
of 0.75 m each. The frame of the machine will belifg in three parts
(Figure 1). The operative machine will be providéth 5 entire hoeing units
(each working 5 inter-rows strips 0.5 m wide) amb thalf hoeing unit
(working 2 inter-rows strips 0.25 m wide). Eachlteaall till the soil at a
depth of 4-5 cm by means of one foot-goose cemtnghor and two “L”
shaped lateral sweeps. The thermal weed contraioentire rows of the
crop will be ensured by six couples of 25 cm widé burner. The flame will
hit just the weeds growing in the “in-row” spacedahe lower, heat-tolerant
part of the crop plant. Thus, weed detection wdlrieeded just to perform
precise weed control in the rows.

Final remarks

This project will last until 2014 and the machinél Wwave to be ready by
the end of 2013. However, this machine will repnésegood opportunity for
the farmers in order to lower the use of herbiciaed give an “extra quality”
to their production.
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Introduction

In Poland about a dozen species of leaf minersramteereal and locally
they might occur in high abundance [Walczak 199Hjose leaf miners
include flies belonging to thé&gromyzidaefamily. The species are very
similar to each other and identification is sometnpossible only based on
the male genital structure [Beiger 1989, 2004].iTtwdespread occurrence
contributes to a reduction in leaf assimilationfsce. Leaf miner larvae
mostly damage first - flag and second leaves. Fggldirva damage leaves of
winter wheat and reduces the yield parameters. Ilyotteey cause losses of
economic significance. Effective methodology oftpasemical control have
not been developed till now. Studies carried oufiaspin terms of integrated
methods of cereal protection have shown that a gwadtical method of
indicating time of chemical control against thessstp is controlling the
number of adults trapped on yellow traps [Walcz@@9.

The aim of the study was to determine the harm&drod leaf miners and
their species composition on winter wheat.

Methods

Monitoring of cereal leaf miner flights in winterheat was carried out at
two locations on Wielkopolska district (BaborowkodaStupia Wielka) in
vegetation seasons 2009/2010 and 2010/2011.

In order to determine the dates of the treatméni&gs necessary to catch
adult flies. The researchers used yellow 25 x 40sticky traps placed on
three control plots to catch the adults. The tnapse attached to stakes so
that they were right above the crops. All trapsenegplaced once a week.
The average number of flies caught in the threpstnaas calculated. The
inspections, which were designed to determine tinaber of stalks with
damaged leaves, were conducted in the selecteds abpwinter wheat.
Results were expressed as the number of minepestalks analyzed.

To determine the abundance of leaf miners on exyial plots, and
selected wheat plantations located in the proximitythe experiments in
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May, leaves with visible larvae or pupa inside weodlected for breeding.
The collection enabled the researchers to obtaagines. Mines on the
winter wheat leaves which were typical for partesuspecies were identified
using a key [Beiger 2004]. In addition, the specidentification was

conducted based on the male genitalia [Beiger 1989]

Results and discussion

Catching of leaf mining flies in the year 2010 wasducted between
April 12 and June 14, and in the year 2011 betwAgeni 11 and June 13. In
2010, the presence of first leaf miners was foumes$ fon mid-April. In the
week, with maximum flights the average number afgtd pests per yellow
trap was 65.7 in Baboréwko and 30.3 in Stupia Waelk 2011as in 2010,
the presence of first leaf miners was found fliasnad-April. In the week,
with maximum flights the average number of caugkstp per yellow trap
was 71.3 in Baborowko and 39.7 in Stupia Wielka.

In 2010 on some plantations were observed on agei@adg.5 mines on
100 analyzed stalks, and in 2011 to 9 mines onab@lyzed stalks (Table 1).
In 2010 and 2011 the number of leaves damaged &y ener larvae
decreased in comparison with previous years; irY 200average to 16 mines
on 100 analyzed stalks were observed. One majepneanay be differences
in weather conditions in the surveyed years. Inyéar 2009 because of low
humidity and soil leaf miner flights was delayedeTlong and cold winter
2009/2010 and 2010/2011, and spring frosts havé&ibated to the later to
come in of pests on crops of winter wheat.

In 2010 a total of 100 winter wheat leaves, wdhvée or pupas inside
the mines to be bred in a laboratory, were coltkct€here were 78
specimens bred to the pupa stage, while 67 spesimeacthed the imago
stage. Additionally, from among the miner leaf Egvand pupa collected for
breeding, three parasiticelymenopteraalso reached the imago stage
(Table 2). In 2011 a total of 167 winter wheat kegvwith larvae or pupas
inside the mines to be bred in a laboratory, welkected. There were 136
specimens which were bred to the pupa stage, WRilespecimens reached
the imago stage. Additionally, from among the mifesaf larvae and pupa
collected for breeding, three parasitigmenopteraalso reached the imago
stage(Table 2).

In 2010 and 2011 a total of 267 winter wheat leawéth larvae or pupas
inside the mines to be bred in a laboratory, welkected. There were 214
specimens which were bred to the pupa stage, WRBifespecimens reached
the imago stage. Additionally, from among the mifesaf larvae and pupa
collected for breeding, six parasititymenopteraalso reached the imago
stage(Table 2).
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Adults bred in a laboratory were determined to msebased on the
construction of male sexual apparatus mir@romatomyia nigraon the
identifiedllofeing species:
Chromaomyia fuscula Poemyza superciliosaThey were the dominant
species during the study.

It was also discovered that the species composibbigromyzidae
damaging the winter wheat, changes in particularsieThe results differ
from the results of the previous research (Walci&©8), where the

basis of morphological

features

mines

dominant species weRhytomyza nigrgMg.) andAgromyza ambiquéFll.).

Table 1. Number of mines the leaf found on expenitaleplots of winter wheat in 2010

and 2011.
) Average
Place Year Date Cultivar number of
mines
Stupia Wielka 18.05 Bogatka 12
2011
Baboréwko 17.05 Banderola 6
Stupia Wielka 21.05 Bogatka 5
2010
Baboréwko 21.05 Alcazar 4

Table 2. Number of sampled leaves and obtainedgsjffiZes, parasitic hymenopterans in
laboratory rearing in 2010 and 2011.

Number The
Bred to Bred to | number of
Place Year of leaves .
the grub stage the fly stage| parasitic
collected )
Hymenoptera
Baborowko 43 26 25 1
Stupia Wielka 57 52 42 2
Total 100 78 67 3
Baborowko 50 38 33 1
Stupia Wielka 117 098 87 2
Total 167 136 120 3
Total
267 214 187 6
(2010,2011)
Conclusions

1. Research reported damaged crops in the form ofanine

2. Monitoring of leaf miners flights was conductedrfrd\pril to June in the
years of research.

3. In the year 2010 and 2011 the number of leavesagathby leaf miner
larvae on the winter wheat plantations was simdad significantly

decreased in comparison with the results obtain&d07.
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4. Dominant species on winter wheat crops in yearseeséarch wereCh.
fuscula, Ch. nigrandP. superciliosa., Chruscula.

5. Based on the research and literature data, theespeomposition of
Agromyzidaelamaging winter wheat in particular years varies.
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Introduction

In order to comply with the goals set in the EU dotive 2009/28/EC
Poland will have to reach the 15% electric energgre from renewable
energy sources (RES) in 2020. Around 90-95% ofghare is going to come
from solid biomass co-fired with coal and lignitethe main-network power
stations. These two fossil fuels are crucial to Radish energy security and
therefore will continue to play an important roteyiears to come. Co-firing
solid biomass is a low-risk RES strategy for Poldné to the utilisation of
the existing technical infrastructure. It is alsovexry cost-effective RES-E
(electricity generation from RES) technology. Ofrigas energy crops
available, especially perennial energy crops asfulislue to such merits as
good energy and carbon balance, high carbon segtiestand low nitrogen
leaching.

It has been calculated that the 90% biomass sh&R&S-E will require the
total cultivation area of perennial energy cropsabbut 1 million ha [3].
Since the total area under perennial plantatioosrigently about 10,000 ha, a
very rapid growth will be necessary to meet thagaltion. There are plenty
of factors uncertain or unknown but essential figr successful realisation of
such a large-scale venture. One of the all-imporissues is an exhaustive
knowledge of the economy of energy crops productiatal to decision
making. This is especially of great consequenceiaw of the fact that the
investment in perennial crops poses an immediatenauic burden
associated with long-term commitment and delayaams. The international
experience shows that twofold actions are implesttd encourage farmers
to switch a part of their land to this activity. government support for
plantation establishment is combined with a fixedce for biomass
purchased by power plants. In an era of governniemis with a high
opportunity cost, it is of primary importance tadute farmers to produce
desired quantities in the least costly way. In othwrds, the financial
support level and the price level should be effitiebalanced. This is what
the theory has to say on the matter.
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The DSS concept

In order to meet this challenge, that is to filetknowledge gap on the
extent to which the Polish farmers would actualbnsent to grow energy
crops, the Institute of Soil Science and Plant iCatlion - State Research
Institute (IUNG-PIB) plans to publish in the Intetna spatial DSS for the
evaluation of biomass-production penetration irtte existing agricultural
systems. The framework of the DSS (with all inhemrandels and software)
was developed at the Agricultural University of Atfs. It was tested initially
on the local data acquired from farms of the Kaaliprefecture (Thessaly
district).

Problem-processing engine (PPE

Dis-
aggregation

Spatial data | _|® fields
® crops
Feature datg _|e yields

® crop prices

Browser

- Language layer

o Map (focus area)
e Drop boxes(energy crop, price scenario)
@ Input box (energy crop price)
® System

- Presentation layer . Farm model

® HTML code e one-field supply curve
® JavaScript code points

- Aggregation

o one-farm supply curve
points
o multi-farm supply Texts table
curve points

Spatial data
database

N Model
parameters

Results from PPE and text output

i

Figure 1. Data and information flow in the Web-DféEbio-energy projects evaluation.

The DSS has the conventional, model-driven architec[1], comprising
four components (subsystems): a language layerreseptation layer, a
database and a problem-processing engine (Fig.hg Bnguage and
presentation layers are integrated into one intertapable of handling both
feature and spatial data and information. The uyither concept for
connecting the interface with the problem-procegsmgine is on-the-fly
disaggregation and aggregation of data. The usgm$bewith a scenario
building: she selects a focus region (an admirtiggaunit or a collection of
such units) from a map and enters some global reatata (e.g. the target
energy crop and its price). Then a simulation castarted. The user-entered
spatial data are disaggregated in the problem-psiog engine - the farms
lying in the focus region are selected from theabase to create a collection
of data used for further processing.
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The basic level for calculations is the farm leve, the level on which the
real world decisions are made [2]. By the samendke core model of the
problem-processing engine is the economic modeltha farm. The
investment decisions in energy crop cultivation aesolved for each
individual field of the farm upon taking into acatduhe opportunity cost for
the field. For opportunity cost calculation suchnfadata as business-as-usual
crops, estimated yields, production costs, pricesleenefits from promotion
policies are used. The model finds an optimum datigor each farmer
based on the profit maximization subject to theveht constraints. From the
results calculated and spatially aggregated thenengenerates a potential
assessment of biomass supply from the focus rewmnunning a number of
simulation experiments some tendency in (hypothBtif@armers’ responses
can be determined with regard to energy crop @ititm at given prices. In
fact the problem-processing engine changes theporgplan so as to obtain
the optimal crop mix for each energy crop and risepentered by the user.
All fields under crop on the farm or in the coliect of farms are taken into
account, including business-as-usual crops andetiergy crop. In one
presentation option the changing cropping planresgaiarious prices of the
energy crop is output in tabular form so that congoams can be made.
Another option is generation of graphs of supplyves (energy crop
quantity versus its price) for any collection oput data, from a single farm
up to a collection limited only by the availabiliof data. And, since most of
the results have spatial context, every point om shpply curve can be
visualized in a corresponding map.

The key factor that determines the usability of ib&ults is the preparation
of the data. In the original DSS the test data vpeepared from a survey of
70 representative farms in the Karditsa prefect@rep suitability maps were
used for business-as-usual crops (tobacco and aihveventional crops
comprising the observed crop mix) and three alter@aenergy crops
(sunflower, cynara and sorghum). The purpose ofsihaulations was to
evaluate the feasibility of ex-tobacco growing farta switch to energy crop
cultivation. The data introduced later made it gaesto build more complex
scenarios - crop plans with such crops as wheaizenaotton, tomatoes,
white beans, alfalfa, and many more.

Polish pilot DSS version

The Polish counterpart of the DSS will be initiafed a pilot area. High-
resolution maps (grid up to 30x30 m) will be usedagroclimate, soils and
water resources. Production costs will be calcdlatgsing detailed
technology models and sample farm data. The ad¢guisof sufficiently
detailed survey data for all the country is hanibgsible. However, one way
of resolving the problem is to construct farm madgl], representative of
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particular regions and taking into account the llooeganisational and
technical nuances. From the models the economa @t be acquired and
used for the development of mathematical functibosn which the data
necessary for the DSS operation can be derivecheifiyt. Whatever the
solution to the problem of data, it is essentiat@wer as much of the area as
possible, so that the implications of policies potimg biomass production
can be studied with the aid of the tool.
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Abstract
Using nozzles presenting a poor spraying qualitythe application of

Plant Protection Products in agriculture increabespotential risks of the
environmental contamination and decreases the diaab efficacy of the
treatment. The spraying quality of nozzles is ctim@gzed by such
parameters as: flow rate, individual pattern (spr@yangle, coefficient of
asymmetry, etc) and transverse distribution untderktoom (Coefficient of
Variation). Studies on nozzles are conducted cenisig the requirements of
ISO standard 5681-1:1996. However, it should besstd that separate
measuring devices are necessary to determine fieeedit parameters of the
spraying quality parameters of the nozzles. Morgoweorder to check the
working characteristics of the nozzles in a prattigzvay, one should
remember that nozzles are usually fixed on theyspriaoom.

At present, very complex, multi-sided activitiese aindertaken on the
organizational and technological levels, which ainapplying pesticides in a
precise way. Organizational factors are principatiynected with theoretical
preparation (training) of the operator on the penfance of these treatments,
but in a manner that would motivate to practicatlgserve (apply) the
principles of good plant protection practices. Ohe tother hand,
technological factors, related to the improvemdnthe construction and the
mandatory periodic inspection, will determine thechnical state of the
equipment for plant protection. In our opinion, aiectually very important
factors is the good choice of nozzles, and alsoprameters measured to
evaluate the performances of these nozzles.

The methodology followed during the study is toedetine and measure
the performances of each single nozzle, registesehparameters in a
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database and finally enlarge the results by computgcessing. The basic
measured parameters of each single nozzle are Ithe rite and the
individual spray pattern measured on a 50 mm grdaable (according
5681-1:1996).

?R

=
|
I -
e

Figure 1. Device for complex measurements of afitical nozzles (sc-hematic)
. Water reservoir and filter of pump,

. Pump in hydraulic arrangement,

. Manometer,

. Flow-meter,

. Nozzles container and telescopic liquid feegstesn,

. Groove table,

. Measuring (electronic) device with computer.

~No ok~ WN PP
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| S .
Figure 2. Device for complex measurements of agitical nozzles

The computed processing allows determining thestrarse distribution
of the whole spray boom under a virtual 100 mm geabtable. The process
allows also determining the best sequence of pigttia nozzle on the boom.

Testing device for complex measurements of agdcaltnozzles is
presented on Fig. 1 and Fig. 2.
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Introduction

Greenhouse crops are one of the most innovatorynebes of modern
agriculture and it is envisaged for them to exparme and more in future,
especially in areas with unfavourable climatic ddods. They are one of the
highest man-made forms of agricultural activity,cdnese of the intense
technological and bio-agronomic inputs in confingadrtions of the
agricultural environment (Scarascia Mugnozza, 1995)

Energy consumption is one of the main cost factorscommercial
greenhouses since high amounts of energy are wsegrdenhouse climate
control in order to obtain good yields and highlgudKorner et al., 2004).
The conventional greenhouse heating systems sdpipben fossil fuel have
a strong negative impact on agro-ecosystems (Stanslsignozza, 1992).

Energy necessary to heat £ of greenhouse area ranges from 500 to 2700
MJIm? yr, depending on the site, the cultivated plants, gheenhouse
covering and the level of climate control.

The use of fossil fuel for greenhouse heating hasgr impact on the cost
and environmental sustainability of vegetable podidun.

The recent raise of prices of energy produced ffossil fuels has further
increased productive costs of horticultural pragdatultivations.

Many efforts have been made to reduce greenholsgyeronsumption
in greenhouse climate control, while interest hasently been aroused in
alternative energy sources, which include reneweahbirgy sources (Vox et
al., 2006).

Renewable energy sources are particularly apprepteaensure optimal
microclimatic conditions for the growth of greenkeucrops and provide a
major impetus to the ecological conversion of gheerse heating systems
(Ozgener, 2005; Scarascia Mugnozza, 2009). Inciigext, the greenhouse
heating with geothermal heat pump result to be weryenient in terms of
environmental and economic (Ozgener, 2010; Adagd.£1999).

Aim of the research was to assess the potentitlleobystem in terms of
energy production, efficiency and economy.
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Materials and methods

The performance analysis of integrated photovol@and geothermal
systems for greenhouse heating was investigategh iexperimental study
carried out at the University of Bari, Southerryita
Two experimental greenhouses with the same geamairdl constructive
characteristics (Fig. 1), have been realized, oh¢hem heated and one
unheated for comparison.

A 7.2 kW low enthalpy heat pump (Fig. 2) combinedhwa 120 m
vertical double U-bend ground heat exchanger wasalied in order to
satisfy the thermal energy demand of 4&ingle plastic skin greenhouse.
The electrical energy for heat pump operation wvigied by an array of
photovoltaic panels with a pick power of 1620 W.

The main physical and environmental parameters werasured over the
winter period in order to analyze the energeticfggarance of the above
mentioned integrated system for greenhouse hegigg3).

Figure 2. Heat pump and boiler.

Figure 3. Heating system inside the
greenhouse.

Particularly the thermal energy extracted from sbé, the electrical energy
adsorbed by heat pump, the internal and extern@endiouse air
temperatures, the plant working fluid temperaturesre measured and
recorded continuously by suitable sensors connéotadlata logger (Fig. 4).
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Figure 4. Heating system water temperatures onaigriy 2011.

Results

The heat pump turned 1620 kWh of electric energys480 kWh of
thermal energy during the three winter months ofkiva (from December
to February). In the same period the photovoltaiegbs produced 2226 kWh
of electrical energy. Then the electric energy nexql for heat pump
operation was supplied entirely by photovoltaicedan

The obtained results showed that the use of gentiesources integrated
with photovoltaic panels can supply the total hegatenergy demand of
greenhouse. The 75% of the thermal energy (4860)kNMés provided from
the soil with an economy saving of 40% comparethétraditional heating
systems.

The difference between the heating greenhouse bhedekternal air
temperatures was 6°C; moreover the difference l@iwlee heating and not
heating greenhouse air temperatures was 8°C (Jig. 5
As well know, due to the phenomenon of nocturnatrial inversion the air
temperature inside the not heated greenhouse wsshan the external one,
then the use of the heat pump has been usefultbosivoid the nocturnal
thermal inversion and to increase the air tempegatiside the greenhouse.

137



V International ScientifiSymposium
"Farm Machinery and Process Management in SustdaAbriculture" Lublin, Poland, 2011

25

20 / \\
Ty / \ External air
s - =
=15 2~ N temperatures
S 7] = \
= ) 4T~ Heating areenhiouse air
g Py N\ ~ eating greenhouse ai
=10 S s temperatures

.o
2 =L v w4
E] bk TE e Y- -l = = o Not heating greenhouse
= 5 - air temperatures
0
O O O O O O O O O
) ) F 9O .S kN o Ky N
O N\ S > BN =N S
Hour[h]

Figure 5. External and internal greenhouse air &zatpres on January 1, 2011.

Discussion

The obtained results clearly show that the greesd@mergy demand can
be effectively, efficiently and ecologically satet by the realized
experimental system.

The coupling of heat pump with photovoltaic parelewed to decrease
the CQ emissions and to save primary energy of fosslsfue
The environmental benefits of the realized systeihbe evaluated by life
cycle assessment in the next step of the research.
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Introduction

Perennial plants, i.eSpartina pectinataised for energetic purposes, are
the most exposed to competitive influence of waadae £'and 29 year of
growing. A huge difficulty in the production of biass ofS. pectinatglants
is the lack of appropriate recommendations condeetgh a chemical
regulation of weeding at the moment of setting uplantation and in the
following years (Rola et al. 2006). The biggestetis for theS. pectinata
plantation are the existing weed species: annua parennial ones,
monocotyledons and dicotyledons, which in someeexé&r cases can lead to
liquidation of such a plantation. Monocotyledonogiecies, i.e.Elymus
repens, Agrostis alba, Setaria glauésghinochloa crus-gallor Apera spica-
venti, because of belonging to the same familypapectinata- Poaceaeare
especially strenuous and difficult to eliminate K®ewski et al. 2010).

The aim of the research was the evaluation of chdwrbicides with
respect to selectiveness and effectiveness indsdarexisting state and the
degree of overgrowing with weeds of tBepectinatgplantation.

Methods

The field research was held in years 2009-2010hatS. pectinata
plantation using the random blocks method in 3tiepes on the fields of 25
m? each. Three herbicides were tested in the reseadthvere applied in the
phase of 2-3 shoots and 3-5 leavesSofpectinataPhytotoxicity of tested
herbicides was evaluated with the bonitation metfipd4 and 28 days since
the moment of application the herbicides definihg state and type &.
pectinataplants harm on the 8%ale comparing to the control object, where:
1- no reaction while 9- totallgamaged. The state and degree of overgrowing
with weeds of the plantation was evaluated at tbgiriming of vegetation
with the quantity method giving species and a numihgcs/nf. The weed
control on the fields was established on the bakithe estimated analysis
done 3-4 weeks after application of herbicidesjngivthe obtained result in
percentages.
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Results

All of tested herbicides which were usedSnpectinatglantings caused,
in the first week after the application, visiblengytoms of phytotoxicity
effect in the form of leaves chlorosis. In the doling week these symptoms
were still visible (Shado 300 SC herbicide), andha case of the Maister
310 WG herbicide the symptoms were intensified. SEheymptoms totally
receded only in the case of the Zeus 208 WG helbidfter next two weeks
the chlorosis of5. pectinatdeaves was not observed after applying every of
the herbicides. The herbicide Maister 310 WG wasxreption and after
applying it, there was 25% growth restrain sustajnio the end ofS.
pectinataplant vegetation (tab. 1).

Table 1. Phytotoxicity effeatf herbicides ors. pectinatdmean from 2009-2010).

Treatment Dose per ha T‘”.’e O.f F(1:9)
application "A ' T™U [Aug| U [Agg| U
Untreated - - 1 b 1 b 1 b
Zeus 208 WG 0,3 kg T-3 1-2 ¢ 1 b ] b
Shado 300 SC 151 T-3 4-5  ch 3 ch 12 b
pe i | S0 | e |wz| | 29| B w2 e

F - phytotoxicity to herbicides in"&cale where: 1 - no reaction, 9 - totalgmaged;
U - type of injury; b - no reaction; ch - leaf chdsis; zw - growth inhibition;

A - 7 days after herbicide application;

A4 - 14days after herbicide application;

Azg) - 28 days after herbicide application;

T-3 = development stage 2-3 shoots (3-5 leavés pectinata

The best results in the regulation of overgrowinghwweeds were
achieved applying the Maister 310 WG herbicide. sThoreparation
effectively limited the existence dEchinochloa crus-galli, Chenopodium
album,Viola arvensisandGeranium pusillumThe effectiveness of two other
herbicides (Shado 300 SC and Zeus 208 WG) wasfisigmily weaker. It
resulted probably from the specificity of these pamations and from a
limited spectrum of effectiveness with respect tasttng weed species
(tab. 2).
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Table 2. Effectiveness of herbicides rpectinatglantation (mean from 2009-2010).

Weed control [%]
Treatment

D T ECHCG| SETVI | CHEAL | VIOAR | GERPU| POLCO
Untreated
[no. per sq. ] (10 | @5 | ® | 10| @ (6)
Zeus 208 WG 0,3kg T-3 71 68 58 72 72 69
Shado 300 SC 1,5 T-3 81 57 78 85 77 77
Maister 310 WG +| 150 g
Actirob 842 EC 2,01 T-3 92 & 83 86 80 64

D - dose per ha; T - timef application; T-3 = development stage 2-3 shd8t$ leaves ofS.
pectinatg; ECHCG -Echinochloa crus-galjiSETVI - Setaria viridis CHEAL - Chenopodium album
VIOAR - Viola arvensisGERPU -Geranium pusillumPOLCO -Polygonum convolvulus

Discussion

Results achieved during the conducted researchegrtwe possibility of
applying practically all tested herbicides in thkemical regulation of
overgrowing with weeds of thé&. pectinataplantation. According to
Miziniak (2008), Rola et al. (2009), the basic gesb in this type of research
is the choice of appropriate herbicide accordingst@electiveness (or lack of
it) not only in regards t&. pectinatglant but also to other plants grown for
energetic purposes, i.&alix viminalisor Miscanthus x giganteugccording
to Rola et al. (2006) plants used for energetippses are the most sensitive
to the herbicides effect in the phase of forming sprouts and leaves. The
author of this article is of a similar opinion. Rbipxicity effect of tested
herbicides in regards 6. viminalisor M. x giganteugplants was stated also
in the previous research which, however, after & feeeks, since the
moment of application, receded (Skrzypczak et @082 Sekutowski and
Rola 2009, Sekutowski et al. 200®)ccording to Skrzypczak et al. (2009a,
2009b) mechanical removal of weeds on the energédicts plantation is
possible but only to a specific developmental ph&iseéhe opinion of this
thesis’ author, this method is unprofitable on leigglantations because in
the vegetation season, a few mechanical operatimnst be done, which
significantly increase the costs of the plantapootection. The alternative to
the mechanical method seems to be applying of gppate herbicides. This
is the reason why the author of this work doesareseon a wide scale which
aims to test and introduce to a wide agriculturalcpce as big number of
herbicides as possible, which will be effective asafe not only forS.
pectinataplants but also for other species, iS&.yiminalisor M. x giganteus.
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Conclusion

Unfortunately, in the available professional litera there is only little
information connected with the usefulness of hédes to protectS.
pectinataplantation. Because of this fact, in a further pecsive, it seems to
be natural that a bigger number of herbicides maltested and introduced in
adequate systems of chemical regulation of weendse@sing effectiveness)
similar to those, which are applied successfullyother plant cultivations.
Using herbicides in such systems can be taken cotwsideration in the
herbicide protection of mass production plantatiohgnergetic plants such
asS. pectinata
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Introduction

The efficiency of agricultural production can be asered in energy
consumption. In the organic farming system the gyefficiency rate is
highly dependent on the applied technology anddtops obtained [Hill
2009, Stawiski 2010]. According to Szeptycki and Wojcicki [Z])0 the
efficiency of energy inputs in agriculture is influced, among others, by: the
type of production and its intensity, the level michanization, applied
technology and production organization. The eflestess of technology
should be considered in the link of rotation whigtof particular importance
in the system of organic farming, because the efféorganic fertilization
and applied agronomic treatments lasts severalsyelre evaluation of
effectiveness cannot be limited to the analysisidividual treatments but it
should be considered comprehensively in the fidlesproduction process.
The aim of the study was the analysis of energysamption in link of
rotation: winter rye - potato in system of orgafaiaming.

Methods

The study was conducted in 2008-2010, in north-evasPoland, in 10
organic farms. Potato crop of early varieties waghese farms’ growing
structure every year. In all farms a forecropgotato was winter rye grown
for grain. Cultivation was carried out in similaataral and productive
conditions, mainly on soils of class llla and IMEarms were self-sufficient
in terms of equipment including means of mecharnatnd did not use the
services from outside. Cumulated energy consumptbmucture was
presented individually for separate streams of gghemnd for agronomic
treatments performed in the implemented technotodimergy consumption
of materials and energy value of crop was defimetheégajoules (MJ) based
on rates of specific energy consumption [5]. Enegfiiciency rate (E) was
calculated from the relation between energy valuerap (R w GJha') and
energy expenditures incurred for its formation {?NGJha'). The collected
data was presented as a 3-year average and wasdetduthe area of 1 ha.
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While estimating the productivity, plant crops werenverted into cereal
units (1 trye = 10 c.u., 1 t potatoes = 2.5 d2i.)

Results

The productivity of link of rotation: winter rye potato, formulated in
cereal units converted to 1 ha, amounted to n&lg.u. per year (Table 1).
This value depended mainly on the productivity ofgto (73%). Grain and
straw yield of winter rye was 27% of productivitiyanalyzed link.

Table 1. Productivity of link of rotation: winteye - potato (the average in the years 2008-
2010.

Cultivated species Winter rye Potato Link of raiati
Main crop [tha'] 2.15 18.7 -
Secondary crop ‘a’] 1.89 - -
c.u-ha’ 24.3 65.5 89.8

Potato production in organic system involves thedn® incur more than
2.5 times energy expenditures than the cultivatadnrye. Bulb yield,
however, carries a large energy potential, but @idgut 90% higher than
rye. Comparing the obtained energy value of cropthe expenditures
incurred on its formation, it was found that ryecisaracterized by definitely
higher energy efficiency rate than potato. Highrgpeefficiency rate of rye,
at a lower (than potato) rate of energy consumptiocreases energy
efficiency of link of rotation and reduces its egyeconsumption rate (Table
2).

Energy expenditures incurred to produce 1 ceretlinrink of rotation:
winter rye - potato averaged 390.8 dd’. Obtaining 1 cereal unit in rye
cultivation needed a consumption of nearly 409 MJpotato cultivation-
384.2 MJ.

Table 2. Selected elements of the energy assesshénk of rotation: winter rye - potato
(the average in the years 2008-2010).

. Link of
Energy beam Winter rye Potato rotation

Energy expenditures [MJ-Tia 9935 25163 35098
Energy value of main and secondary crop 22743 45034 67777
[MJ-ha']
Accumulative energy profit [MJ- Hj 12808 19871 32679
Energy efficiency rate 2.29 1.87 1.93
Energy consumption rate 0.44 0.56 0.52
Energy consumption rate per unit 408.8 384.2 390.8
[MJ-j.zY
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Conclusion
1. Productivity of link of rotation: winter rye - pdtadepends mainly on
potato yielding.
2. Rye has a definitely higher energy efficiency ithi@n potato.
3. High energy efficiency rate of rye, at a lower (thaotato) rate of
energy consumption, increases energy efficienciyinéf of rotation
and reduces its energy consumption rate.
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Abstract

As everybody knows the international standard conicg the
management of the food safety is the norm PN-EN 22000:2006 "Food
safety management systems; the requirements fanation throughout the
food chain" [3]. Applying this norm is very wide thoin the food chain, as
well as generally in all companies cooperating wiie food industry, in
particular it applies to manufacturers of the agtigal produce, fodders,
primary products, manufacturers of the food proslucperators of the
transport (logistic and transport companies), tmganies providing storing
services, wholesale companies, subcontractors afiomed above, zones of
the retail market (shops, supermarkets), zonesad Services (restaurants,
bars, catering), to producers of machines and dsyipackaging materials,
cleaning products, elements and the additional tanbs, pesticides,
fertilizers, medicines, dietary products and orgations providing services,
etc.

The food safety management system is an instrulmging supposed to
help food business operators to achieve the haytdstd safeties of the food.
The norm PN-EN ISO 22000:2006 is a document comginequirements
concerning not only implementing, but also funcingnhand improving of
management system directed at providing the saig i the customers [3].

Taking all these to the attention and considerihg place of
agricultural producers in the food chain it mayréasonably assumed that:

1. implementing the food safety management system dmcudtural
producers, this is the action consisting in venfyfunctioning of the
agricultural producer to requirements determinethennorm PN-EN
ISO 22000:2006 [3],

2. submitting to the voluntary certification, consigjiin the evaluation
conducted by the independent certificating unit awhfirming
fulfilling the requirements of specific standard biwing a suitable
certificate and leading the supervision of thidiGeate, in the period
of his importance,
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3. maintaining and improving the food safety managednsgstem by

agricultural producers.

If in actions associated with the first and thitehn agricultural producers
can get the help both on the part of the univerfigal governments or other
non-governmental organizations, in the scope ofsémond item they must
individually pick it up decision on the submittiog the certification. Taking
into consideration, that the activity of agriculilproducers can be led in the
form of groups, so-called groups of agriculturabgurcers, which are acting
pursuant to the regulations of the act from 15 &aper 2000 about groups
of agricultural producers and their associationd almout the amendment of
other acts [1], then it is possible to apply theugr certification. The group of
agricultural producers is then treated as the pialtsite [2]; in this case the
group of agricultural producers is receiving a ifiedte for activity
conducted by the group as the entrepreneur, withmenating all group
members undergoing the certification.
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Summary

The scope of the paper covers the entire produamrpglocated in the
Silesia province, more precisely six individual nfer aimed at the milk
production belonging to this producer group. Thepscof work included
production year 2009/2010. The land resources ofesed farms had the
range 28.50-78.00 ha of cropland. Farms affiliateddiscussed producer
group very willingly benefited from EU structuralrfds. The greatest interest
was the Rural Development Programme (RDP) for 22@6, from which
not benefited only one farmer.

Table 1. Investments implemented in the framewdikld funds (since 2004).

No. Specification Holdings
Average 1 2 3 4
1 | Tractor 1.00 1.00 1.00 1.00 1.0(¢ 1.0p 1.0
2 Large press 0.50 0.00 0.0q 1.00 1.00 0.00 1.00
3 Mower 1.00 1.00 1.00 1.00 1.00 1.00 1.00
4 | Combine 0.00 0.00 0.00| 000 000 000 1.00
harvester
g | Stellar 1.00 1.00 1.00| 1.00| 1.00 1.0 1.00
rummage
6 Rotary rake 1.00 1.00 1.00 1.0( 1.0p 1.00 1.00
7 | Selfloading 1.00 1.00 1.00 1.00 1.00,  1.00 1.00
trailer
8 Straw cutter 0.00 0.00 0.00 1.0( 0.0p 0.90 1.00
Investments in technical facilities from fundingrin the EU funds [thousands ParnY]
9 Value of investments 549.28 320.80 710,00 380.40 4.684| 300.00| 800.0(
10 The ya]ue of EU 288.99 | 176.72| 355.0( 220.00 382.25 230j00 400.00
subsidies

The RDP intended for subsequent years (2007-20H3) wged by three
farmers. Also, three farmers carried out activitiesler Sectoral Operational

! The work was performed under research grant NA.3\N&9 040
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Programme (SOP). The purpose of the use of EU fumdke surveyed
holdings was the modernization of park machinerpbschase of machinery
and tools listed in Table 1. Investments in thedpcer group was at the
average level of 549.23 thousands FaNn'. The value of funding
investment took out on average 289.99 thousandsfBi.

Farmers, in connection with the Polish accessionh® European Union,
have taken numerous measures to improve the wosgkidgperation of their
farms. As declared, in all the farms improved pidguality and animal
welfare conditions, as well as increased the nundfeherds. Partially
producers decided to increase the area of the &srnvell as legalizing the
leases. Each of the let fulfils the EU requiremerdggarding the management
of manure. In addition, farmers belonging to thecdssed producer group
willing to use the free training provided mainly bihe Agency for
Restructuring and Modernisation of Agriculture (ARM and the
Agricultural Advisory. The subjects of these megsirare very diverse and
focus on food safety, operation of producer groapd cross compliance
rules.
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Abstract

It has been possible to pelletize Wood-Miscanthustures (12.5 — 25 & 50%) without
modifying production process settings of a softwpetlets plant. Pure Miscanthus material
tested in the same conditions has led to unstabtelugtion, mainly explained by
hammermill overfeeding. The unstable productiors Heen identified as the main
responsible factor of the low quality of pelletogaced with pure Miscanthus for these
trials. The pellets produced were tested in a 25Hdiler and compared with agro-pellets of
various origins: winter barley straw, rapeseedvstreeed, old hay, Miscanthus, & wood
pellets. During the trials, HCO, CQ, CH,;, SO, and NQ emissions were measured. The
flue gas chlorine content was also determined haddata were linked to the specifications
of the fuels used. Trials showed that pure agrtefsetio not reach the combustion quality of
wood or wood-Miscanthus mixes.

Keywords: pellets, miscanthus, solid biofuels, wood, mixtyreysical properties,
combustion, emissions, straw, agro-pellets

1. Introduction

Wood-burning technology is well established, esgibcior pellets. The market for
pellets is growing rapidly as well as industriadamon industrial scales; and the
European demand may outstrip the raw material reesuwithout importing as a
consequence. It is an important issue to idengfiy biomass resources.

Another consideration is that farmers are lookimg hew outlets, notably by
producing crops for energy. However, agricultunaducts are reputedly not ideal
for fuel use, as several studies have shown [3, 2].

Trials have been setup already to study pure agiletp production, especially
Miscanthus. These studies have demonstrated dhismaterial does not lead to
specific problems regarding pelletizing [5, 2]. eFpellets could then be considered
as an interesting output for this agricultural déiécation. But the effects on
combustion of raw material from agricultural origire known. On one hand these
products lead to slagging and fouling due to agitesd and composition. On the
other hand the chlorine and sulfur content leatbxic and corrosive emissions [3,
6, 7]. Consequently, it has been suggested the ofisedditives to mix with
agricultural raw materials, as limestone for ins@fB]. Indeed some additives are
known to improve the combustion behavior, especidde ash melting. Another
possible way to improve the use of these diffically materials is to mix it with
wood, in order to dilute the impact on combustion.
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The first objective is here to evaluate the infleef the Miscanthus proportion on
the physical and mechanical properties of the predupellets. The measured
values are compared to the limit fixed by the Eempstandard EN 14961 (parts 1 -
2 — 6) [9,10, 11], with following question to answ&Up to what proportion may
Miscanthus be added to wood without exceeding d$irgiven by these documents
and changes in the process?” Trials have been rpatb on five “wood —
Miscanthus mixtures” in an industrial pellets protion line. Additionally, this
study has for objectives to describe the influen€eMiscanthus proportion on
variability of the assessed properties.

The second goal is then to characterize the pratipeiets combustion behavior
and to compare it with pure wood and pellets matfietber agricultural raw
materials. It therefore appears useful to charaetemissions (especially NO5OQ,
and CI) from specific resources and to link ithe physical and chemical properties
of agro-fuels that affect their combustion emissiohhe tests described here were
conducted in a small scale boiler (25 kW) in ortdebe representative of domestic
use or closed-circuit use by farmers (likely tonfsedium or low power).

2. Material & Methods

2.1. Pelletizing trials on wood-Miscanthus mixes

a. Raw material mixtures preparation

Five mixtures have been prepared in sufficient arhea insure at least one hour
pellets production. About one ton raw material besn prepared for each mixture.
Miscanthus proportions were (in mass) 0%, 12.5%8/0,250% and 100% - pure
Miscanthus. Mixture were prepared prior to theegipents and stored in big bags.
For the trials, the big bag was unloaded directlythe production chain, just
upstream the hammermilling step.

b. Pellets production chain

Pelletizing trials have been performed on a commaitwood pellets production
chain. The process is characterized by followirggpst raw material delivery, dryer,
material mixing, hammermill, hopper, screw, pepet¢ss (6 mm diameter, 45 mm
length), cooler, fines sieving, packing.

Production parameters were kept unchanged foriteetésted mixtures. Not any
problem had to be noticed during processing, extieppure Miscanthus material.
In this case, overfeeding of the hammermill hasnbebserved, which induced
unstable press feeding. The hammermill overfeediag be explained by a higher
coarseness of Miscanthus particle size distributtompared to other mixtures.

c. Sampling

Raw material samples were taken just upstreaméhet press. In order to reduce
the impact of sampling schedule and to avoid p&itgdeffects, samples were made
of six subsamples taken within two minutes. Tem naaterial samples were taken
for each mixture at intervals of 6 minutes.

Ten pellets samples were taken downstream the rcaaithin one hour at fix time
intervals. Pellets (and fines) samples were mafldwo successive 6 liters
subsamples.

d. Physical, mechanical and chemical properties

All the used procedures and methods to determiperdiv material and pellets
properties are the ones listed in the EuropeardatdrEN 14961 [9]. Samples were
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divided using riffle and rotary dividers.

The raw material mixtures were characterized rdggrthe ash content, moisture
content and particle size distribution after mdlinMinor and major elements have
been measured for pure wood and Miscanthus onlyenttal content of mixtures
were calculated based on pure raw material coatghtomposition.

Prior to properties measurements, pellets and ineseparated and the fine content
is stated. Additionally the fines ash content easured for each mixture.
Measurements on pellets were performed for: dutal§iDU in %), particle density
(PD in g/cm3), length and diameter (in mm), groawific value (GCV in MJ/kg),
moisture content (MC in %) and ash content in %.

2.2 Combustion trials

a. Pellets raw material

Beside the mixed wood &Miscanthus pellets produteebugh the production
experiments (2.1), 4 other agricultural crops pel{produced by a prototype pellets
press) have been used for combustion trials. Audit raw materials were: Reed,
old Hay, winter Barley straw & rapeseed strabable 1 shows the various fuels
tested and the name used below to denote each fuel

Table 1. Raw materials tested and replicates (n).

Tested Fuel Name n
0% Miscanthus / 100% wood wood 2
12.5% Miscanthus/87.5% wood misc 12.5 2
25% Miscanthus / 75% wood misc 25 2
50% Miscanthus / 50% wood misc 50 2
100% Miscanthus / 0% wood Miscanthus 1
Reed reed 1
Old hay hay 1
Winter barley straw winter barley 1
Rapeseed straw rapeseed 1

b. Pellets properties

The tested pellets properties are shown in Tabl@h2 pellets properties were
compared to those specified in the EN 14961-2 afiN{@4961-6 (wood and non
woody biomass pellets standards). It appears ofasie components comply with
standards specifications except Cl and S conteuntaliity varied from 90% to
98% according to the production method. Moisturateot leveled around 10%
except for Miscanthus, reed and hay, where it vigisen. Agro-pellets ash content
was higher than wood pellets. Lastly, fines accedirfor no more than 1% of the
material except for 100% Miscanthus.

All the produced and tested pellets complied wite tEN 14961-1 standard;
regarding the maximum length proportion (Less th#nof the pellets were between
40 and 45 mm long).

The fines content (particles under 3.15 mm) rarfgaah 3.2 up to 9.8% for pellets
made of agricultural raw materials. Pellets contej wood never exceed 2% fine
content.

In addition, it has to be noticed the high sharesroill and broken pellets (length
small than the 6 mm diameter). Pellets made ofcalgural residues have a
proportion of such particle ranging from 20 to 65%ellets containing wood are
under 5% regarding this property.
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No conclusion may be drawn regarding the influeoicéhe raw material origin on
the length distribution of pellets. Indeed mosttbé agricultural pellets were
produced by a prototype press while Miscanthusepelivere produced by an
industrial press having settings prepared for woodlllevertheless the length
distribution of the produced pellets has been ctmred has acceptable to be used in
combustion trials.

——02
—=—C0

— 02

0 10 20 30 40 50 a0 70 80
testduration (min}

Figure 1. Length distribution of pellets used for Figure 2. Q, CO and C@oncentration over time
combustion tests. Miscanthus shares in the Wogghin) in the Winter Barley straw test.
Miscanthus pellets are stated in percentage after

the misc abbreviatiorBC: rapeseed straw, PE:

winter barley straw, VF: old hay, R: reed

c. Boiler
An HS Tarm Multi-Heat multi-fuel boiler was usedrfthe tests. This model is
suitable for burning (agro) pellets, cereals anadavohips. The nominal power of
the boiler is 25 kW. The nominal efficiency is 86%. It is stoked automatically via
an auger. Ash is removed manually. Between 7 andyXdf pellets were burned per
trial (see table 3 for test sample size and burnorglitions).
d. Measuring Equipment
The installation diagram of the equipment usedlese trials is provided in Figure
6.Two measuring lines were set up for the purpdskei® study.
The first line being dedicated to §0CO, CH, NO, CQ and Qconcentration
measurements in the flue gas. The following eqeipmvas used:
« Vacuum pumpto keep an isokinetic sampling rate throughouttiad
s Peltier coolerto condensate water content prior to gas analysis.
s Peristaltic pump:to remove condensates to prevent liquid enterirg dhs
analyser.
 Filter paperback-up filter to keep dust out of the gas analyser
« Rotameterto control the sampling rate. The water circulatiate in the boiler is
thus known and averaged 368 I/h.
« Gas analyserdo analyse the gas $0CO, CH, NO, CQ and Q content. The
analysers first have to be calibrated using a stahgas.
+Magnos 6Goxygen analyser (Hartmann & Braun):for continuousasurement
of the oxygen content of gas mixes in ranges fraim 800% Q by volume.
+Uras 14 infrared absorption analyser (Hartmann &auBi):the Uras 14
continuously measures @O, CH, and NO in gas mixes.
+Fuji infrared gas analyser: this device continupusakasures the CO and €0
concentration in a gas in ranges from 0 to 10% ddynae (CO) and 0 to 20% by
volume (CQ).
« Data Loggel(Testo 350 454):used to record the data& transterthe computer
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The oxygen concentration during the trials varieof 11.3% to 14.5%. CO was the
most prevalent element, amounting to nearly 2,3@0mhat 13% O2 in the case of
winter barley straw whereas the Belgian standaet(& published on 12/10/2010
[2]) is 5,000 mg/m3 in 2011, 3000 mg/Nm? in 2012:20and 1,500 mg/Nm?3 from
2013 to 2016.

Figure 2 shows the 02, CO and CO2 concentratiomecduring the winter barley
straw pellet test.

The second measuring line was dedicated to chl@oeneentration determination in
the flue gas. The following equipment was usedH@ purpose:

« Vacuum pump: to maintain an isokinetic sampling taroughout the trial.

« Flow meter: to control the sampling rate.

« Gas washing bottles (4): used to trap chloride iarffue gas by passing the gas
through water in order to measure the concentratamtording to the ISO 10304
standard. Chloride concentration resulting from loostion was determined by
relating the gas flow rate through the washinglestio the flue gas flow rate.
Parallel to the washing bottle set a Pitot tube inatalled to measure the flow rate
ofthe sampled flue gas. TheP (dynamic pressure) measured by the Pitot tube
averaged 0.0095 hPa.

Flue gas & water (in & out) temperature were meeduoy thermocouples and
PT100 sensors. The IN: water temperature was bat@&eand 39°C and the OUT:
water temperature ranged from 35 to 57°C. The eésialue is a boiler IN / OUT
temperature differenceT) of 20°C. A maximum variation of 12°C in relatian
the desired value was observed during the tests.fllie gas temperature varied
106°C and 122°C (Table 3).
S o

= e

. 'iJCJ‘Fe SZ'S'I"ypéll Figur 4. Tpe 2 Figure 5. Type 3
The slag was classified in three different typesaoqualitative basis (visual). The
first case, called Type 1 (Figure 3) contained a&imm slag. In the second case,
Type 2, (Figure 4) some slag formation was obserasily, the third case, Type 3,
(Figure 5) is in between type 1 & 2 and containable slag designated as ‘pre-
slag’. This was removed from the core of the botlegether with the ash and
therefore caused no problems.

Table 2. Pellet composition and element contertt véigard to CEN/TS 14961 2 & 6 - B:
wood. M 12.5: misc 12.5; M 25: misc 25; M: misc; R: rea&f: hay; PE: winter barley;
PC: oilseed rape - Type 1: Ashes; Tpslag; Type 3: pre-slag

Material B M M 25 M 50 M R VF PE PC
12.5
Moisture (%) 9.5 10.0 9.6 8.1 204 217 117 125 131
Ash content (%) 0.9 1 1.2 1.7 2.6 55 6.1 5.2 5.8
Durability (%) 98.0 98.0 979 98.0 90.5 91.3 952 939 898
Net density (g/cm3) 1.3 13 1.3 1.3 1.3 0.8 1.2 0.9 1.2
Fines (%) 07 07 1.2 1.3 14.8 0.9 0.3 1.0 0.9
GCV (MJ/kg) 20.23 20.12 20.01 19.79 19.36 18.84 18.70 18.68 18.81
N (%) 008 008 0.09 0.11 0.14 102 121 057 069
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Material B M M 25 M 50 M R VF PE PC
12.5

C (%)* 51 505 49 48 47 46 46 47 48
H (%)* 6.3 6.3 6.2 6.15 6.1 5.8 5.9 6.0 6.0
O (%)* 42 42 42 42 42 42 40 41 41
NCV (MJ/kg) 16.86 16.86 16.81 16.91 16.45 13.98 15.23 14.94 14.96
Cl (mg/kg) <100 <100 <100 <100 <100 2600 5700 3300 1500
S (mg/kg) <500 333 4655 731 1262 1200 1400 970 2800
Na (mg/kg) 21 333 4563 70.25 1195 300 180 340 160
Si (mg/kg) 125 189 253.75 382.5 640 1100 7200 8200 2300
Ca (mg/kg) 1426 1408 1389.5 1353.5 1282 3600 4600 4800 1100
K (mg/kg) 387 459 531.88 676.75 966.5 1000 1700 1500 1100
Mg (mg/kg) 1815 191 201 2205 2595 800 1300 600 790
Cd (mg/kg) <05 <05 <05 <0.5 <0.5 <04 <04 <04 <04
Cr (mg/kg) <8 <8 <8 <8 <8 63 28 50 31
Cu (mg/kg) <5 <5 <5 <5 <5 53 42 37 66
Zn (mg/kg) <100 <100 <100 <100 <100 32 24 8.1 12
As (mg/kg) <08 <08 <08 <0.8 <0.8 0.38 0.3 0.26 0.21
Mg (mg/kg) <10 <10 <10 <10 <10 13 1.0 0.7 0.6
Hg (mg/kg) <0.05 <0.05 <005 <005 <0.05 <0.05 <0.05 <0.05 <0.05
Ni (mg/kg) <10 <10 <10 <10 <10 12 18 2.5 4.3
Slag type 1 3 3 3 2 3 3 3 3

*: Characteristic value according to standard EN B49- 1, i.e. not measured in trial
Val: Value conforming to grade WP Al according to CENIBES61 — 2
Val: Value not conforming to grade WP Al according to CEN14961 — 2
Value not conforming to any of the CEN/TS 14961 quélity classes
Val: Value conforming to CEN/TS 14961 — 6
Val: Value not conforming to CEN/TS 14961 — 6

Table 3. Test Characteristics.  Average flue gas temperature, t° in and t° outr(tboiler inlet
water temperature; t° out: boiler outlet water termggere), Flue gas flow rate (Q), Chlorinated water

volumes in washing bottles, Quantity of fuel bur(iey)
Substrate Flue IN water OUT water 6T Q Total Qty pellets
gas t° t° t° volume burned
) W) (C) (C)  (Nm3¥s) () (kg)
wood 110.23 20.74 53.58 32.84 0.0176 0.847 10.000
misc 12.5 110.23 35.79 54.93 19.13 0.0154 0.914 7.648
misc 25 108.90 39.06 57.48 18.42  0.0109 0.935 8.787
misc 50 119.84 34.09 56.70 2261 0.0120 0.900 8.202
misc 100 129.46 27.49 53.65 26.17 0.0132 0.850 9.968
reed 113.28 19.09 4581 26.72 0.0175 0.856 10.080
hay 99.56 16.58 38.75 22.17 0.0159 0.832 10.002
winter barley 113.88 17.99 44.40 26.41 0.0168 0.822 9.997
rapeseed 117.17 20.42 47.76 27.34  0.0162 0.826 10.080

e. Data recording

All the above mentioned data were recorded at diB@sinterval and recorded by

the data acquisition computer. The data were aeeraghen the boiler was

operating at full speed, i.e. for 30 minutes. Therage test duration was 1 hour 41
minutes.

For each fuel, ash content was determined accotditige Belgian standard ‘Solid

Biofuels - NBN Ash Content Determination’ CENT/T87/5 (January 2005).
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Figure 4. Combustion test equipment layout.

f. Reference Concentration
Following data acquisition the element concentrat{dlO, CH, CO, etc.) was
expressed in ppm or mg/m3. The results were rediecad 13% oxygen content in
mg/m3 (Table 4).
The conversion formula used is shown below.
[mg/m?] = [ppm]*a
where o =0.717 for CH

a=1.25for CO
o =1.44 for NO
(21 —13)
[MA/M3ef 1o 13%07 [mg/m?’]*{21 —[02])

The SQ and CH concentrations were the lowest between 0 and 8hindNO
concentrations varied from 50 to 290 mg/m3. Ladtiy, CO concentrations ranged
from 30 to 2,300 mg/m3.

The quantities of SO CH,, CO and NO emitted per kg of pellets burned were
calculated (g/kg) from the mg/m3 concentrationsieflgas volume (Nms3) and
quantity of pellets burned (kg).

Table 4:SQ, CH,, CO and NO concentration at 13% O

Substrate SO CH, Cco NO
Ref. conc. 13% O2 (mg/m3)
wood 14.06 0.00 189.98 144.09
misc 12.5 1281 29.09 1193.24 51.18
misc 25 10.16  13.18  799.95 74.56
misc 50 1399 1.94 143.16 107.99
Miscanthus 47.44  0.10 30.38 155.52
reed 57.05 2.32 1140.80 311.68
hay 20.15 5.05 1439.24 318.88
winter barley | 36.88 16.42  2271.60 176.95
oilseed rape 3733 331 417.47 253.41
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g. Combustion Efficiency
The combustion efficiency was 90% overall (Tableljvas calculated by a method
derived from European standard EN 15378. The faanmsushown below. Factors A
and B in the formula refer to the fuels. For thexsidered pellets, the values of
0.765 and 0.000 have been considered for A anddpectively.

Eff = 100 - losses

With losses = (‘ﬁle gas™— tooxidizer) * (

A, B = fuel-specific factors

Table 5.Efficiency of different agro-pellets.

Substrate Efficiency Substrate Efficiency

% %

wood 92.9 reed 91.7

misc 12.5 89.1 hay 91.3

misc 25 91.2 winter barley 89.1

misc 50 84.6 oilseed rape 91.4

Miscanthus 89.5
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Abstract

It has been possible to pelletize Wood-Miscanthustures (12.5 — 25 & 50%) without
modifying production process settings of a softwpetlets plant. Pure Miscanthus material
tested in the same conditions has led to unstabtelugtion, mainly explained by
hammermill overfeeding. The unstable productiors Heen identified as the main
responsible factor of the low quality of pelletogaced with pure Miscanthus for these
trials. The produced pellets were tested in a 25ddiler and compared with agro-pellets of
various origins: winter barley straw, rapeseedwstreeed, old hay, Miscanthus, &wood
pellets. During the trials, HCO, CQ, CH,;, SO, and NQ emissions were measured. The
flue gas chlorine (content was also determinedthadiata were linked to the specifications
of the fuels used. Trials showed that pure agrtefsetio not reach the combustion quality of
wood or wood-Miscanthus mixes.

Keywords: pellets, miscanthus, solid biofuels, wood, mixtyreysical properties,
combustion, emissions, straw, agro-pellets

3. Results

3.1. Pelletizing trials on wood Miscanthus mixes
a. Raw material and pellets moisture content.
The raw material moisture content stays stabléhferdifferent mixture and is about
10%, which is appropriate moisture content for gigding process. The standard
deviation indicates variations of this parametehimi mixtures are low.

11 e =
e /-zrn/
6. 75!

o

Humidite

MP

——MCWPA&B

&o.05

[ 12,5 25 37,5 50 62,5 75 87,5 100
Miscanthus share (%) ° - S 2

Figure 5. Mixture moisture content prior ar Figure 6. Cumulated relative distribution
after pelletizingstandard deviation as error bai and quantile for particle size of the tested
—P+F : Pellets and Fines — MP : raw material — mixtures,prior to pellets press feeding — 100 -
MC WP Aé&B : class A and B moisture content 50 — 25 - 12,5 — 0 are the Miscanthus proportion
limit for the different mixtures.

Pelletizing process induces moisture content lgsshih is not surprising as the
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material is heated during the process. The vditialoif moisture content is higher

compared to the raw material variability for thisperty.

If pure Miscanthus is not considered, the moistoetent difference between raw
material and pellets seems to become higher fdnenidgliscanthus shares in the
mixture. But the moisture content of the produpetlets remains lower than 10%,
which is the limit stated in EN 14961.

b. Raw material Particle size distribution

After milling, particle size distributions are siani for all mixtures, except for pure
Miscanthus. If pure Miscanthus is not considef&®o (quantile 95) of the particles
have a size less than 1.8 mm. The median sizZeeddiistribution is about 0.7 mm.
The particle size distribution of pure Miscanthessmaller, 95% of the particles
have a size less than 1.7 mm and the median siabogt 0.6 mm. The thinner
particle size distribution of pure Miscanthus maydxplained by the overfeeding of
the hammermill that occurred for that material. pesticles remain longer in the
milling chamber particlesthey become thinner. Tbaild indicate the use of
Miscanthus to produce pellets should be suborditoapee-milling of the material or

to process settings modification.

c. Mixture content influence on pellets Durability

100

g P+F
2

% fines

o 12,5 25 37,5 50 62,5 75 87,5 100
Miscanthus share (%)

Figure 7 . Pellets mean durability for Figure 8. Fines proportion after cooling
different wood-Miscanthus mixtures. (but before screening) for different wood-
(Standard deviation as error barP+F : Pellets  Miscanthus mixturegStandard deviation as

& Fines — MP : Raw material — DU WPAL : cla: error bars)

Al durability limit — DU WP : class B durability

limit

The pure Miscanthus mixture has led to highly upistgproduction, if DU is
considered. Moreover, in this case, the pelletshaeical durability is low. This
low quality results have to be linked with problethat occurred during production
for that mixture. In consequence, it may not bactuwded the raw material as a
direct influence on the durability of the productiolndeed other hypothesis may be
proposed: the thinner particle size distributiormpared to other mixtures, the
unstable press feeding and the not adapted preetg®ys regarding Miscanthus.
The other mixtures lead to more stable productiod higher product durability.
This allows the classification of the produced @sllin class A1, if only Durability
is regarded.

d. Fines proportions
Except for pure Miscanthus (which produce up to 1fi%és) the fines proportion
after cooling is under 2% for all tested mixtur&lo comparison with EN14961
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quality classes has been done for this propertpetsts will be further screened in
a next step of the production.
e. Particle density

1,40 35

b 30 +— L —
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Figure 9 . Pellets particle density for Figure 10 . Ash content for increasing shares
different wood Miscanthus mixtures of Miscanthus in the raw material and in the
(Standard deviation as error bar). pellets producedStandard deviation as error

bar — n=10)- P+F : Pellets & Fines — MP : Raw
material — Ash WP A1, Ash WP A2, Ash WP B:
Ash content limits for classes Al, A2 & B,
respectively

Up to a share of 50% Miscanthus in the mixture gheicle density of the produced
pellets seems to increase as a function of theavitbais proportion. Pellets made
of 100% Miscanthus seem of lower particle densifich is most probably a
consequence of the unstable production of this urext Further trials should
include a 75% Miscanthus mixture, which would confithe influence of the
Miscanthus proportion on the particle density.

f. Ash content

Not surprisingly, the ash content increases agviiseanthus share. No significant
difference between ash content of raw material thiedproduced pellets has been
observed, for any of the tested mixtures. Thiscetgs there were no segregations
between Miscanthus and wood

g. Gross calorific value
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= 2=
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Figure 11 . Gross calorific value dependir Figure 12. Gross Calorific Value (MJ/kg)
on the Miscanthus share in the mixture.  plotted against Ash Content (%).

The higher the Miscanthus proportion is, the lother gross calorific value is. This

is explained by the higher ash content of the médwontaining higher share of
Miscanthus.
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3.2. Combustion trials

a. Interaction between Properties of Test Fuels

The tests clearly illustrated the interaction (R¥4) between the gross calorific
value and the ash content (Figure 7).

These interactions have already been shown mangstim the literature (for
instance: [1]).

b. Combustion related Parameters

CH, and CO Emissions

Both, CH, and CO are combustion quality indicators, the d@igh the concentration,
the combustion is the poorest. The Lt¢bncentration scale (Figure 13) is much
lower than for CO (Figure 14). This is because meghforms upstream of carbon
monoxide. The observation in Figure 8 thus shoves G, concentration rising
exponentially in the flue gas as the quantity ofoddn the mix increases. This is
confirmed by Figure 14, but the observation hashbesn explained. On the other
hand, the high CO and Gldoncentration from the winter barley pellets ishably
attributable to incomplete combustion because eftiort length of the pellets

Figure 13. CH4 emissions in combustion Figure 14. CO emissions in combustion flue
flue gas per kg of pellets burned (g/kg) for gasper kg of pellets burned (g/kg) for the
the different substrates. different substrates.

c. Fuel related Parameters

NO Emissions

Figure 14 shows the NO emissions for each fuel. Jiiestrate composition, and
especially the nitrogen (N) content, affects sigaifitly NO emissions (R 79% —
Figure 15). This has already been shown, notabjg]in

a5
H 4,0 | y=2,4776x +0,8576
” 2= wood
= —35 | R*=0,7889
54 < miscl2.5
X zo0 ® .
= @ misc25
(=) 25 misc50
= .
= 20 1y misc100
3 [ S— reed
= \
g0 hay
winterbarley
0,5 76 + oilseedrape
0,0

10 15 20 25 30 35 40 45 o0 02 04 06 08 10 1,2 14
FuelN (ma/ka)

Figure 15. NO emissions in combustion flt Figure 16. Average NO Concentration in
gas per kg of pellets burned (g/kg) for the flue gas (g/kg of pellets burned) according
different substrates. to substrate N content.
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Reed was the only substrate to deviate from stanghr 14961-1 (Table 2). This is
confirmed by the observation in Figure 15.

SO, Emissions

The SQ emissions are shown in Figure 17. The observatreperted in [3]
concerning the strong effect of the fuel S content SQ emissions were not
confirmed by the here described tests (Figure TBg moisture content appears to
affect the flue gas SOvalues more significantly than the S concentra(iBigure
19).

0,8
i 0,7 F---mmmmmm el e wood
misc12.5
1 e 5 )
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B 0,5 forme o mmmmm oot » misc50
o ¢ misc 100
Do e
20,
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Figure 17. Flue gas S@missions per kg o Figure 18. Average flue gas $0

pellets burned (g/kg) for the different concentration (g/kg of pellets burned)
substrates. according to substrate S content.
0,3
07— y=3,8523x -0,1961 r—ewood =
06 -— R*=10,6038 o |©&miscl2.5
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< 04 misc 100
S es @
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Figure 19. Flue gas S@oncentration (g per Figure 20. Flue gGas Glischarge per kg
kg of pellets bBurned) trend according to fu of pellets burned (g/kg) for the different
moisture content. substrates.

CI Emissions
Chloride concentrations (Figure 20) were of theesander of magnitude as the SO

concentrations.

Surprisingly, wood emitted more than the Miscantmiges, although the pellets
complied with EN 14961-1. The four agro-pellets dimt conform to pre-standard
prEN 14961-6 in terms of fuel chloric concentrat{@able 2).

Slag production

Miscanthus was the only fuel to induce slaggingp@) (Table 2). Wood produced
none (Type 1), and all the other fuels produceusble clinker (Type 3).

Pellet behavior with regard to slag formation dg@epends on the mix, as shown
by [3,4]. Slag formation is thus linked to varyiogncentrations of silicon, calcium,
potassium and magnesium.
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5 Conclusions

It has been possible to pelletize wood-Miscanthustures without modifying
production process settings of a softwood pelléastp Pure Miscanthus material
tested in the same conditions has led to unstaisléuption, mainly explained by
hammermill overfeeding. The unstable productioidéntified as main responsible
factor of the low quality of pellets produced wijtlire Miscanthus for these trials.
These results suggest that pelletizing wood — Mibees mixtures may be done on
softwood pellets production plants, without modifyiprocess settings.

The unstable production observed with pure Misaantihaterial prevents to drawn
any conclusion regarding the possibility to pefletthat material. Especially it has
been shown possible by previous studies. Howévierdicates the process settings
(e.g. hammermill design) have to be adapted torttaéerial. Or the Miscanthus has
to be prepared prior to delivery. The better aptghould be indentified after
assessment of the overall efficiency of the pracess

Concerning Miscanthus shares up to 50% in softwémhwing observations have
been noticed. The Miscanthus share seems not liteirfe the durability of the
produced pellets, lead to higher particle dengiigher ash content, lower gross
calorific value, and seems not to influence thégpelength distribution.

The measurement performed during these trials hayidighted the sulfur content
of the produced pellets is high, without being peatmtic. This was surprisingly
not the case for chlorine, which was measuredwatléwels in the product. Trials
should be repeated and further setup to deterninehich extend agricultural
practice (harvesting or conditioning) could enhalndeiation of these elements.

The combustion trials allow confirming the relabip between NO emissions and
the fuel N concentration. However, the tests did olearly show a similar
interaction with S. The tests could indicate th@, missions may be affected by
the fuel moisture content. This remains to be comdd. The complexity of
combustion and the many interactions between thanpeters involved is thus
confirmed.

The agro-pellet material that performed best inssion terms was old hay. Reed,
on the other hand, is less recommendable beingregsically the worst polluter.
Moreover, the reed pellets did not conform to featues according to the prEN
14961-6 standard.

Results for the wood-miscanthus mixes were goodativd aking into account the
pellet composition and compliance with the EN 14B@4standard, the 12.5%
miscanthus - 78.5% wood sawdust appears to bedsiecompromise, except that
the combustion parameters were less good (CO ctmaten very much higher than
with the other mixes). The combustion parameteesefiore need to be adapted to
the fuel. The 25%-75% or 50%-50% mixes can be recended. The
100%Miscanthus pellets are not recommended becdiiise amount of slagging.
However, on completion of these two series of driaghe results are fairly
encouraging for the future, regarding both agréepebnd wood-Miscanthus mixes.
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Introduction

One of the most crucial elements of plant protecisoefficient monitoring
of pests and diseases occurred on the agriculplmats. Providing correct
signalization and advisory service, one has to rebeg that in terms of first
appearance or in developmental stages of pestségise significant
differences, sometimes 3 weeks, are observed betdidferent regions of
the country. Within voivodeship regions these défeces reach 2 weeks, and
about 1 week within the county. Moreover, at theasaglace (one village —
different plantations) a few days differences oftpeor diseases appearance
can be observed. The main purpose of regional l&giian is determining
the optimal time of chemical control on the specgiantation which gives
opportunity to reduce the costs, number of chemicaehtments and
subsequently risk of environmental pollution

Methods

Taking into consideration the demand of producecs &ccurate
information regarding optimal chemical treatmeset$is and determining the
necessity of their performance, diseases/pestenaigmonitoring since 2005
at the Plant Protection Institute has been progidirhe results are published
on the Institutes’ website (www.iorpib.poznan.pinder “Sygnalizacja
Agrofagow” (Pests/diseases signalization) (figure 1
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Figure 1. “Regional signalization” web page.

Except information about first appearance and dexelopmental stages the
above website provides information regarding pastsdiseases biology too.
Such information helps the producers estimate theividual situations on
the field.

Results

During vegetation season 2010 observations wereiged in 12 places
(1. Baboréwko, 2. Stupia Wielka, 3. Winna Gora, Kbscielna Wig; 5.
Sdénicowice; 6. Chylice, 7. Boguchwata, 8. Nienadowl€a, Biatystok;
Nienaddéwka, Krzeczowice, Giluchoéw) in Poland Obsiéoma were
concentrated on: — powdery mildew, rust, cereal leetles, saddle gall
midges and aphids in cereals, late blight and edi@rbeetle in potatoes,
cercospora leaf spot, aphids, cutworms and beetflyugar beets.
As an example, field observation results aimed atvdery mildew
occurrence on winter wheat, in table 1 are shown.
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Table 1. Powdery mildewB{umeria graminid. sp.tritici) on winter wheat — 2010.

Date of | Develop- Places

obser-| mental| 1 [ 2 | 3] 4] 5] 6] 7] 8] 9
vation | stage % of winter wheat infected stalks
19th of | tillering 1% 1%

April
26th of | tillering | 5% 1%

April plants

treatmen
was done

27th of | tillering 5%

April
04th of | shooting 1% 19

May
05th of | shooting| 1% 20%

May time of

treatment

10th of | shooting 1% 1% 1%

May
11th of | shooting <50%

May time of

treatmen

12th of | shooting

May
14th of | shooting <50% | <50% <50%

May time of | time of time of

treatmenjtreatment treatment

17th of | shooting 30%

May time of

treatment

26th of | shooting 5%

May
07th of | earing 1%

June
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Summary: Lobelia inflataL. a native North—American species seems to possa$sus
pharmaceutically significant properties. The resutidicate the favourable effects of Mg-
fertilization and are in harmony with our previouasvitro andin vivo experiments. It has
been estimated that an established population catupe some 2.5 kg/ha total alkaloid
under Mg treatment.

Keywords: Indian tobaccdLobelia inflatal.), Mg treatment, HPLC, lobeline

Introduction

Indian tobacco, a native North American speciesnseto be a useful
medicinal plant that can be introduced in Hungappelia inflataL. belongs
to the orderCampanulalesto the familyLobeliaceae The plant itself can
reach the height of 60 cm, its stem is square-audnmoughly-haired, its
lower part is often red-violet coloured and antlayesd. Their leaves are
diffuse-positioned, mildly-haired.obelia inflataL. is an annual plant [1] but
biennial populations can be found, too.

The herb contains some 20 piperidine skeleton aital Its main
alkaloid is the lobeline that due to its stimulgtiaffect on the respiratory
centre is used in cases of gas- and narcotic pogolt is also used in anti-
smoking preparations [4]. Recently, significant ams of polyacetylene
compounds have been isolated from the plant (lobetobetolin and
lobetyolin).

Materials and methods

During the open field trials carried out in 2009tR0at the University of
West-Hungary, Agricultural and Food Sciences, wedud and Mg ground
and leaf fertilizers.

The nutrients were applied in the following methaaisd quantities:
untreated (control), 50 and 100 kg/ha N groundliiegts, and 50 kg/ha Mg
ground fertilizer. The propagation of the experitaéplants was carried out
by seed-sowing in the glasshouse, with seedlingtiplg. Sowing was done
in seeding boxes on the.6f January, 2010.
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After seedling planting, seedlings were transplantecell trays between
the ' of May and the 8 of May. The growing of seedlings in the glasshouse
lasted one and a half month. The spilling of théeNilizer (34%) onto the
soil was carried out at the previous day beforestheing. The planting was
done on the 1Bof June, 2010.

We planted out 27 plants (seed sowed and tissueredl alike) each
treatments. The significant damage caused by Spahig Arion vulgarig
in the first two days caused major problems indaee of the plantation. In
the course of care of plants we used mechanicatl veeatrol. Chemical
weed-killers were not applied. Some plants amorgy ttansplanted ones
develop seedstalk while others stay in the rogdtsse. The measuring of the
stock of plants was accomplished four times: 8,JulyJuly, 24 July and 1
August. In each treatment 7 plants were measuradt(peight, leaf length
and width).

The first harvesting was done on tH&d& August. Here we measured the
weight of biomass then the cut plants were dried shady and well-aired
place in the glasshouse. The weight of the biomassmeasured on the 30
of August.

The total alkaloid content was determined by thecspphotometric
method elaborated byWahmoud and El-Masry [3] and modified by
Krajewska[2].

Results and discussion

The analysis of total alkaloid content also unded the favourable
effect of Mg. The alkaloid content was highest iothb roots and above-
ground plant parts, as compared to the untreatattadcand N-application
(Figure 1).

Total alkaloid content of root and above ground plant parts

Oroot @above ground plant parts

1200

986
923
1000 791 870

S 800

S 1 488 490

% 600 450 389

£ 400 -

200 | .
0
control 50 N ground 100 N ground 50 Mg ground

fertilizer fertilizer fertilizer

treatments

Figure 1. Total alkaloid content (mg/100g) of raod above ground plant parts.
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The total alkaloid content abot: control 791 mg/100 g, 50 kg/ha Mg-
treatment986 mg/100 g, 50 kg/h&l-treatment: 923 mg/100 g, 100 kg/ha N-
treatment: 870 mg/100 g. The total alkaloid contnabove ground plant
parts control 450 mg/100 g, 50 kg/ha Mg-treatmé@0 mg/100 g, 50 kg/ha
N-treatment 488 mg/100 g, 100 kg/ha N-treatmentr8§2L00 g.

The lobeline content was highest in both roots abhdve-ground plant
parts, as compared to the untreated control angpleation except the 50
kg/ha N-treatment (above ground plant parts). Theline content ofoot:
control 515 pg/g, 50 kg/ha Mg-treatme@29.5ug/g, 50 kg/ha N-treatment:
533 pg/g, 100 kg/ha N-treatment: 565 pg/g. Theliobecontent ofabove
ground plant partscontrol 234 ug/g, 50 kg/ha Mg-treatmep81.2ug/g, 50
kg/ha N-treatment: 294,6 pg/g, 100 kg/ha N-treatni2bb.4 ug/g (Figure 2).

Lobeline content of root and above ground plant parts

Oroot Mabove ground plant parts

700 629,5

600 { 515 533 °65 |

500 1 |' |
> 400 - 294,6 — 281,2—
2 300 | 234 255,4

200

100

0 T T T
control 50 N ground 100 N ground 50 Mg ground
fertilizer fertilizer fertilizer

treatments

Figure 2. Lobeline content (ug/g) of root and abgraund plant parts.

Conclusion

Our observations indicate that the acclimatizatioh in vitro
micropropagated plants is a much more labour demgndnd delicate
process than the propagation by glasshouse trartspiaing.

The results indicate the favourable effect of Mgtieation and are in
harmony with our previousin vitro and in vivo experiments. The
determination of alkaloid composition and lobelzantent by HPLC (High
Performance Liquid Chromatography) has already l@@eomplished. With
respect to the lobeline content determined by HRiL€an be stated that
values of plants treated with Mg were the highestept the 50 kg/ha N-
treatment (above ground plant parts).
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Abstract

Seventy (70) agricultural holdings from the Bitlgor@ounty were
analyzed with respect to the amount of receivedsisids, farmland area
(FL), economic size and business earnings. Trafbons the basic source of
power in the analyzed holdings. Their number ang@aciy increased
together with the increase in the amount of thesilyp A considerable
increase in the installed capacity was noted affeeiving subsidies from the
EU, relative to the period without subsidies, a.threefold increase occurred
in subsidies between 100-150 thousand PLN. Thenbalaf the structure of
capacity shows that in the target year (after slibisig) an average of 61%
of the total installed capacity (kW) comes fromctaas, 15% from combine
harvesters and 24% from engines operating witheratiricultural holding.

The average level of installed capacity of tractarioldings ordered with
respect to the mean amount of subsidies was higraarounted to 68.1%, for
engines within the farmyard it was 18.8%, and @nbine harvesters it was only
13.1%. The level of installed capacity (kW-100"H&L) increased twofold in
holdings with smaller areas, of up to 10 ha FL @ld&W - 100 haFL) and this
trend continued for holdings with the lowest ecoimliwelihood and with low
business earnings. The share of tractors with actggexceeding 50 kW was the
highest in larger holdings with respect to theipremny and area, for the
economic size of 16—40 ESU and for the area of @kebFL it was 82.8 and
85.3%, respectively. It was found that in the taggar the installed capacity in
means of animal production (engines within the famd) was the highest in
holdings with the lowest and the highest amounsudisidies (67.5 and 77.6
kW-100 hd FL). Whereas in holdings grouped according tortaeea and
economic size the highest installed capacity waemied, respectively: in the
range from 3050 and over 70 ha FL (112.4 and [88/9.00 ha FL) and 8-16
and over 40 ESU (84.5 and 78.1 kwW-100 R&). This is due to the greatest
livestock levels in these holdings (LSU- 100 IF&; LSU —Livestock Wiit). In the
analyzed holdings, a high installed capacity withfiarmyard was caused also by
the fact that almost all machinery was permaneagigregated with electric
motors.
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Introduction

Larvae of lepidopterous insecAdrotis segetunDen. & Schiff.) and
(A. excamationid..) are common pest insects in Poland. Larvae taethe
foliage of the sugar beet plants and can complekelgliate and kill a plant.

A good knowledge of local pest population is esséfdr effective plant
protection, as the pest development can then lexdst and the treatment
can be timed accordingly. The day-degree modelaseth on the fact that
insect developmental rates depend on temperatlirtnfkects require a fixed
number of accumulated heat units above a lowerldereent threshold for
completing a stage [2, 3]. These heat units areergdg termed “degrees
day” and their sum is termed the “sum of effectermperatures” [4].

The turnip moth A. segetumm and the heart-and-dart moth
(A. exclamationisin Poland produce one generation, while the fumbth
can rarely have an incomplete second generatiorcordng to the
experimental data of Kozhanchikov [5], the turniptm requires a total
effective temperature of 1,080 for a complete generation. The lower
developmental threshold for the egg is’@Qlarva and prepupa°@, and
pupa 10C. The overall lower threshold for a single generabf the turnip
moth is 10C [6]. Larchenko [7] used phenological data andperature
indices of meteorological stations and establisiibd total effective
temperature for the complete development cycleA osegetunas 550 to
750°C at a threshold of 1X€. The lower developmental threshold
established by Merzheevskaja [6] for tAe exclamationisvas 12C. The
developmental threshold of the larva was 1T,legg -10.%C, prepupa and
pupa -11.6C. The total effective temperature required for ptete
development of the heart-and-dart moth was’@0@egree days.

Methods

The study was conducted from 2005 to 2008 in thgWksko-Pomorskie
regions and 2007 to 2010 in the Wielkopolska. Imagiof the cutworm,
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caught by means of light traps, are the subjedhefpresent study. Light
traps were installed in three locations: at Winr@aa3(52°12'N 17°27'E), in
Wiectawice (52°78'N 18°25'E), and PoangdPozna-Grunwald 52°23'N

16°54'E). The biological material for the researchadult moths — was
collected using light traps. Moths (males and fasjglcaught in the light
traps were controlled three times a week Traps werde during the time of
the pest presence (May-October). For sugar beeffigld experiments were
conducted in the growth phase from two leaves defblto the rosette
growth, being an equivalent of stages 12-38/3%énBBCH scale.

Rearing method was used as described by KowaldkanB Jakubowska
[9]. Experiments were conducted with segetunandA. exclamationisaken
from the live moths caught in light traps.

Insects were reared in the laboratory under cdettolconditions
(temperature: 17 + 1°C; 20 + 1°C and 24 + 1°C; gpetiod: 18L: 6D h; r.h.:
50-70%). Larvae were fed on the fresh leaves oaisbget and adults on a
10% sucrose solution. There were 10 individualstoerfor high-, optimum-
, low-temperature treatments. Observations on &ggd, egg incubation and
larvae development (from stagetb Ls) of both species were performed.

The cultures of both species were carried out undstrolled conditions,
and at the same time cultivation of cutworms wasdcated in field
conditions.

Based on previous studies and own observationsecoing biophenology
of cutworms, two assumptions were made for the gaepf determining the
date of chemical control, as follows:

- The date of chemical control is determined adogrdo the signalling

indications based on a control of the first mottight by means of a light
trap — using the previously applied method. Acawgdio Zach [10] when

more than one turnip moth is caught in a light taping one night, it is the
critical number that indicates to the beginningha mass flight. Then, 30-35
days have to be added to the date of the mass @iigh segetumand this is

how the optimum date for the pest control treatniespecified. However, at
the same time the value of the calculated heatfsurthe indicated number
of days must be controlled and compared with tHeegobtained in the
culture on the pests studied,

- The results of studies will be used after conifimgnthe moths’ flight based
on the control of the cutworms’ flight by meansadfght trap.

Both approaches should appoint a similar date stf antrol treatment.
The statistical analysis was performed using thaigdtt-line regression
method in order to examine the size and signifieant the influence of
temperature and humidity of the air on the develepi@ periods of
cutworms studied. Determined the relationships betwthe following six
meteorological characteristics are sought basedalues of the average daily
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temperature and humidity - for the period of indidra of eggs, hatching of
larvae and the entire developmental period of cutgo— independent
variables X) and duration (number of days) of those three ogeriof
development separately for each of tiNo¢tuina@ species studied - the
dependent variableg)([11].

Results

In the research period, in all air temperature esnghe development of
716 individuals ofA. segetumand 871 individuals oA. exclamationigin
total 1587 individuals of both species Nbctuinag@ was observed in the
controlled conditions, while as many as 320 indmald in total were
observed in the field conditions, in all years.

Based on the analysis of independent variablesdgividual ranges of
temperatures in the controlled conditions in teohsgheir individual impact
on duration of the studied developmental periodhef two studied species
and in the field conditions, it was found that:

- the sum of heat had a very significant impacttendevelopment of the two
species in each range of temperatures in the dlmatroonditions, while in
the field conditions on the developmentAfexclamationionly; in case of
A. segetunthe regression coefficient ranged from 69.1% 4€2é 99.9% at
20°C,

- the sum of effective temperatures had a veryifstgimt impact in case of
the two species in all ranges of temperatures lothe controlled and field
conditions. The identified regression coefficierdasMowest in case of the
development of\. segetunin the controlled conditions at the temperature of
24°C (32.4%), and in the field conditions farexclamationist was 39.9%,

- the sum of the humidity of air had a very sigrafit impact on the
development of both species examined. The calallagression coefficient
in all ranges of temperatures in the controlledditions, when contemplated
all together, fitted in the range from 80% to 0@&9%. Only in the field
conditions it amounted to 57.3% fAr exclamationis

Determination of sums of heat and effective tenioees for supporting
identification of dates for controlling cutworms tive sugar beet.

Table 1. Comparison of parameters determined ilyd¢laes of research for supporting the
determination of the date of pest control treatment

Number of days Heat sum of Effective Effective
of studied studied temperatures sum | temperatures sun
developmental developmental calculated for calculated for
Year - . . .
period of period of physiological zero fo average
cutworms cutworms eggs (10.5C) and physiological
caterpillars (11.%C) zero of 10.8C
2007 24.2 504.1 244.2 244.8
2008 24.8 501.4 237.3 237.7
Final result 25.1 501.1 229.2 230.0
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Application of research results for determining tbptimal date for
chemical pest control in respect of cutworms.

Table 2. Influence of the date of the chemical mr#tgainst toAgrotissp. Of the sugar beet
in 2007-2010.

Years Date of the Sum of heat of the Sum of effective Developmental
chemical control developmental | temperatures calculated stage
period cutworms for the average
physiological zero
10,9°C
Date of the treatment according to the signalling
2007 19.VI 602,1°C - L2/L3
2008 26.VI 627,7°C - L2
2009 22.VI 479,7°C - L2
2010 5.VII 588,8°C - L2/L3
Date of the treatment according to the phonologicétrion
2007 16.VI 544,7°C 250,4°C L2
2008 28.VI 644,3°C 241,0°C L2
2009 24NV 503,8°C 130,6°C L2/L3
2010 Vi 512,0°C 185,8°C L2
Discussion

Forecasting and controlling the development ofdievorms’ population
is very difficult because there is no correlati@ivbeen the number of moth
individuals caught and the number of caterpillanscoops. Therefore it is
very important do develop methods of forecastingl avaluating the
intensity of occurrence of thidoctuinaestudied. This issue was observed in
the end of the 1970’s [12]. A very important elemnkare is to identify the
moments of laying eggs and hatching of caterpillansis will allow to
improve methods of discovering first developmergtges of cutworms.
Rearing of the pest turns out to be very helpful tlis purpose. In the
literature there are many Polish and foreign papearsearing cutworms. In
Poland, rearing researches on heart-and-dart mfatrexclamationis and
setaceous hebrew character motkegtia c-nigrum were initiated by
Kowalska [8], who studied the impact of storing ®@md pupae of sataceous
hebrew character moth in low temperatures on thelity. For rearing ofA.
segetumandA. exclamationidor purposes of this paper the author used the
methodology developed by Kowalska [8]. Rearing oles®ons on cutworms
were kept worldwide since the 1960’s. Very helpiuére the papers of
Hariss et coll. [13, 14] concerning the impact emperature and relative
humidity of air on the development of individual vééopment stages of
Agrotis ipsilon Rivhay [15] observed the impact of photoperiod amation
of individual development stages Afrotis ipsilonin Israel. Reese et coll.
[16] studied the impact of various ranges of terapges and humidity on
duration of the eggs’ incubation and caterpillaggdwth. Results obtained
from rearing the two studied cutworm species in tbatrolled and field
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conditions allowed identification of these meteogital factors that have
impact on the development of the studied mothserature indicates that
temperature and humidity have a diversified impant individual
development stages of pests, i.e. other conditmaseeded for the periods
of eggs’ incubation, caterpillars’ hatching andithiirther development.
Similar observations can be found in the paper rdberl et coll. [17], who
conducted the rearing dfoctuinaein controlled conditions in various ranges
of temperatures with great variations, and as tesee no average values
given, it is difficult to compare the results olokadl. However in case of the
research by Merzheevskaya [6] similar results vobtained.

In USA, Denmark, Germany, the Netherlands there m@®earches
conducted that focus on short-term forecastingdasethe so-called degree-
days, i.e. on summing up of temperatures from tireead date, in order to
determine the sum of heat that is necessary foairhy the adequate
development stage of a pest. Such researches kawecbnducted since the
1970’s and 1980’s. In the 1990’s and currently,goaplealing with similar
topics have been published in the Czech RepubherevHork [18, 19] as
well as Hork and Kocourek [4] are pioneers in this area. Thastors
studied the impact of effective temperatures suorsvarious orders of
insects with determination of regression equatievtsle in her paper in the
USA Brandenburg [20] presented a simple mannersofguthe degree-day
method.
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“Farm Machinery and Frocess Management In sustainable Agriculture’, have reached this
year a small celebration. Yes, it is for the 5th time already that the Department of Machinery
Exploitation and Management in Agricultural Engineering of the Faculty of Production
Engineering, University of Life Sciences in Lublin and Walloon Agricultural Research Centre in
Gembloux, Belgium organized the Symposium. This year the Symposium is held again in
Lublin, Poland.

The following proceedings contain 46 reviewed abstracts presented at the Symposium. It
shows an appropriate balance between theoretical and more practical papers both
presenting development made in the area of sustainable agriculture. Such development
shows a great effort and success made by researchers working on different topics but all
linked to sustainable agriculture.
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