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INTRODUCTION

Dear friends and colleagues
This year, on May 29-30, 2008 the seventh BiggP8pring will be
organised at our University. We will continue theyious tradition and open the
workshop on these simple rules:
« two day workshop without social programme and tkfee
« open to young scientists up to age 35 year who lvallable to present
their results in Biological Physics and/or in Lifsciences using the
physical methods as an important mean
« in English
« on 29 - 30 May, 2008 at Technical faculty of thee€z University of Life
Sciences in Prague, Czech Republic
« the contributions could be submitted for publicatio:
International AgrophysicgsResearch in Agricultural Engineeringnd/or
Scientia Agriculturae Bohemica
It is my pleasure to invite you to our Universi®ampus in the late days of
May 2008. | think that | can express the same igetif our co-organizers of this
workshop:
Institute of Agrophysics of the Polish Academy oier®es, Lublin, Poland
Department of Physics, Slovak University of Agtim@ in Nitra, Slovakia
Department of Physics and Process Control, SzérandUniversity, Hungary
Otherwise, be sure that we all, the members ofSttientific Board and the
members of the Organizing Commitee, are looking/éwd to our meeting here.

November 16, 2007

Jiri Blahovec
Chairman of the Scientific Board



LECTURES

WATER SORPTION IN FOODS AND AGRO-PRODUCTS

Jiri Blahovec

Department of Physics, Czech University of Life 8cies Prague
165 21 Prague 6 — Suchdol, Czech Republic
e-mail: blahovec@tf.czu.cz

Moisture content of foods and agro-products playgartant role in the foods
and agro-products storing. Practical experiencd wibring the real foods and
agro-products shows that rather the water actthigy the moisture content plays
controlling role in storing those products. Esplbgiguality and shelf life of the
products that are stored in a defined dried staepeedetermined by their water
activity. This conclusion is right in relation tootth the main sources of the
product deterioration, the microbial and enzymates (Karel, 1975). On the
other hand the water activity is influenced notydoy a product structure and its
water content but also by its temperature. Thests fare the main sources of the
high importance of the relations between moistargtent and the water activity
(and/or water potential) at constant temperattire.-the sorption isotherms.

The sorption isotherms are very variableslape but the details of their
shape influence strongly the product propertidsgs property stress attention of
scientists to details of the
sorption isotherms theory.
The sorption isotherms are
usually classified into five
classes, but the agricultural
and food products are
usually  described by
typical sigmoidal type
(type Il of Brunauer’'s
classification) with

‘ ‘ ‘ ‘ characteristic  point  of
0 0.2 0.4 0.6 08 1 . ) )
o inflexion — see arrow in
Water Activity (-) the figure.
For this type of
sorption isotherm the following theoretical equati@re used:
BET isotherm (Brunauer-Emmet-Teller -Brunauer, 1943) with twargmeters
based on multilayer surface sorption that is represi by the following equation:
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where w is moisture content (d.b.), water activity and C and yparameters.
The C denotes strength of water bonds to the ptaiwéace whereas ywdenotes
the MC corresponding to the formed surface water notayer.

GAB isotherm (Guggenheim-Anderson-de Boer, Van den Berg, 19Bde

parameter generalization of BET isotherm takin® iatcount binding of non-
monolayer water:

_ Wn(C-DKa, N W, Ka,
(L-Ka, +CKa,) (1-Kay)

with the same parameters as BET isotherms and wcale parameter K with
values from interval (0, 1). It could be shown ttia¢ parameter C has to be
higher than 2 for the isotherms with the pointrdfaxion and between 1 and 2 for
the isotherms Il of the Brunauers classificatiBtafiovec, 2004).

HH isotherm(Hailwood-Horrobin, Hailwood and Horrobin, 194@&ufr parameter
equation based on monolayer surface sorption caxdbaith solution sorption:

wew aw( 1, 1 j

" Mla'ta, a'-a,
where w, @ and w, have the same meaning as in two previous equaiioth '
and @' are further two parameters.

Two components on the right side of H-H sorpigstherm can be understood
as portions of water bound in the product due tdase sorption (the first
component corresponding to the Langmuir's isothevfnsorption into the
monolayer) and product due to solution sorptione (tbecond component
corresponding to the generalized Raoult’s law). 8de then speculate about so
called superposition of different sorption sourgeghe product in some cases
constructing new sorption isotherms under the Valhg rule:
w(ie moisture content db.)=> w
where w are moisture components of different sorption iari@f course when
we take into account more exact and then more atzgorption model, we will
obtained more parameters that necessary to be oodeol in more complicated
analysis. In some cases the superposition assumsptan lose their force and the
cross-interaction terms have to be taken into agcou
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MULTI-COMPONENT MODELLING OF ALFALFA DRYING

Istvan Farkas

Department of Physics and Process Control, Szesrtridtiniversity
Pater K. u. 1., Goddi| H-2103 Hungary
e-mail: Farkas.Istvan@gek.szie.hu

During artificial drying of alfalfa the water conueation of leaves falls faster than that of
stems as because of their different drying chariatites. It implies that applying the intermittent
drying technology is beneficial to avoid large eifinces between the water concentrations of stems
and leaves and so the quality degradation. Inghper a multi-component procedure is shown for
alfalfa drying using the results of a physicallysed modelling approach. The modelling should
take into account the differences in the physicapprties between stems and leaves of alfalfa and
the heat and mass balances of the drying air amdntiterial components, as well. The model is
used to calculate the dynamic optimal operatioraftaifa drying in a thin and thick layer, as well

Keywords: leaf, stem, solar drying, drying timeygically based model

INTRODUCTION

The intermittent drying technology can basicallyused successfully in two
cases. One case is when the materials to be dawesl different components of
alternate drying properties. Another case is whan internal energy of the
material bed is used to continue the drying dupagsible intermissions.

Alfalfa is a plant used for animal feeding consdt$wo different components
as leaf and stem. During artificial drying of aléalthe water concentration of
leaves falls faster than that of stems as becatisthar different drying
characteristics. However, during the break peri@atgrmissions) of drying the
water concentration of the components equalizesdrying of stems proceed to
dry while leaves are being rewetted which finallglgs a homogeneous product.
It is the reason that the intermittent drying isiéfecial to avoid large differences
between the water concentrations of stems and deavwl so the quality
degradation.

Using solar energy is a promising solution in aitay the technical,
economical and environmental demands raised itdhese of drying processes.
It implies studying the fitting of solar radiati@vailability and the intermissions
required during alfalfa drying.

MATERIAL AND METHOD

An optimal procedure is developed for alfalfa dgyinsing the results of a
physically-based modelling approach. The modelihguld take into account the
differences in the physical properties between stand leaves of alfalfa and the
heat and mass balances of the drying air and therisdacomponents, as well.
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In order to follow entirely the moisture changetlie components and finally
to determine the moisture and temperature distdbhudlong the height of an
alfalfa in a fix-bed layout, separate models faog tirying of the leaf and stem
components of alfalfa were used including theirtipalar sorption isotherms.
These models were combined with air mass and gmwthzdlance equations for
the fixed bed.

RESULTS

To the solution of the model it is required a prdifferential equation
system consisting of six equations referring to sheunknown variables as the
moisture contents and temperatures of both compenamd, additionally the
relative humidity and temperature of the drying air

If both the sorption and desorption isotherms ef tcbmponents are available
then the model can be used for the calculatiorhefrewetting phase during the
course of the drying.

Using a block-oriented approach to practically sdllke model, a thin layer
block can be defined on the basis of space digat&n of the governing partial
differential equations. The discretization stepetiatts with the accuracy to be
achieved, but at the same time a model with todlsfiscretization steps cannot
be easily used for control purposes.

When considering the possibilities for simplifyitige model, it is important
to retain the physically based concept. In ordeavtoid numerical complexity, a
model reduction procedure was considered and abfi@btain an approximate
physical model.

CONCLUSIONS

In order to describe the moisture distribution ¢&léa during the drying
process a multi-component (leaf and stem) physidadised model is essential.
During the breaks in drying rewetting process #&mnsicomponents could appear
which can be calculated with the knowledge of sorpand desorption isotherms
of both components.

The physically based models serve detailed usaiftdrmation on the
moisture and temperature distribution of the drylbegl which is very important
in the stage of design.

The model is easily applicable for operational,irofation and control
purposes along with the benefit of keeping the @ajly based concept.

REFERENCES
Farkas,|. Solar-drying of materials of biologicabm, Chapter No 13 of Dehydration of products of
biological origin /ed. by A.S. Mujumdar/, Scienagdiisher Inc., Enfield-Plymouth, 2004, pp. 317-368.
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PHYSICAL METHODS IN ENVIRONMENT PROTECTION AND
AGRICULTURE

J6zef Horabik

Institute of Agrophysics, Polish Academy of Sciesice
ul. Doswiadczalna 4, 20-290 Lublin, Poland
e-mail: j.horabik@ipan.lublin.pl

Significance of the physical methods of investigasi of properties of
materials and the processes involved in the agui@ll production and post-
harvest processing are discussed. Some exampleapplications of the
monitoring, computer modeling and measuring mettawdsndicated.

Mass and energy exchange in soil-plant-atmosphgstera and agricultural
products is of great importance for environmentad éechnological processes,
regulation of physical, physical-chemical and bgobal properties of soil and
plant structures, optimal fertilization systemse@&fic and complex character of
modeling of physical processes in environment agricalture is to find these
parameters for a broad range of interacting objastatmosphere, soil, plant,
machine, product and to include their individuahtiges as: colloidal and
polydispersive composition, capillary, cellular tigsue build up, temporal and
spatial variability, non-homogeneity, biologicalisgity.

Description of the mass and energy flow in a pomesium is the main goal
of many branches of science and technology. Thistital-physical model of
mass end energy transfer formulated on the bagedtindamental physical laws
is the good example of application of physics faivielg problems of
contemporary agriculture. The model enables théovahg porous medium
properties to be considered: hydraulic, diffusihermal and electrical [4].

One of the purpose of monitoring and modeling iprwvide tools for optimal
resources utilization and management. Computer dasges and maps of the
physical properties of arable soils can serve agxample. The maps may be
used for evaluation of hazards and agricultural agen e.g. crop yield losses
connected with temporal water saturation of sodstimation of ecological
damage connected with nitrogen losses due to dixition and the emission of
nitrous oxide to the atmosphere, prediction of tiggaecological and agricultural
effects of climate changes [5].

One of the main task of modern agriculture is podidm of high quality and
healthy food with preserving natural resources. ©hehe most investigated
issues related to food quality is food texture. tiex of plant foods can be
attributed mainly to the structural integrity ofetttell walls. A lot of texture
attributes are connected with sound. It was inditahat the acoustic emission
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method can be applied to quality evaluation oftfriaind vegetables. Comparison
of the acoustic emission method with firmness agsery analysis proved that
both can be used successfully for instrumentalyaigbf apple texture [6].

Production of high quality cereals grain and o#d®is an important task of
agriculture. Large-scale comprehensive studiesiedurout in the Institute of
Agrophysics on winter rape indicated the possib#if considerable decrease of
qualitative and quantitative losses during haraest post-harvest processing. The
mechanical strength, weather conditions during dsirvadjustment of harvester
according to two previous factors were found tothe most influencing the
qualitative and quantitative losses. Finally adtptaand adjustment of combine
harvesters according to findings of basic studyleen provided for agricultural
practice [3].

An important task is preserving high quality of reth materials. Extensive
study indicated that limiting time of storage ofpeseed depends on the
temperature, the moisture content of seed andetbd@ssquality [1]. Experimental
and theoretical analysis of physical processesamwdar plant materials during
storage and handling indicated their significaraenfiaterials quality [2].
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NUMERICAL MODELLING OF WOOD DRYING

Istvan Seres, Istvan Farkas

Department of Physics and Process Control, Szesrtridtiniversity
Pater K. u. 1., Goddi| H-2103 Hungary
Email: Seres.Istvan@gek.szie.hu

The drying is one of the most important post-hsirveethods for the agricultural products,
mainly used for quality conversation. But is somsesa(e.g. for wood used as energy source) it is
even more important. As the drying experimentsaarige long (specifically under environmental
circumstances) the modelling can help to predietdtying time for a given final moisture content.
In the presentation the set-up of a model togetlithrthe necessary measurements is introduced.
Keywords: drying, moisture content, modelling, mgasnents

INTRODUCTION

Nowadays the environmental protection and the figheorenewable energy
resources have greater and greater importance. éttoe renewable energy
resources the role of the biomass is very imporaaot among them the energy
forest can have a bigger role even in Hungary asatricultural fields with low
quality can be used to produce energy plantseegygy forest.

The presented research results are in connectittntiaé@ wood of the energy
forest, too. The wood of the energy forest canbeotised immediately because of
its high water content. During the research theetiod of the drying of the wood
and some measuring methods of the drying wereeslu@iarallel to the modeling
measurement were carried out to determine the impbmaterial properties,
some of them is presented.

MATERIAL AND METHOD

During the modeling of the drying of a stem a difgtial equation system
was set up and —in absence of an analytical salutiomerical methods were
used for the evaluation. For this purpose he figiggnent and the finite difference
method were considered, and finally the later wlassen. For the numerical
solution difference boundary conditions were tesfathlly a moisture content
dependent, combined boundary condition was devedlope

For the wood with peel a two layer resistance moaabk set up. The
numerical models were tested with physical propsertifrom different
measurements, and the results were compared withgdexperimental data.

With the use of drying model of a stem a model pfla was set up, in which
the stems in the different parts of the pile coblel modeled and average
properties for the pile were possible to get.
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To validate the developed model measurements waméed out. Among
them, the moisture content measurements were tseimportant with 3 year old
willow stems, a part of them with peel, and theeotbart without peel.

RESULTS

For the modeling the physical principles of theindgyprocess were taken into
the account. On this basis four balance equatiare @eveloped, the energy and
mass balance (heat and mass transport) equationtheofwood and the
surrounding air.

For the most important equation describing the wandisture content
different solution methods were tested, as solubiased on the Bessel functions,
finite element and finite difference methods.

For the unpeeled wood a resistance model were relidatbwhere beside the
resistance of the peel an average resistance o¥dbd was calculated. From the
overall resistance the time constant of the drpragess was determined.

During the modeling different boundary conditiongeres used. The most
simple constant boundary value was used only ferddhg time modeling when
the boundary value goes down to the equilibrium. dfee the beginning of the
process a constant flux rate and a solution wighpirtition coefficient was used.
Finally the combination of the developed conditisas used by determining in
every step the limiting factor of the process.

After the moisture content function is known, thieoke model for a bulk can
be calculated with the finite difference methodeMalues of the air humidity and
wood and air temperature for the bulk model carcéleulated under different
conditions.

CONCLUSIONS

In the paper a modelling of the drying of wood siesmne presented together
with the developed numerical modelling and boundeoyditions. The results
were compared to measured data.

From the modeling the properties (wood moisturetean wood and air
temperature, air humidity) of the whole pile candaéculated, and so the drying
process of the whole pile can be described. Th& mddel can be used to
simulate the very long drying process during rekyi short time. These
calculations can be used to calculate the optimizen af the pile, which is the
optimum wind speed during the forced drying, etc.

REFERENCES
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INVESTIGATION OF FOOD MATERIALS PHYSICAL PROPERTIES
DURING TECHNOLOGICAL PROCESSES

Vlasta Vozarova, Zuzana Hlaf@va

Department of Physics, Slovak University of Agricué in Nitra ,
Tr. A. Hlinku 2, SK - 949 76 Nitra, Slovak Republic
e-mail: vlasta.vozarova@uniag.sk

INTRODUCTION

Food materials are very complicated biological make — they have complex
chemical composition (proteins, lipids, saccharideslditive components),
structure, phase (food or their components areedigl systems), conformation,
etc. Food materials are in the macroscopic as agelh the microscopic scale a
considerably inhomogeneous, capillary-porous, visgetsed medium. It is well
known that the water influence dominates amongdthers effects that have
impact on properties of food materials. Importaattér is also the material’s
temperature, but the most significant is the infleee of the presence of free or
bound water, different binding energy in each wdttend (chemical, physical-
chemical and physical) in the material and sorppveperties of the materials.
Influence of physical properties on the time andtloe history of the external
conditions is a characteristic feature of biologitaterials. Moisture content and
temperature are the most important physical praggethat influence physical,
and physiological processes running in the foocenels.

Temperature is one of the main controlling factased in food processing.
Typical thermal food processes (pasteurisationgilisation, baking, boiling,
drying, cooling, and freezing) induce some physizal chemical processes in the
material such as vaporisation, melting, freezingystallisation, crystal
modification, denaturation, chemical reaction (@tidn), etc. In addition
temperature is the value which influences nearshgaroperty of the material.
Knowledge of physical properties is basic condifiendescribing food material’s
behaviour during a food processing.

STUDY OF ELECTRICAL PROPERTIES

Determination of electrical properties is utilizieda wide range of disciplines
and industries. A brief compendium of electricabperties utilization of granular
and powdery agricultural and food materials is gné=d in this paper. Electrical
properties of granular and powdery materials dtaenced by various factors. The
most important are moisture content and its distidim in materials, temperature,
density, volume or bulk density. The relationshiptween the resistivity,



17

conductivity, capacitance, relative permittivitydamarious influencing factors are
described.

The electrical conductivity measurements are atlliat the salinity of soils and
irrigation water determination. Biological materiaoperties are determined from
their leachates too. The conductivity measuremamatsapplied for determination of
various characteristics of agricultural materiald #ood (frost sensitivity, chilling and
freezing tolerance, moisture content, seeds getimmamechanical stress, ...).
Investigated materials are very various, for exangphins, seeds, meat, sugar, milk,
wood, soil, fruit and vegetable, infected food. Titiezation of dielectric properties is
also described; for example in agricultural materiand food quality sensing
(moisture content, maturity of fruit, potential @ control in seeds, radio frequency
heating...). The classification of permittivity meesmment techniques is mentioned.

STUDY OF THERMOPHYSICAL PROPERTIES

The brief characterization of biological granulaaterials is presented. The
influence of the presence of the water in theseerzs$ is shown. The moisture
content and the temperature are the most imponagsical properties that
considerably influence not only material’s propesti but physical and
physiological processes running in the biologicadtenals as well. Physical
processes running in materials during processimg raviewed. Some of the
thermal processes are described in details. Basionbphysical properties — the
specific heat, the thermal conductivity, the thdratifusivity, the heat transfer
coefficient — are defined and overview of measum@mmethods is given.
Principle of the thermal conductivity measurememtthnd — hot-wire method,
which is suitable for biological granular materialsd experimental apparatus is
described in details. Methods of thermal analysighermogravimetry and
differential scanning calorimetry are presented aniciciples of the modern
measuring equipments — DSC calorimeter and TGAyanalare described. Some
results of the specific heat at the constant pressieasurement and results of the
thermal conductivity measurement of biological glan materials are presented.
Thermophysical properties are the important infaromafor the analysis of the
material’s behaviour during processing, temperategendency of the specific
heat gives information about endothermic or exetheprocesses in the material
and temperature dependency of the thermal condiyatirovides information for
instance about heat transport running in the nadteri

Knowledge of thermophysical properties is basicdition for the following
detailed analyses of the optimal material storagd the thermal processing
regime proposal. Influence of the thermophysicapprties on the effectiveness
of the thermal processing is discussed.
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ORAL CONTRIBUTIONS OF YOUNG SCIENTISTS

BRUISE RESISTANCE OF APPLES (MELROSE VARIETY) UNDER
VARIED LOADING CONDITIONS

Grzegorz Bobin

Department of Machine Theory and Automatics, FgonfitAgricultural Engineering
Agricultural University
ul. Doswiadczalna 50A, 20-280 Lublin
e-mail: grzegorz.bobin@ar.lublin.pl

The supply chain of apples from harvest to consameiudes a number of
commercial operations like, packaging, sorting, esdpd transportation and
storage. In each operation, apples are exposerligeb and other damages that
can not be eliminated even at high precaution nreastaken. The economic
effects of apple damages are tremendous as evghtlsuise allows bacteria to
penetrate inside fruit, while fungi and moulds &velop there. Reduction of a
bruise damage rate means not only economic betefiteealthier food of better
esthetic values as well as decreased environmegiémination.

Apple bruise damage is caused by fruit droppingnfdifferent heights and
impacting hard surfaces of machines. That resultyynamic stress wave transfer
within the material. Application of the objectivanameters like, bruise threshold
(the drop height at which bruise begins to occurdiple of given mass, shape
and impact surface), resistance to bruising (thie tzetween impact energy and
bruise volume) and threshold of material plasievfimaximal dynamic stress at
which no further bruise damages are observed)ittteis the assessment of apple
susceptibility to impact loading.

The present paper includes the results of the itmesearches on the apples
Melrose variety (obtained from the Agricultural Wersity Experimental Station
in Lublin) dropped onto the force sensor from digfe heights. There were
recorded the force-time profiles, bruise area aolime as well as specimen
mass. To determine susceptibility to bruise and tthieshold of plastic flow in
material, the CHMI technique (constant height nplatimpact) was adopted. The
studies included healthy and not-deformed applesasfs within 1679 — 2659 and
a diameter from 76,6mm up to 91,8mm. The firstaesh series was performed a
day after harvest, while the second — after 4-wetkage at approx. 20
temperature. There were chosen the following fiapact heights: 20mm, 35mm,
50mm,70mm, 80mm.The heights guaranteed the bro@deince at dropping as
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the bruise threshold established earlier for tlwelistl variety ranged within the
limits of 14-18mm.The test was done in five regiicas for each impact height.

On the grounds of the present research resuligststated that in the case of
bruise resistance coefficient (BRC) in the functafrimpact height for fresh and
stored apples, bruise resistance proved the lofeesthe low impact heights
(20mm) and it increased several times along with drop height elevation. It
appears to be a disadvantageous effect, givingereelof Melrose apples highest
sensitivity to bruise at impact from low heightfiefe were also observed higher
values of BRC for fresh apples within the wholegaf the heights investigated.

There was proposed a model for stabilization bbuved height course for
apple through approximation of mean heights of eatlound for varied impact
heights.

Ni

H., =Al-e 8)
where:H,, — rebound heighty; — consecutive impach andB - constant

On the basis oB coefficient value referring to fresh apples, aspitaenergy
accumulation rate was shown to be slower thanfter-atored fruits. Apples after
storage reach the rebound stabilization status mamptly, what is more, higher
stabilized rebound value was also found for frepples @). That proves a
higher percentage of elastic deformation for thitdrat the rebound stabilization
state. It is clear because there is more fluidhim intercellular spaces of fresh
apple tissues which gradually migrates to the atemssferring lower loading
during the successive rebounds. The proposed matloan formula of
approximation of rebound height in the consequengaicts by the exponential
function facilitates interpretation of a reboundbslization phenomenon and thus,
its coefficients possess the physical interpretatio
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SOIL HYDROPHOBIC — REASONS OF ITS FORMATION AND HYD RO
— GEOMORPHOLOGICAL CONSEQUENCE.

Aneta Catka
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INTRODUCTION

Soil hydrofobicity can cause many damaging impilwsd such as: lower
water infiltration, soil erosion and inhibition pfant growth. There are a lot of
factors which can regulate soil hydrophobicity. |Seimperature, fungi, solil
microorganisms, soil structure and clay contenthee these factors influence in
a different way — it may decrease or increasetsatophobicity.

PHYSICO-CHEMICAL REASONS OF WATER REPELLENCY AND §
OCCURRENCE IN SOILS

A water-repellent soil (or hydrophobic soil) doest mvet up spontaneously
when a drop of water is placed upon the surface.

The physical properties of water can be explainethb combination of two
forces creating surface tension. Water has stratgsive forces (attraction of
water molecules to themselves) helping to hold kwdteps intact. It also has
adhesive forces (attraction of water moleculestt@emosubstances) which cause
the water to spread out and cling to other surfazeh as soil particles. The
compounds causing repellency in soil are polar @amgs with hydrophobic
(water repellent) and hydrophilic (water attractasrids. During dehydration the
shape of the compound changes, so that the hydoapborface is exposed to the
air/water in soil pores. This then creates a hydobic layer preventing the
spread of water over the soil particles. (Doealgt2000)

When soil moisture is above a critical value (whigldifferent for every soil),
the water repellency effect is temporarily elimadat When it falls below this
critical value, the soil returns to a hydrophobandition. The time taken for
water to infiltrate increases for repellent soilstakes as little as 3 to 6 %
hydrophobic materials in the soil matrix to causa-wetting problems.

Soil water repellency is caused by organic compsuatived from living or
decomposing plants or microorganisms. Hydrophoblzstances occur in many
life forms. The identification of the specific comynds causing water repellency
has continued to be a focus of soil research irlabiedecade. However, despite
advances in analytical techniques, identifyingakact substance s responsible in
a given soil has yet to be achieved. Furthermoosy these compounds are
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bonded to soil particles also remains unclear. Mmmlacating factor in such
studies is the natural abundance of various, patgntesponsible substances in
soil. For example, from just one sampled soil, Aloh®s et al. (1988) extracted
93 organic compounds, many of which were hydrophobi

SOURCES OF HYDROPHOBIC SUBSTANCES

In many studies, the occurrence of water repelldras/been associated with
particular vegetation types. Plants most common$goeiated with water
repellency seem to be certain evergreen tree typeparticular, trees with a
considerable amount of resins, waxes or aromatf saich as eucalyptus and
pines are well represented, both within and outdide native environment.

The association of water-repellent with certainnggamay not always be
direct. Water repellency has also been associattd fungal growth and soil
microorganisms, which in turn can be associatetl specific vegetation types.

Apart from investigating the direct influence of getation and
microorganisms on water repellency, research hss attempted to establish
general relationships between soil organic mattel’a organic carbon content
and the degree of water repellency (DeBano, 2000)

There are also non-biological factors affectingevatpellency such as: soll
temperature, fire, soil texture and clay contenésdarchers claim that coarse
textured sandy soils are more likely to becomellepieas they have a relatively
low surface area compared to finer materials. Hamegertain clay soils have
been found to become repellent as the coatings foaveed on aggregates of fine
material.

Soil water repellency reduces the affinity of sadswater so that they resist
wettings for periods ranging from a few secondshears, days or weeks. In
addition it can often cause many damaging implicetito plant growth and
hydrological and geomorphological repercussionses€hinclude the reduced
infiltration capacity of soils, enhanced overlatwirf and accelerated soil erosion,
uneven wetting patterns, development of preferefitiav and the accelerated
leaching of agrichemicals. In consequence it cad te inhibition of plant growth
(Doerr at al., 2006)
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INFLUENCE OF THERMAL TREATMENT ON MECHANICAL
PROPERTIES OF APPLE TISSUE AND MODEL CELL WALL
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The mechanical properties of fruit depend largaiytloe conditions of their
storage and on the technological process parametgch as temperature. Cell
walls are considered as the main structural compoaffecting the mechanical
properties of fruits and vegetables.

To examine and to simulate the effect of variougdis on the mechanical
properties of cell walls, model cell walls with chieal composition and structure
that would be equivalent to those of natural celllsvmay be used. Primary cell
walls are build of polysaccharides which compobeva 90% of dry matter,
structural protein, enzymes, mineral compounds @meholic esters. Cellulose,
pectin and hemicelluloses are the main cell walygsccharides. The structure of
cellulose which is produced by the bactefduconacetobacter xylinuss
considered to be highly similar to cellulose netwoccurring in plant cell walls
and because of that fact bacterial cellulose igl @semodel material of primary
cell walls. Bacterial cellulose networks can beidred with another compounds
of natural cell walls, i.e. hemicelluloses and peathich permit the study of the
effect of individual compounds on the propertieseif walls.

Ripening, technological processes and handlinguif &nd vegetables cause
changes in the texture and cell walls polymers mimgdion. In food industry one
of the most often applied processes is thermalgzsing. Plant food is preserved
by means of storage temperature decreasing ortetevamperature treatment
(blanching) which improve specific quality attrikst of fruit and vegetables.
Thermal processing causes irreversible changesad texture what can be
effected by modification of cell walls under thdlilence of reduced or elevated
temperature.

The aim of the work was determination of an infleerf thermal treatment
on mechanical properties of model cell walls anlagjzsue as the exemplary
fruit tissue.

Bacterial cell walls were produced by meansGdficonacetobacter xylinus
bacteria strain which is producing cellulose. Baateultures were incubated in
culture medium containing pectin and xyloglucan ekhis the compound from
the group of hemicelluloses characteristic for appll walls. On the basis of
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chemical composition analyses it was stated thaiposition of model materials
is similar to that of cell walls isolated from applThe macroscopic dimensions of
the artificial cell walls allowed to use them foeamanical testing.

Apple samples and materials produced were treateshiperatures 2-70°C in
buffer simulating the ionic conditions in appledei Uni-axial compression test
for apples and uni-axial tensile test for filmsmbdel materials were performed
to study the mechanical properties of these maseaider thermal modification.
All the tests were performed using the testing e Lloyd LRX in 10
repetitions.

On the basis of the mechanical tests an influentetemperature on
mechanical properties of model materials and apiplaie was observed. The
failure stress from tensile test of all the modedtenials decrease under the
influence of elevated temperature. The biggest &ratpre effect on tensile
strength was indicated for the composite compodetacterial cellulose and
pectin. The tendency to increase of the strainatimum stress for all the model
materials was observed. Failure stress obtainedritpression test of apple tissue
depends on the temperature. In low temperature0{@)4linear decrease of
failure stress was visible and strong decrease wdicated at 5@C. This
dependence is comparative with native bacterial ehadaterials, where the
biggest changes of mechanical properties were wbdeat 56C. It can be stated
that mechanical properties of model materials ameetated with natural apple
tissue when temperature change.
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INTRODUCTION

The appearance of blackspot bruising of potatortib@ne of the major
problems in research and practice. Research caewlusb far indicates that
internal changes of this type in parenchyma tisseephenomena being results of
mainly external loading during harvest, transpord atorage. Blackspot appears
most frequently in the outer core tissue as a restildamage of cellular
membrane, without fracturing the cell walls. Thélui@ stress of cell walls,
therefore, is one of the factors that determinestiszeptibility of potato tubers to
inner blackspot. The aim of the research is findimg relationship between the
failure stress of outer core tissue and the blamksppotato tuber tissue.

MATERIALS AND METHODS

Three potato varieties were used for the preseperarent: Asterix, Irys
and Mila harvested in 2007. The outer core wagatdd in the potato tuber.

The experiment was performed at four storage psriafter 3, 4, 5 and 6
month of cold storage. 30 tubers were used at #oh @eriod (10 tubers per
variety). The universal testing machine Lloyd LRXr fdetermination of the
mechanical strength was used. The CHMI technique used for blackspots
triggering.

The failure stress was determined on cylindricahas - 10 mm of
diameter and 13 mm of high. The samples were arh ftwo sides in tuber
(Fig. 1a.). If blackspot appeared after CHMI téise sample for compression was
cut only from the opposite side of the tuber toliteekspot place (Fig. 1b.).

CHMI test side
1 : hd i
. A § A\
Bud End'l Steam{End Bud End
\
[
Sampling side

a) b)
Fig. 1. a) sampling places for determination of the falstress, b) sampling plases for finding
relationship between the failure stress and thekblzot existence.
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RESULTS

The comparison of failure stress for sampling pdaitem opposite sides of
the tubers (Fig. 1a) has shown that the differenéess than 10% and they are not
significant (p>0,05). The failure stress of out@rec tissue linearly increases
during storage (p<0.05) for all tubers both wittaddspot (bs) and without

blackspot (no bs). In general, the failure stresstdibers with blackspot (bs) is
higher then for tubers without blackspot (Fig. 2).

® bs
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Fig. 2. The relationship between failure stress of outee dissue and blackspot exists in potato
tuber tissue during storades-blackspot, (p=0,035h0 bsno blackspot, (p=0,001).

CONCLUSIONS

1. The failure stress of outer core tissue collectednftwo opposite sides of
tuber is similar.

2. The failure stress of outer core tissue lineartye@ases during storage.

3

The susceptibility to the blackspots increaseshd failure stress is
increases.
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BEER SAMPLE
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Physical properties particularly mechanical, rhgimlcand thermophysical are
important to know at quality valuation and proteati of food materials.
Automatically controlled processes at manufactyrdnandling and holding require
exact knowledge about physical quantities of materResults from measuring of
rheologic and thermophysical properties of beeshosvn in this paper.

Measuring of rheologic properties of beer was peréal by digital viscosimeter
Anton Paar (DV-3P) and principle of measuring big tiscosimeter is based on
dependency of sample resistance against the pathgon. Sample of beer was
stored in special cool box in temperature 3 °C wad measured in different days
during two weeks. Measurements were done aftdethperature stabilization from 7
°C to laboratory temperature. Dependencies of dimgiscosity on temperature and
on time of storing are described. Dependency ofya viscosity on temperature
can be described by Arrhenius equation. Temperatapendencies of dynamic
viscosity of beer are decreasing exponentially ianithis temperature range almost
linearly for all measurements (Fig.1)
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Fig.1. Dependencies of dark beer dynamic viscosity orp&gature after different time of storing :
first measuremer(t), second measurement after one week of storinghird measuremersfter
two weeks of storingo). (exponential function on the left side, lineandtion on the right side)
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Coefficients of determination are bit higher inead decreasing exponential
function than in decreasing linear function. Arrlusnequation has decreasing
exponential shape, so the dependency of dynantosity on temperature can be
described by it. Dynamic viscosity of sample hadreéased a bit with time of
storing (Fig. 1).

One of the most important thermophysical parametmes temperature,
thermal conductivity and thermal diffusivity. Fohermophysical parameters
measurements was used Hot Wire method. There wesasured relations
between thermal conductivity and thermal diffugiviih temperature range (10—
25) °C by instrument Isomet. The results of measargs showed that
temperature stabilisation process had influenceadation of thermophysical
parameters. All measured relations during tempegastabilisation have linear
increasing progress (Fig. 2-3). For measurementhaimophysical parameters
was used instrument Isomet. This instrument is wgrkn principle of hot wire
method. The simple measurement consists of meastimntemperature rise, time
evaluation of an electrically heated wire embeditedh tested material. The
thermal conductivity is derived from the resultidgange in temperature over a
known time interval.
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Fig. 2. — 3.Relations of thermal conductivity and thermal diffity to temperature for beer during
the temperature stabilisation
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Thermal diffusivity x E-6 (m2/s)

The ideal analytical model assumes an ideal —itefitnin and infinite long
line heat source (hot wire), operating in an iniéinihomogenous and isotropic
material with uniform initial temperature. If thetwire is heated for the tinte=
0 with constant heat flug per unit wire length, the radial heat flow arouhé
wire will occur. Mathematical model requires idaafjnitely long thermal source
(hot wire) surrounded with infinitely homogenousdaisotropic medium with
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constant starting temperatufg If in time t =0 there starts radial heat flogvin
measured material, so temperaturgé t)will have during timet increasing

progress in distance measured from hot wire and from time-temperature
function thermophysical parameters are calculated.
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The object of research were of roots spring basfeykrainian Peyas variety.
The plants grew in three replicates in a nutrientiteon, prepared according to
Marshner and Romheld [1983] at pH=7, in 16/8 hddes/night) diurnal cycle
and at temperature regime of 20kI6 At the beginning of the tillering stage,
Pb(NG), was introduced to the nutrient medium in the anh@fin320 mg per 1
dn? of the solution and the pH of the containers viti{> was lowered to 4.5.
The control setup consisted of containers freebdt Bns at pH=7 and 4.5. Plants
incubation period was 10 days.

From physicochemical point of view, the quantitissch as the cation
exchange capacity (CEC) and the value of the strfaea (S) determine to a
great extend sorption properties and transpomvater and mineral elements
(also toxic elements) through root of plants. Oer thase of potentiometric
titration curves measurements, it is also possidedetermine degree of
heterogeneity of variable surface charge. The seréharge is described in term
of dissociation reaction of surface functional greu

The lead is for plants completely unnecessary eWem&very stress
conditions are signal for a plant to initiate iis itells a number of different
biochemical processes. Anatomical and biochenaitahges under the stress are
reflected in several physicochemical charactegstiche root.

The aim of the present study was to determine fieeteof pH and lead ions
on surface charge properties of barley roots inofyCEC, the dependence of
surface charge on pH.

The titration curves for the studied roots wereedetned using auto-titrator
Titrino 702 MS. Samples of 0.0500 + 0.0001g (dragsge) of the barley roots
were equilibrated overnight with 20.00 g of 1moitNaCl solution. Prior to the
titration, pH of every sample was adjusted to 2486 1 mol dm® HCI after 5
minutes mixing. The suspension was titrated usidgn@ol dm® NaOH in 1mol
dm?. NaC} solution with the rate of 0.01ml / min. The ambwf the titer
consumed between pH 3 and 10 was recorded witktéipeof 0.1 pH unit.

To determine of CEC of studied roots, the methatdieed by Morvan et. al.
[1979] was applied. The amount of moles of consubeic is taken as the value
of CEC.
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The roots of studied plants, cultivated without edidead ions at pH=7 and
PH=4.5 have practically the same charge. Thereforegn be deduced that an
increase of protons concentration in the nutritiaés not significant influence on
charge of studied root tissue. Only after addittbhead ions to the nutrition, the
curves of the charge Q versus pH change their eoudsually, different
protections mechanisms act simultaneously witrediifit intensity depending on
sensitivity of a plant. Therefore it is difficultypy an unambiguous manner to
explain reasons of observed changes of physicoca¢mioperties in the studied
roots.

Under the influence of lead ions, the total vagabharge (Q) and cation
exchange capacity (CEC) of roots increased. Howsdfiertotal acidity of roots
surface did not exhibit essential changes. Alsosigaificant differences were
observed between roots growing without lead ionplt7 and pH=4.5. In
addition to titration, water vapor isotherms wereasured for the roots of the
plants.

Table 1 Variable charge of characteristics of the studiaddy roots

control pH4.5 pH7+Pb pH4.5+Pb
CEC
(mM g 0.546+0.12 0.537+0.29 0.594+0.004 0.604+0.01
Qv, mM
g’ 0.871+0.01 0.863+0.01 0.912+0.006 0.91+0.003
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This paper introduces a physics-based block-atenmathematical model that can be used for
the performance evaluation of a particular solaatihg system for an outdoor swimming pool.
Determination of the substantial energy and efficie values of the system are based on the
influencing solar irradiance, ambient temperatund aind conditions. All of these data can be
either modelled or measured for the block-orientexiel which is a good tool for efficiency-based
improvements. It is also stated that the modelamdy takes into account all the substantial effects
on energy and efficiency performance but also caruged generally for modelling any similar
system.

Keywords: solar energy, physically based blocksted model, swimming pool

INTRODUCTION

In view of the possibility of harnessing solar eyein swimming pool
applications and the increasing amount of suclaliasions, it is important to
develop the efficiency of such solar heated systdmorder to improve any
simple or combined solar heating system, physicdlpsed mathematical
modelling is an exact, theoretically overseen t8gl.applying it we can improve
effectively the efficiency of such applications édson either meteorological
measurements or perhaps more generally on metgaalanodels.

This paper introduces a block-oriented type plajsichased mathematical
model realised by the MATLABsoftware package.

MATERIAL AND METHOD

The particular combined swimming pool system haenbinstalled at the
campus of Szent Istvan University (SIU), GodpHungary in order to preheat
water for an outdoor swimming pool. In the idle ipdrof the swimming pool
operation the system provides domestic hot watexr klndergarten nearby. The
main system components are the flat plate soléector field (with a total area of
33.3 i, oriented to the south and its inclination angie4b®), a plate heat
exchanger and a 700°mutdoor swimming pool. An auxiliary gas heatedédrois
also included operating in the same time with to&arsheating when it is
necessary to maintain the required temperaturthéswimming pool.

Monitored data are the specific solar irradiannecollectors’ plane (W/A),
ambient temperature of the collectors and the popiyt and output temperatures
of the collector array, temperatures of the heaharger (inlet side the collector
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loop fluid and outlet side the swimming pool watend the volumetric flows in

both loops. It can be noted that in case of pumplireginput temperature of the
heat exchanger’s outlet side coincides with thd p@aperature. On the basis of
such measurements the total solar irradiationsdtar energy directly produced
by the collectors and the directly utilized solaergy by the pool was calculated.

A block-oriented mathematical model of the comdiselar heating system
has been elaborated and realized by the MATEABftware package. The model
takes into account the all the substantial effentenergy components influencing
the efficiency and energy performance of the subsys. On the swimming pool
the main energy components are determined as etapgr radiation,
convection, conduction, recovery water, heat lgssesive and passive solar
gains. The irradiated energy on collectors’ planansferred energy in the heat
exchanger and relevant losses are also determiirted possibility of auxiliary
heating is also involved in the model.

The main system components are separately dewklopalifferent sub-
models which can be used together or independendinly for simulation
purposes. Having relevant measured data the ideiidn of system parameters
are also available along with the developed modeimtical efficiency or overall
heat loss coefficient in the collector, in the heathanger or evaporative mass
transfer coefficient in the swimming pool sub-madel

On the other hand the model can be used indepindémny measurements
but on the basis of meteorological mathematicaletodhich simulate irradiance
on collectors’ plane and on the pool surface, antbiemperature, relative air
humidity and wind velocity. This possibility is al$ully worked out in the model.

RESULTS

Presenting some particular results it has beercleded that there are
significant fluctuations in the pool temperaturetses evaporative or radiation loss
parameters changed within the bounds of possibleiesaand the used
recommendations in the references. In kindergadgeration the pipe losses
decrease in a certain extent the utilized solarggnas their sum length is more
than 140 meters. On the kindergarten side a valindiased on measured data
has been carried out for clarifying the model aacyrduring predicting the solar
storage outside temperature. It can be also stitadthe developed model
structure is flexible therefore it can be used galhefor modelling of similar
systems.
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Increase in availability of computers of high congtional power resulted in
more extensive application of nhumerical techniguesvestigations of granular
materials in 3D systems. The progress of technolitpwed for application of
more realistic contact models.

The visualization of contact network and distribatof contact normals in 3D
particulate system still posses a great challefilge.proposed method is based on
color representation of the probability of contaamhof contact normal in the
fixed range of angles in spherical coordinatesesysiThe method was applied for
analysis of results of numerical simulations witkcdete element method (DEM),
proposed by Cundall and Strack [1] in 1979. Simaitet of filling rectangular
and cylindrical bins centrally (fig. 1a) and eccemlly (fig. 1b) were conducted
with open source code PAPA downloaded from Stuttgaiversity website. In
both cases coefficients of interparticle frictign0,3 andu=0,6 were used.

a)

Fig. 1.Filling of test box centrally a.) and eccentlligh.).
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Fig. 2. Distributionp(f,p) of probabilityp of contact normals versus angkesndg in cylinder

eccentrically filled with 1200 spheres projectechalor map

Figure 2 shows an example of distribution of contamrmals projected as a
color map. The axes represent angles of contatbvacspherical coordinates,
in horizontal plane ané in vertical plane. For computation of probabilityap
was divided on 2x2 degrees squares. The minimurbaibity is represented by
green color and maximum one by brown color, yelloslor is used when no
contact is detected at given square.

The method is currently used for monitoring evaatiof distribution of
contact normals in the course of filling the testumber.

REFFERENCES
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Heavy metal phytoextraction is a soil remediatierhnique which implies the
optimal use of plants to remove contamination frewil. Lead and cadmium are
the most widely spread heavy metals and enter planatinly through the root
system. Plants must thus be tolerant to heavy medhpted to soil and climate
characteristics and able to take up large amountseavy metals [3, 5]. Root
length and diameter distribution are important ahtaristics to be considered
when describing and comparing root systems. Ccc@affeoot growth at lower
concentrations than Pb. Increased concentratio®aind Cd cause detrimental
effects to plants, especially they alter growth.

Primarily, Cd and Pb enter plants from soil vie tioot system. At the root
surface, C&f and PB" bind to the carboxy-groups of mucilage uronic acid
Mucilage binding restricts metal uptake into thetrand establishes an important
barrier protecting the root system [4]. The abildaf mucilage to bind heavy
metals decreases in the cation serie$>PBU">Cd**>zZn*". The uptake rate of
heavy metals depends on the pH value of the shitisn, the organic matter
content in the soil, and the concentrations of oitres

The experiment was conducted to investigate tfeetsfof pollution with lead
and cadmium on early growth of maize and ryegréeste The daily increase of
plant height, plant mass, root length and thickmem® measured during 14 days.
Plants were growing in water solution of various@entrations of lead, cadmium
and in a mixture of lead and cadmium. Overall gioet the investigated plants
were affected by lead and cadmium, however thers difierent impact of
solutions of these metals according to their cotraéons. Root length and
diameter of plants from experiment were calculatesing image analysis
algorithm and the public domain NIH Image prograitashed roots were placed
on glass plate and scanned using high-resolutiannss [2].

We saw that stronger effect for daily growth ofmik has addition for
solution different concentration of CdGhan Pb(NQ),. The decrease in plant
mass, resulting from HM (heavy metals) toxicitysisonger for fresh than dry
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mass. This indicates a decrease in the amount t&ir wtored by plants probably
as a result of reported lowering of the content@hpounds maintaining turgor
and cell wall plasticity by lead and cadmium [1heFe was stronger reduction of
root mass than shoots for both HM and this redocti@s more apparent for
higher concentrations of HM. Root growth inhibitiéar maize was stronger by
cadmium than lead for low heavy metals concentnatiand an inverse relation
was observed for highest concentrations. And fegrass-plants stronger effect
was by the highest concentration of cadmium, butléad we can observe
similarly effect for root growth.
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Lately Electronic Tongue instrument is applied fmntrolling quality quite often. The Alpha
ASTREE Electronic Tongue instrument was developedtfie analysis of taste and dissolved
organic and inorganic chemicals that are typictdlynd in liquid foods. The objective of this work
was to distinguish different ketchup samples andaimpare the results received by the Electronic
Tongue with the human sensory evaluation. Therefixeketchup samples were measured with the
Electronic Tongue. According to the results and eyrerience the ASTREE Electronic Tongue is a
useful tool that is suitable for the analysis ackeip and other liquid foods.

Keywords: electronic tongue, electrochemical senseichup analysis, DFA, PLS

INTRODUCTION

There is a need for the performing exact and oedtests to determine taste
characteristics of different liquid foods. Therefpthe objective of this work was
to determine the suitability of the instrument fieeasurement of ketchup samples
and to analyze the correlation between the sengoils and the results of
sensory panel.

MATERIAL AND METHOD

Six different commercial ketchup samples were mekuThe experiments
were performed with the Alpha Astree Electronic do&, which has been
designed to analyze, recognize and identify compléssolved organic and
inorganic compounds in liquid foods. The systemgigle is to follow the human
tasting procedure. The system is built to be alde measure up to 7
electrochemical sensors at the same time. The iseas®composed of an organic
coating being sensitive to different flavors to lgpa the samples and a
transducer, which converts the response of the mamkinto signals that will be
analyzed.

The six ketchup samples was censure by ten sepaoslists, too.

The evaluation of the measured results was perfbrimg multivariate
statistics.

RESULTS AND DISCUSSION
Discrimination Function Analysis was able to shdwe difference between
the six ketchup samples (Fig. 1).
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The correlation was high between the results ofntleasurements with the

Electronic Tongue and that of the sensory evalodfdg. 2).
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Fig. 2. Partial Least Square Regression the instrumentaltsegersus the sweet taste according to
the sensory evaluation

CONCLUSIONS

Discrimination Function Analysis was able to shdwe difference between
the six ketchup samples. The standard deviatioresilts of Electronic Tongue
was smaller than the results of human sensory phnethe correlation was high.

REFERENCES
Winquist, F., Krantz-Rilcker, C., Lundstrém. I. (200Electronic Tongues, Mrs Bulletin/October
2004, 1-6.



39

POTATO DMA AT TEMPERATURE BETWEEN 30 AND 90 °C

Magdaléna Lahodova

Department of Physics, Technical Faculty
Czech University of Life Sciences, Prague
165 21 Prague 6 — Suchdol, Czech Republic

e-mail: lahodova@tf.czu.cz

DMA of single cantilever raw potato specimens g@i#n2cm, cross section 5 x
3 mm) were testet at temperatures 30®@0The process started at temperature 30
°C and the increasing branch up to °@were followed by decreasing up to the
initial temperature. The humidity of air during thehole process was under
control and were constant. The research were edetot check the reproduction
of the measurement at air humidity between 70 &né&e9 The results show that
the best data reproduction was obtained at huyn@dit% where the information
on starch gelatination is well observed.
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Within the Pre-Carpathian sulphur-bearing basiated in the Pre-Carpathian
Foredeep and occupied territory within Western Wlgaand South-Eastern
Poland sulphur was mined by two methods: by opeh-caine and by
underground sulphur melting. Both methods broughegative influence to the
environment. The negative changes on the terrgooné sulphur mines by
underground sulphur melting in Nemyriv (Ukraine)dadeziorko (Poland)
resulted in the technogenic transformation of thetural landscapes and
vegetation, destruction of fertile soils, pollutioh the environment by sulphur
compounds, acidification, chemical changes andipoti of the soils, surface and
underground waters. Excess of sulphur in soilhefformer sulphur mines gives
rise to several transformations that are dangefousoil microbes and plants.
Strong soil acidification — as a result of sulphlaxidation to an aggressive
sulphuric acid - causes soil chemical degradati@gvy metals mobilization,
secondary deficit of P and K and changes of saclemical processes for
example soil respiration activities.

The soil samples were taken from experimental diatated at a different
distance from the sulphur boring-well: from 20 n201m and 260 m (podzolic
soil in the spruce-oak-pine forest) in Nemyriv, abd m, 40 m and 200 m
(podzolic soil in the pine-birch forest) in Jezidrk he investigated soils were not
managed or reclaimed and underwent natural selfn@®n processes. The
podzolic soil profiles in forests neighbouring dulp mine in Nemyriv and
Jezioérko were not disturbed during sulphur excavat@nd were regarded as
controls.

The increase of topsoil pH towards the naturaldbie determined. All soils
showed a typical increase of pH with depth 0 -10actd 10 - 20 cm. In Nemyriv
the values of soil pH were about 3.03 - 3.13 a28 3.3.63 at the distances of 20
m and 120 m from the boring weltespectively. Podzolic forest soil at the
distance of 260 m from the border of the sulphunerarea showed pH of 4.26 -
4.51. In Jezidrko soil pH on the experimental plotated at 10 m and 40 m from
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boring-well was 1.75 - 2.12 and 3.9 - 4.28, regpelt, for comparison, control
podzolic forest soil at the distance of 200 m sty of 46 - 51.

This unnaturally low reaction of technogenic st after sulphur mining by
underground sulphur melting indicates that soildgjacal habitat was completely
destroyed. Strong soil acidification caused thenifitpnt decrease of soail
microbial biomass and afterwards it caused the edeser of soil respiration
processes. In Nemyriv, the soils at the distan@esizand 120 m showed the soil
respiration activity of 1.91 - 1.74, and 1.64 -8.thg CO2-C kg 24 H'
respectively. Thesoil respiration activity of the forest soil neighlsing sulphur
mine in Nemyriv was relatively high, in upper anédeger horizon equalled to
4.73 and 2.91 mg CO2-C k@4 h*, respectively. In Jeziérko, the intensity of soil
respiration was 4.23 - 2.54 mg CO2-C'kgs h' at the distance of 40 m and
decreased down to 1.3 - 1.34 mg CO2-C R4 h' at 10 m. Thus, the drastic, 5-
16-fold lose of the soil respiration activity (iroroparison to forest soil) was
observed in upper horizons (0-10 cm) of soils ledatn the area closer to the
boring well in Jeziérko: soil respiration activityf the control forest soil was
11.97 - 21.29 CO2-C Kp4 K.

The tendency to mitigation of unfavorable changesail parameters with
increasing distance from the boring well was obsénResults of this study
suggest that the low soil respiration activity @chinogenic soils of the sulphur
mining areas did result from a damage of soil nilora due to the detrimental
conditions of polluted soil ecosystem, for exanmgiteng soil acidification.
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Soil moisture (SM), land cover and soil surfacegtiness are key factors to
understand water cycle and energy exchange betgreend and atmosphere. In
spite of this, the mentioned properties are measandy in local scales. SM has
large spatial variability and measuring it in assigal way is very time
consuming. The knowledge about relations betweed lkeover, SM and soil
surface roughness is strongly limited to particutgpes of environment.
Therefore, extending it in the range of environmakdtversity and large scales is
a good motivation for interpreting satellite datde basic advantages of this
method are: a wide region of measurement, spaifgirwity and a wide range of
applications (cartography, surface deformation ali&tle, crop production
forecasting, land cover mapping, monitoring disasseich as forest fires, floods,
etc.). The main disadvantage of satellite imagesrpnetation is difficult analysis
and uncertainty in absolute measures, which creétes need of ground
measurements to validate satellite data (so-cdtiemlind-truth problem”). One
of Earth Observation satellites is ENVISAT (Envinoental Satellite) with
Advanced Synthetic Aperture Radar (ASAR) deviceboard. Radar is able to
take pictures of Earth surface even at night coubh thick clouds. Because of
that radar observations can be lead almost contsiyoThe basic principle of
interpretation of ASAR images is the knowledge altbe influence of ground
cover, incidence angle, presence of water and igat&on. A rough object, for
example forest, backscatters the radar beam am@dube of that, gives more
bright pixels on satellite image. Smooth surfacevater or low vegetation gives
dark spots as they reflect a radar beam insteastattering it. An urban area
gives very bright spots because of the effect ddiberner reflection”. Water has
big dielectric constant and hence moist soil scattee radar beam better than the
dry one. VV polarization of radar beam (verticahdevertical receive) is used to
detect vertical objects (for example trees), whiE polarization (horizontal
send, horizontal receive) is more likely to obtanil roughness and SM.
Brightness of pixel depends on incidence angle icomplicated way. ASAR
pictures must be geographical and radiometric ctede and processed by
advanced algorithms of filtering and averaging.



Fig. 1. Satellite image of Western Polesie after integiren

Two ASAR pictures of Western Polesie, Poland (takdnMay 2007 and 30
August 2007) were used to interpret some basignmition about this region. It
was divided into five basic classes of land coveater, forest, meadow, urban
area and swamp, as shown in Figure 1. These twgeisnaere also compared to
observe changes during the vegetation season.igesh changes were observed
on cultivated fields. Special attention was paid Peaseczno Lake and
Usciwierz Lake because of their shore diversitgsBczno Lake shore was
interpreted as a dry soil covered by high vegetatigsciwierz Lake shore
appeared in interpretation as a moist soil covesetbw vegetation. These
interpretations are confirmed because Piaseczne les sandy shores
covered by pines and Usciwierz Lake is surroundegddat-land. Software
tool used to satellite data interpretation was BEA.1.
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Abstract The paper presents results of solid concentrafimmges in bulk solids during granular
flow in a cylindrical silo with an electrical cagtmnce tomography sensor located around the silo.
During flow strong dynamic effects connected withoming sound occurred. Local 1D and cross-
sectional 2D evolutions of solid concentrationscohesionless sand during silo discharge were
shown. The first ones were estimated directly five raw measurement data and the latter were
obtained from the reconstructed data by solvingnaerse problem with a Linear Back Projection
algorithm. The experiments in model silo were eatriout with a different initial density of
cohesionless sand and wall roughness.

Key wordssilo, ECT, dynamic effects, tomography, concentratio

INTRODUCTION

Operational safety of silo constructions is conegavith the knowledge of the
distribution of the bulk solid pressure on the sialls during emptying. It is
important when discharging tall steel and alumimigilos wherein strong
dynamic effects take often place as a result ofyanhic interaction between
flowing solid and silo structure (Tejchman 1992, Wfiéch 2002). An estimation
of pressures on silo walls is complicated due tlesgnce of strain localization in
the form of wall and internal shear zones. Morepirgernal shear zone cause a
flow non-symmetry. The thickness of shear zonesddp mainly of the initial
bulk solid density, wall roughness, pressure lemetl emptying velocity. To
describe theoretically the behaviour of the bullkdsduring flow in silos, it is of
major importance to know the distribution of its\dity.

In the paper, the results of solid concentratioanges during silo flow
obtained by the ECT method §Bkowski et al. 1995) are demonstrated. The tests
were performed with a model silo containing cohelsss dry sand. The
influence of the initial sand density and silo walghness on the concentration
changes during silo emptying was investigated.

EXPERIMENTAL SET-UP AND ECT METHOD
Tests were performed with a cylindrical perspexdetsilo (diameter 0.2 m,
height 2.0 m, wall thicknes3.005 m) containing cohesionless, dry sand with a
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mean grain diameter of 0.8 mm. The silo was fixetha bottom by a steel rigid
frame structure. Sand was initially loose or derBests were performed for
gravitational outflow (diameter of the symmetrictlet was 0.07 m). The
experiments were carried out with smooth and veungh silo walls. During test
with smooth walls, strong dynamic effects (calléld swusic) due to a dynamic
interaction between solid and silo structure oauliin the upper part of the silo
from the beginning of the silo discharge during snisw. They disappeared in
the lower part of the silo when funnel flow tookapé (Niedostatkiewicz and
Tejchman 2003).

The ECT method is based on the registratiomur-electrode capacitances
allowing us to determine the distribution of thkectrical-permittivity inside the
sensor (Chaniecki at all 2008)he measurements of solid concentration changes
were registered at the heightstef0.3, 0.85, 1.0, 1.5 m above the silo bottom.
The ECT system was equipped with two sensors dorgisf 12 electrodes each
surrounding the silo. The solid concentration clsngvere expressed by a
relationship between the solid area in the selectesls-section to the area of the
entire silo cross-section in the form of 1D pldiaged on the raw data) and 2D
images (based on the reconstructed data). The plete presented for two
different profiles: cross-sectional and along thalwerimeter. On the 2D images,
the continuous changes of the solid concentratiorihe cross-section at the
selected height above the silo bottom were showmglthe entire flow.

TEST RESULTS

The test results are shown for a model silo witioath walls at the height of
h=1.0 m above the silo bottom (where mass flow chdngé& funnel flow),
Fig.1. Initially loose sand globally experiencedimhacontractancy and initially
dense sand dilatancy. At the height of 0.3 m allbedottom, initially loose sand
underwent in its cross-section first contractartwe (@verage solid concentration
increased maximum by 8% with respect to the ink@ue) and then dilatancy
due to funnel flow (the average solid concentratienreased maximum by about
3%), and along the silo perimeter only contractar{tiye average solid
concentration increased maximum by 10%). At theytteof 1.0 m and 1.5 m
above the bottom, initially loose sand experienaelg contractancy; the average
solid concentration increased by about 12%-15%sicrioss-section and 3%-10%
along the silo perimeter. Initially dense sandhatheight of 0.3 m underwent first
significant dilatancy (the average solid conceitratiecreased 20% in its cross-
section and 10% along the silo perimeter). Aftedsarit was subject to
alternating contractancy and dilatancy (the solidnoentration globally
increased). At the height of 1.0 m it behaved sryl however the
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corresponding concentration changes were smaheturh, above 1.5 m, sand
first contracted and later dilated in its crosstgec and only dilated at the walls.
Flow was always non-symmetric with pronounced pidsa of the solid
concentration in the upper part of the silo indejgaly of the initial density due
to dynamic effects.

A) | B) C)

28

b)

095

2 4 6 8 W0 12 14 ® 1B 0
t[s]

Fig.1. Concentration of initially loose sand during silmmying at heighh=1.0 m above the silo
bottom (smooth walls): A) average between elecsqai®files: a) cross-sectional, b) next to the
wall, B) location of outside electrodes, C) 2D viseation of concentration change of sand during
silo emptyingt=0-28 s, D) colored scale of concentration changes.

CONCLUSIONS

In this paper, an improved tomography system forgimg permittivity
distributions based on ECT sensor has been apligdage solid concentration
changes during confined granular flow in a cylindtimodel silo.

The ECT method enabled us to quantitatively meatheaesolid concentration
changes of a bulk solid at two locations at theesiime during granular flow in a
model silo. The results were demonstrated as asmii;m 1D curves showing the
evolution of the solid concentration between adbitr electrodes or 2D
reconstructed cross-section images. The differenéethe sand concentration
between the raw data and the reconstructed dastedxinainly in loose sand in
cross-sectional profiles. The results based onrdéne measurement data seem
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more accurately in the wall regions, as compare@Doimages which include
reconstruction mistakes. The results of sand cdratgan changes obtained with
the improved tomography were by 5-15% smaller. tibed tomography system
allowed us to measure smaller concentration chaagesmpared to those with a
previously applied ECT tomograph. The sand behadiming silo flow was
strongly influenced by its initial density and wadlughness. Initially loose sand
globally experienced mainly contractancy and iflitidense sand only dilatancy.
Flow of initially dense solid was more non-uniforamd non-symmetric. The
concentration changes and their oscillations wédse Erger in initially dense
solids. The solid concentration varied during there flow.

Close to the wall, initially loose sand contractdhe wall at smooth walls
and dilated at very rough walls. In turn, initiathense sand experienced dilatancy
independently of the wall roughness.
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Abstract. The paper presents the effect of theebwttlocity on loads in a cylindrical model silo.
Tests were performed with dry cohesionless sanmglegontrolled outflow. The outlet velocity was
varying. The resultant vertical bottom force wasameed.
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INTRODUCTION

Granular materials which play an important rolenmany branches of our
industries, such as mining, agriculture and cortibn are large conglomerations
of discrete macroscopic grains in contact and sunding voids whose interaction
determines the material behaviour (Jager et al619Granular materials are
primarily dissipative and non-thermal systems. Thacromechanical behaviour
is inherently discontinuous, heterogeneous andlineas. In granular flows,
there exist three well-defined asymptotic regimesgid flows where internal
stresses are mainly due to collisions between gnaimere the material behaves
like a dissipative gas, quasi-static flows whenesstes are principally due to
friction between particles where material behavks & solid and transitional
moderate flows where the material behaves like qaidi The dominating
mechanism in the solid-like regime is frictionahile the fluid-like behaviour is
primarily viscous. The behaviour of granular matisriexhibiting fluid-like or
dynamic behaviour is of importance in numerous eegiing problems, e.g. bulk
solid handling, debris flow, bed transport and digation. To describe the
behaviour during rapid and moderate flow, differexddels are used, as: kinetic-
theory (Jenkins and Savage 1983), discrete elemetitod DEM (Ahn 2007) and
continuum models (Rombach 1991, Mohan et al. 20@hman and Klisinski
2002). To describe the behaviour in the quasiestatjime, continuum models are
mainly used. The viscous behaviour differs fromt tbh Newtonian fluids in
several aspects, e.g. the dependence of viscosityhe volume fraction of
granular materials.

There is an extensive experimental data base ofidiveproperties of non-
cohesive granular materials (Bagnold 1954, Handslmman 1985, Loffelmann
1989). The experiments show that the dependentieeathear and normal stress
on the shear rate is mainly linear at low shea aad quadratic at high shear rate.
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However, according to Hungr and Morgenstern (1984@, stress ratio is not
affected by variation of the shear strain rate.

The intention of the paper is to demonstrate tHecefof inertial forces
expressed by the outlet velocity on loads duringngtar flow in a cylindrical
model silo wherein outflow was controlled. The expents were performed for
different initial densities of cohesionless dry dam experiments, the resultant
vertical force on the silo bottom was measuredrdyfilling and emptying.

EXPERIMENTAL SET-UP

Tests were performed with a cylindrical perspexdeicilo (diameter 0.2 m,
height 2.0 m, wall thicknes3.005 m) containing cohesionless, dry sand with a
mean grain diameter of 0.8 mm. The silo was supgdaat the bottom by a steel
rigid frame structure. Sand was initially loose I(woetric weighty=15.0 kN/m,
void ratioe,=0.76) and densg#£16.5 kN/ni, e,=0.61). Tests were performed for
controlled outflow where the diameter of the bottplate was equal to the silo
diameter. The velocity of the vertically moving twoh was in the range=0.05-
10 mm/s. In the first step, the experiments wergiath out with smooth walls.
The weight of sand in the model silo during fillimgas 852 N (initially loose
sand) and 900 N (initially dense sand).

TEST RESULTS

The evolutions of the resultant vertical bottonrceo P versus bottom
displacementi is shown in Fig.1 for 4 different velocities (iiaily loose sand). In
turn, Fig.2 demonstrate the effect of the bottomhogigy v on the resultant vertical
bottom forceP.

During outflow, the forceP decreases first, then slightly increases and
afterwards approaches its residual value. The fdrop increases with increasing
outflow velocityv. The amplitudes increase also with increasing

CONCLUSIONS

Our model tests demonstrate that the effect atialdorces and viscosity on
the granulat flow behaviour in silos is pronounced.

An increasing outlet velocity causes an increaséhefdrop of the resultant
vertical bottom force and an increase of the rastiivall friction force.

The amplitudes of the resultant forces in a sitréase with increasing outlet
velocity.
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Fig.1. Evolution of the resultant vertical bottom forBeduring controlled outflow for different
outlet velocities: ay=0.08 mm/s, by=0.5 mm/s, cy=0.8 mm/s, dy=10.0 mm/s
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Fig.2. Effect of the bottom velocity on the minimum resultant vertical forée (initially loose
sand)



51

REFERENCES

Ahn, H., 2007: Computer simulation of rapid gramdlaw through an orifice. J. of Applied
Mechanics, 74, 111-118.

Bagnold, R.A., 1954: Experiments on a gravity-fréspdrsion of large solid spheres in a Newtonian
fluid under shear. Proc. R. Soc. London A 225, 39-6

Hanes, D.M., Inman, D.l., 1985: Observations ofdbpflowing granular-fluid materials. J.

Fluid Mech. 150, 357-380.

Hungr, O., Morgenstern, N.R., 1984: Experimentshenflow behaviour of granular materials
at high velocity in an open channel. Geotechnique33405-413.

Jager, H.M., Nagel, S.R., Behringer, R.P., 1996: Qearsolids, liquids and gases. Reviews of
Modern Physics, 68, 4, 1259-1273.

Jenkins, J.T., Savage, S.B., 1983: A theory for theid flow of identical, smooth, nearly
elastic spherical particles. J. Fluid Mech., 1887-202.

Loffelmann, F.: Theoretische und experimentelle ddsuchungen zur Schittgut-Wand-
Wechselwirkung und zum Mischen und Entimischen @anulaten. PhD Thesis, Karlsruhe
University, 11989.

Mohan, L.S., Nott, P.R., Rao, K.K., 2002: A frictidi@osserat model for the flow of  granular
materials through a vertical channel. J. Fluid Met&v, 377-409.

Rombach, G.A., 1991: Schittguteinwirkungen aufZlien-exzentrische Entleerung, PhD
Thesis, University of Karlsruhe.

Tejchman, J., Klisinski, M., 2001: FE-studies opidalow of bulk solids in silos. Granular Matter3,
4,215-231.



52

CRITICAL VALUES OF SOIL PARAMETERS INFLUENCING N ,0
EMISSION FROM SANDY LOAM SOILS DURING GROWING SEASO N

Sergey V. PavlikNatalya P. Buchkina.
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14 Grazhdansky pr., St. Petersburg, 195220, Russia.
E-mail: sergei-pavlik@mail.ru

Nitrouse oxide (MO) is a powerful greenhouse gas. Most gDNs produced
in soils as a result of biological processes ofifiuation and denitrification.
Emission of NO from soils is strongly affected by N-fertilisendch manure
application, as well as such soil properties agptature, water-filled pore space
(WFPS), amount of soil available nitrogen, and latdé soil organic matter.

To find out critical values of above-mentioned spiloperties for BO
emission from sandy loam soils of North-Westerndrus field experiment was
carried out in St. Petersburg region @8N, 30° 08’E) during growing seasons
in 2003 - 2007.

The soil of the region was a loamy sand Spodosdfefent crops were
grown on the plots during the whole experiment Heya cabbage, carrot, grass-
clover mixture, potato, and oat-legume mixture.eBswil was also included into
the experiment. Different rates of nitrogen (N)hwineral fertilisers, green and
farmyard manures were applied into the soils ifed#nt years. Plots where no N
was applied were used for control. In 2005-2007fedént plots of the
experimental soil contained different amount of saganic carbon (SOC) due to
earlier application of high rates of FYM in thelsafisome of them.

The closed chamber technique was used to measwa 8,0 fluxes from
the soil with chamber area being 0.08 (Buchkina et al., 2006). Gas samples
were collected two-three times a week throughoatgiowing seasons (May —
September). Four replicate chambers were used enbthley, oat-legume
mixture, grass-clover mixture, and bare plots wreight chambers (four in
furrows and four on ridges) were used on the cabbegrrot, and potato plots.
Gas samples were collected into airtight glasssviahd transported to the
laboratory where amount of,8 was measured with a GC fitted with an ECD.

SOC content, soil total N content, amount of sedikable nitrogen, soil bulk
density, soil water content were measured with eatignal methods. Soil WFPS
was calculated using data on soil water conterik, tensity andspecific density.
All the necessary meteorological data were receifeam the Menkovo
meteorological station of the Agrophysical Resedrddtitute situated near the
experimental fields.
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Effect of SOC content on A fluxes was most pronounced in wet growing
seasons and only if extra mineral nitrogen wasiaegphto the soil. For example,
during a wet growing season of 2005 the soil coimai21 g C kg soil of SOC
emitted twice as much of J® as the soil containing 17 g C kgoil of SOC.
While the same two soils in a dry growing seasof0ff6 produced the same and
very low amount of BD in spite of the fact that high rate of N-minefeittiliser
was applied into the two soils both in 2005 and&@Buchkina et al., 2008
Rizhiya et al., 2008).

Results received in the field experiments for Srgeshown that daily pD
emission from the soil was strongly affected by #raount of soil available
nitrogen. NO fluxes were never higher than 5 gONN ha® day® if amount
available nitrogen in the soil was less than 10kgiysoil. Application of mineral
fertilisers in most of the cases had stronger peséffect on NO emission from
the soil than application of green manures. Thenmeason for that presumably
was that mineral fertilisers were releasing avé@ahitrogen into the soll
immediately after they were applied into the sohiley green manures were
releasing N into the soil much slower. In our expent NO fluxes never
increased dramatically immediately after green marapplication in the soil
even if amount of N applied was about the sameitismineral fertilisers. Effect
of fertiliser/manure application on,® emissions depended very much on such
soil properties as water content and soil WFP&edfsoil was dry with about 20
to 30% of WFPS, bD fluxes were never very high, even after applaratf high
rates of N with mineral fertilisers.

Soil temperature and WFPS were affectingNlux only if the soil contained
more than 10 mg kgsoil of available nitrogen. In this case high ¢&ibO fluxes
from the soil were found only if soil temperaturasahigher than G and WFPS
was higher than 60%. For those plots where soiltatned low amount of
available nitrogen changes in soil temperature smldWFPS did not affect XD
fluxes too much during growing seasons of 20030720
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MOISTURE CONTENT MEASUREMENT BY AN UNUSUAL METHOD
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The solar energy is optimal for the low speed rmiyyof the agricultural products, which is
essential for the proper quality conversation Intaf cases. The rate of the drying can be checked
generally by methods which need human interactag. (weight measurement or fast moisture
content measurement). In this paper a fast, automagthod is introduced where the moisture
content is determined in optical way, by the arialg$ a web camera picture of the product during
the drying. The method is to be applied for blaokthdrying
Keywords: solar energy, drying, moisture conteamputer aided image analysis

INTRODUCTION

The use of the solar energy is getting a greatportance in the agriculture.
At the same time the quality control and qualitgg@rvation becomes also more
and more important items for processing of agnicalt products. A traditional
and very widely used product preservation is thegindgr However, the
attractiveness of drying methods can be improveddiyg advanced control and
optimization techniques for reducing the energyscomption. These methods can
only be applied if sufficient information is colled on the interaction between
the drying conditions and the change of producpertes.

This paper deals with the experiences concerringotar energy assisted
blackthorn drying, controlled by computer aided gmanalysis process.

MATERIAL AND METHOD

The solar dryer planned for such purposes has theén parts: a dryer
(drying cabin) with different trashes for the difet products; a PV module with
an electrical fan for artificial air circulation énan air solar collector is attachable
to the dryer for preheating the inlet air.

The moisture content of the blackthorn to be drigds measured by
traditional way. The image analysis was carriedlmuusing a PC camera. The
recorded pictures were analyzed by computer prog@ied in C++.

The routines of the program can calculate the, dheacontour of the products
perpendicular to the direction of the image takingd for the approximately
volume of the blackthorn was calculated. These utalions were done with
different image analyzing methods, as follows: oole. gray scale conversion,
histogram, segmentation, outline, area and volus®utation and contour search.
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RESULTS
- The changes of the area, the outline and the asedagneter of the
blackthorn and the moisture content are graphéaeirrig. 1.

—e— area [cm2]—m=— outline [cm] —a—average d [cm]
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Fig. 1. Outline, area and volume of blackthorn

« The change in the perpendicular area (Fig. 2) efaflackthorn is figured

against the moisture content.
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Fig. 2. The perpendicular area of blackthorn vs. moistergent

CONCLUSIONS

It can be concluded that the changes in the pdipalar area and in the
average radius follows the changes in the moistaraent by a quasi linear
function.

It can be stated that the change of the outlires dwt follow the change of
the moisture content because of the changes isntibethness.

During the analysis a mutually univocal connectieers established between
the moisture content of the product and the peripated area as well as the
moisture content and the smoothness of the blaaktigased on such relations
an optical moisture content measurement can béegapgliccessfully.
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Plant growth and yield largely depend on soil props. Mulching improves
numerous soil physical properties (moisture, watéltration and percolation,
temperature, helps prevent crusting), chemicalrége of some nutrients and
organic matter content) and biological. With resgecsoybean a very important
function of mulch is creating favorable conditiofte the soil bacteria that
contribute to increase nodulation of soybean rgstesn and thus symbiotic
nitrogen fixation.

New developments in agricultural equipment allows fore economical
crop production by reducing labor costs and indngasfarm size but
simultaneously it leads to formation excessive soihpaction in root zone. This
results in changes of soil physical parameterse mie distribution, aeration,
water content, strength and temperature that dredfect root growth and
function. Common root response on excessive mecakinpedance as shallow
rooting depth and change in root distribution inl goofile results in smaller
water and nutrient uptake from deeper layers amsbaguently in reduction of
yield. While moderate soil compaction contributeiriorease of nutrient uptake
through increase contact between soil particlesraaotdsystem especially during
dry seasons, excessive compaction in dry soilicestroot penetration. In wet
conditions soil compaction limits plant growth besa of poor aeration and
oxygen stress in root zone.

Soybean is an important source of high qualityibexpensive protein and oil
in seeds. From the agricultural and economicaltpufiview soybean is valuable
plant because of symbiosis with nitrogen fixing teda Bradyrhizobium
japonicum However soybean is sensitive to drought and cmihpaction. The
most sensitive periods to water deficit occur abbt and pod growth stagaad
at the same time they most affect soybean yield.

Influence of both mulching and soil compaction danp growth and soil
properties is dependent on weather conditions dupinwing season.

Our objective was to determine the effect of soihpaction and mulching on
soybean yield and nodulation.
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Study was carried out in 2007 at the experimenigld fof the Lublin
Agricultural University in Felin , Poland. The soitas silty loam (Orthic
Luvisol) developed from loess. The experimentahamas 192n* divided into 3
sections consisted of 6 micro-plots (7)mThree degrees of soil compaction
obtained in each field part through tractor pagsae compared: low, medium and
heavy. This resulted in a wide range of soil bugksity (1.2 to 1.65 Mg ). Soil
was compacted 2 weeks before sowing. Soybean “Aldseeds were inoculated
with B. japonicumand were sown with interrow spacing of 0.3 m. Wisteaw
was uniformly spread on the half of each micro-jiban amount of 0.5 kg M
after sowing. Plants were collected at harvest @adt height, number of pod
and seed on plant were determined. Soil samplesddule measurements were
taken from the rows and interrows. A probe witlampling tube 10 cm long and
7 cm in diameter was used for sampling. The sampks® taken to a 40 cm
depth in 10 cm intervals. Nodules were separata tiee roots, then washed and
nodules number and fresh and dry mass after driying5 °C for 48 h was
defined.

Soil water content was measured with TDR probeatepth 0-5, 10-15, 25-30
and 50-55 cm. Soil temperature was measured wéttmibcouples at depths 2, 5,
10, 20, 30, 50, 70 and 100 cm on selected micrtspémually represented by all
compaction and mulch treatments. The penetratisistesce (MPa) of the soll
was measured to a depth of 80 cm three times dedylgean growing season.

The results of our study indicate that mulch capriowe soybean yield and
nodulation to various extent depending on soil cactipn level. Combination of
both factors at optimal level can increase the arhaf biologically fixed
nitrogen. This results in reduction of nitrogentifemation and restriction of
environmental contamination caused by leachingraindus oxideemission.
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INTRODUCTION

Porosity and surface area are important charatitedt solid materials that
determine their properties eg. thermal conductivityermal diffusivity, mass
diffusion coefficient, as well as mechanical anxtueal properties. Starch is the
major energy reserve in higher plants and the rwaibohydrate in human diet. It
is laid down in the form of granules of differeitesand shape which are dense
(1500 kg n) and insoluble in cold water. Starch researchefierred the presence
of pores on the surface of granules and suggelstedhey significantly influence
chemical reactivity of starch and may be the ditmital enzyme attack.

Structure and properties of starch are usually gbdtbefore application with
the help of various modifications eg enzymatic lojgbis. In the food industry
starch is a very valuable functional ingredient athiis added to sauces,
confectionery, comminuted meat and fish productd anvariety of low-fat
products. It increases their viscosity and stahiltnd improves fat- and water-
binding properties. Starch granules are also atllifor non-food applications
such as: plastic fillers, facial powders or carlesslcopy paper. Recently, interest
has become focused on starch as an adsorbent l&gilev@ompounds and a fat
substitute. For these applications microporousces can be used. They are
obtained from native starches hydrolyzed dsgmylases at temperatures lower
than gelatinization temperature. Among methods ts@&xkamine starch materials
and their porosity the most common are: scanniegtedn microscopy (SEM),
transmission electron microscopy (TEM), atomic érmicroscopy (AFM),
mercury porosimetry and methods based on physitsbrption from gaseous
phase or liquid phase (eg low-temperature nitrogdsorption). A parameter
which is mainly used for determination of starchigsity is specific surface area
which is defined as the actual surface of the dmsdrper unit mass and is usually
expressed in fAg™. It includes the external as well as the intesaface of the
starch granules.

The aim of this work was to characterize porosftgtarches of various origin
in their native form and aften-amylolysis using low-temperature nitrogen
adsorption and mercury porosimetry.
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MATERIALS AND METHODS

Corn, wheat, rice (Sigma—Aldrich Inc., MO, USA) apatato (WPZZ Lubf
SA, Polska) starches, were hydrolyzed with the w$epartially purified
a-amylase fronBacillus subtilisat 50°C for 15, 30 and 60 minutes. The specific
surface area, mesospore volume and average ponetdiawere estimated using
an apparatus ASAP 2405 (Micromeritics Inc., USAan®les of native and
hydrolyzed granulesvere dried for 24 hours in vacuum at 100°C, autaraly
desorbed and flushed with pure helium. Measuremeantdved determining the
isotherms of adsorption of high-purity nitrogentemperature of 77.3 K. The
monolayer capacity was calculated on basis of BHEEogtion isotherm
(Brunaueret al. 1938) from five measurement points in the relapivessure range
p/p 0.006-0.2. Pore characteristic was determined rdoap to BJH method
(Barretet al1951).

Application of mercury intrusion porosimetry allowvéo estimate porosity,
average diameter and cumulative area of pores mgr@sehe starch material, as
well as cumulative area of intergranular pores. easurements were carried
out using Autopore IV 9500 (Micrometric, USA). Sdew (1g) were dried at
105°C, placed in a dilatometer, outgassed unden kazuum and filled with
mercury under the pressure varied from 0.0036 ®MPa.

RESULTS

It was found that native starch is a macroporederi@ with a small
participation of mesopores. In case of native &scthe highest value ots
was obtained for rice starch (1.27g™) and the lowest — for potato starch (0.14
m’gh). After 60 min. of enzyme action, surface areaabfstarches doubled in
comparison to native ones. The average diametercantulative volume of
mesopores also increased. Results of porosity rdetations by mercury
porosimetry showed that the values of this paranfeteexamined starches only
slightly changed after the process. The averageeatir of pores present between
the granules decreased which indicated that siastaofh granules also decreased
as a result ofi-amylolysis. The results obtained by the both meshoroved that
starch granules contain surface pores aaylase action affect their number
and size.
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STUDY OF HEAVY METAL CONTAMINATION IN LAKE NEAR
"SZABOLCSVERESMART"
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Several heavy metals are essential for living wisyas; however others are toxic even in small
concentrations. They may influence the soil-watants-animals-human food chain, because they
affect the enzymatic and physiological process¢shé beginning, the living beings react upon the
increased load of heavy metals by metabolism amndtion disorders, later by evolutionary and
reproductive disorders. The experimental and thmadestudies of the accumulation and transport
processes have great importance. Therefore th@suieations are very important for studying the
concentration of the heavy metals in soils and witethe nature. A lake near Tisza, Hungary
(Szabolcsveresmartvas examined from this point of view. Several hemetal (Pb, Cd, Fe, Zn,
Mn, Cu) content in sediment and water of the lakeewmeasured by Flame Atomic Absorption
Spectrometry (FAAS).

Keywords: environmental pollution, heavy metal A\

INTRODUCTION

Nowadays, one of the most important problem wmrenmetal protection is
the heavy metal contamination (Balint et al. 200iHe concetration of heavy
metals in sediments of the lake "Veresmart", saifsl water samples near
Szabolcsveresmart are investigated. While this lmkeks as reservoir of river
"Tisza", and the considerable part of his wateartity derives from the river, the
heavy metal which can be found in the river mayleseind accumulate. Since the
river is in agricultural usage, it is importanteastablish the possible heavy metal
contaminants, because they can be incorporatedhietfood chain.

MATERIALS AND METHODS

The sampling and the examinations were done aicaprh specifiations
"MSZ 21470-1:1998 and MSZ 1484-3:1998". Firstlye teampling net was
planned (see on Fig.1.). The soil, sediment anéms#mples were collected by
suitable spit. The samples were digested by mievevaligestion system
(Milestone 1200 mega). The element analyses weabzee by Unicam 939
FAAS (Flame Atomic Absorption Spectormeter).

The measured heavy metals were: Pb, Fe, Mn, ZnC@uThe pH of the soil
and sediments samples and their dry matter comterg measured respectively.
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Fig. 2. Concentration of lead in soil and sediments inkake (24.04. 2007.

RESULTS

Preliminary examinations were made on spring i@720The results were
compared to the actual investigations. In this pdpe Fig. 2. shows the lead
concentration of examined samples. The prelimireggminations showed, that
considerable Pb exceeding the limit value conctatravas not observable.

CONCLUSIONS

According to our results, a big amount of heavytahaccumulation was not
found. But Fig. 2. shows that there are significdifiterences between heavy
metal concentrations in soils and sediments. Thedg the newest examinations
find fully the distribution of heavy metal contaration in the lake.
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In recent years, both in Poland and in Europe segak cakes are more and more
frequently utilized in feeding farm animals, mosilya source of energy and proteins.
Rapeseed cakes commonly used as protein soutigestotk feeding are limited by
antinutritive substances. One way of improving ritgritive value is extrusion
processing of the cake mixed with other ingredieBitsne toxic substances may be
decomposed during the process [4, 5]. As the awasenf food quality and the
concern about food safety have increased, thedoddeed industries were forced to
place more emphasis on the consistency of prodiadity] Food and feed processing
has become of considerable importance in resents.yédherefore extrusion
technologies have important role in food industsyam efficient improvement of
manufacturing processing of food and feed qudtitrusion processing equipment
has become the standard in many food industrieaghiout the world [6].

Extrusion is a process in which food or feed ingneid are forced to flow, under
one or several conditions of mixing, heating amebsing, through a die that forms or
puff-dries the ingredients. Extrudates can be \iseth as devices that can transform
a variety of raw ingredients into intermediate éintshed product. During extrusion
the use temperature can be as high as 1818t residence time is usually only
20-40 seconds. For this reason, the extrusion gsaamn be called a high temperature
short time (HTST). Extrusion improves quality otrexiates because cooking is done
in a very short time and less destruction of heasiive ingredients occurs in
comparison to other processes [3].

The material used in the study was rapeseed caka the Oil Industry.
Extrudates of rapeseed oil cake and wheat meab{p@nd of rapeseed oil cake
alone were produced at the Faculty of Process Eagitg, University of Agriculture
in Lublin. A twin-screw extruder was used, type 25 made by Metalchem.
Extrusion was performed at worm speed of 100 rporr{w withg = 4 mm) and with
the process temperature set to 130-160°C. Theialuiait extrusion was 40 s and 80
s. The basic chemical composition and profile tif/facid in raw fat were determined
in extruded rapeseed cake and native rapeseed Tadkeesearch method included
the determination of the basic chemical compositibthe material (proteins, fats,
ash) using the AOAC methods [1]. Crude fibre canteas determined by means of
the detergent method acc. to Georgin and Van Blpstsing the Ankorif° Fiber
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Analyzer, assaying the fibre fractions (NDF, ADMI4. Fatty acid determinations
(FA) were made with the technique of gas chromajuyy, using the Varian CP-
3800 apparatus, under the following conditionsilieap column - CPWAX52CB,;
DF - 0,25uM; FID detector; carrier gas — carrier helium; floate — 1.4ml/min;
temperature of column - 120; temperature of injeatnl detector — 260.

The study has shown that the content of total metend raw ash in dry mass
was fairly stable in the extrudates product andpzmable with native rapeseed cake.
There was a reduction in the content of free fats raw fibre in dry mass of the
extrudates product. This may indicate that appratety 30% of raw fat may have
been bound in insoluble protein-lipid complexeshie extrudates. The reduction in
the content of raw fibre, on other hand, may bé@eetly attributed to decomposition
of insoluble hemicelluloses-lignin fraction, whidould result that a part of the
fraction of soluble celluloses was determined irogen-free extract compounds. The
process of extrusion had also an effect on decirag®nges in the content of acids
from the group of saturated fatty acids — palnaiticl and stearic acid.

Investigation has shown that extrusion processtedea very significant
influence on quality of rapeseed cake. The lowiest bf extrusion process (40s)
had better influence on quality of rapeseed cake. dpplication of rapeseed cake
for fodder will also permit for limitation of impts of much more expensive
soybean, both to Poland and to other EU countfibs. growing importance of
rapeseed-based fodders and fodder concentrates Boland an opportunity to
increase in utilization of the extrudates in Foad &eed Industries.
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Investigatingthe mechanical property changes of cliques andsstd well as
the chemical ones of rape seeds during their dpueat (in terms of
technological processing optimization) allow mirging the quantitative and
qualitative losses of seeds at the latest stageapé maturation and during
harvest. Cliques cracking and seeds shedding duhiagfinal phase of rape
maturation and harvest cause considerable loss@sngnrape cultivation less
profitable. Studies conducted for many years prabed the problem is of great
importance and its elimination or even limitatioil wesult in millions of tons of
additional amounts of valuable plant material.

The variety of rape high economic value and siamgbusly desirable
reaction on the certain agricultural conditionsaffa substantial part of the plant
production technology, and it is also an imporfactor influencing the yield and
quality of crop. The proper selection of the rapaiety to be grown in large
farms is one of the most important factors impartihe planning and work
organization while nurturing and harvesting an@ als the quality of crop.

All known varieties of the winter oilseed rape peoto be well adapted to
very intensive cultivation. It means that they hawevery high productivity
potential but also higher demand for proper agtical practice. The possibility
of high yield depends on a proper agricultural ficacin which an important
factor is the right application of insecticides dadgicides. In addition, the use of
regulators of growth and ripening of plants decesabe losses of harvest.

Investigations were conducted at the Experimerttidh for Variety Testing
in Gkebokie on 3 varieties of winter oilseed rape, feotyears, from 2004 to
2006. The experiment was performed at 4 replicatidrhe plot area for each
variety (11 x 1.5 m) at the time of vegetation pdrvas treated by chemicals. To
improve the characteristics of pods before the kingcprocess, the following
pesticides were used :Spodnam 555 SC - 0,6 I/hglpRe 200 SL - 2,5 I/ha) and
Roundup 360 SL — 1 I/ha were applied. Also, théilisers such as Photrel 6
kg/ha, Bortrac 1,5 I/ha and Plonvit R 2 I/ha wepplid.

The obtained results specify that the delay of éstrof rape has a substantial
influence on the yield of seeds. The applicationCafamba (especially in the
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variant of B and C) had a substantial influencettos yield growth (about 5-6
g/ha) at collections in an optimum term, and eveonger in the detained term

The applied regulators of ripening (Reglone andirRlup) had a negative
influence on the yield growth, causing its decrezfsgbout 2-3 g/ha

The applied chemicals modified MTS only in an imsigant way
(statistically unimportant) Substantial differencegre found only between
control and combination where Roundup was applidgut-only in the second
term of harvest. The meaningful decrease of MTS whl® found in the
combination where Reglone was applied. However, wias statistically
insignificant.

The most useful conditions influencing MTS appeaned2004. MTS, in
2004, was significantly higher in comparison with03 as well as 2006 (when
seed ripness was the worst).
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DIFFERENTIAL SCANNING CALORIMETRY OF
POLYSACCHARIDES
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Differential scanning calorimetry (DSC) seems to absuitable method for polysaccharide
identification. Various types of these biopolymasswell as their derivatives can be distinguished
by DSC according to the mechanism of their decontjpasi Specific structural properties
(monosaccharide distribution, molecular size, bnémg; geometry of glycosidic bonds, anomeric
configuration etc.) and presence of characterifticctional groups (carboxyls, organic and
inorganic esters, amino groups etc.) cause vamvests on DSC curves of polysaccharides that
could be useful for their discrimination. The DSC asgrement were performed on DSC 131
(Setaram France) in temperature range 20 — 700 ttCthé heating rate 10 °C-riin

Keywords: polysaccharides, differential scanninigriaetry.

INTRODUCTION

Differential scanning calorimetry (DSC) belongs ttee group of thermo
analytical methods. DSC measures the heat effeetssed by chemical or
physical changes, as a function of temperaturenoe while the substance is
heated at a uniform rate.

DSC seems to be a suitable method for polysacehatehtification. Various
types of these biopolymers as well as their ddkigatcan be distinguished by
DSC according to the mechanism of their decompositDSC measurement of
polysaccharides in an inert atmosphere leads to dhgervation of both
endothermic and exothermic events. DSC curves lyshale several peaks, the
first of which is caused by the evaporation of wakrom the first peak we can
assume the hygroscopic capacity of the materied.dossible to integrate the area
and get the amount of enthalpy of the process.dther peaks are related to the
decomposition of polysaccharides. Endothermic peadey result from the
subsequent fragmentation of polysaccharide chaitfistiie formation of char and
volatile products, whereas exothermic peaks mayespond to cross-linking
reactions that occur during the thermal degradatiod the following thermal
degradation of a new cross-linked material. The @8@es are influenced by the
polysaccharide structure: the branching, type apsltipn of glycosidic bonds,
molecular weight, functional groups attached to thain, etc. All peaks are
possible to integrate and to determingsel TonsetiS the point of intersection of the
tangent drawn at the point of the greatest slopéherieading edge of the peak
with the extrapolated baseline.



67

MATERIAL AND METHOD

Selected polysaccharides (cellulose, starch, amylasnylopectin, chitin,
chitosan, pectin, locust gum, guar and xanthan) dheir derivatives
(methylcellulose, carboxymethylcellulose) were gpatl. These polysaccharides
are important in the food-processing industry. gdimples were analyzed in a
nitrogen atmosphere, temperature range 25 — 70witle the heating rate
10 °C-mirt on DSC 131 (Setaram France).

RESULTS AND DISCUSSION

The hydrophilic carboxylic group significantly iaonces the hygroscopic
capacity of polysaccharide which corresponds toresgults. The highest amount
of moisture was present in pectin and the lowestuarnin cellulose.

The main aim was to record the thermal decompasitib polysaccharides
and their derivatives in an inert atmosphere. Athples, except guar and locust
gum, displayed strong endothermic or exothermic ragtaristics. It was
discovered that the presence of carboxylic grouses exothermic degradation.
The carboxylic group occurs in pectin and carboxyleellulose. Chitosan also
degrades exothermically although it doesn’t contairtarboxylic group. The
exothermal degradation of chitosan is caused by &mminogroups. The other
polysaccharides decompose by depolymerisation. elin@nation of water and
the origination of monomeric and oligomeric anhyglrgars are characteristic for
this type of decomposition. This type of decomposits an endothermic process.
The exception is starch, which decomposes at éimtothermically and then
exothermically. The amylopectin also exhibits theothermal event after
endothermal event, but not as significantly aschtain comparing the JJseisthat
were, the linear chains are more thermo stable tharbranched ones, and the
polysaccharides with endothermic degradation areenttoermo stable than the
ones with exothermal decomposition.

CONCLUSION

Specific structural properties and the presenceharacteristic functional
groups cause various characteristics on polysaicigsaDSC curves that could be
useful to distinguish them.
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STUDY OF ELECTROCHEMICAL PROPERTIES OF SOIL ORGANIC
MATTER BY POTENTIOMETRIC TITRATION METHOD
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Soil organic matter (SOM) takes part in all proesssoupled with acid — base
properties (biogeochemical processes, pH bufferimgirient cycling, ionic
balance, mineral weathering, metal leaching, pafitttoxicity, mobility and
bioavailability). However soil organic matter is ryedifficult material to
investigation because of it chemical diversity.

Potentiometric titration technique belongs to sienpiethods. As result of
titration, relationship between titrant volume aspension pH is obtained. On
the basis of those data, a lot of valuable parametan be calculated. For the
unguestionable advantages, great sensitivity aadigion (at properly matched
conditions) as also low costs of exploitation aelhtively short time of analysis
should be counted.

Potentiometric titration method is effective forafjtative and quantitative
analysis of likewise compound types. This technigunables, in a simple manner,
to characterize of surface physicochemical progertof soil organic matter.
Received results can be converted to variable mmrfeharge and buffer
capacities. Variable surface charge provides wifbrination about strength of
surface functional groups and about chemical cherasf studied substance. In
turn, buffer capacity is a measure of soil resistato aggressive agents. Buffer
properties of soils are responsible for retainirgpastant value of pH in spite of
adding small amounts of strong acids or basesireganeutral and stable pH in
aquatic environment, as well as in soils is verponmant, especially for many
biochemical processes, which determine life of fdaand animals. Buffer
capacity calculated from potentiometric curves émbanalysis of buffer
properties of different soil components at widegerof pH. From ecological
point of view, it is one of the most important paeder to describe defensive
action of soils.

Potentiometric titration makes also possible tolitateve determination of
surface functional groups kind. In general, funmtilogroups of acidic character
dominate on natural soil organic matter surfaceses€ groups (aliphatic,
aromatic carboxylic, phenolic etc.) have very difg acidic strength, depending
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on the kind of the group, its locality. The numbguality and acidic strength of
these groups are a primary characteristics ofosgdnic matter.

However due to much diversified character of saimposition, different
constituents of soils can create difficulties irtgmtiometric titration process and
investigations of organic matter.

One of the most often occurred problem is titrativith the presence of
strongly buffering substances. Such process reguiteosing a number of
measurement parameters in order to received resulid be repeatable and
reliable. Presence of chemically diverse substamcstidied samples causes that
equilibrium of solution is stabilized with differenrate. It can result in
interferences, which are visible on the titratiamves. That problem especially
appears in case of presence strongly bufferingtanbss such as phosphates,
fulvic and humic acids. Choice of suitable appagtarameters can improve of
received signal quality. For the main apparatuaipaters can include:

-Way of titrant dosage

-Rate of titrant dosage

-Volume of titrant portion

-Value of potential drift threshold

-Titrant concentration

In the potentiometric titration processes, sigaifit meaning has also proper
preparation of samples. In case of titration ial®ve all minimization of carbon
dioxide influence, which can impact on charactesst obtained from
potentiometric titration curves. Working in the factive atmosphere of nitrogen,
enables to avoid of carbon dioxide sorption ané assult distortion of sample
signal by carbonates creating in the solution.

Well effects bring also concentrating of organicttera Signal comes from
sample should be much bigger than interferencesl.lda order to detailed
investigations, titration should be slow to enatdestabilization of equilibrium
state and also should not be too slow for reas@ossibility of CQ sorption and
carbonates creation. Compromise between aboveatppgrarameters enables to
get satisfactory results even in the phosphatespoes

Therefore, in the potentiometric studies, methotintpation is necessary in
further investigation in order to eliminate of albgwoblems.
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INFLUENCE OF PARTICLE SIZE VARIABILITY ON MECHANICA L
AND GEOMETRICAL PROPERTIES OF GRANULAR SYSTEM
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The geometrical properties and mechanical resparisparticulate media in which the
coefficient of variation of particle size was vatiender uniaxial compression test was studied. The
series of humerical tests using discrete elemettiodenvas conducted for spheres and non-spherical
particles of coefficient variation of their leng@tV = 0, 5%, 10% and 30%.

The slight impact of variability of particle sizéstfibution on distribution of stresses in system
was found withCV lower than 5%. Similar effects were observed totiges of different shapes.

Keywords: particle size distribution, DEM, uniax@mpression test

INTRODUCTION

The heterogeneity in grain size in the specimerpissidered to have a high
impact on packing structure of assembly determiiimgnechanical behavior. It
was reported that bulk density increased with iaseein the coefficient of
variation of particle size (McGeary 1961). O’'Sudlivet al. (2002) have studied
the influence of rod size distribution on coordioatnumber and strength in
system under biaxial compression test using discetgment method (Cundall
and Strack 1979).

MATERIAL AND METHOD

The uniaxial compression test of assembly of 60%sgs 10mm in diameter
and 905 oblique particles of aspect ratio of 2.18s wnodelled using discrete
element method. Normal distribution of particleesizith coefficient of variation
of 0%, 5%, 10% and 30% was applied.

Initially randomly generated particles settled dowrder the gravity on the
bottom of rectangular chamber of widid = 11 mm, heightH = 20 mm and
thicknessT = 33 mm or 46.7 mm, for spheres and nonspheridgtcts
respectively. The systems of equal bulk densitiesevereated.

The loading of assembly was modelled through tdprioving down with the
constant velocity = 0.1 ms™.

RESULTS AND DISCUSSION
The comparison of tangent modulus of assemblies nanuniform grains
revealed the lack of dependence of particle sitiliition on stiffness of system.
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The high coincidence of relationships between piressatiok and vertical
stress in monodispersive and polydispersive syss@¥ = 5% was found. The
increase in coefficient of variation of particlenggh to 10% resulted in 15%
decrese irk value at vertical pressure of 50 kPa. The furB@ increase itV
resulted in 30% decrease in pressure ratio.

The low pressure ratio in highly polydispersiveteyss arised from changes in
distributions of stress and contact in assembfiasthe coefficient of particle size
variation increased the lower horizontal stresse wansmitted in system.

The same findings for spheres and elongated psstwere made.

CV=0% CV=5%
CV=10% = = = =CV=30%
0,6

|k~k

| |
0,2 ’\---ll—-,‘h ‘ ‘
i e m m

k

pressure ratio

0 20 40 60 80 100
vertical pressure oz, kPa

Fig. 1. The evolution of pressure ratio in monodispersive polydispersive systems of spheres
with different distribution of particle size

CONCLUSIONS

The transmission of stresses in particulate systepends highly on the grain
size distribution for coefficient of particle sizeriation higher than 5% which
results from changes in coordination number in ke The relationship
between stiffness of system and grain size digiohwas not found.
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Productivity of soil is a function of complex phgal relations and parameters
which should be determined for better understandptgnal conditions for plant
growth and conducting of sustainable agriculture.

Soil degradation in result of compaction is a wailte problem and difficult
to avoid till farmers use heavy and wide-span rfutiictional machinery to
reduce time of tillage operations. Intensificataisoil treatments is reflected by
crop yields which are dependent on complex soiperties. Heavy equipment
and tillage implements can cause damage to thessadture which determines
the ability of a soil to hold and conduct watertrimnts, and air necessary for
plant root activity.

Transport and retention of water and solutes inreggied soils largely
depends on hydraulic properties of a single agdeegaich as wettability,
infiltration, sorptivity and hydraulic conductiyitwhich can differ even between
inner and outer part of aggregate. Structurap@nies of aggregates such as
wettability or sorptivity affect erodibility of sloand may be indicators of sall
reaction to management.

Repellency (opposite to wettability) is a commoattee of many soils. Soil is
recognized as water repellent if it does not weinggneously when the drop of
water is placed on it. The repellency can leadutéase runoff, erosion, unstable
and preferential flow. On the other hand in somageait may strengthen soil
aggregates, its stability and prevent disrupti®aepellency depends on various
soil attributes like:

- soil water content- some dry soils may be compfetepellent
whereas with adding water the repellency vanishes

- quality and quantity of organic matter componehtgdrophobic
or hydrophilic groups

- clay content- usually inverse relationship

- pH of sail- increasing repellency with decreasiiy p

A great impact on wettability has type of soil mgament. Generally pasture
soils are not as wettable as plowed ones. Compabtichanges in soil structure
also changes arrangement of organic matter antatyntay control soil wetting.



73

The rearrangement of organic matter components, mhay appear while
compaction, may be more important than its amouuality.

In the presented work we determined the influentsall compaction on
selected hydraulic properties like:

- water and ethanol sorptivity {S)
- wettability (repellency index R)
- unsaturated hydraulic conductivity (}

In our experiment we used soil aggregates modibgdthree levels of
compaction induced by tractor traffic: no compatt{dC), medium compaction
(MC) and strong compaction (SC). We conduct measentés on aggregates of
different size (10, 15 and 20 mm diameter) takemfitwo horizons of loamy
soil. More than 200 aggregates were examined. Wermdaned mentioned
parameters from the measurement of water and/aanethuptake by soil
aggregate from a capillary tube.

Our results indicate interesting relations betwdetermined parameters and
traffic intensity. We found that small variances lavel of compaction may
considerably change soil wetting properties dependin aggregate size and soil
depth.
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