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Abstract. Modern agricultural farming requires precise, quickd nondestructive methods for
determination of basic plant physiological paramset®©ne of the widely used and informative
parameters is chlorophyll content in plant leav@stermination of chlorophyll content by
nondestructive methods is well elaborated for rfi@id crops, but these methods are not widely
used for chlorophyll content determination in leasgetables. The aim of the study was to
compare two nondestructive methods with a clasgchemical chlorophylls determination
method. Pigment content was expressed regardintheoleaf weight and leaf area. For
nondestructive chlorophyll determination were usadow cost handheld chlorophyll meter
atLEAF+ and Miniature Leaf Spectrometer CI-710 (€Bio-Science). Chlorophylls content
was determined using one of the 21 indices incatedrin Cl-710. For comparison of methods
four different plant species (lettuce, leaf mustaatlish and cabbage) were used. Plants were
grown at four illumination conditions — natural Higy illumination supplemented with red, blue
and mixed red/blue LED light. Results showed thattte majority of the investigated
wavelengths, readings of the chlorophyll meter &EE and indices used for calculation are
more sensitive to chlorophyll a content calculaped unit area. The maximum sensitivity of
reflectance to variation with pigment content isirid at 605 nm and 696 nm and in the near
infrared region (740-930 nm). Higher correlationtweEen non-destructive methods and
biochemical analyses was observed in radish arfdreatard leaves. The highest correlation
coefficient was obtained witDifference Vegetation Reflectance index (NDVI) @&ichple Ratio
Pigment Index (SRPI). Nondestructive chlorophylltedmination with chlorophyll meter
atLEAF+ and Miniature Leaf Spectrometer CI-710 campletely replace biochemical analyses.

Key words: chlorophyll, atLEAF+, CI-710, non- destructive @enination.
INTRODUCTION

Nowadays modern agricultural farming requires g&cguick and nondestructive
methods for determination of basic plant physiatagparameters. One of the widely
used and informative parameters is the chloroptostent in plant leaves. Chorophyll
content varies in plant leaves depending on plangtics, content of mineral elements,
different stress factors, etc. (Haboudane et 8022 Torres et al., 2015; Wang et al.,

309



2016) Therefore leaf pigment content can provide vale@dight into the physiological
performance of leaves (Sims & Gamon, 2002). Detaation of chlorophyll content by
nondestructive methods is well elaborated for nfigild crops, but these methods are
not widely used for chlorophyll content determioatiin leafy vegetables. In the
Database for remote sensing indicéstally 112 different indices of vegetation
chlorophyll content are listed. Single wavelengtsisaple ratios and more complex
equations as well as derivations are used for mh@etion of chlorophyll content in
plant leaves. Eucalyptus plants showed maximumitbgtysof reflectance to variation
in pigment content in the green wavelength regitos58 nm and at 708 nm in the far-
red wavelengths. The reflectance in the main pignadasorption regions in the blue
(400-500 nm) and in the red (660—-690 nm) wavelengtioved to be insensitive to
variation in pigment conterfDatt, 1998).Similar results were obtained also with corn
leaves were reflectance factors at 550 nm and #l5vere inversely related to
chlorophyll concentrations, but at 450 nm and 6@0changed only slightly (Daughtry
et al., 2000). Chainese researchers recommendetns58 detection chlorophyll
content in frost damaged wheat leaves (Wang e2@il6). Gathering more than 10 years
research done in chlorophylls non destructive datetion, Blackburn (2007)
concluded that the major chlorophyll reflectancatdiee in the region 530-630 nm and
in a narrower band around 700 nm, is most senditiyéggment concentrations.

Recommended wavelengths in the NIR region for dateation of chlorophyll
content are 727-734 nm (Wang et al., 2016), 695nn2%Gitelson et al., 2003) and
710 nm and 925 nm (Maire et al., 2008).

The aim of this study was to compare two nondesteiecnethods with the classic
biochemical chlorophylls determination method.

MATERIALS AND METHODS

Experiments were carried out in autumn 2015 in beated polycarbonate
greenhouse of the Faculty of Agriculture, Latviaiwémsity of Agriculture.

Plant material

Two varieties of lettuce plants: lettudeatuca sativa cv ‘Lollo Bionda’ and cv
‘Lollo Rossa’, leaf mustardBfassica juncepcv ‘Scala’ radish Raphanus sativiiscv
‘French breakfast, and cabbage seedliByagsica oleracegacv ‘Rufus’, were grown in
3-5 L vegetation pots filled with commercial peatbstrate KKS-U, pH 5.9 + 0.3,
PG Mix 15-10-20 0.6 kg rh Lettuce cv ‘Lollo Bionda’, leaf mustard and capbdas red
leaves.

Additional LumiGrow The LumiBar LED stripgere switched on from 6-9 AM
and 16—20 PM used to obtain a 14 h photoperioce,BRed and Mixed Blue/Red LED
lighting was used. Control variant was without d@iddial lighting. Plants were sown at
August 29, analyses were performed at Novembe045.2Totally 20 variants were
examined. Earch variant was grown in 4 replicates.

! http://iwww.indexdatabase.de/db/a-single.php?id=17

310



Biochemical determination of pigments content

Content of chlorophyll a and b and sum of chlordishpf were determined
spectrophotometrically. 10 leaf discs were weiglaed ground in a mortar with
approximatelyl0 mg CaC@ Ground leaf material was extracted with three Isma
volumes of ethanol, filled to 10 mL, centrifuged Bminutes and the absorbance of the
supernatant solution in a 1cm cell was read at 44® and 665 nm with a UV
spectrophotometer UV-1800 (Shimadzu Corporatiopada Chlorophyll a (Chl a),
chlorophyll b (Chl b) and chlorophylls sum (Chl a+were calculated using the
equations of Lichtenthaler & Buschmann (2001). Rigtncontent was expressed
relative to the leaf weight and leaf area. Biocleahianalyses were done in two
replicates.

Nondestructive determination of pigments

For nondestructive chlorophyll determination wewed: a low cost handheld
chlorophyll meter atLEAF+ and Miniature Leaf Speateter CI-710 (CID-Bio-
Science), which rapidly estimates plant propetag published and accepted indices.
Chlorophylls content was calculated using one ef2h different indices incorporated
in CI-710: Structure intensive pigment index (SJEhlorophyll normalised vegetation
index (CNDVI), Carter indexes (CTR1, CTR2), Gregnindex (G), Gitelson Merzlak
indexes (GM1,GM2), Lichtenthaler indexes (LIC1, PI; Normalized difference
vegetation reflectance (NDVI), Normalized pigmeiiocophyll reflectance (NPCI),
Normalized pheophitinization index (NPQI), Simplatio pigment index (SRPI),
Triangular vegetation index (TVI), Transformed Cartelex (TCARI), Zarco-Tejada &
Miller Index (ZMI), Modified red edge simple ratimdex (MRESRI), Red edge
normalized difference index (RENDVI), Vogelman redge indexes (VREI1, VREI2
VREI3), Photochemical reflectance index (PRI), Plaenescence reflectance index
(PSRI), Water band index (WBI). Nondestructive nueesients were done in 10
replicates.

Significance for differences between methods amnidnts was analysed using two-
way Anova at < 0.05. Correlation analyses were performed betwemhemical data,
reflectance at a single wavelength and calculatddes by using Excel Data Analyses
tool pack.

RESULTS AND DISCUSSION

The spectral absorbance properties of pigmentarangifest in the reflectance
spectra of leaves (Blackburn, 2007). Reflectandéyabf vegetable leaves depends on
pigment content and anatomical properties of legvs 1). At the visible light range
(400-700 nm) absorption of chlorophylls and carotges is well detectable. At the
wavelength range 400-500 nm and 660—-690 nm refleetaf plant leaves is less than
10%. The blue region is not recommended for esianaif chlorophylls content because
it overlaps with absorbance of carotenoids. Inrélieregion absorbance tends to saturate
at low chlorophyll content and therefore sensijivif the method decreases (Wu et al.,
2008). The highest reflectance of leaves in vis#plectrum was detected at 550 + 5 nm
which corresponds with literature data (Daughtralet2000; Haboudane et al., 2002;
Blackburn, 2007). Reflectance in the near infraegon varied from 32% (lettuce) till
56% (cabbage seedlings leaves).
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Figure 1. Reflectance spectra of leaves of; lettuce, leaftandscabbage and redish grown with
additional illumination with LED light of differentolors.

Biochemical analyses shoved that chlorophyll cantervegetable leaves varied
from 0.119mg g! (0.221 mg dm) fixed in lettuce ‘Lollo Bionda’ till 1.181 mgY
(3.146 mg dmf) determined in cabbage. Results showed that adadlitiaud lighting
decreased chlorophyll content in vegetable leameseft cabbage seedlings). There are
reports about significant effects of LED illumination plant pigment content (Olle &
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VirSile, 2013) In research done with hydroponicajtgwn lettuce significant differences
in pigment content as result of LED lighting wag faund (Lin et al., 2013). Similar
result was obtained with cucumber transplants @ty et al., 2009).

Table 1.Content chlorophylls in plant leaves detected bémaitally

Plant Light Pigment content, mg'g Pigment content, mg din
Variant  Chla Chlb Chlatb Chla Chlb Chl a+b
Blue 0.257 0.108 0.365 0.454 0.190 0.644
Lettuce Red 0.077 0.042 0.119 0.143 0.077 0.221
Lollo Bionda Mix 0.142 0.066 0.208 0.295 0.137 0.432
Control 0.314 0.139 0.453 0.524 0.232 0.756
Blue 0.182 0.099 0.281 0.290 0.157 0.447
Lettuce Red 0.117 0.066 0.184 0.201 0.113 0.314
Lollo Rosa Mix 0.113 0.069 0.182 0.191 0.117 0.308
Control 0.182 0.100 0.283 0.308 0.170 0.479
Blue 0.666 0.330 0.996 1.558 0.771 2.329
Cabbage Rt.-:‘d 0.806 0.375 1.181 2.147 0.999 3.146
Mix 0.686 0.308 0.994 1.919 0.861 2.779
Control 0.729 0.365 1.094 1.641 0.823 2.464
Blue 0.804 0.320 1.124 1.487 0.591 2.077
Leaf mustard Rt_-:‘d 0.594 0.249 0.843 1.259 0.529 1.789
Mix 0.601 0.242 0.842 1.247 0.502 1.749
Control 0.920 0.409 1.329 1.454 0.646 2.100
Blue 0.649 0.311 0.959 1.467 0.701 2.168
Radish leaves R_ed 0.619 0.261 0.879 1.722 0.725 2.447
Mix 0.602 0.259 0.861 1.522 0.653 2.175

Control 0.756 0.349 1.105 1.621 0.748 2.369
RS.05 0.059 0.028 0.086 0.128 0.057 0.182

Calculated coeficients of correlation between g@nglavelengths and
biochemically determinated pigment content are gb\Fig. 2). In the visible light
spectrum the maximum sensitivity of reflectancesaoiation in pigment content is at
605 nm and 696 nm. It fits to data described bywo#uthors (Datt, 1998; Daughtry, et
al., 2000; Blackburn, 2007). For detection of cbfwhylls content reflectance at near
infrared region (740-930 nm) can be used. At tséble light region better correlation
was observed with chlorophyll content calculatedragy?® (w), but in NIR region if
calculated as mg dfn Similar results are obtained with low cost handhélorophyll
meter atLEAF+ (Fig. 2).

Majority of investigated wavelengths, calculateddioes and readings of
chlorophyll meter atLEAF+ are more sensitive toocbphyll a content calculated per
unit area (Fig. 2, Table 2). It is not surprisibgcause chlorophyll a constitute a majority
of the total chlorophylls. The content of choroplaymay be up to 85.5% in total content
of chlorophylls (calculated from Kitajima & Hoga2003).

Evaluating chlorophyll detection methods for thdiwdual plant species, it is
recognized that the use of reflectance of singlealeangth is less suitable in comparison
with calculated indices. At the region of visibight the best correlation between results
obtained with non destructive methods and biochehainalyses was stated for radish
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leaves, but in NIR region for leaf mustard. Lowerrelation was obtained for cabbage
seedlings.

Coeficient of correlation

O T T T T T T T T T T T 1
.0 2350 400 450 0 550 600 650470 750 800 850 900 950 1,000
-0.4 \

-0.6
-0.8
-1
----- chla (w) chlat+b (w) ====-chla(S)
chl a+b (S) atLEAF+

Figure 2. Coeficients of correlation between single wavelgngnd biochemically detected
content of chlorophyll a and sum of chlorophyligei¢ed as mg¥w) or mg dn? (S), and
readings of chlorophyll meter atLEAF+.

Table 2. Coeficients of correlation

Index Pigment content, mg’g Pigment content, mg dfn
Chl a Chl'b Chl a+b Chl a Chl b Chl a+b

atLEAF+ 0.86 0.84 0.86 0.94 0.92 0.93
SIPI 0.82 0.79 0.81 0.88 0.85 0.87
CNDVI 0.90 0.86 0.89 0.90 0.86 0.89
CTR1 -0.76 -0.79 -0.77 -0.85 -0.87 -0.86
CTR2 -0.88 -0.83 -0.87 -0.86 -0.81 -0.84
G -0.46 -0.46 -0.46 -0.48 -0.48 -0.48
GM1 0.66 0.60 0.64 0.57 0.52 0.56
GM2 0.88 0.83 0.87 0.87 0.82 0.86
LIC1 0.66 0.58 0.64 0.56 0.49 0.54
LIC2 0.82 0.84 0.83 0.93 0.94 0.94
NDVI -0.90 -0.91 -0.90 -0.97 -0.97 -0.97
NPCI -0.59 -0.52 -0.57 -0.66 -0.59 -0.64
NPQI 0.66 0.58 0.64 0.56 0.49 0.54
SRPI 0.88 0.88 0.88 0.96 0.96 0.96
TVI 0.64 0.60 0.63 0.64 0.61 0.64
ZMI 0.89 0.85 0.88 0.91 0.86 0.89
MRESRI -0.28 -0.19 -0.25 -0.12 -0.04 -0.10
RENDVI 0.90 0.86 0.89 0.90 0.86 0.89
VREI1 0.89 0.85 0.88 0.92 0.88 0.91
VREI2 -0.86 -0.82 -0.85 -0.91 -0.86 -0.90
VREI3 0.68 0.68 0.68 0.74 0.74 0.74
PRI -0.87 -0.83 -0.86 -0.91 -0.87 -0.90
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Assessing separately green leafed and red leafgdaldes it can be concluded that
the non destructive determination methods is betidéed for first ones. For example
coeficient of correlation between measurments witlorophyll meter atLEAF+ and
biochemical methods for green leafed vegetablatu¢le cv. ‘Lollo Bionda’, radish
leaves) is 0.990, but for red leafed ones 0.94@il&i results were obtained also with
Miniature Leaf Spectrometer CI-710. All indices kxting SIPI and NDVI have higher
values for green leafed vegetables. There arearafes in literature that the presence of
other pigments did not significantly affect estiioat of chlorophyll from spectral
reflectance (Sims & Gamon, 2002).

Correlation coefficient between chorophyll a contmd biochemical analyses for
nine indices (CI-710) was equal or higher than 0f80 four between 0.81-0.89. If
different indices are compared then the best esuls detected for Normalized
Difference Vegetation Reflectance index (NDVI), ffmgent of correlation for
chlorophyll a —0.971, for sum of chlorophylls -0207NDVI was calculated using
equation (W680-W430) / (W680+W430), were W680 antBd/light reflectance at 680
and 430 nm respectively. The next better resultofsdained using Simple Ratio Pigment
Index (SRPI), were the same wave length reflectanas used for calculations.
SRPI=W430/W680.

CONCLUSIONS

Majority of investigated wavelengths, calculateddiees and readings of
chlorophyll meter atLEAF+ are more sensitive toocbphyll a content calculated per
unit area.

The maximum sensitivity of reflectance to variatinrpigment content is found at
605 nm and 696 nm and near infrared region (740R930

Higher correlation between non — destructive meshaxd biochemical analyses
was observed in radish and leaf mustard leaveset @arrelation was obtained for
cabbage seedlings.

The non destructive determination methods are mestiged for green leafed
vegetables.

The highest correlation coefficient is obtained hwiDifference Vegetation
Reflectance index (NDVI) and Simple Ratio Pigmetadx (SRPI) was reflectances at
wavelength 680 and 430 nm are used for calculations

Nondestructive chlorophyll determination with cldphyll meter atLEAF+ and
Miniature Leaf Spectrometer CI-710 can completelylace biochemical analyses.
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Abstract. The research on the effect the main methods bfreaiment have on its hydrophysical
properties was carried out as a stationary expetiaethe National Scientific Centre, Institute
of Agriculture NAAS. It included a grain crop rata with the subsequent crop sequencing:
winter wheat/grain maize/barley. In 2013-2015,9peng barley variety ‘Solntsedar’ was sown.
Throughout the three years of research, the cemsigtof the effect of the main soil treatment
methods on the overall yield stayed more or lesséme. Reduction in barley grain yield against
the backdrop of long-term disking at the depth@#12 cm is explained by the thickening of the
10-30 cm layer of soil to the critical level of 1.§ cm®, moisture deficiency, as a result of the
over-compaction of the root layer, and an incréasiee amount of sterile spikelets. As the result
of our research, we have come to a conclusionftingtarley, soil disking at the depth of 10—
12 cm is as good as ploughing if it is used as r& giadifferential treatment system, which
includes ploughing at the depth of 28—30 cm oradhilling at 43—45 cm for its preceding crops.
If disking was used for all crops of the grain cnapation, a deterioration of hydrophysical
properties was observed in the barley field, widah lead to a considerable reduction in the
barley yield, especially in a dry cultivation year.

Key words: soil treatment, yield, barley, weather conditionsisture accumulation, crop
rotation, water consumption coefficient, vegetatpeniod.

INTRODUCTION

Spring barley as a fodder-grain crop has the higyiekl among first class grain
crops. Cultivated areas of the forest steppes ohid& cover 15% of the crop rotation
structure. In Ukraine, the average barley yiel8.3-3.5 t ha&, while in good weather
conditions and provided that high quality agrictddumachines are used, it can reach
6.5-8.0 t ha (Gorash, 2007; Gorash, 2012).

The analysis of weather conditions of the last decan particular of the years
2013-2015, indicates that spring grain crops, ealpones with a short vegetation
period, are extremely sensitive to drought and leghperatures during the vegetation
period.
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Hydrothermal conditions, soil moisture in particulare some of the main factors
for yield formation, while the efficient use of akadle resources provides the minimum
loss per yield unit. Water consumption during tkegetation period depends on weather
conditions, biological peculiarities of the planinhda their growth technology
(Ehrenbergerova et al., 1999; Gorash, 2007; Lihochvor et al., 2010; Gorash, 2012).

Barley is a drought-tolerant crop, characterised highly efficient use of moisture
needed to make a yield unit. Seeds require 45-50f@ter of their dry mass to sprout
(Kaminsky & Peter, 20Q3Gorash, 2007 Lihochvor et al., 201Q Gorash, 2012).
In spite of being highly moisture-efficient, theapts can still experience a deficit of
water, especially at the start of the vegetationoge The reason for that is the
insufficient development of root system. The caltigeriod, in terms of water
consumption, growth stages 4-6 of organogenesise(iblbrgerova et al., 1999
Lihochvor et al., 2010).

The total water consumption and evaporation chariaets the security of plants
during separate development periods and their aiget period as a whole. The
evaporation process takes place under the influehegather conditions: the income
and loss of water in the ‘soil-plant’ system, tamperature of the topmost layer of soil,
air and wind speed (Malienko, 2013).

Taking all of the abovementioned facts into accpuhte process of water
accumulation in autumn and winter and the formatba positive hydrophysical soil
environment are the key measures for the formatfan high spring barley yield. This
is why the search for a means of water preservéian urgent scientific and production
objective.

Purpose of the Research. To determine the influerdicthe basic soil tillage
methods and weather conditions during summer badggtation period on its yield in
the forest-steppe. To assess the provision of Ipygiical properties within the
environment of the ploughing soil layer and its aymcs during plant vegetation.

MATERIALS AND METHODS

The experiment was started in 1969 on wet coatsestightly loamy forest soil
with a low humus content — 1.08 or 1.29%, and aeradrof phosphorus: 7.1-7.9, and
potassium: 7.0-8.3 mg (1007g3oil. The soil solution reaction is slightly acighHkc:
5.1-5.2.

At the time of our research in the topsoil (0—435 evaere gotten following results:
humus content — 1.28-1.32%, phosphorus — 15.3-71§.2100 g} and potassium —
14.9-17.7 mg (100 @) Method of Kirsanov is based on the extractionnusbile
phosphorus and potassium compounds from the sihilansolution of hydrochloric acid
(extraction solution), the molar concentration of2 tole dmt and subsequent
guantitative determination of mobile phosphorus poumds and potassium
photoelectrocolorimeter — by flame photometer. Téwction of the soil was rNKCI —
5.7.

Coordinates to pilot area locatioKiev; Latitude 50°,35"; Longitude 30°,42;
Altitude 186 m. Tested soil groups by WRB classifiocn WRB (World Reference
Base): HE-0-30cm; 11-31-55(60); 12-56 (68p<90); Ip—91-125 (130);
P—-126 (131).

318



The research has been carried out with grain atgion with the subsequent crop
sequencing: winter wheat/grain maize/barley.

The barley fertilization system included the intwotion of NsoP4oKso and the
termination of all of the by-products of the preiogdcrop — 14.2 t hii(maize stalks).
Small potassium norm was used because during obspatassium content in soil was
already 14.9-17.7 mg (1007)

The protection system has includes the use of dflewling herbicides and
fungicides: against weeds — Agritox 500 water sleludranules: 1.5 | ha Nurelle-D
emulsion concentrate: 1.0 I"haagainst diseases: Vitavax 200 FF 1.5 end against
pests — Bi-58 new emulsion concentrate: 1.0-1 (BSTU, 2004).

The scheme of long-term stationary experiment igregented by the main
cultivation system of grey forest soil (Table 1).

Table 1. The scheme of the tested soil

The main soil treatmenCrop rotation crop
method system

winter wheat grain maize spring barley
Ploughing at different Ploughing at the Ploughing at the Shallow ploughing at
depths (control) depth of 16—-18 cm depth of 28-30 cm the depth of 10-12 cm
Flat-cut tilling at flat-cut tilling at the flat-cut tilling at the flat-cut tilling at the
different depths depth of 16—-18 cm depth of 28-30 cm depth of 10-12 cm
Differential disking at the chisel ploughing at the disking at the

depth of 10-12 cm depth of 43—-45 cm depth of 10-12 cm
Disking at one single disking at the disking at the disking at the
depth depth of 10-12 cm depth of 10-12 cm depth of 10-12 cm

Soil samples used in this analysis have been selé@ttaccordance with standard
DSTU 4287: 2004, and prepared in accordance wehréiguirements of DSTU ISO
11464-2007. The moisture content in the soil haslgetermined by thermogravimetric-
gravimetric method using auger sampling in soiela§-100 cm, measurements were
taken after every 10 cm in the three periods oé tihin the phase of sprouting, flowering
and at the time of full maturity of grain, with ttransfer to general reserves of moisture
soil accordance with standard DSTU ISO 11465-20¥iklding capacity was
determined via continuous threshing. The size efdtea is 200 fthe used plot is
120 n¥, three replications, the placement of sampleberexperiment is sequential.

RESULTS AND DISCUSSION

During the spring barley vegetation period in 20th®, precipitation rainfall norm
was 30% of the average perennial rainfall norm, @addistribution in time was
determined by using a histogram in the package @asipplication. The year was
described as abnormal. It was made unique by theltsineous display of three types of
drought: soil, atmospheric, and hydrological drdugeather conditions within this
particular year and vegetation period had a negatiffect on the growth and
development of barley plants. The maximum predipitedeviation from the norm — by
48.6-63.2 mm — had fallen within the period of fation of the productive elements of
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the ear. On average, the moisture deficiency dutliregvegetation period had been
224 mm (Table 2).

During their active development period, the plants were suppressed; their growth
was stumped as the days of vegetation with the-lemg soil drought and air heat
predominated

During 20-30 April and 1-20 June there was no pittion, and the period
without rain lasted for 30 days (Table 2).

Table 2.Hydrothermal conditions of spring barley vegetatp@niod, 2013-2015

Year Income_of heat Month April- Hydrothermal
and moisture  April May June July July**  index
2013 actual* 10.5 18.7 21.5 20.3 2057 0.48
18.5 26.6 49.6 4.0 98.7
deviations fron +1.8 +3.6 +3.3 +1.0 +9.7 -1.07
the norm, £ -30.5 -25.4 -23.4 -84 -163
2014 actual* 10.5 18.7 21.5 20.3 1974 1.45
28.8 167 50.2 41.2 287
deviatims from +1.6 +1.7 0.0 +2.7 +6.0 -0.1
the norm, * -20.2 +115 -22.8 -46.8 +25.2
2015 actual* 10.4 19.1 20.8 20.1 1958 0.51
5.6 44.8 9.8 39.2 99.4
deviations fron +1.7 +4.0 +2.6 +0.8 +9.1 -1.04
the norm, + -43.4 -7.2 -63.2 -48.8 -162

*In the numerator—the average monthly air tempeeatdC; in the denominator—the amount of
precipitation per month, mm ** in the numerator—then of annual daily temperatures overC®thin
the vegetation period of the plants; in the denaair—the total amount of precipitation during tlzene
period, mm.

Throughout the years of research the precipitdgbminevenly in different seasons
and months, which has had an impact on moistunenagi@ation in autumn and winter,
as well as on the deposits of moisture in soil muthe plant vegetation period. The
years 2013 and 2015 were critically dry. The amadimdrecipitation during vegetation
was 98.7 and 99.4 mm respectively, hydrothermadinaas 0.48 and 0.51. 2014 was
very advantageous in terms of crop formation, asrgh of precipitation fell and the
hydrothermal index was 1.45.

In 2013-2015, the average daily air temperatureeased during the whole
vegetation period. In May and June, it exceedednitren on average by +3.8 and
+3.0 T respectively. The maximum deviation from the nosmas registered in May
2015, and its absolute value exceeded the avemgamal norm by + 4C and was
accompanied by the reduction in the amount of pition at the level of 27.0 mm in
comparison to the average perennial norm.

According to the Ukraine National Science Centestitute for Agriculture NAAS
given research area corresponds to the norm dfyithethermal index 1.55.

Elevated air temperatures and virtually no atmosplpeecipitation in 2015 led to
a shortened ear flowering period, premature drgimg) dying of lower leaves, which, in
turn, affected the size of assimilation surface d@he spring barley grain yield
(Table 2, 4).
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The research carried out by the Department of Bedtment and Weed Control of
the ‘Institute of Agriculture NAAN' on grey foresoils revealed that in optimal soil
density of 1.30 g crf the deposits of moisture in the 0-20 cm layeremgk 56 mm, at
0-30 cm — 84 mm, and with the moisture of stabtbeving — 13 mm (Gordienko, 1998
Yatchuk, 2008Zvezdenyuk & Boris, 2015).

According to this data (Gordienko, 1998; Yatchuk, 2008; Zvezdenyuk & Boris,
2015; Eshchenko, 2011), the grey forest soil can contain about 70% of annual
precipitation in the 0-100 cm layer, which trarsainto 452 mm for the research area.

Autumn-winter of 2012-2013 had the largest amodntrecipitation, a total of
316 mm, which surpassed the average perennial anbyu#8 mm (18%). However,
during the same period in 2013-2014 and 2014-201tb moisture deficiency was
82.0 mm (31%) and 112 mm (42%) respectively.

The autumn-winter moisture accumulation in the @-&® soil layer during the
years of research with the long-term ploughingfé¢i@nt depths was on average 20 mm
(11%) higher in comparison to moisture depositd tecumulated with long-term
disking at the depth of 10-12 cm. The moisture amdation during the same period
within the years of research has mostly been degpenoin the main soil treatment
system, and especially on the weather conditionkatfyear (Table 3).

Table 3.The influence of the main soil treatment system tbe productive moisture
accumulation at the start of the spring barley tesiyn period, 2013-2015

. . Moisture deposit, mm Non-productive
The main soil . .

Soil layer, . moisture loss
treatment em crop barley moisture during
method system maturing  sprouts accumulation vegetation, mm

2013-2014 2014-2015 mm %
Ploughing at 0-20 27 46 19 41 183
different depths
at 10-30 cm 0-100 114 163 49 30 153
(control)
Flat-cut tilling 0-20 31 42 11 25 191
at the depth
of 10-30 cm 0-100 121 161 40 25 162
Differential at 0-20 33 45 12 27 190
10-45 cm 0-100 123 160 37 23 165
Single-depth 0-20 35 42 7 17 195
disking at 10-12 cn0-100 129 158 29 19 173
HCP .05 0-20 2.87 4.11 - - -

0-100 3.02 6.13 - - -

0-20 3.89 241 - - -

0-100 8.13 5.24 - - -

Notes: *the amount of precipitation from the timenaaize harvesting to the start of barley sprouiimg
2013-2015 has on average been 202 mm, which matteeupn-productive loss, namely the precipitation
and accumulation in autumn-winter.
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Our research has shown that the non-productivetateitoss during vegetation in
2013-2015 were the highest in long-term diskinthatdepth of 10-12 cm. In the latter
case, the loss of moisture in the 0—20 cm layeomparison to the control plot has been
12 mm (6%), and 20 mm (10%) in the 0—100 cm layable 3).

The largest moisture deposits were in the contiat, @nd throughout the years
they exceeded the amount of moisture depositsraf-lerm flat-cut and single-depth
disking plots by 147 and 223*rha’ respectively. Moisture deposits with differential
treatment were on the same level as the contral Plaing the barley sprouting period,
the moisture deposits throughout the research yearg sufficient for efficient
development of the plants in the first half of vieen (Table 4).

In particular, this trend in moisture depositingilhusing different main soll
treatment methods remained constant throughoutethes.

In 2015, long periods without rain lasted for 4§<la.e. about 50% of the duration
of the vegetation period of spring barley. In Jamel -1l decade of July - with the
amount of precipitation of 10 mm moisture reserdesreased to a value close to the
withering point.

The maximum air temperature in the ear flowerind grain filling period was
37-39 C. In the soil at the depth of 0-5 and 10-15 cmasww6-28 and 23-2%&°
respectively, and 35-3T°above the surface of the crop, which had a negatiypact
on barley plants.

An increase in the air and soil temperature to ¢hical level during barley
vegetation is undesirable; especially critical is the period of the leaf-tube formation/grain
filling development at the 8#0th stages of organogenesis (Lihochvor et al., 2010;
Gorash, 2012). The optimum temperature for plaowgn and development during
vegetation is +18C. The maximum temperature that barley can withstanthe first
25-35 hours is + 38—4@? A temperature increase by @ feads to a decrease in yield
by 4.1-5.7% (Schelling, 200¥anova, 2006 Lihochvor et al., 2010).

In 2015, during barley earing, there was a shagoedese in the moisture deposits
in comparison to the deposits formed in 2014. Susharp decrease in the amount of
moisture available for the plants can firstly belaied by its intensive use and the
critical stage for yield formation, and secondly &@ymall amount of precipitation in
April and May (Table 2).

The 2015 moisture deposits in the 0—-100 cm soirlajuring harvest in barley
field, which amounted to 450%ha?, were the lowest ever, lower than moisture deposit
during harvest in 2013 and 2014 by 423 hat and 924 mhalrespectively.

In the water year 2014, the pattern of moisturé&ritligtion, both in terms of time
and soil profile, was different from 2013 and 2013n average, the amount of
precipitation during vegetation exceeded its avegzrennial norm by 25 mm, with the
hydrothermal index of 1.45, which is 0.10 lowerrtliae norm (Table 2).

Weather conditions in 2013 and 2015 were not tydmathe right-bank forest
steppe, the hydrothermal index was lower than therage norm by 1.07 and 1.04
respectively, and in the main spring barley yieétréased in comparison to 2014 by
2.75 t ha on the average (Table 4).

During the spring-summer vegetation, the amouptaductive moisture in the soil
decreased considerably, its lowest values wereguhie stage of complete ripeness of
the grain (Table 4).
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Table 4. The consumption of productive moisture in 0—100saihlayer, depending on the main

soil treatment method, 2014-2015 m

. B | = =
The main soil M0|stur_e depos_lts 2 2 Yield WCC*
treat t svst for the time period ¢ & a
it LIEE I
P sprouts Harvesting2 2 & 2 tha' control mit! control
cm S =6
=0 % O plot plot
2013
Ploughing at
different depths, 1,620 902 718 1,707 2.44 - 700 -
10-30 (control)
Different depths, -0.42 -4.6
flat-cut 10—30 1,330 915 415 1,404 2.02 17 695 1
Differential, 10451589 904 685 1674 307 OO0 545 >
Single-depth -0.45 2.6
disking, 10-12 1,171 762 409 1,398 1.99 18 702 04
HCPo,05 4.79 5.01 - - 0.12 - - -
2014
Ploughing at
different depths, 1,706 1,320 386 3,636 5.28 - 688 -
10-30 (control)
Different depths, 0.03 -47
flat-cut 10—30 1,516 1,357 159 3,409 5.32 1 641 7
Differential, 0.31 -78
10-45 1,630 1,343 288 3,409 5.59 6 610 11
Single-depth -0.46 46
disking, 10-12 1,499 1,477 22 3,538 4.82 9 734 7
HCPo,05 6.13 6.70 - - 0.26 - - -
2015
Ploughing at
different depths, 1,582 476 1,106 2,049 3.05 - 672 -
10-30 (control)
Different depths, -0.58 186
flat-cut 10-30 1,621 443 1,178 2,121 2.47 19 858 o8
. . -0.17 43
Differential, 10-44,567 450 1,116 2,059 2.88 5 715 6
Single-depth -0.65 197
disking, 1012 1571 431 1,139 2,082 2.40 21 869 29
HCPo,05 5.24 2.17 - - 2.40 - - -

Notes: *WCC: water consumption coefficient® t1; *amount of precipitation during vegetation 2098¢
ms; 2014: 3,250 i) 2015: 940 m ** in the numerator, + compared to control ptdtal; in the denominat
+ compared to control plot, %; *** in the numeratocompared to control plot,%?; in the denominat
+ compared to control plot, %.

Our research has revealed that in 2013, the maingsparley yield was between
1.99-3.07 t hid With the differential soil treatment, where chisi®ughing was done at
the depth of 43-45 cm during the preceding crod,disking was done at the depth of
10-12 cm immediately before sowing barley, thergsaeld was 26% (0.63 t) higher
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than on the control plot (Table 4). The barley gialith ploughing at different depths
(control plot) at the 10-30 cm layer was 0.45t,la 18% higher than the results with
single-depth disking (Table 4).

In the conditions of the 2014 vegetation periodhwufficient moisture both during
sowing and plant vegetation, the barley seed yiedd very high: 4.82-5.59 t ha
(Table 4).

In comparison to the previous year (2013), it wasaverage 2.87 t Ha(55%)
higher against the backdrop of the main treatmexthod. The yield was 0.46 t-h%)
lower when long-term disking at the depth of 10ef®?was used, compared to the
control plot. In 2015, long-term single-depth dreki produced the lowest vyield,
0.65 t ha, or 21% lower than the control plot (Table 4).

In our opinion, such a low yield in 2013 and 20laswcaused by the physical
condition of the soil, and insufficient moistureopision to the plants—deficiency of
available moisture, high temperatures of air amedafer of soil where most of the roots
were located.

Weather conditions in 2013—-2015 were contrastingtincture and distribution,
which provided us with a possibility to fully assekeir importance and impact on yield
formation and achieving the genetic potential afrgpbarley. In autumn and winter of
2013-2014, the amount of precipitation (in the fafi)snow and rain) from the moment
of harvesting the preceding crop (grain maizehw start of spring barley vegetation,
was 186 mm, while its amount in 2014-2015 was 16%et. In 2013-2013 and
2014-2015 the amount of precipitation was lowenttiee average perennial norm by
82.0 (31%) and 112 (42%) mm respectively. During ylears of research, moisture
deficiency in autumn and winter has been approxeip&7.0 mm (36%) (Table 2).

Vegetation periods of 2013 and 2015 were dry. Theye characterized by
precipitation deficiency and a heightened total sidiractive air temperatures. Moisture
deficiency was typical of the entire barley vegetaperiod, and in different months it
was 43 mm or 89% (April), 63 mm or 45% (June), 84d mm or 95% (July) of the
monthly rate. This period coincided with the forioatof barley yield (Table 2).

Vegetation period in 2014 was characterized asfaatory. During the vegetation
period, 287 mm of precipitation fell, and moistuteficiency during ear flowering
(-22.8 mm) was unnoticeable due to May precipitgtgince its amount was 115 mm
higher than the norm (Table 2).

Throughout the three research years, the consyistdribe effect of the main soil
treatment methods on the yield of the main cropsaieed more or less the same.

Decrease in the spring barley grain yield agamstiackdrop of long-term disking
at the 10-12 cm depth is explained by the thickgointhe 10-30 cm soil layer to the
critical level of 1.57 g cri, water deficiency, as a consequence of over-cotigpaof
the root layer, and an increase in the numberesiistspikelets.

CONCLUSIONS
1. The largest moisture accumulation in soil neces$aryspring barley plant
development takes place in autumn and winter uthegdifferential soil treatment

method, which in the case of grain crop rotatiahides ploughing at 22—24 cm for soy,
disking at 10-12 cm for wheat and barley, and tipkeighing at 43—45 cm for maize.
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Decline in the moisture schedule of grey foredtissing small-scale and non-inversing
tilling is explained by an increased density in livger part of the cultivated layer.

2. Summer precipitation, in particular in 2013 and 20Was insufficient for
achieving the full potential of the plants, whifeir duration and amount mostly did not
live up to the requirements. The main amount ofstuwe, which was concentrated in
the 0—-20 cm layer, was expected to intensively enatp.

3. Non-productive moisture loss in the 0—20 cm laygowghout years has been
the highest when using flat-cutting at differenptifies and single-depth disking — 191
and 195 mm, or 95% and 96% of the moisture deptigitshad accumulated in autumn
and winter.

4. Disking at 10-12 cm for barley is as good as ploughf it is used in the
differential soil treatment system, which inclugadsughing at 28-30 cm and chisel
tilling at 43—-45 cm for preceding crops. If diskings used for all crops of the grain
crop rotation, a deterioration of hydrophysical ggdies was observed in the barley
field, which lead to a considerable reduction ie tharley yield, especially in a dry
cultivation year.
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Abstract. A present research was conducted to determine mieahalurability of digestate
briquettes and potential influence of differentratge condition. Experiments were performed on
briquette samples produced from digestate feedstittkmoisture content of 8.2%, ash content
of 10.9% and gross calorific value of 17.15 MJKay hydraulic piston press with working
pressure of 18 MPa with external diameter 50 mmlamgth 40—60 mm. Briquette samples were
divided into two groups and stored inside and detdiuilding. Both groups were subjected to
five experimental testing during specific time peérifrom May until late November 2014.
Mechanical durability of each briquette was meadaier every testing, subsequently overall
mechanical durability of specific groups was cadted. Results showed the lowest mechanical
durability after first measurement: 98.85% for Qvdl and 98.95% for Group 2. The biggest
change in mechanical durability was observed betwist and second testing, values of
following measurements were approximately equale highest mechanical durability was
achieved after fifth testing: 99.65% for Group H&9.63% for Group 2. It implied mechanical
durability equal to 99.44% for Group 1 and 99.4%%Group 2 in average. Research proved very
high mechanical durability which corresponds to linghest category of this quality indicator
given by standard EN ISO 17225-1. Difference betweechanical durability of groups stored
in different conditions was considered as minorerEby briquettes made from digestate are not
only secondary product of proper waste managenaéiectively modified fertilizer but as was
found by results of this research it is also suidbel with outstanding mechanical properties.

Key words: biomass, densification, biofuel, abrasion resitarrenewable energy, quality
control.

INTRODUCTION

Attempt to deal with solid biofuel quality is nowaags an important issue due to
their consideration as a sustainable and envirotahdémendly renewable source of
energy and substitution of fossil fuels. Moreovagettes became a market product
and its production increases these days conseguénthever it must be produced in
very high quality to attract the general publicafieva, 2012). Digestate, waste material
from biogas plant stations, is commonly used &stdifer (Roubik et al., 2016) but after

327



proper processing this waste material can be used feedstock for the briquette
production. Digestate has its specific chemical amethanical-physical properties
which directly affect final quality of briquettes aell as all materials used as a feedstock
for briquette production (Kratzeisen et al., 20T0)ose specific properties (ash content,
moisture content, calorific value, combustibilitgfe the reason why all kinds of
briquettes must be subjected to quality tests. Meidal durability (abrasion resistance),
next important property of feedstock, is consideasdne of the main indicator of the
briquette quality which describes the ability ofgoette to remain intact during its
handling, transportation and storage (Kaliyan & Bgr2009a; lvanova, 2012; Muazu
& Stegemann, 2015; Tumuluru et al., 2015).

Previous studies done by Kaliyan & Morey (2009a&gnbva et al. (2014) and
Repsa et al. (2014) showed that mechanical dunaisilihe prevalent form of expression
of physical quality of briquettes. Mechanical duligbexpress the degree of briquette
damage, thereby it helps to select suitable paemé&dr production and optimizes the
densification process to produce high-quality beites.

It was already published in previous studies of emman et al. (2006), Kaliyan
& Morey (2009a), Ivanova (2012) and Tumuluru ef{2015) that degree of mechanical
durability is influenced by several factors as arelsteristics of used feedstock material
(moisture content, particle size, content of ligntechnical specification of production
(operating temperature and pressure, type of thespand storage conditions (relative
air humidity and air temperature).

Influence of different storage conditions has bdescribed in another published
research done by BroZek (2013) which concludedrfatner of briquette storing has
major influence on their mechanical durability. keg mechanical durability was
observed at briquettes samples stored in heateditcomapart from unheated storage
conditions with weather changes.

The aim of this paper was to determine mechanigallity of digestate briquettes
stored in different storage conditions by experitabmway thereby to define the physical-
mechanical quality of this biofuel. Furthermore th&pose was to analyze possible
differences in mechanical durability between vaslgistored briquettes and to specify
preferable storage condition.

MATERIALS AND METHODS

The production of briquette samples and subsequeiity testing was conducted
in accordance with mandatory technical norms, Eemo@and International standards for
solid biofuels. Namely as a basis, an Internatiddt@ndard EN ISO 17225:2015
which describes basic properties of feedstock arad products as an acceptable shape,
diameter, length, moisture content, ash contemtterd of chemical elements and inter
alia allowed values of mechanical durability waedis

Material

The briquette samples used for the experimentabrel were produced from the
digestate material which originates from the biogdant located in the Central
Bohemian Region, Czech Republic. Feedstock usethébiogas production contains
40% of cattle manure, 30% of grass silage and 3Ditaize forage. Raw unprocessed
digestate material was obtained in the liquid favithh 6% of dry matter. Based on such
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a composition, extracting of dry matter from rawgaditate is highly time and energy
consuming (using laboratory dryer with limited wale), therefore not feasible.
According this fact, raw feedstock was firstly ddfated mechanically and then
naturally by the solar energy, without using otérergy sources, on open area where
the largest portion of moisture was evaporated rma#tes it less energy demanding
process. Subsequently it was dried in the laboyatgrer LAC type S100/03 to the solid
state with moisture content 8.2%.

Sampling and distribution

Prepared material was densified by the hydraubtopi press BrikStar type 30-12
(MalSice city, Czech Republic) which operates viadstock moisture content 8—15%,
density of final products is about 900-1,100 ké raperating pressure 18 MPa and
operating temperature 60°C. Briquettes were pradluae® cylindrical shape with the
identical diameter of 50 mm, length varying from-80 mm and consequently different
weight from 72.00-142.45 g (see Fig. 1).

Figure 1. Briquette samples from digestate before experinhégsting.

Before experimental testing, the briquettes weneoanly divided into two groups
(Group 1 and Group 2) and stored in two differeatage conditions from April 2014
until November 2014 (226 days in total). Mentiostarage time period was divided to
five intervals ended by performing of mechanicakadhility tests; first test was
performed at 29 day, second test at B&lay, third test at 88day, fourth test at 148
day and fifth test was performed after 22y of storage. Briquettes from Group 1 were
stored in the laboratory with constant relative himmidity around 40% and air
temperature equal approximately to 21.5 °C. Brigpsefrom Group 2 were stored
outside the building, covered by the plastic badj@xposed to the weather changes.
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According to meteorology station of the Czech Ursitg of Life Sciences Prague
the following climate data were measured duringbserved time period: average air
temperature equal to 14.7 °C (min. 3.5 °C and r@@xC) and relative air humidity in
average equal to 71.4% (min. 38.5% and max. 96.P¥cess of the weather changes
is noted in following graphs showed in Fig. 2.

Air Temperature Relative Air Humidity
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29 53 83 148 226 29 53 83 148 226
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Figure 2. Weather changes in specific time intervals duribhgevved time period.

Experimental procedure

During experimental testing in the framework ostresearch the moisture content,
ash content and calorific value of feedstock matesiere determined and briquette
samples were repeatedly (n =5) subjected to mémddadurability tests. All above
mentioned measurements were conducted followingfaan Standards: EN 15234—
1:2011, EN 14918:2009, EN 14775:2009, EN 14774-02&nd EN 15210-2:2011
which is describe below.

Mechanical durability test (DU test)

Process of durability testing were performed adogrdo mentioned European
Standards EN 15210-2:2011 which describes requitenamd conditions of this test in
detail. Testing was performed in special dustpnmdéting drum with placement of
rectangular steel partition powered by electridiyawing of this drum with description
and dimensions is showed at Fig. 3. Minimal weigfttested group of samples is stated
to 2+ 0.1 kg, testing time is defined as 5 minutes which cquoesls to 105+ 0.5
rotations of drum and special sieve with holes simaller than 45 mm was used for
removing of abrasion from briquettes after testiBgquette samples were tested five
times during nine month of research duration artesdaf performing the tests were
following: 7" May 2014, 29 May 2014, 8 July 2014, 1 September 2014 and19
November 2014.

2In the case of this particular research less nadtdian is specified in the standard has been;usbdr
requirements of standard have been fulfilled.
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Figure 3. Drawing of rotating drum: 1-Drum, 2—Partitior;EBnhgine (c).

Each briquette sample was weighed before and @&f&ng and final mechanical
durability of every briquette was calculated byngsiollowing formula:

M
DU = m 100 1)

where:D — mechanical durability (%) — weight of briquette sample after mechanical
durability testing (g);me —weight of briquette sample before mechanical dlitgbi
testing (Q).

RESULTS AND DISCUSSION

Final result values showed very high level mectedrdarability of briquettes made
from digestate, overall average value was equaB%ai4% (minimum 96.25%,
maximum 99.99%). It corresponds to the highest grafl this quality indicator
(DU > 95%) given by International standard for solidfbes EN 1ISO 172251:2015.
Previous research has proved suitability of digesés a feedstock for production of
densified fuel for combustion and recommended dijesas an excellent substitute for
wood material (Kratzeisen et al., 2010). As itighle from Fig. 4 the lowest mechanical
durability was observed during first testing (98©Qvhich corresponds to 105 rotations
(29" day) and the highest mechanical durability dutasg fifth testing (99.64%) which
corresponds to 630 rotations in total (22fy).

Fig. 4 also illustrates that the biggest differertmween specific testing was
observed between first (105 rotations) and secesid210 rotations). This phenomena
was caused by abrasion of sharp edges of briquettesh comprised the main part of
first abrasion. Previous research done by Temmeghah (2006) has showed reverse
trend of mechanical durability changes. Result eslwf mentioned research has
presented decreasing level of mechanical durahilitih increasing number of testing
(n =5) but time interval between testings or ctindi of storage of samples was not
specified.
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Change of mechanical durability

29 53 88 148 226
Number of testing day

Figure 4. Average mechanical durability of all briquette sdsg%) during specific testing.
For clearer evaluation of results values achienetlis research a comparison with
mechanical durability of different feedstock makmublished by other authors was

used, see in Table 1.

Table 1.Mechanical durability of briquettes from differdeedstock material in %

DU (%) Material Author
<90.0 giant reed (lvanova, 2012)
wheat (Tumuluru et al., 2015)
canola (Tumuluru et al., 2015)
sea buckthorn (Novotny, 2015)
big bluestem (Theerarattananoon et al., 2012)
>90.0 wood (BroZek et al., 2012)
corn (Kaliyan & Morey, 2009b)
miscanthus x gigantheus (lvanova, 2012)
rice (Muazu & Stegemann, 2015)
canary grass (Repsa et al., 2014)
>95.0 digestate* Authors data
cotton (Eissa et al., 2013)
hemp (lvanova, 2012)
soybean (stalk) (Rajkumar & Venkatachalam, 2013)
paper + board (Brozek, 2015)

*In the case of this research less material thaoraing to standard was used for the mechanicalhility
testing. Other result values were achieved by diffemechanical durability testing methods (stadslar
thus it has informative and comparable character.

It is essential to mention that referential valwésother crops (Table 1) were
produced under different manufacturing conditidr@yever they are still comparable.
Final mechanical durability can be significantl§jegted by the factors like compressing
pressure, feedstock moisture content, temperatuparnticle size (Temmerman et al.,
2006; Kaliyan & Morey, 2009a). According to resdaaf Saptoadi (2008) it has been
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determined that mechanical durability of wood beitjeis increases with decreasing size
of feedstock particle size. Results values fronvipres researches of Temmerman et al.
(2006) and Al-Widyan & Al-Jalil (2002) related t@mpacting presure exhibits that
mechanical durability increases with increasing aaimpacting pressure. Those
researches were done by high pressure briquettanchimes which used compacting
pressure 12—35 MPa however result values of Yaak €016) proved high mechanical
durability 91.9% of briquettes from rice husk andub produced by manual press
generating-a compacting pressure of 4.2 MPa. Tdssltr opens chances to produce
briquettes in non-electrified regions or in smabiguction sectors and extends the scope
of briquettes production on global scale.

Influence of different storage conditions

Average result values of specific testings andagf@iconditions, see in the Table 2
and Fig. 5 differs at minimal level. Result valeadibited higher mechanical durability
for outdoor stored samples from Group 2 than faru@rl which was stored in indoor
constant conditions. Average difference betweenu@rb and Group 2 was equal to
0.015 %. It can be stated that result values imameswere approximately equal despite
the different relative air humidity and air tempera of storage condition.

Table 2. Average mechanical durability (DU) of different s#d briquette groups after specific
testing (%)

Testing day 29 53 8gh 148" 228" average DU
Group 1 (DU) 98.853 99545 99529  99.604  99.654 43D.
Group 2 (DU) 98.053 99548  99.597  99.535  99.627 4%®.

Change of mechanical durability
99.8 T , :

99.6
99.4

DU (%)
99.2

99.0

988 —&- Group 1
— Group 2

29 53 88 148 226
MNumber of testing day

Figure 5. Mechanical durability average in different storedups during specific testing.
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According to previous research done by Kaliyan &r&4o(2009a) the proper
relative air humidity for storage of densified puots is stated to 60-70% and air
temperature should be equal to 25 °C and below IRealues of this research also
proved that increasing of moisture content of destsproducts to more than 13% can
influence final product quality negatively (Kaliy&Morey, 2009a).

Despite the fact that result values of mechanioshlility observed in this paper
are approximately equal higher mechanical durgbads exhibited for outdoor stored
Group 2. There is contradiction with previous reskaresults of BroZzek (2013).
Mentioned research was also focused on influendadiffefrent storage conditions and
long-term storage (9 months) of briquettes butra@vpd that mechanical durability of
briquette samples stored in closed heated roomegaal to 91.77% in average which
was higher than mechanical durability of briquestdéenples stored in closed unheated
room which was equal to 86.80% in average. Diffeeebetween results of mentioned
previous research of BroZek (2013) and resulthisfgaper can be explained by weight
influence of briquette samples below.

Briquette weight influence

At the beginning of the experimental research thgulette samples were chosen
and distributed randomly which caused weight inétyulaetween groups. According to
data the part of research focused on briquettehwéigs stated that Group 1 contained
briquette samples with higher weight. This factvisible from Fig. 6 below which
displays weight distribution of briquette samplathim different groups.

Weight range of different stored samples
150

*

140 ¥

oocoQo

130 |
120
1101

Weight (g)
100

90 ¢ 12 Median

[ ] Mean+2*SEM
80 ¢ * 1T Non-Outiier

£ Range
a o Qutliers
0 : ; ’ ) # Extremes
Group 1 Group 2

Figure 6. Weight distribution of briquette samples in obsergeoups (Q).

For the purposes of this paper evaluation initedles of briquettes samples were
distributed according to the briquette weight arethanical durability of each different
weight group was subsequently calculated. Thoseegs®d values as it is visible from
Fig. 7 reflected that best degree of mechanicallllity was stated for briquettes from
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groups with weight range 90.01-130.01 g. The ligleted also heavier briquettes
showed lower degree of mechanical durability.

Mechanical durability of weight groups

99.8
99.6
i il
DU (%) 99.4 | T i
99.2
99.0 |
<90.00 g 110.01-130.00 g
90.01-110.00 g >130.01g

Weight groups range
Figure 7. Comparison of mechanical durability of briquettenpée groups with different weight.
CONCLUSIONS

The results of this paper implies that briquetteslenfrom digestate exhibited very
high mechanical durability (99.44% in average) at@adance to the evaluation of
standard EN 1SO 17225:2015 as well as in comparison with other tesesti$tock
material from previous researches. The degree aharécal durability of digestate
briquettes was not influenced by the differentag@rconditions in a considerable extent.
Therefore briquettes from digestate are not denmgndn storage condition. Higher
mechanical durability was observed at briquette pda@sn with weight range from
90-130 g (middle weight groups). Briquette sampléth lower of higher weight
exhibited lower mechanical durability. The reseaedults contribute to the conclusion
that briquettes made from digestate are not ontprsgary product of proper waste
management, effectively modified fertilizer butdtalso suitable fuel with outstanding
mechanical properties.
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Abstract. Mulching is an energy-intensive agricultural openat The efforts to reduce the
energy intensity makes the designers explore ndutisos which would reduce the energy
intensity. One of the possibilities to reduce thergy intensity of mulching is to use a work tool
of different shape. The paper introduces comparig@everal shapes of blades intended for the
mulcher with vertical axis of rotation, where edp#¢ the rake and cloth angle is changed. The
measurement was performed by means of a laboratodel of a one mulcher rotor and in the
field conditions where the mulcher Bednar MZ 600€hva range of 6 m and three rotors had
been used. The measurement was performed parljcéiam the point of view of the energy
loss caused by drag of knives. The measurementldprmeans of the model of the mulcher has
confirmed the hypothesis that larger cloth causeseased resistance of the mulcher and higher
rake angle results in decreased mulcher resistélmeever, larger cloth may contribute to better
work quality in the field conditions.

Key words: Mulcher blades, mulching, energy loss, rake aradtgh angle, air resistance.
INTRODUCTION

Mulching is a technological process during whiclistred plant residues are left on
the surface. It is primarily used for cutting amdshing green plant residues, old grass
on permanent grasslands and for treating fallowldaMulching can also be used for
crushing crop residues on the arable land (And&£86; Mayer & Vlaskova, 2007;
Syrovy et al., 2013).

Mulcher with vertical axis of rotation (Fig. 1) &rotation mower. Many authors
tried to measure its energy intensity but theinltsdiffer significantly (Table 1).

The energy intensity of mulching or shredding @fiplmaterial is dependent on the
type of processed crop, parameters of the cut (perdsrmance, cutting speed etc.) and
shape and condition of the cutting tool (Syrovyalet 2008; Hosseini & Shamsi, 2012;
Kronbergs et al., 2013; Pecenka & Hoffmann, 20%&ape of the cutting tool, especially
the rake angle and the angle of the tool cloth.(Eigmay significantly affect the energy
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intensity of work. Concerning mulchers with vertieais of rotation, the rake angle is
mostly 0° which is a perpendicular cut. In therbiterre the rake angle have been studied
in the range 0-50°. The most effective cut was dowithin the range 15°-30°
(O'Dogherty & Gale, 1986; O'Dogherty & Gale, 198Hhkahy et al., 2012; Kakahy et
al., 2013)}depending on other parameters of the cut suchttisgapeed. Chattopadhyay
and Pandey (2001) observed the lowest requiredygaithe rake angle of 40°.

e &

Figure 1. Principial figure of mulcher with vertical axis oftation (Bednar FMT, 2013; Andrejs,
2004).

Table 1.Results of energy intensity of rotation mowers, suead at different conditions

Performance
Source requirement Conditions
(KW mh)
Cedik et al. (2015) 10-23 Mulcher working with mass performance
of 10-35tH
ASABE D497.7 (2011) 5 Mower
8 Mower with conditioner
Syrovy et al. (2008) 6.67 Mower with the average mass
performance 120 thand blunt blades.
5.67 Mower with the average mass
performance 120 thand sharp blades.
Srivastava et al. (2006) 11-16 Mower at a speed of 15 kmth
Tuck et al. (1991) 8-10 Mower with sharp blade
10-12 Mower with worn blade
McRandal & McNulty (1978b) 5 Mower
3.5-6.5 Mower with conditioner
0

Direction of cut

 ————

e

Figure 2. Angles on the cutting toob (- rake angley — cloth angle).
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Another parameter affecting energy intensity of midcher with vertical axis of
rotation is the energy loss. Identified energy ésssf rotary mowers are the following:
acceleration of the material to the output speedramming friction forces between the
material and the cover of the mower mechanism vihdamaterial is still pressed by the
cutting device, overcoming friction forces betweitye blade and the stubble/sall,
continuous movement of the air in the cut areaéled ventilation effect), overcoming
mechanical friction forces of the drive mechanisrd ather parasitic losses. Total losses
may be greater than the real cutting performanees@@n, 1987; O'Dogherty & Gale,
1991).

The experiments with mowing machines with verteals of rotation proved that
50% of the input energy is used for ‘transporttioé plants while only 3% of the input
energy is used for cutting the plant stems (McRb&ddcNulty, 1978a).

The aim of the paper is to verify the impact ofrfiag the cloth angle and the rake
angle on the energy loss during mulching becauseghosses are important part of the
total energy intensity of the mulcher with vertieads of rotation.

MATERIALS AND METHODS

Shapes of working tools were modified as followsdification of the rake angle,
modification of the cloth angle and extension @& bhade. As for the original working
tool the rake angle is 0° (perpendicular cut),dle¢h angle is 45° and the blade length
is 205 mm. As for the designed working tools (Bgthe rake angle is 0°, 15° and 25°,
the cloth angle 35° and 25° and the blade lengthr3th for tools with the rake angle
0°, 319.5 mm for tools with the rake angle 15° 888.9 mm for tools with rake angle
25°. The tools are marked as follows: rake angleloth angle (e.g. 0X35 means the
rake angle is 0° and the cloth angle is 35°).

TICEfe

Figure 3. Proposed working tools (a —0X35, b —0X25, c¢c—-35Xd— 15X25, e —25X35,
f — 25X25).

In order to determine the impact of designed warkiools on energy losses a
measurement was carried out using a laboratory hab@sone mulcher rotor (Fig. 4) in
laboratory conditions. The model is driven by aynakronous electric motor with the
power of 22 kW and a frequency inverter Siemen$ wiaximum power 30 kW. The
torque, input power and rotor speed were measuyethdans of the torque sensor
MANNNER Mfi 2500Nm_2000U/min (accuracy 0.25%). Teheta were saved to a hard
drive of the measuring computer HP mini 5103 by mseaf the A/D converter LabJack
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U6 with resolution 18bit and the module for pulemsors Papouch Quido 10/1. The
frequency of capturing the data was 5 Hz.

Figure 4. Laboratory model of one mulcher rotor.

Moreover, a measurement was carried out in fieldditmns with real mulcher
where the torque and the input power, transmitteouigh the PTO shaft of the tractor
to the mulcher machine running idle in a workingghé (approximately 50 mm) above
the grassy stubble field, were measured. The Mulbt® 6000 with a vertical axis of
rotation made by the company Bednar FMT s.r.o.wsasl during the field measurement
as well as the tractor FENDT 818 (Fig. 5). The abmentioned mulcher has a working
range 6 m, three rotors and working rotor spee@dL;pm. The above mentioned torque
sensor Manner was used for measuring the torquehanichput power. The frequency
of capturing the data was 5 Hz. The moisture ofjtlass mater was high with an average
value 67% and a standard deviation 7.3%.

Figure 5. Working set — tractor Fendt 818 and Mulcher MZ 6000
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RESULTS AND DISCUSSION

The torque increased with the second power ofdtaional speed which is caused
by the air resistance. During the measurement wiote measured variants did not
reach 1,000 rpm due to safety since the acceleraticthe model frame vibrations
reached up to 12 g at the peak values. The vabuds@00 rpm were calculated by means
of the 29 degree polynomial with the coefficient of deteration higher than
R?=0.999. Fig. 6 depicts progress of the input poveggethding on the rotor speed of
the model for the individual shapes of working fodt is evident that the input power
increases with the third power of the speed. Whemparing the individual variants it
is evident that low cloth angle means low lossestduair resistance. This is caused by
the fact that smaller cloth means smaller fronaashich has major influence on air
resistance. In the case of increasing rake angléroimt area reduces as well as the air
resistance coefficient,Cbut decline of the input power is not so disive{significant).
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E 12 1 —8—0X35
= 10 - —o— 0X25
2 8 ——15X35
o 6 —m—15X25
4 ——25X35
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Figure 6. Dependence of power on rotation speed of rotoallcshapes of working tools.

Fig. 7 presents the comparison of tools with a zake angle measured in the field
conditions with the mulcher MZ6000 at 50 mm higloabthe grass stubble. It is evident
that a low cloth angle means low energy lossesxduany rotor speed. The reason is the
same as for the laboratory model, i.e. small fewat of the tool thus lower air resistance.
Fig. 8 presents the comparison of the influenceafeasing rake angle for tools with
the cloth angle 25°. There are deviations from mbgults of measurement on the
laboratory model which are probably caused by remderors made during the
measurement in field conditions. It is obvious tie rake angle does not have such a
significant effect on the dissipation of power e tgiven conditions, as the cloth angle.
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Figure 8. Comparison of mulcher input power for tools witfffelient rake angle.
CONCLUSIONS

The measurement performed by means of the labgnatodel proves that reducing
the cloth angle means lower losses due to airtegsie because lower cloth angle causes
reducing the front area of the tool. Increasind take angle also causes reduction of
aerodynamic losses since the front area is redacddhe air resistance coefficient is
affected. Optimizing the shape of the blade froengbint of view of aerodynamics helps
to save the energy which is also confirmed by Zai.g2011). It was also found out that
the rotors in the mulcher influence each otheresit@ input power of the laboratory
model of the mulcher rotor was significantly highlean 1/3 of the input power of the
whole mulcher when running idle.
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Losses measured in the field conditions helpe@tifywthe hypothesis derived from
the laboratory model. The dissipation of powerfiea@ed mainly by the speed and the
cloth angle, the rake angle does not have suagmnéisant effect on reducing the energy
losses during idle running. However, it can be aexli that the rake angle has a
particular influence on the cutting energy. Uséogf cloth angles may cause decrease
of work quality because lower cloth angles reduestiation effect which provides
repeated contact of the blade with the materialthod helps to perfect crushing of the
above ground parts of plants.
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Abstract. The purpose of this paper is to explore the impdébformation technologies upon
the social interaction culture among employeesdtvian enterprises. To transform the available
data and information into a valuable form for degismaking and subsequent actions,
organisations have to provide an efficient commatidn circulation system, which is directly
affected by each company's social interaction celtBased on previous study results in Latvia
the problem of the research is to reveal and ass®ssto increase mutual confidence among
colleagues and encourage to share of informatiaskd of the study were to research the basis
of the review of scientific sources and to study dinganisational and individual factors affecting
employees’ perceptions regarding the role of infation technologies in the information sharing
process in Latvian organisations. The research stidhat in organisations with positive social
interaction culture, employees and supervisorsaiaei interact and share information much
more frequently in a verbal form, which promotesemse of adherence to the organisation;
information technologies, for their part, are uged creation of database and distribution of
formal instructions.

Key words: social interaction culture, information sharing.
INTRODUCTION

At the end of last century, a new system of soiridraction grew up, which
integrated various types and means of communicatnehwhich is characterised by a
new culture of social interaction. In this connentiRudnick (1996) writes:

‘In a world where the corporate information netwaskthe dominant employee
communications conduit for news, information anddigack, it seems logical for the
employee communicator to have a role in the creaim management of the network.
And the employee communicator is perhaps the basager within the organization to
develop strategies for use of that network as ancomications resource, to champion
use of the network for two—way communications,fé@dback and dialogue.’

Today, one—-way or even two—way communication hasnbeeplaced by
meaningful multi—directional communication. Thiswnaystem of social interaction
introduced significant changes into contemporatfuce, turning it into informative.
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A characteristic feature of XXI century is seridnformatisation process of all
spheres of the modern society. It is expected ttatdevelopment of information
technology will become increasingly important. Aatiog to the forecasts given by the
management consulting firm '‘Boston Consulting Gratine impact of technologies and
Internet upon national economies will increasel @@il6 by 11% reaching 4.2 trillion
US dollars in economically most advanced countxigbin the European Union. Due to
this fact, more and more serious focusing on ndarimation technologies and their
expansion in the social environment is observekriists have found that members of
virtual communities tend to share the sense ofeglbelonging and preferences among
each other (e.g., Postmes et al., 2001; Bagozzh&ldkia, 2002; Dholakia et al., 2004).

Modern society is congested with increasing infdrama flows that must be
captured and processed. Therefore, the processciafl interaction cannot do without
information technologies any more. Massive ‘flogfiof the modern social world with
intensive information traffic has changed the habftsocial interaction and information
exchange, including acquisition, processing, amslystorage, preservation and
distribution of information. Several studies havbBown that information and
communication technologies affect the behavioum@drmation seekers (e.g., Heath,
2007; Olander, 2008; Morris et al., 2010; Niu et 2010). The study by Morris et al.
(2010) found that using social networking sitesdek information enabled researchers
to find information and receive personalised answecreasing their confidence in the
validity of the information.

For the company to be able to successfully comnataiin the new age of Internet
and technologies, communication with key audiersfesuld be developed skilfully,
systematically, purposefully and according to tieasion. To transform the available
data and information into a valuable form for diezismaking and subsequent actions,
organisations have to provide an efficient commatidn circulation system, which is
directly affected by each company's social intésactulture. In this regard, social
interaction culture at Latvian enterprises will bee the research subject of the Paper.

The social interaction culture that facilitates sdimination and exchange of
information is identified as a positive aspectnnavative organisations; however, the
organisational and individual factors affecting thecial interaction culture among
employees, are often hard to explain and influeAceording to the company research
performed by the telecommunication operator andri@t service provider in Latvia
‘Lattelecom’, development of information technoleglis not the only criterion affecting
development and competitiveness of enterprisesalbypand stability of the workforce
are also mentioned by enterprises as importardraédr persistence of competitiveness
(Rutule, 2010).

One of the most significant aspects ensuring inyasbn of innovations including
competition, is organisation's receptiveness ofngha and enabling the flow of
information, so that the required information wag &me available to each employee.
In addition, recent rapid advancements in infororatechnology have opened a new
age in which the successes of organizations aa#tyitependent on the adaptation and
application of new and existing knowledge assetkeynbusiness processes (Ndlela &
du Toit, 2001). It is very important for businesamagers to be able to convert the wealth
of available data and information into a valuabtenf for decision—-making and
subsequent actions; collected data must be couvémte intelligence (Fleisher &
Bensoussan, 2007).
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Virtual communication has many benefits. Mostlyeythare the information
exchange rate and interactivity — the possibilityarticipate. Social interaction can be
different: collective, verbal, non—verbal, diraatlirect, external and internal. Forms of
social interaction are chosen depending on thesnelecontacting parties.

The process of communication is explained as teargfsignals to the other, which
is capable of receiving these signals. There dferdnt levels, and mostly non—verbal
communication takes place. And yet it comes intnses, winds into movements,
gestures and facial expressions, until it finds reggion in words in addition
accompanied by the appropriate intonation. All tlés very much missed by
communication on the Internet, where merely cetigiter and word combinations are
displayed on the monitor. Information technologiedirectly affect social
communication, because a very important componémipmmunication is virtually
missing — the effect and reflection of emotionaégmnce. When creating a certain
impulse, senses are created at the same time.

Organisations increasingly develop new communiocatibannels and platforms,
while some of the previously used communicationstaoe becoming less valid and are
used more rarely. The possibilities are varied,abse modern social interaction
platform provide continuous interaction taking gammediately. Each employee who
has access to the Internet, can quickly and easityact both within the organisation
and outside the enterprise and with people all gdvermworld. It has certainly brought
something new to the mutual communication (Fig. 1).

INFORMATION AND COMMUNICATION TECHNOLOGIES

> <
CULTURE

SOCIAL INTERACTIONS
ORGANISATIONAL
COMMUNICATION

KNOWLEDGE SHARING BEHAVIOURS

SOCIAL

INTERACTION ORGANISATIONAL

Figure 1. Influence of information and communication techmés upon the social interaction
culture.

Information and communication technologies undodigteletermine the social
interaction culture in the organisation throughedirimpact upon social interaction.
Social interaction culture is formed in close cartion with organisational culture and
organisational communication behaviours that cowtirsly subject to the influence of
information and communication technologies. Posteted. (2001) for example, argued
that in groups that used computer—-mediated comratiait the existence of group
norms is significant and influential. Use of infation technologies in communication
directly affect social interaction culture by deteming what interacting will be like by
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degree of formality (businesslike or informal), wifi@rm the communication direction
will take (anonymous, individual or mass), what gteucture of contacting will be
(vertical or horizontal), and what the decisiveoimhation style will be like.

The network of social interaction is increasinglypanding. This is clearly
illustrated by statistics and studies, highlightthg modern communication trends. For
example, the study performed in 2010 within themieavork of media agency's
‘Universal McCann'’ research ‘Wave 5’ on communioatvia social networks revealed
that in Latvia, personal communication among actiternet users more often takes
place via social networks rather than in persor.adivia, direct contacts are as second,
followed by phone calls, e-mail and SMS. Howevke, tesearch team media agency
'Inspired’ pointed out that Latvian Internet useesnot that active with regard to content
creation and sharing (Rutule, 2010).

Evaluation of the background studies in Latvia a@ovsion of organizational
culture in Latvia indicated the trends that empésykack incentive to share information.
When establishing procedures of the informationnduer process, the goal of
communication should be estimated — to involvefital out the opinion, to gain
responsiveness or to enlighten on the informatexjuired for the organisation. Data
from preliminary research in Latvia showed that panies spend 35% of time for data
collection stage and only 12% — for communicatiGeKuls, 2014).

Although the enterprises that seek to maximise kedge sharing among their
employees, often invest in a variety of new tecbgigs, the reasons of inefficient
knowledge sharing may not be simple availabilityumavailability of technologies.
Social interaction materializes in an interactis@nmunicative and perceptive way, so
it is important for the enterprise to identify wisatcial interaction culture will stimulate
achievement of goals of the particular organisation

The range of information technology tools is huayg] it increases day by day, but
is worth to look at this phenomenon from anotheesas well. The current research
evaluates whether the informative knowledge shari@chnologies available for
organisations, affect social interaction and whethey facilitate absolutely efficient
knowledge sharing at the organisation. Given thaies$ interaction is aimed at building
partnerships, getting information and at settlingelipersonal relationships, people
mutually interact through many nuances of soctalraction including facial expression,
eye contact, gestures, tone of voice and tempetarReple continuously examine
these social nuances in order to make sure whatimertual understanding is reached.

Social interaction will certainly be dependent bie purposes of using the social
networks. Therefore, the use of social networksthed return will differ. This should
be considered when planning the company's commimncactivities, because the
existing information technologies at the enterpdeenot mean a real improvement of
an existing communication.

In today's competitive environment, more and maoyghssticated communication
strategies are used to be able to ensure the ai@ulof information and an efficient
process of knowledge—sharing. Furthermore, it {gartant to identify side—factors that
may affect social interaction in organisations.&firg the social environment with the
new information and communication technologiesaargations tend to lose touch with
the nuances of social interaction, cultural values,well as the characteristics of
traditional society.
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MATERIALS AND METHODS

To find out individuals' opinions and attitudese tlocus group is selected as the
most appropriate data collection method for higlatityy research. The focus group
interview took place in Riga on 8 December 2015niders from various industries and
with different employment period were included iisalission group. In aggregate,
opinions of the employees from 24 different entegs were summarized regarding the
aspects affecting the social interaction cultureriterprises.

Results of the focus group discussions, poss#slitif their interpretation and use
should be repeatedly considered and weighted. Theof group discussion was to
obtain the range of opinions of members on the anpbinformation technologies upon
the culture of social interaction in organisati@roup discussions provide the view of
members upon aspects including stereotypes argetieral disposition.

In order to obtain opinions of different range, nibems from various industries and
with different employment period were included iaadission groups. The focus groups
were formed in view of the age and gender strugtilme industry represented by the
company and the time worked for the company. In&diom on the focus group members
has been summarised in Table 1.

Table 1.Informative description of the focus group pagats

Member Nr. Age M/F Position Work . Industry

Experience
Interview nr.1 57 M Employee 39 Transportation
Interview nr.2 48 M Supervisor 23 Transportation
Interview nr.3 37 F Employee 16 Food Services
Interview nr.4 38 M Employee 19 Retail Trade
Interview nr.5 44 F Supervisor 20 Education
Interview nr.6 58 F Employee 37 Retail Trade
Interview nr.7 29 F Supervisor 4 Finance and Inscea
Interview nr.8 31 M Employee 10 Communication and |
Interview nr.9 27 F Employee 5 Finance and Insuganc
Interview nr.10 45 M Employee 25 Logistics
Interview nr.11 29 M Supervisor 5 Communication #&hd
Interview nr.12 26 M Employee 8 Retail Trade
Interview nr.13 33 M Supervisor 9 Communication #&hd
Interview nr.14 41 F Supervisor 17 Health Care
Interview nr.15 39 F Supervisor 14 Food Services
Interview nr.16 44 M Employee 24 Communication &hd
Interview nr.17 42 F Supervisor 18 Education
Interview nr.18 41 M Employee 20 Communication &hd
Interview nr.19 36 M Supervisor 12 Communicatiod &h
Interview nr.20 33 M Employee 15 Logistics
Interview nr.21 46 M Employee 23 Wholesale
Interview nr.22 59 M Supervisor 35 Logistics
Interview nr.23 48 F Supervisor 24 Finance and riausce
Interview nr.24 34 F Supervisor 10 Retail Trade
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Participants represent a variety of industry sectvansportation, food services,
finance, retail trade, etc. Most of the particigarégpresent the communication and IT
industry.

At the beginning of the discussion, the moderatesented the objective of the
discussion and rules of procedure. The discussioticipants were asked to present
themselves, to provide a brief description of tiduistry of their company, etc.

The place of companies' business is mainly Rigaséwveral members from other
regions of Latvia were included in the research.

In aggregate, opinions of the employees from 24ediht companies were
summarised regarding the aspects affecting cutitisocial interaction in the age of
information technologies and with the purpose taitethe impact of information
technologies and communications upon the organisaticommunication in the
organisation.

RESULTS AND DISCUSSION

Today, the environment — economics, social conmstitechnologies — are rapidly
changing, and an organization has to be able taveuand develop; therefore the
organization shall follow the information the cortipee environment and be able to
introduce alterations. The participants emphasided changes denote a constant
adjustment of one's activities and search for nppodunities. The organization will
never be successful where its management failsttoenchanges or is unable to foresee
them in future. Today, changes have affected mampasa especially the social
interaction culture.

Results of the research show specifics of the kimtraduction culture in Latvian
enterprises. The main problem pertains to aspeffected by information and
communication technologies: communication satigfact organisational and
interpersonal trust, motivation etc.

Before the discussion, participants were asked rite vdown 3-5 associations,
which, in their view, are related to social intéiae in the aspect of mutual
communication in the age of information and comroation technologies.

The most pressing challenges for the discussidicfpemts are associated:

1) with the role of information technologies in prowid the circulation of

information. e.g.,

Interviewee nr.2:'In fact, any future work will lobene with the help of information

technologies.’

Interviewee nr.6:’'Dependence on information tecbgglmanifesting as excessive

use of them, interferes with the ability to formmmal relationships with peers.’

Interviewee nr.7:'Social networks will push out aneghlace real relationships and

leave a negative impact on the culture of socitdraction.’
2) with efficiency of information flow. e.g.,

Interviewee nr.14:" Development of our civilisatiamd even its existence has

become dependent on information technologies, @&chw no longer exist without

information technologies at the current level of davelopment and welfare.’

Interviewee 17:'When using information and commaitidy technologies, we are

often confronted with the Communication breakdowhjch is often a very

disturbing factor, better communicate face to face.
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3)

4)

5)

6)

7

8)

with organisational communication system. e.g.,

Interviewee nr.2: 'Online social networks allow émet users to form groups,
where they can exchange written, audio and vigufarmation.’

Interviewee nr.21: ‘In the past, there was an espren: If a company does not
have a website, there is no compahiatv, this expression has been paraphrased:
‘If the company is not in Facebaokwitter, Linkedin there is no company’.
Interviewee nr.13: ‘A company has no system for mamcating important
information.’

Interviewee nr.4: ‘We gather a lot of informatidnyt it is not clear who needs it.’
with effectiveness of communication in organizatiery.,

Interviewee nr.16:'Almost every company has soogivorking accounts, which
is an important channel for sales and customerrimftdion.’

with the information exchange. e.g.,

Interviewee nr.17: It will be practically impossébfor an economically active
person not to use IT in personal sphere and forkwbecause people expect they
will be able to communicate without limitations wiebile phone, e— mail, social
networks etcDue to expansion of social networking in the bussnenvironment,
the boundaries between personal and working enmient will disappear the
future.’

Interviewee nr.3: ‘We lose the opportunity to gdoirthe substance of the
information and focus on the most important issues.

Interviewee nr.7: ‘We stick to a strict hierarchly:deal with the information
available to me.’

with the knowledge sharing behaviours. e.g.,

Interviewee nr.24: ‘The existing global situatioequires involvement of all
employees in knowledge sharing.’

Interviewee nr.23:'Whatever we do, we cannot puiched percent our feelings in
a printed version, so other person does not femhtko the core and does not know
how true our written words are.’

with mutual communication satisfaction. e.g.,

Interviewee nr.19: 'An employee will not always taver the whole information
to a manager.’

with trust and confidence. e.g.,

Interviewee nr.2!| have a feeling that nobody cares for my inforim@tibecause
everything has already been decided; no transparenmo certainty for
preservation of copyright.’

Managers, for their part, more often than spedglisave seen the problems

associated with efficiency of information flow dteeinformation and communication
technologies.

Summarizing the results of preliminary discussibehould be concluded that the

views were characterised by contradictory statesnabbut the role of information
technology and their impact on social interactiariture. Responses showed that
although information technologies accelerate tbev fbf information, they still affect
the communication quality from the perspective wflan factor. (Fig. 2).

351



INFORMATION AND COMMUNICATION TECHNOLOGIES
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Figure 2. Influence of information and communication techmyés upon the communication
quality.

The individual in the process of social interactamts as a decoder that decodes a
message. However, the use of information commupitaechnology ensuring the
decoding or perception are more likely to be a#fdctbut the message is decoded
incorrectly. There may be different reasons, beeaesception has various components:
knowledge, experience, ability to evaluate theasitun, ability to select information and
ability to understand the medium non—verbally. Agahe obstructive factors in the
aspect of communication, the participants mentipnedg., ‘Communication
breakdown’, which occurs when using informationhte@logies as a communication
tool; likewise, the participants pointed out thatts cases often lead to confusion,
because the information breakdown problems argatictable both in terms of time
and of content. Participants expressed the opitiaheffectiveness of communication
broadly depends on the percept about other persaied 'face to face'. This may mean
that the report may be received wrongly or pastidd.g.,

Interviewee nr.23:’In virtual communication, younteot see the speaker's face or

hear his voice, which is certainly an important {paf the conversation....and new

small and also larger mistakes or lack of underdiag came out.’

Although all participants confirmed that informatidechnologies provide a
communication speed and could be considered assaiveofactor for ensuring
(efficiency of information flow), however, the vohe of received information is
increasing in disproportion with the ability to lodhrough the received data. The
participants expressed the view that under the @énphinformation technologies, the
role of such social interaction culture values aganisational trust, interpersonal trust
and confidence decreases, because the amounbohation is constantly growing and
putting pressure on the data reliability assessmettouilding trustful relationships.

The author summarised the issues of concern andnated the most topical
themes in focus group, which show how informatiechnologies influence the social
interaction culture. From the problems listed bgpendents at the focus group
discussion, the following discussion topics weleded:
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1. information technologies and efficiency of informoat flow;

2. information technologies and effectiveness of comication;

3. social interaction culture values (communicatiortiséaction, knowledge
sharing behaviours, trust and honesty, loyalty) etc.

Participants acknowledged that the informationmedbgy communications means
can provide gathering, storage and distributioarof information, efficiently speeding
up circulation and storage of information. Durimg tdiscussion it was suggested that
the modern information technology systems can beique and invaluable assistant,
which opens up unprecedented opportunities forrizgéions, e.g., improvement of
training process. Today, information technologi&s provide great support for business
by facilitating access to information, improvingetperformance of various processes
and ensuring close cooperation of all employeasaighing the enterprise's objectives.
The discussion participants believe that advisedofisnformation technology solutions
will increase operational efficiency, improve pratland service quality and contribute
to the development of the enterprise. Howeverptréicipants expressed the view that
in order to provide the best solutions for impletagion of information technology
system, the enterprise needs an overview of th@nsgtion's future direction.

Interviewee nr.23:'...the enterprise could havedglines defining what and which

type of communication is expected by organisatianagement during the

transition to use of information and communicattechnologies as a means of
communication between employees, what ethical reipeints should be followed
etc.Although they are quite self—evident things, itas bad to define them.

Interviewee nr.17:...to identify the actual sitigat, it is necessary to gather

information on potential risks and evaluate theieyention methods... and then,

based on the results of the examination, to eliteirghortages and build IT
infrastructure, according to the enterprise culttire

Participants of the discussion agreed that impléatem of information
technologies can significantly reduce the admiatste burden and costs for enterprises.
It is therefore important to improve the businesgm®nment and to use the opportunities
offered by technologies, such as introduction etebnic document circulation, etc .

Interviewee nr.1: ‘Paperless’ or electronic docurnesharing enables

organisations and enterprises to achieve econonhuofan resources, financial,

time and other resources’.

Interviewee nr.17: 'For example, the electronic dowent sharing provides

transparency of document circulation, reduces cptin risks in institutions.’

During the discussion, the opinion was expressadnéw technologies create new
opportunities and at the same time unprecedentalolgms, because nowadays, one
person during the day obtains more information theweral generations during many
centuries. Often, people cannot cope with the amolinformation. This causes stress,
wrong decisions, discomfort and leaves impact upoch social interaction culture
values as motivation, loyalty and interpersonastir&esults of focus group discussion
revealed a number of factors affecting the soai&raction culture (Table 2).
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Table 2.Influence of the factors of information technolagjigoon the social interaction culture

Influence of information technologies Influence aphe social interaction culture

Interference of communication breakdown  Selective barriers can be creatdtie-recipier
of a message captures only the informe
they want to perceive

The volume of received information is The constantly growing amount of informat

increasing in disproportion with the ability to is putting pressure on assessment of

look through the received data. reliabilty and on building trustfi
relationships. The participants exprabghe
view that under the impact of informat
technologies, the role of such social interac
culture values as organisational tr
interpersonal trust and confidence decre.
because the amount of information
constantly growing.

The information technology communications Under the impact of information technolog

means can provide gathering, storage anéxchange of information and knowlel

distribution of any information, efficiently sharing behaviours decrease.

speeding up circulation and storage of

information.

Modern information technology systems canCan facilitate learning of social interact

be a unique and invaluable assistant, whicttulture

opens up unprecedented opportunities for

organizations, e.g., improvement of training

process.

Today, information technologies can provide Unde the impact of information technologi

great support for business by facilitating the exchange of information and knowle

access to information, improving the sharing behaviours can decrease if such ¢

performance of various processes andnteraction culture values as organisati

ensuring close cooperation of all employees irtrust, interpersonal trust and confidence

reaching the enterprise’s objectives. missing in the organisation.

A person during one day obtains moreOften, people cannot cope with the amoul

information than several generations duringinformation. This causes stress, wr

many centuries. decisions, discomfort and leaves impact (
such social interaction culture lvas a
motivation, loyalty and interpersonal trust.

Use of information technology solutions will Under the impact of informationdbnologies

increase operational efficiency, improve exchange of information and knowlel

product and service quality and contribute tosharing behaviours may decrease.

the development of the enterprise.

Implementation of information technologies The enterprise needs an overview of

can significantly reduce the administrative organisatio's future direction, which includ

burden and costs for enterprises. also the social interaction culture.
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During the discussion, the opinion was expressativihilues of social interaction
culture are created by people, therefore the hufaetor plays an important role in
building the social interaction culture in the amgation. Social interaction is
undoubtedly characterised by the emotional compo&@averal participants believe that
information technologies are also able to provitEsence of this component, e.g.,

Interviewee nr.4: 'From theveb camera of computer or cell phone, based on our

face mimics, it is possible to determine our enmati@ttitude to what we see on a

computer or cell phone.’

However, loss of privacy together with entry ofarhation and communication
technologies in the social environment was refertedas one of the main
counterarguments. e.g.

Interviewee nr.21: ‘One can manipulate with us arfthence what information we

receive Already now, in fact, we receive all informationatigh Internet databases

and social networks, so the one who rules overethbhannels, will determine what
kind of information we receive.'

The issue on social interaction culture values tea#cal during the discussion,
particularly in the cases of implementing new textbgies. During the discussion,
respondents were asked qualifying questions reggittie impact of social interaction
cultural values of the organisation — whether taffdcts information turnover; what is
the role of trust and honesty between employeeticipants of the discussion think that
defining of a value system is the first step inati@n of social interaction culture.

Interviewee nr.12: ‘...organisational values form thasis of its culture, so it is

important that employee's individual values wermilsir with organisational

values'.

It gives a clear idea of how an employee shouldrasbme or other situation. It is
important for the organisation to define its syste#fwalues, working out, for example,
by—laws or simply record the values in a free riavea

Interviewee nr.5: ‘...if permanent social interawticulture values is defined in the

company, it enables every employee feel him/heeselfa part of a single

mechanism, and joint efforts help to achieve thal go culture supports the
business processes in the organisation’

During the discussion, group members expressed idied beliefs based on their
personal experience that inefficient communicatiomany organisations is the main
reason of problems. Communication should not blatamal — there must be feedback.
Participants also emphasized that information teencshould be timely, which a
substantial prerequisite for knowledge is sharinghtive an added value in the
organisation. Always make sure whether the othey pes understood the information.
Good communication is a way to reach trust; exgessontrol, however, can reduce
trust.

Participants emphasized that nowadays, informatexhnologies are widely
applied, but the human factor should not be foggotlf communication is not efficiently
managed, an information gap occurs filled by inaatmiinformation or rumour, which
does not create a motivating environment and ddauilitate achievement of goals.

Interviewee nr.27:*Communication using informatidechnologies or virtual

communication can certainly be important in builglirelationshipsHowever, its

pros are at the same time its com®r example, consideration of answers —
positive, because you have no chance to say aapemts, incorrect or unverified
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information, but at the same time, we read and exttrian important answer for

tens of times — to make it sound betfard such document does not contain our

true attitude any more, but 'polished up' sentences

If information units are connected with each othanalysed or otherwise
processed, knowledge originates. But knowledge banonly acquired through
information, its distribution and use.

Participants emphasized that knowledge in the asg#onal context is
information integrated in a common system, easilgilable and used for ensuring
operation of the organisation. Previously expresseaviedge can be supplemented by
new information due to knowledge sharing among f®dpring conversations, and it
can again become source knowledge stored in merdapwledge is seen as the basis
for each separate employee's decision making amha®epending on this basis, the
employee will be able to select the action mostable to the situation. In its turn,
knowledge originates from the data transformeduginocontext into information, and
from information transformed through experienceoikinowledge. As a result of
employees' interaction, transformation of knowlefigen an individual's knowledge
into common organisational knowledge is ensuredn3iormation takes place in the
process of activity as people share their knowledge

Employee's knowledge is one of reserves of inteleEaapital and organisation's
intangible resources that allow successful funatigiof the organisation. Evaluating the
role of knowledge as a resource favouring competigss, the issue regarding the role
of knowledge sharing in the process of competititelligence becomes topical.

Interviewee nr.15:Knowledge sharing ensures the company staff beapmiore

valuable, because employee's knowledge constantsedses, the employee

learns.’

Interviewee nr.22:Knowledge sharing stimulates employees' expertise.’

Social interaction culture changes in the proceSrganisational learning.
Knowledge sharing ensures that each employee katthés and learns. Trust arises
gradually and within a longer period of time, amdyowhen employees and manager
have verified it by their actions.

Interviewee nr.12: ‘A good company's communicatisypstem providing

information turnover encourages mutual trust. Trigshssociated with company's

results and efficient process.’

Interviewee nr.1: ‘Trust among employees ensuresviedge sharing.’

Creation of the atmosphere of mutual trust withia tollective body is one of the
competencies having a long—term crucial effecefticient operation of organisational
processes. Information and communication technefogian affect formation of
feedback. Creation of a percept about the messagsent is encumbered, and so is the
ability to act or to participate in the process.eTiew social interaction culture is
characterised by standard communication values.
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CONCLUSIONS

The last ten years are characterised by rapid dewednt of information and
communication paradigm that affects social inteoactulture Results of research show
that enterprises attempting to increase informatibaring among employees, often
introduce new technologies in order to improve linfation turnover. However, the
results of focus group discussion showed that nlyt @vailability of technologies in the
organisation is important for employees, but akgous other factors that determine the
social interaction culture in the organisationempersonal trust, organisational trust, and
loyalty, support, fairness etc.

Information and communication technologies incretse distances within the
social communication space. The social communigadiea is much wider than the
personal communication area. The new culture adboteraction should involve those
communication values, which characterise the santafraction competencies of the
human factor: (1) the ability to build tolerant dogal relationships; (2) the ability to
predict the results of the communication; (3) tkid 80 maintain the unity of internal
and external culture; (4) the ability to createdfesck (5) being able to use the
communication competencies in accordance with dmneunication style, etc. In the
age of information technologies, a standardizedmonication style is often dominating
with missing creativity and personal component.

Summarising the results, the research showed rthatganisations with positive
social interaction culture, employees and supersisocialize, interact and share
information much more frequently in a verbal formhich promotes a sense of
adherence to the organisation; information techyieky for their part, are used for
creation of database and distribution of formafrungions.

Neither conclusions regarding the reasons, norrgésations can be made on the
basis of these opinions or views, because the nuaflgarticipants is small; the range
of the expressed opinions, however, is wide endoggain a picture on the various
aspects of the investigated phenomenon. Therefoieh examination of opinions is
important and necessary due to the gnostic reason.
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Abstract. Ammonia concentration plays a significant role iroiler performance. High
concentration of ammonia impairs the immune systathincreases cases of respiratory disease
in birds. Ammonia concentration can be reducedguganious chemical additives such as zeolite.
In the present study, spatial variability of amn@ooncentration was investigated and analysed
in two broiler houses. In House 1 (H1) sawdust omfs used as litter material whilst sawdust
used together with zeolite was used in House 2.(Ri2)monia concentration measurements were
taken from 21 points in each of the broiler houds readings were recorded at on a weekly
basis using birds' height as height measuremestsbhsorder to create spatial distribution maps,
Inverse Distance Weighted (IDW) and Radial Basiadtions (RBF) methods were used and
analysed. The performances of these techniquesagsessed by using validation test methods
(root mean square error (RMSE) and mean absolute @V1IAE)) with the best performing
method (lowest RMSE and MAE) being selected foatingg ammonia spatial distribution maps.
The results indicated that spatial ammonia distidiouis more uniform in H2 compared to H1. It
was also observed that ammonia levels were lowef2ithan H1. The presence of zeolite as a
litter addition can be attributed to study findingssitively affected the broiler performance. It
was considered that using zeolite with sawdusiti@s material significantly reduced ammonia
concentration. In H1, higher ammonia concentratmfrgreater than 25 ppm were recorded near
ventilation fans and at the centre of the housecaBse of this it is recommended to install
additional fans at middle of the house for remoaentful ammonia.

Key words: Ammonia concentration, Interpolation, Litter, Zigml
INTRODUCTION

High ammonia concentrations in broiler houses hasgative effects on bird
performance, feed efficiency and welfare. In odemaximize flock performance and
health, the ammonia concentration must remaineatethel of 25 to 50 ppm (Miles et
al., 2004). Ammonia concentrations inside broileuses are usually higher than
recommended levels. Ammonia concentrations araenfied by many factors such as
temperature, humidity, litter properties and mamaget. Several studies demonstrated
the importance of using various chemical additteegduce ammonia emission (Shreve
et al., 1995; Burgess et al., 1998; Do et al., 2008t al., 2008; Kaoud, 2013). Zeolite
is one of these properties and has been used wideblyoiler houses due to its
high ammonia and humidity absorption capabilitycheet al. (2011) and Eleroghu
Yalgin (2005) stated that zeolite can be safelyl aselitter material. These above stated
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research findings positively contribute on impodarof reducing ammonia levels in
litters, however they did not highlight on the ufegeostatistical analyses for litter-
ammonia levels determination. Geostatistical amalyas been applied in many different
disciplines (Jing& Cai, 2010; Wallgren, 2013; Arslan, 2014a; Arslan, 291Guler,
2014; Stevens, 2014), however few studies condedtran the spatial variability of
ammonia concentrations in broiler houses. Miratdiatt al. (2006) applied spatial
analysis of thermal, aerial and acoustic envirortaleconditions in a tunnel broiler
house and determined probable in-house stress .zMiles et al. (2011) spatially
evaluated the physical and chemical propertieditifamaterial in a broiler house under
different rearing seasons. In geostatistical aeslysemporal and spatial variation of
desired parameters can be visually mapped forraategpretation.

In geostatistics, different interpolation methods e performed for estimating
any data set. However, the key issue is to selextmost appropriate interpolation
method (Burrougt& McDonnell, 1998). The most widely used deterministiethods
are Inverse Distance Weight (IDW) and Radial Basasction (RBF), which create
surfaces based on measured points. This study tigatss spatial distribution of
ammonia levels in broiler houses having differatted material using the above
mentioned common interpolation methods (IDW and RBRe objectives of this work
were,

— to select the most appropriate interpolation metisidg IDW and RBF to visualize
spatial variability of ammonia in two broiler hosse

— to compare the effects of different litter mateyialonsisted of sawdust and
sawdust/zeolite mixture on environmental parametard chickens described
above,

— and to determine the areas in broiler houses wheeworst environmental
conditions (more than 50 ppm ammonia concentratoapbserved.

MATERIALS AND METHODS

The study was conducted in two commercial broileades (H1: Sawdust, H2:
Sawdust+Zeolite), in Bafra (Samsun). Bafra is ledaih the province of Samsun in
northern Turkey (41° 31' latitude and 35° 53' londe). Prevailing wind direction is
South-East (SE). The broiler houses, oriented Nedst, have the same dimensions
(12 m wide, 124 m long and 2.4 m high) and capeivif 24,250 birds at the beginning
of the study. Sawdust and sawdust/zeolite mixtuszewused as alternative litter
materials. In both houses feeding, watering, ligitand ventilation are controlled
automatically. The buildings are composed of ingdaroof and side walls. The
buildings have 12 air inlets, which are 0.6 m higid 3 m wide and are placed on the
northeast and southwest sides of the buildingd@asrs on Fig. 1. The building has four
exhaust fans with a total ventilation efficiency3i,000 m s*. The birds were housed
for 48 days before slaughtering.

The ammonia concentrations were measured at biedght (0.2-0.3 m) on a
weekly basis using a digital gas detector. Measantiwere taken from 21 points at 3
locations across the width (3 m apart) and 7 loaatialong the length of the building
(15 m apart) (Fig. 1). ArcGIS software was usedreate ammonia contour maps.
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Figure 1. Grid samples in broiler houses.

Interpolation Methods

In the current study, different interpolation methavere applied for predicting the
spatial distribution of ammonia. The IDW methodraates cell values using a linearly
weighted combination of a set of sample points. WMegght is a function of inverse
distance (Childs, 2004). Estimates are determisgtyuhe formula:

_ iz1(Zi/d™)
iz (1/di™)

where Z is the estimation value, Zi is the measwadde at point i, di, is the distance
between estimation value (Z) and data value (Zijs the weighting power that ranges
from 1 to 5. In the current study, estimates of IDWusing common weighting powers
(1, 2 and 3) were compared.

The RBF is a deterministic interpolation methoddugerepresent two-dimensional
curves on three-dimensional surfaces. It can edirio using a mathematical function
to fit a rubber -sheeted surface through knowntgoirhe RBF method has five different
basis functions: completely regularized spline (ERSpline with tension (ST),
multiquadric function (MQ), inverse multiquadricrittion (IMQ) and thin plate spline
(TPS) (Xie et al., 2011). The most widely used radial basis functions (CRS and ST)
were selected in the present study to determin@aspéstribution of ammonia.

(1)

Cross-validation

This research used cross-validation to assessdtwwaxy of the interpolation.
Cross validation is based on calculating the valuiae variable at locations where the
actual (measured) value is known, but has beendearify omitted from input data, and
then measuring the cross-validation error by coingathe estimated value with the
actual (measured) value (Davis, 1987).

The precisions of different techniques were assebgeroot mean square error
(RMSE). The RMSE measures how much error thereetsvden two datasets. The
RMSE usually compares an estimated value and aurezhyalue. Lower values of
RMSE indicate better accurate prediction. The RNt&S#efined mathematically as:
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RMSE = (2)

where, Z is the estimation value at point i, Ziie measured value at point i, n is the
number of samples.

The mean absolute error (MAE) is another usefulsmeawidely used in model
evaluations. The MAE measures the average magnifittie errors in a set of forecasts,
without considering their direction. Lower values MAE indicate better accurate
prediction. The MAE is determined by using thistoita:

n
1
MAE =HZ|Zi —7| ®)
i=1

in which, Z is the estimation value at point i,iZthe measured value at point i, n is the
number of samples.

This study assessed different interpolation methodsely IDW (p = 1, 2 and 3)
and RBF (CRS and ST). The RMSE and MAE were usethapare the precisions of
different interpolation methods and best method sedscted for the creation of spatial
ammonia level distribution map in broiler houses.

RESULTS AND DISCUSSION

Descriptive statistics including minimum values xinaum values, average values,
standard deviations and coefficient of variatiom summarized in Table 1. The average
ammonia concentrations generally increased withoddérds, as described in literature
(Miles et al., 2008; Miles et al., 2011). At weektl3e litter amendment (zeolite) in H2
seemed to be responsible for lesser average amicmmiantration estimate, 18.74 ppm
vs. 67.54 ppm in H1.

Table 1. Ammonia concentrations (ppm) in two broiler houses
Birds House 1 House 2

'(Avg:eks) Min. Max. Avg. SD. CV(%) Min. Max. Avg. SD. CV(%)
Ammonia (ppm)

1 500 25.00 13.87 446 3215 500 16.00 9.66 2.4@.82

2 12.00 54.00 26.11 10.14 38.84  4.00 34.00 19.353 9.50.28

3 27.00 121.00 67.54 26.13 38.69  0.00 39.00 18.74711162.49

4 27.00 63.00 44.09 9.31 2111 800 51.00 31.13 31135.75

The broiler performances at two houses are sumethiizTable 2. The live weight
of broilers was higher at H2 than those of the H8&1 g vs. 1,647 g). Feed intake of
broilers in the H2 was higher 701 gr. than thosthefH1. This is reflected in a higher
feed conversion in H2 (2.08 vs 1.93). The deathirathe building with sawdust zeolite
mixture litter was lower than in the broiler housmdy with sawdust litter (7.42 % vs.
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9.15 %) this can be attributed to the presencealite. This hypothesis was confirmed
by several authors (Karamanlis et al., 2008; Nikakis et al., 2013).

Table 2.Broiler performances in two broiler houses

Broiler  Capacity Number of Feed Intake Live weight Feed Mortality
House  (birds) dead birds (g) (9) conversion (%)

H1 24,250 2,220 3,175 1,647 1.93 9.15
H2 24,250 1,800 3,876 1,861 2.08 7.42

Comparison of Interpolation Methods

Comparison of the used interpolation methods fomamia concentrations are
provided in Table 3. There are five different conations for two different interpolation
methods in the table. Three common weighting po&r and 3) of IDW method and
two most widely used radial basis functions (CR8 &) of RBF method were tested
and the most appropriate method was selected.

The best values are indicated in bold as shownainleT3. Of the five methods
examined, IDW (1) showed the best precision in wkek H1 and in week 3 in H2;
IDW (2) performed the best in week 4 in H1 and APweek 2—-3 in H1 and week 1-2
in H2, the best results were obtained from RBF (Bith the lowest MAE and RMSE
values. Fig. 3 shows the ammonia concentratiorideveps that were created from the
selected best interpolation methods.

Table 3.The MAE and RMSE statistics of IDW and RBF in twoiter houses
IDW (1) IDW (2) IDW (3) RBF-CRS RBF-ST

Weeks \IAE RMSE MAE RMSE MAE RMSE MAE RMSE MAE RMSE
— 1 423 526 423 563 448 6.10 425 542 427 540
3 2 528 658 540 6.81 552 692 530 65527 657
3l 3 13.79 16.38 13.48 17.12 14.23 18.08.95 16.93 13.61 16.02
Ty 690 859 634 800 659 816 637 805 661 838
~ 1 434 539 423 563 425 578 478 62827 5239
ol 2 531 6.44 485 665 517 7.09 510 65%.00 6.64
al 3 13.80 16.39 13.44 17.09 1424 18.084.02 17.00 14.14 16.86
T4 690 859 636 801 658 815 639 804 637 8.06

Mapping Spatial Distribution of Ammonia Concentoati

As the research was carried out during the winéarssn, only two fans were
operated and a few inlets were opened with thectibge of avoiding the cold weather
from affecting the housed broilers. It was noteat thuring week 3 and 4 shown in Fig. 3
ammonia concentration levels in H1 were much higloenpare to those in H2, this is
likely attributed to the absence of zeolite in themer and poor ventilation as bird age
increased. In H1, mean ammonia concentration rafiged13.87 to 67.54 ppm, but in
H2, the range was 9.66 to 31.13 ppm ammonia (THble

In H1, throughout the rearing period ammonia cotregion below the ideal limit
(25 ppm) was observed only in week 1. In the seaseek, ammonia concentrations
measured at fan areas exceeded 25 ppm and contmuedease up to week 3, due to
poor ventilation. As observed by Wheeler et al.O@0 ammonia concentration was
higher during winter season when low ventilatiotesgprovided less fresh air dilution
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of ammonia. Towards the end of the rearing perfigher ammonia levels (above
50 ppm) were observed in the centre part of thgHit. 3). This was thought to be a
result of uneven distribution of air flow in theilling. As seen in Fig. 2 of air flow
pattern, because of the cold fresh air enterirgg firough the inlets, ammonia levels in
this first section of buildings were lower. Ammomiancentrations tend to be higher at
centre of the broiler house, because of inefficanexchange in this section. Similar
results were obtained by Miles et al. (2006) uginging method. They found out that
higher ammonia levels were in the centre of theshonear the end wall and cooling
pads and attributed this to stagnant airflow irs¢hareas.

s

I

3 : Dirty Hot Air iFrETirCold %
f i f T

T

Figure 2. Air flow pattern in the broiler houses.

In H2, litter treatment (zeolite) seemed to be oesfble for a lower ammonia
concentration. Similar results were found by Leftaet al. (2001). They stated that
zeolite treatment can reduce ammonia volatilizatiénthe beginning of the flocks’
rearing period, ammonia levels were at their lowestow 12.5 ppm). During weeks 2
and 3, ammonia was about 10 ppm within the firstn8&ire length of building and
increased (25-37.5 ppm) towards the fans regiorthétend of the flocks’ rearing in

week 4, ammonia levels were even higher (37.5-59) gpom the centre region and
towards the end of the broiler house (Fig. 3).
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Figure 3. Ammonia concentrations contour maps in two comnaéfwioiler houses.

364



CONCLUSIONS

In this study, litter addition (zeolite) was used¢duce ammonia concentration in
the broiler house. Spatial changes of ammonia cdratens in two broiler houses
having different litter materials (H1: sawdust, H&wdust+zeolite) were determined
using interpolation methods. Ammonia concentrakimel maps were created using the
best interpolation methods which were determinéwaigug® and RMSE statistics.

Result of this experiment concludes that usingiteetigether with sawdust as litter
material significantly reduces ammonia concentratévels and improves production
performances of broilers. It was also determined #ariable ammonia concentration
levels were present along the length of the howsé, highest levels occurring at the
centre of houses and near the end of the housauBeof this, it is recommended that
additional fans should be installed in these tvgpars for remove of harmful ammonia.
These findings may be helpful in designing broileouse to control ammonia
concentration and emission (e.qg. litter amendnadgguate ventilation).
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Abstract. Systems that monitor movement of persons are lgitinked to ensuring the security
of the entire monitored complex. The security @& buildings is mediated via different types of
systems such as I&HAS, CCTV, EFS, and others. Thgseems are combined with each other
in order to achieve more optimal security of thargied building. Patrol, attendance and other
surveillance systems that do not provide the elmetion of a person via coordinates are also
used to monitor specific groups of people. For theson, our goal is to design a system that is
able to locate the monitored person (employed)érbuilding with minimal deviation.

Key words: triangulation, security, employees, monitoring.
INTRODUCTION

The basic elements designed to detect the movenhe@mployees are access and
attendance systems, which primarily detect thegmres of employees at the worksite
(Lukas, 2011). There are many of these simple systn the market today and many
more are being added. Their differences are usuatlysmall, and they frequently vary
in terms cost and reliability.

When designing a security system and systems fanitoxong people, it is
necessary to realize that monitoring the moveméetnwployees in the area is mainly
associated with the Act on the Protection of PeakbData, which has reservations about
the constant surveillance of persons in a buildiay. this reason, only the presence of
persons in the worksite from the perspective of theival and departure is addressed.
These systems are fully utilized in many companiksre there is no need to ascertain
the movement of people in all areas of the workiigman, 2008; Lukas, 2011).

The system design for the localization of persamshe basis of triangulation is
based on determining the position of employeesahtime. It is intended primarily for
use in companies where it is necessary to traclottaion of a particular employee at
a particular moment. This is not an intrusion dibecsystem.
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MEASUREMENT AND METHODS

Monitoring people is associated with a number gieass. Among the most
important is the actual method of monitoring araawehere it is a matter of monitoring
access to the building by an intruder, monitoringeto the building by an authorized
person and the passage through the building (Vae36). All of these options are
associated with the security of the buildings.

Access control systems are also widely used to tmottie entry of authorized
persons to the worksite. Persons entering the ibgildre classified as employees,
visitors and intruders (Rak, 2008). Persons wheelaocess to the building, typically
employees, have a security feature in the formnofdentification card or chip. This
feature allows the authorized person to enter thiglihg. The validity of the security
feature is addressed in terms of time, i.e. theliglof the pass for an indefinite period
of time, or more often for a fixed period, suchlagear or 1 month. Another alternative
is one-time access, usually used for one-timeoarisi{Damjanovski, 2005; Cieszynski,
2007).

Walkthroughs through the guarded area apply toraa with increased security
requirements for employees, or for visitors to Hrisa. These are most often areas with
valuable information, data or materials. This mdtlad monitoring people is divided
into walkthroughs according to:

a time perspective— after applying a particular media serving foewoing, the
opening of the passage for a certain time periad wigard to the length of the section;
this is a short time interval and a small area gdrdhall, etc.) (Damjanovski, 2005;
Vale§, 2006).

a sectional perspective- after applying a particular media serving foeoing, a
certain section of a given area is opened (Damjskip2005; Vales, 2006).

an area-based perspective after applying a particular media serving foeoing,

a relevant section is opened, e.g. and entire {lDamjanovski, 2005; Vales, 2006).

All of these types of monitoring of persons arecatted with many systems for
individual monitoring of people, the most importaoft which are security systems,
access control systems and CCTV systems. Otheamsgsiroviding access to a building
include, for example, attendance or patrol systestts, (Cieszynski, 2007; Nilsson,
2008).

At present, the Czech University of Life Scienae®rague is conducting research
that seeks to build on the existing transmittesgstem that will be able to monitor the
movement of persons with accuracy almost to théiroetre. The monitoring functions
on the basis of triangulation of a person using feaeivers that determine the distance
and spatial location of the monitored person —Fsgel.
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Figure 1. Principle of monitoring persons in a guarded area.

The principle of this equipment is that at a certadint the transmitter sends a
signal to all receivers within range. These reasivehich are time-synchronized, will
send information to the central unit about the tmhéhe message was received (from
the transmitter). After entering times into theaalthm, the system is able to give the
coordinates where the transmitter is situated h@masis of this information, using three
such receivers, on which will be ascertained tepaase time of the transmission, it will
be possible to determine the distance of the dedeattip, and, through their combination
and using triangulation, the precise location a thip in the plane. At least four
receivers will be required if it will be necessaoymeasure in the range of multiple
floors.

All of the testing was conducted on Once this system is fully functional,
wireless communications in the 868MHz during practical use it will not be
band. A space was determined that was toecessary to limit to the use of four
simulate the actual building in which it is receivers, but it will be possible to freely
necessary to monitor the position of anexpand it according to the requirements of
employee (see Fig. 1). The figurant, whothe end customer. Logically, the larger the
was to simulate the employee, had aarea that must be guarded, the more
miniaturized transmitter attached to hisreceivers will be needed.
belt, which was compatible with receivers
from the Teco a.s. Foxtrot series — se¢
Fig. 2. The current method of detection
only allows for precise localization in an
open area, or in an area that is separate
by plasterboard walls. Thus far, it has
been ascertained that the attenuation of
broadcast that arises in the event of
passage through solid obstacles (brick o
concrete wall), affects the accuracy of
localizing a person. At present, an
algorithm is being developed that shouldFigure 2. Miniaturized transmitter.
remedy these deficiencies.
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RESULTS AND DISCUSSION

After the tests were carried out, it was necestaigompare the system with the
existing technology. The Orthos system was selefgedhis comparison, which is
designed to monitor the movement of persons, fatogsedeparture from the allocated
space (room). The average response time of botbregsn relation to the distance was
compared, see Fig. 3.

0.45

0.4 —_

0.35 /
0.3 / —

response time (s)

0.2 - new system
0.15 Orthos
0.1
0.05
0 . . . . . . . . . |

2 4 6 8 10 12 14 16 18 20
distance of the transmiter

(m)
Figure 3. Comparison of the response time of both systems.

The measured data showed that the relationshigstdnte dependence on the
response time in the new system based on trianguiledrresponds to the response time
of the existing technologies. The resulting valoithe new system were slightly higher.

The ability of the existing Orthos system is onsed on ascertaining a presence
in an allotted space. Adversely, the new systeabis to identify the specific position
of the monitored person with a similar responsetim

We are constantly working on accurate and reliathgection of people.
Many of the technologies used to it. Tassos Dimittvrote in the article ‘Key evolving
RFID systems: Forward / backward privacy and owmprgansfer of RFID tags’ use
RFID readers to monitor people (Dimitriou, 2016heTauthors of the article ‘Fusion of
Different Height pyroelectric Infrared Sensors feerson Identification’ trying to
monitor people using PIR detectors (Xiong, 201&)thBmethods are functional but not
provide precise positioning, as it allows our sygste
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CONCLUSIONS

The monitoring of persons system serves as an atéohtontrol system that
provides instantaneous monitoring of the movemérdnaployees in all guarded risk
areas, and at any time. This is a feature thadsiiiees the monitoring of the movement
of these employees. The advantage of this cordrpkimarily the monitoring of the
movement of employees in terms of the safety oktheloyer and the employees. This
system would be suitable for monitoring employeesaigoorts, medical facilities,
premises, warehouses, halls and other specifisarea

The basic function of the system is the abilityrtonitor the location of a particular
employee in real time with a response time in selionds, according to the distance of
the monitored people from different receivers. Bpeed of the system’s response is
therefore dependent on the response time of thbefstr receiver. The test area is
currently focused on areas with plasterboard pamit where the monitored location of
the employees is focused on ascertaining an ocwerén a plane where system
deviations in the order of a few centimetres werentl.

The overall solution of this system is advantagdouseveral reasons. In addition
to the attendance control and partial departuteis, imainly used to determine the
movement of employees in any time period duringkivagy hours.
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Abstract. New security features or upgrades to existingufestin biometric and security alarm

systems and emergency formed at the Czech Uniyakltife Sciences Prague, mainly due to
the teaching of subjects with similar themes. WHeweloping new technologies also help us
grants, personal experience with a real instalatmpoperation with manufacturers (or with

distributors) security systems and a testing grdondurrent security features.

Key words: development, innovation, biometric systems, intmsand hold-up alarm system,
detector.

INTRODUCTION

In modern times, when the increasing crime rateddtie mass production of low-
quality and cheap security systems, it is importantievelop testers and measuring
systems that help determine how are ‘safe’ andityugor I&HAS (intrusion and hold-
up systems). It is also very important to incrahsealready mentioned quality and safety
of these systems (Damjanovski, 2005; Lukas, 201y for this reason that at the
moment when there is a development of a new teolggpso someone already working
on sabotage techniques, how to sabotage this teghynKiecek, 2006).

This article is dedicated to representatives framig the testers, active protection
and biometric systems, which were developed at CBt&jue. Engineered systems
modify the existing solutions and provide insigit the issues solved entirely from a
different perspective than it was before. Simultargdy, also these systems extend the
full portfolio of security technology on the markeiday. It is important for the
continuous development of protection and of varimehnological improvements get
into a phase of stagnation. This would eventuadlg to a decline of the modern
development of security technologies.
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DEVELOPMENT IN I&HAS AND BIOMETRIC IDENTIFICATION
SYSTEMS

Svoboda bypass testeestablished balancing resistors PUV 2011-2438@e- s
Fig. 1. It consists of a body tester (1), for whibk two brought from the switchboard
loop (3), potentiometer (4) and display (5). Usihg display is possible to determine
the current and the resistance according to thporse panel (2) will assess how much
resistance tolerated (UK)&005; Hart, 2010).

PO,
Gl O
()

Figure 1. Svoboda tester.

Launcher defense active gas technical solution concerns the design of active
defense launchers gas used in electrical secystgmis such as active protection against
intrusion guarded area. This design allows draferdgve gas from the gas chambers
without the process of gradual release of gas (Baoviski, 2005; H@nan, 2008).

At present, as the active protection of objectsrofises smoke hoods that blurs
guarded space innocuous, but completely opaqueesriakthermore, the use of high-
frequency acoustic sirens and strobe lighte{gk, 2006).

Launch Defence (see Fig. 2) use gas systems thatgasigradually defensive.
Their effect therefore occurs after a relativelyddime. Their effectiveness is relatively
small, and that because of their insufficient radgéense gradually discharged gases
(Lukas, 2006; Hiaman, 2008).

At the moment when the launcher defensive gas ngnso the body (2) launchers,
through the ejector (6) extends above the criposition. This position is bounded box
(7) launcher. Fuse (3) remains under this threstiotiligh spring (8) fixed and releases
the lid (5) sinus pressure (1). They are due tesquee, rapidly opened and the entire
contents of pressurized cavities launches intoespébis effect gas infest the whole
surrounding area, and potential intruders actipedyented from continuing his criminal
activities. Re-gassing is possible by tighteningws (4) that fix the eyelid (Hart, 2010).
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Figure 2. Launcher defense active gas.

The biometric authorization for the use of the serice vehicle —this solution is
used to prevent movement of company vehicles bythoaized persons and records of
persons who use a company vehicle.

At present, the control of the use of official vdbs only use log book and
tachographs. In this way, however, can not fullyedmine what a person actually
manages company vehicle. Company cars are thenfoisedrposes other than those
for which they are intended (Damjanovski, 2005).

The technical solution is to create a system fomeitric authorization for the use
of a company car, which is used to identify thesparwho wants to use a company
vehicle. Biometric authentication for use compagticles consists of the inlet system
that is composed of a biometric fingerprint reaa®d a biometric identification system
for taking 3D scan face.

The input system consists of a biometric fingergsganner is positioned to handle
the vehicle. Used to identify the person, wheragehs a fingerprint images and the
evaluation of the compliance of a fingerprint wigh database of employees for
subsequent unlocking of the vehicle. The next sethe identification of 3D face
scanner, which is located in the rearview mirrad &ns connected to the starter motor
unit. After a person's entry into the vehicle andwing the safety belt when you press
the start button starts the 3D scanner face. i the scanned facial scan and to compare
with the database staff. In case of a tie the Velscstarted and all components shall be
adjusted according to the parameters of the pdpsonal settings) (Hman, 2008).
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Fig. 3 shows the mirror (1) which are attachedht® ¢ensor (2) for 3D face scan
and starter cancel the marked file (3).

Figure 3. Rearview mirror with four sensors for 3D scan.
RESULTS AND DISCUSSION

At present tests were carried out only on Svobogaass tester. These tests
demonstrated full functionality of this tester.

There are methods that allow bypass of the clddsiop of security systems with
end of line resistance, which reduces their safetthis case it is important to know the
boundary resistance that panel can accept . Svdbaiess tester is designed so that the
potentiometer change continuously resistance sltidp so it can deduct the value of
resistance, which can accept. That the resistargteown in Fig. 4, where it was selected
for testing change continuously resistance Q1 k

1200
1,000
200
() 600 -
400 |

200 4
0]

A potentiometer position

| = Resistance |

Figure 4. Course of the transition potentiometer.

In order to prevent the possibility of sabotageseturity systems, it is very
important to continually improve systems. Authake IHan&ek and Sysell in their
article “The Methods of Testing and Possibility @wvercome the Protection Against
Sabotage of Analog Intrusion Alarm Systérasd ‘Universal System Developed for
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Usage in Analog Intrusion Alarm Systentave the same views. And similarly to this
problem is _ Urbatokova, Valouch and Adamek in their article ‘Testofagn intrusion
and hold-up systems for electromagnetic susceipyibilEFT / B.

CONCLUSIONS

Testing and improvement of existing technologiegely important. Practical tests
performed on loop switchboards bring insight irteit functionality and practicality.
Tests also showed that all types of loop switchit®aan be better or worse sabotage.
The tests can be used to draw principles for askagd switchboards and thus develop
and testers that help determine the quality aretypaf the I&HAS.

Due to the continuous development of sabotage iggbs is always important to
continue to develop new and better detectors, nesgslvitchboards and all components
of the systems | & HAS. It is important also to d®p new testers that could test the
existing schemes and thus determine their safetygaality.

The moment comes when any new or innovative eleng@dfS (detector, data
logger, the principle of evaluation, etc.) is athga way to circumvent it (Ssabotage). The
biometric and security alarm and emergency systismberefore very important to
always act in the development of new technologieisiciples, evaluation, protection
detectors and innovation of existing elements I&H&SRI biometrics. It is therefore,
more difficult to attack as much as possible ofdhgect and of course optimized price-
performance ratio of the elements.
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Abstract. The safety level in 11 Estonian enterprises wagstigated. Some of them have
implemented OHSAS 18001 or belong to foreign camfions. These enterprises have generally
good or very good safety level. The larger the rpmige is, the better are the possibilities to give
regular training for the work environment represtime (WER) in occupational health and
safety. The study includes quantitative and qualgastudy. The MISHA method is used as the
tool for quantitative study. The parts from theeiviews with the enterprises representatives’
(management and employees) concerning the roleh@fWER in the safety performance
(qualitative study) are included. The clarificatiand appropriate application of the WER'’s role
and position are the key elements to raise theyshfeel at enterprises. Two hypothesis: 1) on
the connections between the real and formal sa&letyents concerning WERs and 2) OHSAS
18001 implementation effectiveness on safety a@wi(including WERS’ role improvement)
were proved with statistics: Factor analysis wargied out withKMO and Barlett'sest, ANOVA
and T-square test with Wilks' Lambda ra¥dditionally, knowledge management in safety may
enhance the activities among WERs and thus, ineré@ssafety performance in enterprises.

Key words: work environment, safety and health managementagement responsibilities in
safety and health, work environment representasiafsty activities at small and medium-sized
enterprises.

INTRODUCTION

Work environment is a broad term and means allosudings when worker is
engaged in the work process. The physical workrenment contains work tools, in-
convenient indoor air, noise, insufficient lightingbration, electromagnetic fields, but
also chemicals and biological agents. Furthermttiework environment includes the
psychological aspects such as work organizatiorttagvorker’'s wellbeing at work.

The previous study for improvement of safety analtheat workplace (Paas et al.,
20154, b, c) determined the nature of real, folanal combined safety elements and the
importance and possibilities to harmonize the gdfatel in advanced companies (e.qg.
enterprises which possess OHSAS 18001) and congpaitizout any systematic work
in occupational health and safety (OHS). In anr@nige where safety is a priority and
safety activities are regular and systematic, Ugtiatee levels of management line in
OHS exist: the top or product manager, the workrenment specialist (WES) or safety
manager and the work environment representativeR)VEhe latter may be the weakest
link in the chain, especially because of lack wigito devote oneself on safety and health
matters. The legislation (Occupational Health aafety Act of Estonia (OHS Act),
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1999) allows the WER to perform OHS duties for tvoairs per week. Often, this seems
not to be enough.

The activities of WER often depend on company’'®tygther locally owned small
or medium-size enterprise or belonging to a biggeporation. The implementation of
OHSAS 18001, due to systematic audits, improves kinewledge of all the key
employees in the safety and health management.chiaiprevious research has also
suggested possibilities of offering safety trainigpugh MISHA questionnaire, used as
the tool for assessment of safety level in both @53.8001 implemented and non-
implemented Estonian enterprises (Paas et al.,)2016

Work environment representatives shall safeguagdriterests of staff in matters
relating to the working environment (WE) and engina the regulations on OHS are
followed. The WER is elected by the employees efdbmpany and his/her main role
is to represent the employees in issues relat€@HSs. Additionally, if the company’s
size exceeds 50 workers, a working environment cibumust be formed. This is an
internal association where OHS-related issues @eussed and possibly resolved.
Employer and employee representatives are memibéing @ouncil in equal part. The
WER has the duty, among other things, to reprebenivorkers in work environment-
related issues. OHS Act (1999) states that the @yapland the employee should co-
operate and work together managing working enviremimAs the WERs know the best
the workers and workplace connected health andysafeblems, it is important to
involve them in positive progress of safety levelthe company. It is also clear that
employee’s behaviour is one of the greatest detennts in workplace safety that can be
influenced by WER'’s good examples.

By the Occupational Health and Safety Act (1999R\has been guaranteed with
a number of rights. The WER has, among other thithgsauthorisation to: a) receive
training, b) be a part of actions that concerrréfi@ionships in the WE and c) participate
during the planning of new premises as well as géaim the premises (OHS Act, 1999).

Special attention is needed for enterprises whorlgeto small-sized enterprises,
with 10-49 employees who tend to see less practadak in WER activities and often
excuse with other priorities (Sorensen et al., 26@as et al., 2015a).

The research questioris the following: is it possible to raise the sgfigvel in a
small and medium-scale enterprise prioritizing tide of the work environment
representative?

HypothesisH1. The firm type has a significant impact on real safeerformance?

Hypothesis H2. Implementation of OHSAS 18001 helps effectivalyarganise
OHS activities in the companies?

THEORETICAL APPROACH

Organizational culture is a concept that is ofteecuto describe the values that
influence members’ attitudes and behaviours. Saftiture is a sub-facet of
organizational culture (Cooper, 2000). There aregltomponents in the organization
that it is necessary to follow: focusing on phybkie@arkplace, focusing on people,
focusing on management issues (Makin & Winder, 2008

The work accidents in industrial enterprises cargito happen. The decrease of
accidents could be foreseeable with the changafefysculture. Safety culture has been
identified as a critical factor that sets the tdoe importance of safety within an
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organization (O'Toole, 2002). Different levels affety culture can be distinguished:
pathological, reactive, calculative, proactive ageherative (Parker et al., 2006).
Creating the better safety culture requires noy stribnger surveillance from the side of
Labour Inspectorate (state surveillance), but alsmental change and an authentic
commitment from firms, where everyone participated commits themselves to OSH
(Fernandez-Muniz et al., 2007; 2009).

To the development of a good safety managemergrmaysbsitively influences the
employees’ involvement and participation in safatyivities. Safety researchers have
become increasingly interested in understanding $msial exchange processes help to
shape the safety-related perceptions and behawb@sployees (DeJoy et al., 2010).
Various theories have been used to explain the agmgeh relationship between
organizations and employees, but theories involdrganizational support have been
most common (DeJoy et al., 2010).

A major incident is generally the result of a numlaé interacting human,
technological, environmental and organisationatdiscall influenced by the prevailing
safety culture.However, extensive time and resources are ofteuined to
undertake a detailed assessméfactor analysis was used to structure eight
underlying dimensions: management commitment, isage learning, risk,
communication, competence, processes and procedamdsengagement. In
order to help an organisation diagnose the extémtebavioural failures, the
factor structures were grouped to assess learmiogppliance, intervention,
reporting and progressive (cultural sustainabiliggb-cultures (Fernandez-
Muniz et al., 2007; 2009)it is an advanced approach for analyse the acacident
possible mechanism scientifically.

In DeJoy et al. (2004), the employees were askedtahe extent to which their
organization has specific policies and prograneteelto such matters as safety training,
hazard communication, and personal protective eqglip. The safety level at enterprise
was improved. Employee behaviour is arguably on¢hefgreatest determinants in
workplace safety, especially as employees intesditt varying issues. Nevertheless,
every person’s behaviour is unique, and even omgcpkar person’s behaviour can
change from day to day. No employee can think abaligty continuously.

According to Wachter & Yorio (2013), the most imfzont tools for improvement
of employee’s behaviour are improvement of commation, the leadership
commitment to health and safety, working and sgvimoblems in teams, adequate
training, risk assessments with practical valugoreng of near-accidents, quality-based
improvement processes.

In the ageing society, beside workers’ safety, htsalth and well-being of workers
have become important topics at the workplaces r{Bah Griffin, 1999). First, health
and well-being can refer to the actual physicalltheaf workers; second, health and
well-being can refer to the psychological and eomal aspects of workers as nowadays
trends in illnesses structure (Danna & Griffin, 29

The paper of Hovden et al. (2008) examines the obl®VERs in the modern
working environment. The data from Norwegian ofighoil and gas sector showed that
employers rely more on the capacity of the formahlth and safety management
systems, than do the WER put more emphasis oretttefior daily and continuous health
and safety consultations. The study also reved&latithe climate of participation and
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collaboration is assessed by the safety represagads being less conductive to the
overall objectives of the health and safety regomeat than perceived by the managers.
The results of the study also demonstrate a lackookistency between identified
problems in the role of WERs and proposed measir@sprovements in their role and
functions.

There is a need for safety climate measurementuimsints (Hall et al., 2013).
Measurement of safety climate requires an instrameerecord employees’ self-reported
perceptions on safety issues. The safety climateument has to be theory-based. The
method worked out by Hall et al. (2013) consisttheffollowing parts: 1) manager and
supervisor attitude toward safety, 2)risk, 3) gromorms, 4) workplace pressure,
5) competence, 6) safety system. They all are wideto intention to follow safety
procedures. Testing the Hall model among managepgrvisors and other employees,
the result showed that managers and supervisdrsepelrted a significantly higher
safety climate than other participating employees.

There is a strong connection between worker reptasen and participation and
the establishment of an effective preventive OHS8esy at the workplace (Walters et
al., 2005). Working in small enterprises, thera ksigger risk to get into accident or get
injury than in big enterprises (Sorensen et alQ72ongtip et al., 2008). In small
enterprises:

1) there is a higher risk of severe and fatal accglent

2) there is a higher risk of minor accidents if altidents are reported,;
3) OHS management system is less common;

4) there is only scattered data about other hazards.

Internal control
Professional knowledge

Work
environment
committee

Work

Work

environment environment
representative specialist
(WER)

Workplace assessment

Figure 1. The arrangement of OHS command at workplace.
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The OHS activities in the Nordic countries are oiged (Karlsen & Lindoe, 2006),
combining a top-down and a bottom-up approacheawtiganizing of health and safety
activities to be effectuated as a part of the drganization (Fig. 1), where everyone at
his/her level has a particular responsibility t@rove the OHS quality of the workplace.
The overall responsibility rests with the employweho will seek the support both from
his professional staff and from the participantshiemm OHS organization of the company.
The same model applies to Estonia as well; nowallapsur Inspectorate offers free
consultancy in OHS expertize for those enterprighsere professional knowledge is
lacking.

OHS experts are not available in small enterprise€stonia, therefore the
professional knowledge has to be ordered outside.

Four areas in MISHA: A) organization and administra (including safety
activities in practice A2, the numbering in Kuusisto, 2000)), including inndWER
activities @2.6), B) participation, communication, and training; Work environment,
D) follow-up.

Formal safety elements include (in parenthesismgithee influence of OHSAS
18001 implementation in Estonian enterprises tostifety key element, correlated to
the total safety level (score)): safety documemtsntents of the safety policy
(R =0.895), revising the safety policy (R = 0.972yritten policy (R = 0.964),
assignment of tasks and responsibilities (R=0.88&fgty policy’s connections to the
company'’s other activities (R = 0.964) and follopr-af accidents statistics (R = 0.929)
(Paas, 2015a). These were the most correlateq safeelements that influenced on the
total safety level positively.

Real safety elements include the safety key elesrfeotn the parA2 as follows:
top management’s, line management’s and supergiafmty knowledge; resources
From this part, OHSAS 18001 implementation in timéerprise influences only on
resources (Paas, 2015a, p.30).

Combined safety elementsclude the safety key elements from the psi2tas
follows: 1) safety committee/ and or other coopeeateams, safety manager, safety
representatives (WER) and/ or other cooperativasga2.6). The results (Paas, 2015a)
show that all these elements have no correlatidh tie total safety score at the
enterprise.

The safety activities in practicé2) include (MISHA, Kuusisto, 2000): 1) top
management’s safety knowledge, 2) line managemeséfety knowledge, 3)
supervisor’'s safety knowledge, 4) safety committed/ or other safety team, 5) safety
manager, 6)safety representative (WER)and/or other personnel representative(s)
(A2.6), 7) occupational health services and 8) resources

MATERIAL AND METHOD

Eleven Estonian manufacturing enterprises (Tablgelg examined with modified
MISHA method (Kuusisto, 2000) for clarifying theleomf the WER in OHS matters as
well as for studying the perspectives to improeeséafety level of the enterprise through
more effective WER activities.

The qualitative study was carried out in these tbinganies in the form of
interviews of before given persons. The intervieywri employer or WER both give the
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information about the present and possible rol/&R. The interviews were assessed
independently by all the authors of the currentagpaphe interviews were also taken as
the basis for the quantitative study.

For assessment to the MISHA questionnaire, the rtilscale (1 — poor,

2 — average, 3 — good, 4 — very good, 5 — excéleas used.

The safety key elements connected with the WERvitie8 at enterprises are
presented in Table 3. The questions from the MISHstionnaire that concern the
WER activities in enterprises and analysed in tireenit study, are as follows:

AL.5. Patrticipation in the preparation of the pglithe participation of employers,
WER and other workers’ representatives is very irgya as so the information motion
inside the enterprise is achieved.

AL.6. Initial status review: contains the first deégtion of the work environment
situation included into the safety policy.

A1.10. Informing external bodies about the polityis suggested that somebody
outside (e.g. the inspector from the Labour Inggraté or from the accreditation
authorities) has examined the content of the polidyis part also includes how the
temporary workers, sub-contractors and clientsacaass the safety policy of the current
enterprise.

A2.4. Safety committee: if the enterprise has #fetg committee, containing from
the workers ‘representatives (WERS) and the reptasees of the employers, the safety
and health questions at work are better dealt anthimprovements in the field of OHS
are possible.

A2.5. Safety manager: if the enterprise has theipation as safety manager, the
guestions of safety certainly are in the foregroand the safety level could be improved.
Usually, in Estonia, the enterprises are smallescal medium-sized and they cannot
afford the occupation ‘safety manager’. The resfimlities are usually taken by the
production manager or even by the manager of huesources.

A2.6. Safety representative: (or called workingissnment representative) is the
workers’ delegate in the safety committee. His Xlpeissibilities to improve the safety
level at enterprises are very large. Enough tingetd with the safety matters has to be
given to WER. He (she) has to be trained and thel@rer and safety manager have to
be in good relations with the WER.

A3.3. Selection of the line management: the cand&lhave to be able to evaluate
how the personnel copes with the work, to motivhgepersonnel, to be able to identify
the health and safety hazards and handle the pnshielated to the human relations.

B3.1. Safety training needs: it has to be insufeat the employees can to
participate in the evaluation of the safety tragsinThe safety training has to cover all
the personnel groups.

D1.2. Accident investigation: the question conceifnghere in the company, a
person who investigates the accidents, is defitieithe corrective actions have been
identified in the safety policy how to prevent damiaccidents to occur, this gives the
extra points to the safety level.

D3.1. Assessment of the social environment: doesdémpany have a system for
measuring social climate (e.g. climate surveys)® #re corrective actions done
immediately when problems to social relations haeen observed?

In some of these companies, employees from thfemetit level in the line of the
safety management system were interviewed: the @mpl the work environment
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specialist and the work environment representalivincally owned companies, where
the safety level is rather low, the managers dide@commend to have interviews with
WER as their knowledge in OHS tends to be low. Phésented the quantitative study.

The possibilities to improve and subsequently othe knowledge of the WER in
OHS are different in corporated or OHSAS 18001 enmnted companies compared
with small and medium- sized locally owned companie

The statistics used in the paper involved IBM SEBg8istics 22.0 and R.2.15.2.
The following statistical methods were used: catieh, MANOVA, factor analysis,
principal component method, independent T-testidFz013).

RESULTS

The results of the quantitative analysis are gimerable 1. In the first columns the
characterization of the investigated enterprisegjii®n. The interviews with the
enterprises’ representatives (column 5) carried and recorded, were afterwards
listened and analysed by the four authors of tipepandependently. The total average
score (column 6) is derived with MISHA method.

Table 1.The characterization and results of quantitativelsty the MISHA method in the
investigated enterprises (N = 11)

1 2 3 4 5 6
Id. of the The Size, OHSAS The person Total averag
company activity employeescompany interviewed: score
area Icorporated position, age (100 max)
company
I Plastic industry 50-249  +/ Quality manager, 41 78
Safety manager, 62WER.76
25 78
Il Electronics > 250 [+ Quality manager, 35 84
Safety specialist, 42 90
WER, 53 80
i Food industry > 250 [+ Safety manager, 62 75
WER |, 34 80
WER II, 39 58
v Electronics > 250 +/ Quality manager, 59 92
Safety manager, 39 88
WER, 66 78
\% Textile industry 50-249 /- Production manager, 38 47
\i Printing industry < 50 -/- Production manager, 36 29
Vi Glass industry <50 -/- Production manager, 41 41
VIlI Chemical 50-249  +/ Management'’s 88
industry representative, 55
WER, 62 85
External auditor, 34 78
IX Chemical 50-249  +/ Management'’s 87
industry representative, 45
WER, 40 87

External auditor, 34 78
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Table 1 (continued

X Metal 50-249  -/- Management'’s 61
industry representative, 40

WER, 53 55

External auditor, 53 50

Xl Metal > 250 -/+ Safety manager, 35 89

industry Trade union 86

representative, 60

Quantitative study:

The total scores given on the safety level, derivéd the MISHA method (Paas
et al., 2015a) from employer, WES and WER were @magh In the corporated
companies and OHSAS 18001 companies, the totakscare high (80-85 from
100 possible). In locally owned companies, the escare lower (below 50 from
100 possible). There is no significant differenedween the scores given by three
employees involved in safety in the same compariliércorporated or OHSAS 18001
implemented companies. In some companies, onliglat slecrease in the case of WER
compared to employer representative was observid. sltuation varies in locally
owned companies. The scores do not differ signiflgabut the knowledge of WER in
these companies about safety matters was negligittiavas clearly seen and heard in
the interviews carried out by the safety experts.

The difference between the meanings of the asseésmployer, auditor or WES
and WER) was until 24.7% in some of the subareike, A) organization and
administration (including safety activities in ptiae, including in turn WER activities),
B) participation, communication, and training; Cpnk environment, D) follow-up)
containing in the MISHA method.

The correlation analysis connected with safety aafities areas (including
WER)

The most correlated safety key elements in theieduénterprises were: top
management commitment to the safety policy & resesi(R = 0.99); revising the safety
policy & resources (R = 0.96); written safety pwli& resources (R = 0.95); safety
policy’s connections to company’s other activitiesesources (R = 0.95); assignment
of tasks and responsibilities & resources (R =)).98semination of the policy &
resources (R =0.93); follow-up of accidents aride8ses & resources (R =0.93);
participation in the preparation of the policy &oairces (R = 0.92); contents of the
policy & resources (R = 0.91); resources & assesnsiethe social work environment
(R =0.9); WER & the content of the policy (R =10.9

The results can be interpreted as follows: a) #fietg overall safety level depends
on the resources given to the OHS activities byeitmployer in the enterprise; 2) the
psychosocial work environment is getting graduatigre attention by the employees;
3) the workers are not involved on practical issafesafety policy development, yet.

Among OHSAS 18001 implemented enterprises, thera &rong correlation
between safety activities in practié® & personnel management (R = 0.7); safety
activities in practice2 & personnel safety training (p = 0.05). Among noHEAS the
correlation between safety activities in practk® & personnel management is 0.94
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(p = 0.1); safety policy & safety activities in pte A2 R is 0.90; safety activities in
practiceA2 & hazard analysis procedures has correlation aeffi R = 0.88.

Safety activities in practica2 (MISHA) has good correlation in all non-OHSAS
companies in Estonia (Fig. 2).
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A2: safety activities in practice
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Safety performance/ total
(MISHA method)

Figure 2. The influence of safety activities (including WEB) the total safety score in non-
OHSAS companies.

HypothesisH1

Factor analysis were carried out with KMO and B#iddest (Field, 2013). The
alpha correction (ANOVAs with Tukey's HSD post-hests) was implemented and so
theH1 andH2 were confirmed

From A2, the following key elements were taken into theistigal analysis: top
management, line management and supervisor safetyiedge, safety manager, WER,
occupational health services activities and ressifor these activities (Table 2).

The result showed that there was a statisticadjgicant difference in real safety
performance based on a firm type (OHSAS or non-O8)SA (26.2) = 17.311, p < 0.1.
Wilk's A = 0.000, partiah? = 0.996. Power to detect the effect was 0.854.

It can be concluded from the Table 2 that at thesgmt time, the firm type
influences the safety policy part in the OHSAS iempénted and non-OHSAS
companies (p = 0.000), but only concerning thetgadetivities in practice on the top
management’'s safety knowledge (p =0.039). The ofleVER is not significant
(p = 0.350). At the same time, the firm’s typeigngicant on the supervisor/employee
communication (p = 0.001) and on general commuimcgirocedures (p = 0.006).
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Table 2.Correlation between the safety key eleméiits

Sum of squares

Safety key element (KMO and Barlett's test) p-value
Al.2.Top management commitment to the safety polic22.250 0.000
A1.9.Dissemination of the policy 21.007 0.000
A2.1. Top management’s safety knowledge 3.005 0.039
A2.2. Line management safety knowledge 0.854 0.383
A2.3. Supervisor’'s safety knowledge 0.410 0.412
A2.5.Safety manager 0.540 0.450
A2.6. Safety representative 0.250 0.350
A2.7. Occupational health services 2.410 0.193
A2.8. Resources 22.688 0.000
A3.4. Promotion, rewards and career planning 4.264 0.006
B1.1. Supervisor/employee communication 5.672 0.001
B2.1. General communication procedures 2.896 0.006
B2.3. Suggestions for improvements 5.500 0.027
B2.4. Campaigns 9.797 0.039
C1.2. Chemical hazards 3.563 0.021
C1.8. Maintenance 4.500 0.002

HypothesisH2

There was a statistically significant difference both formal and real safety
performance based on a firms type (OHSAS and no&A&%), F (26.2) = 11.472,
p < 0.1; Wilk'sA = 0.000, partiah? = 0.993. Power to detect the effect was 0.730.

The type of the firm (Table 3) influences on theligo section (Al,
p = 0.000-0.001). We can see from the Table 3ttiesafety committee’s (p = 0.214),
safety manager’s (p = 0.220) or WER'’s (p = 0.28&3ifoon in Estonian enterprises is
very low. At the same time, the significance oestibn of a safety manager (personnel
policy), safety training needs (p = 0.000), assesdmof social environment (0.000) were
very high. These are the areas in the enterprisereWWER can influence in case her/his
position is supported by the regulations and thpleyer.

Table 3.Correlation between the safety key elemeéi?s

Sum of squares

Safety key element (KMO and Barlett's test) p-value
A1.5. Participation in the preparation of the pglic 21.250 0.000
Al1.6. Initial status review 13.375 0.001
A1.10. Informing external bodies about the policy 17.241 0.001
A2.4. Safety committee 3.200 0.214
A2.5. Safety manager 1.194 0.220
A2.6. Safety representative 1.521 0.282
A3.3.Selection of the line management 3.063 0.017
B3.1. Safety training needs 8.491 0.000
D1.2.Accident investigation 4,125 0.007
D3.1. Assessment of the social work environment 19.125 0.000
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Qualitative study:

Case A:a company, belonging to the foreign concern wittigh safety level has
16 WERSs per 250 workers, one in each departmemtsafety committee meetings are
carried out regularly; all the WERs are includedhe mailing list of the meetings.
Written reports of the meetings are distributedtte WERSs after the meeting, the
distribution of information in the company is veygod. Even when WERs are informed
well, they are not involved in decision-making pFsses concerning OSH such as
preparing safety policy, conducting risk assessmettt

The questioni) to the work environment specialist (WES)ré the WERs as the
representatives of workers allowed to make chaigdse safety policy?’

The answer:No, the safety policy is given in the written faiomthe subsidiary
company (in Estonia) from the owner of the corporat(in Finland)’ (Company A,
Int 1)

Case B:a small locally owned company (15 employees), @l@HS matters are
not a priority and no systematic OSH work is vigibA production manager (PM) has
shortly signed to fulfil the responsibilities of VBEon labour inspector’s request. The
risk levels of occupational hazards in manufactudepartment are high. Before the
visit of the labour inspector, the responsibilities OHS were delegated to the
accountant. At present, she represents workersER,\Wowever no formal elections
have been organized and her knowledge in OSH istignable. There are several areas
where WER can be involved; however, the PM and W&8ot see the potential in her.
Many safety shortages were identified during theririew, for example how to maintain
the protective clothing or educate experienced esrkn safety matters or how to
involve the workers to risk assessment process.

The questiond): ‘How do you carry out the protective clothing maivaece? Is
there a washing machine in the enterprise orfeiformed by the subcontracting firm?’

The answer of the PMWe have the washing machine, but we do not uas the
workers wash the work clothes at home together #ith other everyday clothés
(Company B, Int 2)

Additionally, the PM confessed that the workers ehaot been told about the
danger of the sharp particles that can be fourtddrwork clothes and the work clothes
are not allowed to wash together with the everyolags. No WER is involved in this
problem.

The question3): ‘Has the car driver educated in slippery road driyifthe courses
are available in Estonia) or has he provided witinglasses for creating the better
driving condition®’

The answer of the PMThe driver has worked already 40 years withoutglasses
and he knows how to drive the car in winter. Tragnis not necessary(Company B,
Int 2)

The question4): ‘Is the risk analysis carried out and improved actiog to the
changes in the industrial process regularly? Is #wtion plan to reduce the risk level
compiled in the enterprise?’

The answer of the PMWe have carried out measurements of noise and cteuiu
risk analysis after the visit of labour inspectbyt as the noise level was not over the
norm, we have not had time to compile the actiamp(Company B, Int 2)
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The PM of the company pointed out that templateafork descriptions would be
useful from the side of Labour Inspectorate to supfhe overall improvement of the
OHS level in small and medium-sized enterprisdssionia.

Case C a locally owned company with 40 workers. The pitbn manager (PM)
was questioned. A lot of OSH shortages were idedtifno systematic work and no
representation of workers in OSH matters were tliededNo clear answer was given
about safety policy and it is quite clear that vesskare not informed about it.

The question(5): ‘Do you have the safety policy at the enterprise’ Was
compiled it?’

The answer of the PMWe had something when the ISO (?) was implemented;
something has still remained from it. We have ndcS\Wdiso no WERs. Everything is
explained during the production process. If a neachine is obtained, then the
providers train the workers in safety matters.’ (@many C, Int 4)

The question®): ‘Have you visited the occupational health doctoelg® Do you
have the plan for medical examinations of workers?’

The answer of PMNo, we have not the plan, but | visited the dodver 5 years
ago.’ (Company C, Int 4)

Case D:a corporated enterprise with 25 employees. Theéymtion manager (PM)
was questioned. The safety level in the comparygls. WERs have been elected, no
WE committee needed, but two workers in the pradocterea are continuously
following the hazards in the work environment (gsmeasurement devices). Safety as
seen as an investment and not as an expense imatiaement. Line and top managers
possess high knowledge in safety matters. Recentipecial meeting concentrating on
safety matters, was organized internationally, ve#ir&0 subcontractors from different
countries participated. However, some shortagesg vwdemtified during the interview,
mainly about safety policy and dissemination of deeument among workers — where
WER can be involved. The management had an attifuateworkers do not need to
know the general policy about safety, they shoolicentrate on their workplace safety
only.

The question 7): ‘Do you have the safety policy? Are workers awarehisf
policy?’

The answer of the PMThe policy has been worked out by the foreign oswne
corrections from Estonian side were possible). Woekers need not know about the
details of the policy.” (Company D, Int 6)

DISCUSSION

Our study revealed that management plays an egksrlg in WER'’s systematic
and active work and workers’ participation on wddqe health and safety matters. In
O’'Toole (2002), it is also postulated that managemeadership is influencing the
employee perceptions of the safety managementrsydtbose perceptions appear to
influence employee decisions that relate to atdslkaviours and decisions on the job.
Organizational commitment did affect perceived safet work, but not on work
accidents (DeJoy et al., 2010). According to oudgt management commitment to
safety policy forms a positive starting point fegular activities of WERs. Studies of
occupational safety program effectiveness have higblighted safety policies and
programs as important ingredients of effective paots (DeJoy et al., 2004). Neal et al.
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(2000) also found a relationship between genergarizational climate and safety
climate: when the organizational climate improwée Gtandards are implemented), the
safety climate also will be better.

Our study examined three different types of compsniOHSAS certified
companies, corporated companies and small and meslaed locally owned
companies. It turned out that the definition of &lrenterprises’ is not sufficiently
specific. Small enterprises cover many types ofkvemtivities, which naturally lead to
large differences in the work environment. Smallegorises are more susceptible to
influence from various ‘external’ sources e.g.,uo the ownership structure. It might
be important whether the small enterprise is paatlarger organization and whether it
is publicly or privately owned (Sorensen et al.020 This problem remains for the
future research.

Compared to Estonian OHS system in companies, bI@S regime contains
three different collaborating arenas or structunethin the company: 1) a work
environment or safety committee with balanced regmeation from the parties; 2) safety
representatives elected by the employees; 3) isdau external health and safety
experts employed by and representing the managdiriadbe et al., 2001). According
to the OHS Act (1999), based on EU Framework Divec89/91, the employer and
employees have to co-operate and there have t@pertanities for both parties to
consult on the relevant OHS matters. The ensuigig of worker participation is stated
in mandatory forms of industrial health and safedyional legislation and in the EU
Framework Directive 89/391. In Estonia, WER hadotrained following the 24-h
training programme provided in the regulation. loriay, the social partners agree that
a 40-h course covers the basic training necessednnttion as a WER (Hovden et al.,
2008).

In our qualitative study, we concluded that WERseased the time for dealing
with OHS matters unsatisfactory. The results indiocountries (Hovden et al., 2008)
show similar pattern — often WERs complained altexk of time. The examples of the
best experiences of the Nordic countries shoulddssl in order to increase workers’
participation and representation in health andtgafatters.

CONCLUSIONS

The answer to thlaypothesis Hlthe firm type (OHSAS-implemented and non-
OHSAS enterprises) has an impact on real safefgnpeance.

The answer to thiypothesis H2the type of the firm has a significant impacttot
on formal and real safety performance.

The general conclusions are following:

1. The position of safety representative has oftamwadtatus in the company.

2. WERs do not have enough time to fulfil their safetyctions to keep employees
safe.

3. There is a limited understanding among employeosiihe role of WER. The
study showed that in small enterprises, the WERaHasmal position, although required
by the law. In that case, employers do not undedsthe need of the WER and while
electing them only formally, there is no practicalue and often, employees are unaware
of the position. The interviews also revealed thistcomplicated to find the candidates
to the WER position even in larger companies, @afigcen locally owned companies
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as managers do not know how to motivate worketsking an additional responsibility.
Safety management system plays a role in effectork of WERSs. If the management
does not give enough priorities to OHS, the emmeywill follow the example of the
employer. WER should be elected among the pedrsrrtttan using WERS from other
departments.

4. The WER of the organization is not well known okrmmwledged by all the
employers and subcontractors. The subcontracting may cause several accident and
near-accident situations. The importance of thege(WER), who knows how to deal
with the problems in OHS, becomes evident onlyrdlfte accident has occurred or some
of the workers are already seriously ill with ocatipnal disease, such as
musculoskeletal disease. The MSD is, at the preseai the number one occupational
illness in almost every European country (Kaerg&afhdersen, 2000).

5. Doing WER work successfully is difficult due to dbicting expectations from
employer and colleagues. The interviews revealadibbody in the enterprise wants to
be the resolver of a risky situation or even aatideherefore, it is particularly important
to prevent these situations by increasing the kedgg on OHS. For this occasion, WER
and his/her knowledge and activities are a verydgmution. It is important to mention
that he/she needs enough time to gather the infamman OHS and his/her activity has
to be acknowledged by the employer.
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Abstract. The loss of soil particles due to water erosioa @ucial problem of current farming
on the soil. However, soil tillage may also conitiéto the undesirable transport of soil particles.
It is to note that the effects of particular woidgialements used on implements for soil tillage
have not been described in a sufficient way. Temeine the translocation of soil particles,
measurements were done in the Central Bohemianne@hree basic machines for solil tillage
were used for measurements: disc tiller, tine eadtir and five-share plough. Measurements were
performed on sandy-loamy Cambisol after harvest sppring cereal crop. White limestone grit
was used for the indication of soil particle traxsition. Great translocation of soil particles was
observed after soil tillage with tine cultivatordamouldboard plough - the average translocation
rates ranged between 0 and 0.9 m. Disc tiller disgad the soil particles into smaller distance
(into 0.3-0.45 m). The dependence of tracer waigtd distance from the original location could
be described for disc tiller and tine cultivatordsyexponential function. The type of soil particle
translocation by a mouldboard plough was compledéfgrent from the translocation by a disc
tiller and tine cultivator. Topsoil turning over lyplough showed the lengthwise and crosswise
movement of tracers with a typical dependence eif tiveight on a distance from the original
location. The dependence of tracer weight on aadi® from the original location could be
described for mouldboard ploug by an quadratictionc Individual machines for primary tillage
have a different character of translocation of paiticles.

Key words: soil particles transport; soil erosion; machinesstail tillage.
INTRODUCTION

Different soil tillage and sowing methods havegm#icant effect on soil structure,
soil bulk density, soil penetration resistancealtaind air-filled porosity, soil moisture
and yield (Simanskaité, 2008). Another effect of sithage is the influence on soil
erosion conditions. Of the factors influencing saibsion are distinguished erosivity:
action of the eroding agent (rainfall, but also #&uotion of tillage) and erodibility: the
resistance of the soil to detachment and transBoitresistance to erosion (erodibility)
depends on slope steepness and on intensity afrliigice during soil tillage. Soil
erodibility is impacted by soil texture, aggregatmability, plant cover, infiltration
capacity, organic and chemical content and othiépeaperties (bulk density, moisture
content) — Morgan (2005). Effects of soil erosiore garticularly important on
agricultural land where it causes the redistributib soil within a field, the loss of sail
from field and the breakdown of soil structure. #rer serious consequence of soil
erosion is the decline in organic matter and natresult in a reduction of soil cultivable
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depth and a decline of soil fertility. Tillage eims is the net downslope movement of
soil brought about by tillage operations. Soibijé erosion and the related study of soil
particle translocation by working operations ancchmaes during soil tillage belong to
the little examined area of soil erosion reseaf@bvers et al., 1999). Based on findings
from Ontario, Canada, Lobb et al. (1995) statetitihiage erosion accounts for at least
70% of the total loss of soil on hilltops. Therenist a sufficient description of the
influence of particular groups of machines andrthmplements on soil with regard to
the translocation of soil particles — it is maimalgplicable to secondary soil tillage and
sowing. More information is available about the mment of soil particles by operations
and machines for primary soil tillage (ploughinglwmouldboard ploughs, loosening
with chisel ploughs). There is also a lack of daathe translocation of soil particles
when the sequences of working operations of digijg are applied for cultural practices
(Tiessen et al., 2007). The extent of tillage enosiepends on the erosivity of tillage
operations and erodibility of the landscape (LobKachanoski, 1999). Tillage erosion
is largely influenced by the design of a tillageplament (type of equipment, the
geometry and arrangement of the cutting tools) hod the tillage is operated —
frequency of tillage operations, tillage speed deplth, the behavior of the operator (Li
et al., 2007). Tiessen et al. (2007) concludedttiaerosivity of a pneumatic seed drill
was comparable with the erosivity of a cultivataridg primary soil tillage if the sowing
was performed shortly after seedbed preparation.

To measure the translocation of soil particlesrdusioil tillage is not easy. Logsdon
(2013) presented an overview of tracers that wecerporated into the soil by some
authors in order to indicate the topsoil translmeaturing soil tillage (Al cubes, dyed
limestone, steel nuts, &§.

The objective for the study was to evaluate thpldement of soil particles in the
primary tillage with the use of three machinesc diiéer, tine cultivator and mouldboard
plough. White limestone grit was used to indichedoil particles translocation.

MATERIALS AND METHODS

The translocation of soil particles was measuredune 2015 after harvest of
common oat in the green ripeness phase. Basiodatdield where measurements were
done: the locality Nesperska Lhota near Vlasinituglé of 420 m a.s.l., sandy loamy
Cambisol. The soil on the plot is shallow, slighdtpny. The field was after harvest of
common oatAvena sativafor green forage. Before the translocation of paiticles
started to be measured, soil samples (5 piecexhtdepth) were taken to determine the
basic physical properties of soil at a depth otiltage. Soil physical properties have
been evaluated employing Kopecky’s cylinders withume 100 crhiand subsequently
analysed in the laboratories of the CULS Praguail rioisture content was measured
with a ThetaProbe sensor (Delta Devices, UK). Aitdi clinometer (BMI, Germany)
was used to measure the angle of slope of a pénedield where measurements were
performed. The average slope of area is 2.7°. ‘©heeat of particles < 0.01 mm: 29%
weight. Soil moisture in the soil tillage depth. 7% vol. Soil bulk density and porosity
before tillage is given in Table The table shows the average values. Colected sample
are showing a high content of macropores in thle Btgicropores are evident even at a
depth from 0.15 to 0.20 m. It cannot therefore destrate the influence of oat plants to
physical properties of soil.
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Table 1.Soil bulk density before tillage
Depth (m) Bulk density (g cf)  Porosity (%)

0.05-0.10 1.49 43.8
0.10-0.15 1.52 43.3
0.15-0.20 151 43.2

For tillage passes the chosen direction was ‘davpesbrientation’. The machines
that were chosen to measure the translocation ibfpadicles in the operations of
primary soll tillage:

Akpil X 3.0 disc tiller of working width 3 m, Roskon-375 tine cultivator of
working width 3.5 m and Ross PH-1-535 five-shamugh of working width 1.75 m.

To indicate the translocation of soil particles t@himestone grit (particle size
10-16 mm) was used. Grits were incorporated int@ggs 0.20 m in width and 1 m in
length. The longer side of the grooves was oriepgendicularly to the direction of
subsequent passes of tillage machines. The groepth dvas chosen to match the
working depth of tools of tillage machines. Sdiatje depth: disc tiller 0.08—0.10 m,
tine cultivator— 0.15 m, mouldboard plough0.20 m. The travel speed of machines in
the field was chosen according to the manufacturecommendations: disc tiller 10
km.h?, tine cultivator 5.5 kmh, mouldboard plough 4.5 kmth

After the tractor with a respective implement pdsaeross the field, the tracers
were picked by hand from the soil in segments 800n (tine cultivator, mouldboard
plough) or 0.15 m (disc tiller), in the directiohroachine movement. After the machines
passed across the field, the segments were diuitiethree segments of 0.33 m also in
a crosswise direction. By weighing the tracersrthegight was determined in each
segment as an indicator of soil particle transiooay soil tillage. Data were processed
by the programmes MS Excel (Microsoft Corp., USA} &tatistica 12 (Statsoft Inc.,
USA). From the statistical methods regression Aediverage evaluation were used.

RESULTS AND DISCUSSION

The first evaluated machine was an Akpil discttiiéthe working width 3 m. The
machine had a conventional ‘X’-shaped design widtglon a common shaft with
working tools. A groove of 0.12 cm in depth was madd it contained 25 kg of crushed
limestone. Subsequently, the tractor with the dilber passed the groove while the
groove centre was in the middle of the working widf the machine.

After the tillage operation the segment was divitgd0.15 m. In a crosswise
direction the groove width (1 m) was always dividetb three segments (of 0.33 m).
The evaluation of acquired data shows a noticethleslocation of particles in the
direction of the machine movement. Fig. 1 showsdimeve representing the average
values of translocation in the particular segmentere is a steep fall in the weight
of translocated particles at a longer distancafttoe original location. The relationship
of the tracer weight to a distance from the oribloaation can be described by an
exponential function. The graph shows that theiglast are translocated by the discs of
the cultivator only to short distances. The mecémniof the translocation is the
movement of soil particles bouncing off from thdtisator discs as a result of the angle
of their slant. So the disc geometry influences #te translocation of particles.
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Figure 1. Average values of translocated particles in a lengte direction for a disc tiller.
Lenghtwise segment: 0.15m, average values fromrdsswise segments Interpolation:
exponencial function.

Fig. 2 illustrates the translocation of particlegartial segments. Obviously, the highest
translocation of particles was measured in theraesegment. It is most likely a result
of the cultivator design, where the ‘X’ type desigeates a slightly crest profile of the
tilled soil after the tillage operations, leadigthe more intense translocation.
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Figure 2. Translocation of particles in the particular segteeior a disc tiller. Lenghtwise
segment 0.15 m, crosswise segments th33
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Further measurements were done after the soifj¢illaperation with a Ross tine
cultivator of the working width 3.5 m. Fig. 3 shoves relation of the weight of
translocated tracers to a distance from the oridotation. To express this relation an
exponential model of the function was used agaiacdrs were translocated to a much
longer distance from the original location tharsoil tillage with a disc tiller. For the
tine cultivator the most distant tracers were foana distance of more than 1.50 m while
after soil tillage with a disc tiller they wereatlistance of 0.90 m.
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Figure 3. Average values of particle translocation in a lemgse direction for a tine cultivator.
Lenghtwise segment. 0.3 m, average values from @ssurise segments. Interpolation:
exponencial function.

Fig. 4 illustrates the translocation of particleghe particular segments. After soll
tillage with a tine cultivator no greater crosswismslocation of particles was observed.
However, among all the evaluated machines, thethenge translocation was
unambiguously the greatest.

The third machine evaluated with regard to thedi@ration of soil particles was a
Ross five-share plough. The type of particle tracesion was completely different from
preceding measurements (Fig. 5). The reason isuthéng over of a part of the soil
profile by the bottoms. The turning over operatiwauses both the lengthwise and
crosswise translocation, which can be seen in@-igspecially the evaluation of the
particular segments (Fig. 6) reveals a crosswesestocation, when all tracers from a
part of the groove were displaced both in lengtbvéiad crosswise direction from the
original location.
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Figure 5. Average values of particle translocation in a leémgse direction for a mouldboard
plough. Lenghtwise segment: 0.3 m, average values B crosswise segments. Interpolation:
guadratic function.
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Figure 6. Translocation of particles in the particular segteefor a mouldboard plough
Lenghtwise segment 0.3 m, crosswise segments 0.33 m

The performed measurements of the translocatiorsadf particles by three
machines during primary soil tillage showed a cdesible translocation of particles in
the direction of machine movement and in a crosswiigsection. It confirmed the
conclusions drawn by Tiessen et al. (2007) aboeditgiifferences in the translocation
of soil particles during soil tillage by machineghwdifferent design of working tools.
Van Muysen et al. (2006) found out that duringmds tillage including use of multiple
of mouldboard plough, chisel tiller and disc tiltee average translocation rates ranged
between 0 and 0.9 m. During our research the pestwere displaced in this range of
distance after tillage by time cultivator and mdutehd plough. Disc tiller displaced the
soil particles into smaller distance (into 0.3—0mb The presented results are consistent
with the conclusions of Tiessen et al. (2007) alibetcrucial influence of the type of
working tools acting on the soil, their geometryd aadjustment of machines. It is to
emphasize the importance of tillage speed and demttsoil tillage frequency. Logsdon
(2013) reported the lengthwise translocation ofdra placed on the soil surface to a
distance of 2-3 m for soll tillage with a chisebph — in our measurement the most
distant particles at primary soil tillage were fduout at a distance of 2.25 m from the
location of their incorporation into soil. The ‘dawslope orientation’ direction was
chosen for driving the machines.

However, it is actual to evaluate the displacenoésbil particles during repeated
work operations in the choice of different drividgection (Van Muysen, 2006). It is
also necessary to focus on tillage erosion duhegsecondary tillage and seeding (Li et
al., 2007).
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CONCLUSIONS

The results of measuring the translocation of gaiticles document the fact that
has been neglected until now: soil tillage may slacate soil particles to a different
extent both in the direction of the machine movenaex in a crosswise direction. The
choice of machines for soil tillage can substalytiafluence the intensity of undesirable
soil translocation especially in sloping fields.tAe same time it is necessary to conduct
research on the translocation of soil particles ardy by single implements for soil
tillage but also by sequences of implements whemp#rticular operations of soil tillage
and sowing succeed each other. Furthermore, thesetdevelopment in technology and
machinery for soil tillage continues. It is thenef@urrent to evaluate the effect on the
translocation of soil particles in unconventionldge. An example is strip tillage.
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Abstract. Fuel quality is affected predominantly during artsport between producer and user
as hired transporting companies may use one trangglicle for more different fuels. Therefore,
gasoline from previous transport may cause contatioin of diesel fuel in next transport. Many
drivers add gasoline as additive to diesel fugirtprove start of engine avoiding difficulties of
cold winter temperatures. Therefore, the objeabi/this article is to assess maximum gasoline
content added still compliant with default valudsstandard EN590 and values certified by
producer. Only 2% maximal gasoline content in ardtésel fuel was found safe for both machine
and operator. Distillation curve, kinematic vise¢psidensity, lubricity and cetane index were
influenced unimportantly. Cloud point, CFPP weré ctzanged at all.

Key words: diesel, gasoline, distillation, blend, limits.
INTRODUCTION

Purposeful cheating allowing excise duty reductipnce decrease diesel fuel
dilution by technical gasoline and by HC oil appeaften, but is not discussed in this
article. The purpose of this article is to obseavetic diesel fuel quality in official
distribution channel, which can be compromiseddsnydent. Usually, residual fuel from
previous transport may cause the most seriousmwamagion of diesel fuel due to lacking
technological treatment of transporting tank. Themes quality of delivered diesel fuel
is sampled, analysed and fuel quality differencesifnorm are reported at petrol station
or fuel storage (Kamimura & Sauer, 2008; Arapatsak009; Catillo-Hernandez et al.,
2012; Pirs & Gallis, 2013; Aydogan, 2015).

Flash point, eventually diesel fuel distillationoperties are the most seriously
affected in such cases. Volume of gasoline addediesel fuel properties of casual
impurities damaging engine (Muzikova et al., 2(H0nig et al., 2015) were discussed.
Therefore, objective of this article is to asseisasceptable gasoline contamination of
diesel fuel excluding any damage of engine.
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Fuel allowing proper diesel engine performancetbas/ercome problems of:

e density, viscosity, lubricity, purity and in wintatso filter ability being timely,
regularly and in needed volume transported to dglin

e viscosity and composition of fractions by preciggpdrsion and evaporation;

e composition of fractions, density and cetane numntbeshorten ignition delay
allowing normal combustion;

e ending distillation, carbonization residue, puritgsh, content of aromatic
hydrocarbons and methyl esters of fatty acids wwdasediments in fuel system,
filters, injections and combustion chamber;

e oxidation stability, sulphur content, water, eveiiyuquality of added methyl ester
of fatty acids preventing corrosion of flue (Yukgeluksel, 2004; Rakopoulos et
al., 2008; Schlaub & Vetter, 2008; Karabektas & ¢ip2009; Singh et al., 2015).

MATERIALS AND METHODS

It was expected that gasoline may appear in diasetiuring transport and storage
about few tenth or units of percents. Thereforsotiae concentration in diesel fuel
samples with 1%, 2%, 3% and 5% (vol.) were prep&odthd impacts on fuel system.
Sample of diesel without methyl esters of fattydacivas compliant with EN 590 for
second class conditions for extremely cold ardiinate. Content of polycyclic aromatic
carbohydrates was 7% wt. Gasoline complying with Z18 for winter period of first
class containing 32.21% (vol.) of aromatic carbahjes, 10.31% (vol.) olefins and
0.57% (vol.) of benzene was used to simulate cangtion of diesel in samples. Water
content of samples was 51.00 mgtkgnd oxidation stability has exceeded 360.0
minutes.

Three groups of sampled diesel with immision ofogjas in repeated experiments
were performed according to quality norm (Table 1).

Table 1.Limiting values of EN590 standard
Limiting values

Distillation 10% min 180 °C
Distillation 90% max 340 °C
Flash point min 55 °C
Kinematic viscosity at 40 °C min 1.5 mnd s?
Density at 15°C 800-845 kg i
Cetane index min 46
Lubricity max 460um
Cloud point max -22 °C
CFPP max -32 °C

Laboratory tests were performed according to thairements of standard EN 590:
Distillation test according to EN ISO 3405;

Cetane index according to EN ISO 4264;

Flash point according to EN ISO 2719;

Density at 15 °C according to EN ISO 3675;

Kinematic viscosity at 40 °C according to EN IS31

Cloud point according to EN 23015;
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Cold Filter Plugging Point (CFPP) according to ENG;1

Lubricity HFRR (corrected wear surface diameter W@ mm) at 60 °C
according to EN ISO 12156-1.

Above listed standards have allowed us to indichéages only due to tested diesel
fuel contamination of each sample. Each experimastrepeated three times, arithmetic
averages was calculated from measured values addfarspresentation of final results
according to general conditions for reproducibilitgnd conformance for
experimentation. The High Frequency Reciprocatiigg(RFRR) was used to measure
wear area in environment of sampled fuels.

RESULTS AND DISCUSSION

Three groups of experiments were performed torgjstsh different points of view
on contaminated diesel fuels by gasoline accortirgpnditions set in methodology.

The first group of diesel fuel with added gasolives strongly influenced flash
point. Compliance with EN 590 was lost with gasellbove 0.5% vol. in diesel (Fig. 1).

80

t(°C) —m— Flash-point

60

40

20

0% 1% 2% 3% 4% 5%
¢ (% vol.)

Figure 1.Flash point affected by gasoline content.

Distilled volume in % (vol.) on horizontal and teempture in °C on vertical axis
are shown. Defined and below limit flash point wun interval 0.5 and 0.75% (vol.)
of diesel contaminated by gasoline depend alsooenfhll the tank is and how much
time is needed for evaporation of volatile hydrbcear vapours.

Second group pushing quality parameters out ofreiexperimental methods but,
still under compliance with EN 590, are:

1. Distillation experiment according to EN 590 is dlistl volume up to 180 °C
temperature is reached.

2. Kinematic viscosity and density below reproduciblesults (Fig. 2) in
comparison with default values of pure diesel waitlded 1.5-2% (vol.) of gasoline. But,
5% (vol.) of gasoline in diesel keeps the fuel parfance above minimum fuel viscosity
and density according to EN 590.

3. Worsened lubricity was found from 3% (vol.) of giise immission upwards
(Fig. 6), but found values are still reproducible.
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Volume in % (vol.) of gasoline on horizontal, dapdiy 15 °C on primary vertical
and kinematic viscosity by 40 °C in Mg on secondary vertical axis are shown. Low
concentration of gasoline in diesel decreases gyesesiiously.

835 ' ' i
p (kg m?) — = Density v (mm?s)
N ?& —O— Kinematic viscosity — 27
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— S 265
833 B o=
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. . - 26
832 ~ -
\0 ~ } - 255
—0. ~
831 RK“R \\“‘“ - 25
- .
830 ~5®
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829 “
o % 2%, 3% 4% %
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Figure 2. Effect of gasoline on diesel fuel density and kiagimviscosity.

But, high 5% (vol.) concentration of gasoline irgkl keeps density still above
default value min. 820 kg fhat 15 °C. Decreased density corresponds to diféeref
densities between diesel and gasoline. Therefoeehigher gasoline concentration the
lower performance of diesel engine occurs due borwe based fuel injection into diesel
engine. Volume of injected fuel increases with #peeveight. Engine performance
decreases from 0.4% to 1.6% if density (specifigh® is decreased below 10 kg*m

Values of kinematic viscosity under 40 °C (Figd2yelop differently than values
of density. Bigger bias of viscosity curve can bglained by both higher gasoline
content and carbohydrate chain. Tested maximaleodri% (vol.) of gasoline didn't
moved viscosity out of default values in range fr@ to 4.5 mrhs! according to
EN 590. Therefore, tested maximal gasoline contanhot harm moving parts of fuel
system due to low viscosity causing lost thin latbyilayer. Similarly, neither pumped
nor filtered fuel volume or fuel dispersion aregiened.

Horizontal axis shows distilled fuel % (vol.) anchim vertical axis temperature
in °C.

Distillation curve (Figs 3 and 4) allows fuel qugliassessment. 1% (vol.) of
gasoline decreases temperature of diesel distitlageriously in its beginning. 2.5%
(vol.) of gasoline content has moved 10 and 20%esbf diesel distillation point out
of reproducible range. And, 5% (vol.) of gasolire Imoved 30 and 40% values of diesel
distillation point out of reproducible range. Abserof values of distillation points in
EN 590 allows to emphasize that maximum 5% of gasoadded to diesel keeps
distillation still in compliance with EN 590 (Figsand 4).

Horizontal axis x shows changes of distilled fuelwne in % (vol.) and main
vertical axis is showing temperature in °C.
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Figure 3. Distillation curve of diesel containing gasoline.
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Figure 4. Change in distillation temperature of diesel blewnith gasoline.

Gasoline content in % (vol.) at horizontal axisnddemperature in °C at vertical
axis y (Fig.5). Added gasoline is decreasing CH®¥nt down to gasoline
crystallization. This property may explain why sodnvers are adding gasoline to diesel
during winter period to improve low temperature gedies of diesel. If Arctic diesel
was used, significant difference of temperaturesieasured parameters was not shown.

-20 T
t(°C) " ™ ‘“—'—-—lI —ll 4 —&—Cloud Point
-25
—+—CFFP
-30
-35 [‘3
0% 1% 2% 3% 4% 5%
¢ (% vol.)

Figure 5. Cloud point and cold filter plugging point of di¢sdfected by gasoline.
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Gasoline content in % (vol.) at horizontal axisc&tane index on primary vertical
and lubricity (HFRR) in mrason secondary vertical axis are shown.

The third group follows parameters expectedly ffi@céing or without found impact
of gasoline added on diesel quality. Predominatitigse parameters are as follows:
Cetane index (Fig. 6);

Could point (Fig. 5);

CFPP Cold filter plugging point (Fig. 5);

Sulphuric content (if gasoline has less sulphun ttiasel);
Content of PAH (polyaromatic hydrocarbons);
Content of methyl esters of fatty acids (not inajia).

our®ONE
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i HFRR (um)

1 420

1 380

\—T 340
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Figure 6. Cetane index and lubricity of diesel affected bgalme added.

Gasoline added to diesel is decreasing cetane ((fiigx6). The decrease depends
on initial value of pure diesel. Fuels with highae number as gasoline, has low cetane
index and vice versa. Serious problem may ocduost resistance of diesel is increased
(HFRR). 5% (vol.) of gasoline added in diesel haygraached closely to limiting value
of EN 590. Found loss of lubricity of diesel duepiesence of gasoline may cause
serious problems, which are associated with lospefability of machine. Diesel engine
performance is affected by following parameterstilfiition, density, viscosity, carbon
sediment, cetane number or index, corrosivenedgebdfand its flue, purity and also
filterability and temperature of emergence of pamah winter period. Flash point is
informing about evaporation of diesel fuel andeékted to initial boiling point but, is
not related to combustion in combustion chambedie$el engine. Therefore, default
value of diesel flash point is set and should b#eustood as fire protection for safety of
garages (lll. flammable class is decreased to I).

CONCLUSIONS

Three serious consequences of contamination bydagisoline to diesel fuel was
found above 2% in performed experiments affectimgikatic viscosity, density and
distillation. Firstly, any contamination by gasdiis affecting safety of manipulation
and storage of diesel fuel. The flash point with &gasoline in diesel fuel has reached
first class of flammability. Secondly, distillaticurve, kinematic viscosity, density and
lubricity were influenced by gasoline in diesellfbat still in accordance with standard
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for diesel fuel EN 590. Thirdly, no impact on vatuef cloud point, CFPP with
unimportant change of cetane index were found.
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Abstract. Scots pine is a commercially important tree speaiesorthern Europe. Climate
changes in combination with genetics cause diffegerin the tree growth rhythm, including the
formation of lammas shoots. The aim of the study w@ assess the relation between the
occurrence of lammas shoots and the height of y@ouis pines and its implications in tree
breeding.Tree height was repeatedly measured, and the peesétammas shoots was assessed
at the end of the™through & growing seasons in two open-pollinated progemygriDaugmale
and Norupe, both including the same 61 familieghencentral part of Latvia. The proportion of
trees with lammas shoots (max. 23%) decreasedtbearbservation yearin both trials, at the
age of 7 years, trees that had formed lammas shuwintg at least one of the observed years were
significantly ¢ < 0.001) higher than trees with no lammas sh&@®6:+ 3.5 cm vs 213 £ 3.3 cm

in Norupe and 146 + 3.9 cm vs 121 £ 1.9 cm in Daalgmrespectively. When only dominant
trees (1,000 h§ were considered, the height superiority of treith lammas shoots remained
in Daugmale (trial with highest proportion of treggh lammas shoots), but not in Norupe. The
earliest formed lammas shoots (assessed irftijeotving season) had the strongest effect on the
tree height. A correlation between the mean heigHtthe proportion of trees with lammas shoots
in the particular family was not founé& ¢ 0.05).

Key words: second flushing, dominant trees, height supeyiooipen-pollinated family.
INTRODUCTION

Scots pine is a commercially important tree specie®rthern European countries
that occupies > 30 million ha of forest land, wéhotal growing stock of ca. 3,300
million m?® (41% of the wood resources in the region) (Ryeteal., 2013). It is also a
dominant tree species in forest land in Latvia (liag et al., 2010; Kaleja et al., 2013).

Due to the economic importance of the species, taotial amount of
dendrochronological analysis and modelling has bemmducted to understand the
possible effects of climatic changes on growth.sEhstudies have shown a significant
effect of meteorological conditions on radial aredght increments, and shifts in the
periods of year with significant influence of padiar meteorological parameters on
growth, as the climate is changing (Jansons et2él13a; Jansons et al., 2013b;
Henttonen et al., 2014; Jansons et al., 2015). M@ climatic changes are expected
to affect the ratio of radial and height growth doiéncreased inter-annual variation and
time-lag of correlations between these two incraséalminen et al., 2009). This ratio,
presumably, might also be affected by the occusefdammas growth — the second
flushing in the end of the vegetation period.

407



Increasing occurrence of lammas shoots has beemntedpover the last years in
Norway and has been attributed to a possible etiecthanging climatic conditions
(Sggaard et al.,, 2011). Links between meteorolbgioaditions and occurrence of
lammas shoots has also been suggested by otherssaddNorway spruce (Neimane at
al., 2015), Scots pine (Ehrenberg, 1963), and giimer species (Kushida, 2005) as well
as fir species (Hallgren & Helms, 1988).

Modelling efforts (using both dendrochronology dasad physiological
parameters, i.e., process-based models) have ket predict the effect of climatic
changes on the yield of forest stands in diffei@rtditions (Sabaté et al., 2002). In
boreal forests, increased productivity of the ne@shmon tree species, including Scots
pine, is expected (Bricefo-Elizondo et al., 2006).

Tree growth as well as its predicted changes ectdtl by genetics (Jansons, 2005;
Jansons et al., 2006; Rieksts-Riekstins et al.4P0&enetics are also the cause of
differences in tree growth rhythm, formation of therements (Rone, 1975; Ununger et
al., 1988; Sggaard et al., 2011) and, in combinatiith favourable meteorological
conditions, also of the formation of lammas shoGenetic differences in formation of
lammas shoots have been well studied for sprutegirovenance level (Danus&us
& Persson, 1998) as well as the family level (Skasg Steffenrem, 2015); however,
fewer studies have addressed it for the Scots pine.aim of our study was to assess
the relation between the occurrence of lammas shaad the height of young Scots
pines in Latvia and its implications in tree breedi

MATERIALS AND METHODS

The study was carried out in two open-pollinateateny trials, both including the
same 61 families of Scots pine plus trees selemtambks Latvia. The trials are located in
the central part of Latvia (56°50°N, 24°38'E — Nmruand 56°47°N, 24°30°E —
Daugmale), both established using one-year-oldanoetised seedlings at the spacing
of 1.5x 2 m in theVacciniosaforest type (BuSs, 1976), site indexott 26 and
Hi00 = 24, respectively. Inventoried trees were plaimédualock plots (seven trees in four
rows in Norupe and five trees in two rows in Dautghaandomly distributed in three
(Norupe) or four (Daugmale) replications. Accorditg the data of the Latvian
Environment, Geology, and Meteorology Centre, theamannual temperature in the
region is +7.7°C, and the mean annual precipitasd®®0 mm. Both sites had similar
meteorological conditions, as suggested by themtlon in the same climatic research
unit data point (Jones et al., 1999) as well assureanents of temperature carried out
directly in both sites for short periods of timeidg May-September, including in years
of lammas shoot inventories.

Tree height was measured for 3,295 trees at thektie 4" through ¥ growing
seasons. For all these trees, the presence of lashmats was assessed at the end of the
4" through 8 growing seasons, excluding th& Season in Norupe. The lammas shoot
was defined as the second flushing of the apickalteral bud (at the base of the terminal
bud) of the top shoot, reaching the length of astel cm and producing a terminal
cluster. After the 10growing season, the presence of the additionateifermed as a
result of lammas shoots at the particular seasanasaessed. No frost damage of the
shoots was observed in any of the seasons. Th®nship between the tree height and
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the presence of lammas shoots was assessed fanatdrtrees (corresponding to 1,000
trees ha) of each block plot.

The t-test was used to assess the differences of teehgmght in both trials (in
particular age) and between the height of treels arid without lammas shoots in each
trial. The chi-squaredyf) test was used to assess the differences in ghebdition of
the proportion of trees with lammas shoots amorgrtke height classes and to assess
whether trees with lammas shoots in the currerdgetorm lammas shoots in the next
season more frequently than trees without lammastshn the current season. The
Pearson correlation test was used to assess #tmmnebf the proportion of trees with
lammas shoots in the families between the yeardatwieen the trials and to assess the
relation between mean tree height of family andgteportion of trees with lammas
shoots.

RESULTS AND DISCUSSION

In both trials, the proportion of trees with lamnsa®ots was decreasing during the
observation period. From the age of 4 to 8 yeardecreased from 11% to 4% in
Daugmale and from 23% to 1% in Norupe (Fig. 1). SEheesults are consistent with
previous studies that have found a decreasing teyde form lammas shoots for pine
and spruce with increasing tree age (Ehrenberg3;1B®ne, 1985). For example,
Ehrenberg (1963) noted that the average perceutfageleptic pines decreased from
the age of 7 to the age of 11 years. Aldén (19Xglaied this tendency by the fact that
small trees (plants) have limited storage capadfityutrients; therefore, the surplus of
carbohydrates is directly used to form lammas shaontcontrast to larger trees, which
can store the excess nutrients.

The trend of a decreasing proportion of trees Vgithmas shoots with an increase
in tree age was broken in the last observatiorodan the Daugmale trial, where they
were in higher frequency than in the two previocessens. Presumably, it might be due
to meteorological conditions. There were no notalitierences in monthly mean air
temperature from April till September during thesetvation period; however, a sharp
temperature increase at the end of July in fhgréwing season in comparison to a slight
decrease or no changes at the same period in peeyé@ars was observed. In this season,
minor changes in precipitation in the first weekoigust in comparison to the last week
of July were also observed (in the closest metegichl station).

It suggests that the relative changes, not nedgsda mean values of any of the
meteorological parameters (temperature or pretipitpat the right period of the annual
cycle of tree growth could trigger the formationlammas shoots. It is in line with
findings by Carvell (1956) in a 6-year-dRinus resinosglantation, noting that lammas
shoots were much more abundant after a late ragnpgin the dry summer than in
‘normal’ summers (three previous observation yedis¢ trend of decreasing frequency
of trees with lammas shoots with increasing age was disrupted in Norupe,
presumably due to higher capacity to store excegdgents (larger trees) or some
unfavourable factors (i.e., more intense competibietween the trees due to their size
or low precipitation, which is impossible to detemmexactly due to lack of measuring
devices inside the trials).

West & Ledig (1964) have shown a significant effefdboth the year of assessment
and the local conditions on the proportion of tregh lammas shoots. The latter is
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supported also by other studies of pine (Ehrenb#®§3; Aldén, 1971) and spruce
(Rone, 1985; Sggaard et al., 2011; Neimane e2@l6) that emphasise the increased
formation of lammas shoots on nutrient rich solskala (1992) found positive
correlation between the occurrence of lammas stasatghe nitrogen concentrations of
both soil and needles. Consequently, in two seasbea the highest proportion of trees
with lammas shoots was noted (i.e., tifeadhd %' seasons), it was twice as high in
Norupe (with a slightly higher soll fertility) than Daugmale.

a

Daugmale Norupe
Growing season

Proportion of trees with lammas
shoots, %

u Tree height at the end of the particular growing season

OProportion of trees with lammas shoots at the particular
growing season

Figure 1. Tree height and proportion of trees with lammasoshin Daugmale and Norupe.

The appearance of the lammas shoots was significaffected by genetics
(family). The highest proportion of trees per famwith current year lammas shoots
reached 41% and 48% in Daugmale and Norupe, régplgct The highest proportion
of trees per family with lammas shoots at leasirie growing season reached 65% in
Daugmale and 68% in Norupe. There were only twdlfaswith no trees with lammas
shoots in any of the years during the observatieriod in Daugmale and none in
Norupe.

These results are consistent with a number ofes$utiat acknowledged the genetic
control of the tree growth rhythm and the formatmilammas shoots for pine and
spruce, including the differences of frequencyhaf lammas shoot formation between
provenances and between families (Ehrenberg, M3t & Ledig, 1964; Hoffmann,
1965; Rone, 1975; Danuseénis & Persson, 1998; Sggaard et al., 2011; Skr&ppa
Steffenrem, 2015). Rudolph (1964) noted that treeirence of lammas shoots between
seed sources showed a clinal or continuous padteirsuggested that the trait could be
controlled by multiple genes. Similar clinal trendsproportion of trees with lammas
shoots ranging from 5% (northernmost origins) ta@artban 40% (southernmaost origins)
were found also in the analysis of 8-year-®itea sitchensidrials in Norway
(Magnesen, 1986).
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Interaction between the genetics (provenance) andromment (site) on the
formation of lammas shoots had been found in studidbiesspecies at the age of 3
years (Hansen et al., 2004). In our study the ptapoof trees with lammas shoots in
the family between trials (Table 1) correlated atrailar level as tree height: at the end
of the 4" growing season = 0.28 P < 0.05), %' growing season = 0.46 P < 0.001),

6" growing season= 0.15 P > 0.05), and 8 growing season= 0.27 P < 0.05). The
strongest relationshipg € 0.56; P < 0.001) between trials was observed between the
proportion of trees in the family with lammas steoiot at least one growing season.

Between observation years, the proportion of tnegh lammas shoots in the
families correlated significantly, reaching uprte 0.54 and = 0.43 (bothP < 0.001)
in Daugmale and Norupe, respectively, between ttend 5" seasons. Similarly, strong
correlation between the proportion of trees witt@as shoots in the family has been
observed in the spruce progeny trial at the ageé yéars in Norway and 21 years in
Finland (Sggaard et al., 2011). Also, the familyaméeight correlated significantly
between the years and was 0.89 andr > 0.78 (bothP < 0.001) in Daugmale and
Norupe, respectively.

Table 1.Pearson’s correlation coefficients between the@grion of trees with lammas shoots
at the age of 4 to 6 years, based on the familynsea

Trial and Season of
Lammas Shoots Assessme

nI?augmale-4 Daugmale-5 Daugmale-6  Norupe-4Norupe-5

Daugmale-5 0.54

Daugmale-6 0.29 0.34"

Norupe-4 0.28 0.29 0.14

Norupe-5 0.40" 0.46™ 0.32" 0.43"

Norupe-6 0.39 0.15 0.15 0.08 0.34

*P<0.05" P<0.01;" P<0.001.

During the study years, trees in Norupe were dicanitly (P < 0.001) higher than
in Daugmale, exceeding the latter by 75% (Figli)both trials, at the end of thé'7
growing season, trees that had formed lammas shthoiag at least one of the
assessment seasons were significarRlyx 0.001) higher than trees with no lammas
shoots: 226 £ 3.5cm vs 213 £ 3.3 cm in Norupe M@+ 3.9 cm vs 121 +1.9cm in
Daugmale, respectively (Fig. 2). Similar trends erenfrequent lammas shoots for the
highest trees within the provenance — had also beserved in studies of Scots pines in
Sweden (Ehrenberg, 1963) and in analyses of spRa®e, 1985; Neimane et al., 2015).

For example, Neimane et al. (2015) found that traéslammas shoots (at least in
one of the three assessment seasons) were 14%tdigBer than trees without them
at the age of 13 years. Hoffmann (1965) reportexh évgher differences in spruce trials
at the same age, at 33%; moreover, he found anepnd# the differences to increase
with tree age. Analysis of other tree species (Pigus banksianandPinus resinosp
also linked the presence of lammas shoots withvigaur and superior height as well
and found that lammas shoots in the current yearaddiave a negative effect on the
length of height increment in the next year (Cdna€56; Rudolph, 1964).

When only dominant trees (corresponding to a demitl,000 trees h§ were
considered, the height superiority of trees wittmi@as shoots over the trees without
them remained (166 + 4.6 cm vs 149 + 2.8 cm, rasdy) in Daugmale; however, it
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was less pronounced. The superiority of all tregék l@mmas shoots was 20%, while
the superiority of such dominant trees was 119%ldrnupe, the height superiority of all
trees was 6%, but the dominant trees showed thesdpp(non-significantP > 0.05)
trend; the height of the dominant trees with anth@t lammas shoots was 248 + 3.6 cm
and 251 £ 3.0 cm, respectively.
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Daugmale Norupe Daugmale Norupe

All trees | Dominant trees

H Tress with lammas shoots  # Trees without lammas shoots

Figure 2. Height of the 7-year-old trees with and withouhtaas shoots at the end of at least one
assessment season.

Other types of analysis showed similar result®dngmale, the proportion of trees
with lammas shoots from all treeB € 0.001) and dominant treeB € 0.001; Fig. 3)
differed significantly among the height classeg, ihuNorupe, the proportion of trees
with lammas shoots was largest among the highesstonly when all trees were
included in the analysi$(< 0.001), but not when dominant trees were evatuat
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Figure 3. Proportion of dominant trees with lammas shootbatend of at least one assessment
season among the tree height classes.
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The link between tree height and the presencenafnias shoots is rather straight-
forward for spruce since, for this tree speciesinfies shoots are most often formed by
the apical bud, directly increasing the heightemeent (Neimane et al., 2015). However,
for Scots pine, for 22% of trees, lammas shootevi@med both at the terminal and
lateral buds and only 5% were solely by terminadd(Rikala, 1992), indicating that
some indirect link between growth and presenceanfnhas shoots might exist, and
presumably, better growth is cause for formatiolaofmas shoots nweice versaBetter-
growing trees produce excess nutrients at an agdy which are used to form lammas
shoots (Aldén, 1971) and since no damage of thenksrshoots occurs (according to
our field observations), this further boosts thewgh superiority of those trees, forming
a self-reinforcing loop.

This hypothesis is supported by the fact that ot lirials, the earliest formed, i.e.,
assessed in thé"4growing season, lammas shoots had the strondest eh the tree
height. In Daugmale, at the end of tifeglowing season, the height of trees with lammas
shoots significantly® < 0.001) exceeded that of trees without lammasgtshiay 31%
(Fig. 4). After the B growing season, trees that had formed lammas shinothe
previous but not in the current year (4+5-) excedatie height of trees without lammas
shoots by 33%HK < 0.001), and trees that had lammas shoots ifakie current and
previous year (4+5+) exceeded by 24P6<(0.001). However, trees that had lammas
shoots only in the current year (4-5+) had sim(tifference 8%pP = 0.053) height to
trees without lammas shoots. In Norupe, at thecdgkeyears, the height of trees with
lammas shoots exceeddtl€ 0.001) the height of trees without lammas shbgt$0%,
and the trend indicated by other values (4+5- =F%,0.001, 4+5+ =6%P < 0.05 and
4-5+ =3%,P > 0.05) was similar to that observed in Daugmelen so the differences
were smaller (Fig. 4). The effect of the early ied in the # growing season) presence
of lammas shoots on the tree height remained gignif during the study years. For trees
with lammas shoots during this season, heightesagfe of 7 years exceeded that of trees
without lammas shoots by 30.0% and 8.4% in DaugateNorupe, respectively.
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Figure 4. Height superiority at the age of 4 and 5 yeardrees with lammas shoots: at the end
of the 4" season (4+); only at the end df 4ut not at the Bseason; in both at the end of tHe 4
and %'seasons (4+5+); only at the end of thelfut not in the ¥ season. Height of trees without
lammas shoots is represented as 0.
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The influence of lammas shoots is reinforced byirtmepeated appearance;
statistically, trees with lammas shoots more fretjydormed lammas shoots also in the
following growing season. For instance, in NorugiE of trees that had lammas shoots
in the 4" growing season also formed them in tffegbowing season, but from trees
without lammas shoots in th& growing season only 11% formed them. In Daugmale,
the corresponding values were 23% and 4%. Sudnd tras been noted by Ehrenberg
(1963), who observed lammas shoots on pines i@epy trial at the age of 8 to 10
years; the proportion of trees with lammas shoatsed between 0.5 to 43.7%, and
within the provenance with the most abundant lanmshasts, 4.3% of trees had a second
flushing in the four following years. Likewise, Wes Ledig (1964) and Rikala (1992)
have noted this trend for young (1- to 3-year-qlaes.

The mean height of trees with lammas shoots abhthe assessment seasons from
a particular family exceeded the mean height estreithout them from the same family
on average by 26 £5.9 cm (for the dominant tre@s 6.6 cm) in Daugmale and
12 £ 6.2 cm (for the dominant trees 0.8 £ 5.4 amiNorupe. At the family mean level,
correlation between height and the proportionedsrwith lammas shoots was not found
(P> 0.05) in any of the trials, contrary to expeictas from the positive relation between
the tree height and the presence of lammas shotite individual tree level discussed
above (Figs 2, 3). This is in disagreement witldigtsi of spruce (Hoffmann, 1965; Rone,
1985; Danusevius & Persson, 1998; Neimane et al., 2015), whepesiive relation
between the tree height and the presence of lansiasts has been found at the
provenance and family mean levels. However, thigmiagreement with the earlier
studies of pine, where no significant relationdtepveen the presence of lammas shoots
and height growth at the provenance mean levelfotasd (Ehrenberg, 1963).

Association between onset and cessation of prerdieted growth and formation
of lammas shoots has been well established focegiDanusevius & Persson, 1998;
Neimane et al., 2015; Skrgppa & Steffenrem, 20A&) example, Skrgppa & Steffenrem
(2015) found that families with an early growthrstzad the highest frequency of trees
with lammas shootsr  -0.69...-0.78P < 0.01), and a similar but weaker link with
growth cessation was also noted-(-0.33...-0.55P > 0.01).

In contrast to this, for Scots pines, mostly indirevidence links early cessation
with an increasing chance of lammas growth (Lanb@rg). Also, in our study, bud-set
was not assessed; therefore, the link between treotseand formation of lammas shoots
could not be analysed. Notable differences in gnodaythm or too long growth of
lammas shoots in the autumn would link the preseht@mmas shoots to the increased
frequency of frost damage and consequently stemctiefHowever, no frost damage
was observed in our study. Stem defects observegritrials included additional branch
whorls of the main stem caused by lammas growtipafal bud, but its frequency was
low. At the age of 10 years, it was noted only 402% (in Norupe) and 5.0% (in
Daugmale) of trees with lammas shoots in the paérgyear.

It corresponds well to a study by Rikala (1992)imgpthat only 5% of pines had
lammas shoots solely from the terminal bud (leadinfprmation of additional branch
whorls). Lammas shoots might result in formation spike knots (Carvell, 1956;
Rudolph, 1964; West & Rogers, 1965; Ehrenberg, 1$&@aard et al., 2011), notably
deteriorating the stem quality (Stahl et al., 1998pwever, a longer time-lag is
important to evaluate which shoot will develop apike knot and which will level out
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and become indistinguishable from an ordinary bnatizerefore, this matter needs to
be addressed in further, separate studies.

CONCLUSIONS

A strong and positive link between the occurrerfdaramas shoots and tree height
was observed. Moreover, the earliest formed lamshasts have the strongest effect.
The results suggest that the selection of treeb l@inmas shoots might result in
selection of the highest trees within the familywéver, it is not possible to improve
the juvenile height growth by the selection of fiesi with a high proportion of trees
with lammas shoots.
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Abstract. Diffuse soil contamination with heavy metals andi€garticular is a matter of serious
concern. Application of conventional remediatiortieels usually is not feasible due to the large
territories and relatively low heavy metal contefiius, phytoremediation is seen as an
alternative. Rapeseed was grown on Cd and Zn coméded as well as clean soil under the
greenhouse conditions. Solid and liquid nitrogentilieers were applied during the pot
experiment in order to test their influence on heawetal accumulation in plant tissues.
Vegetative parameters were measured four timeaglthie pot experiment and it was concluded,
that the elevated concentrations of Cd and Zn énshil did not disrupt the development of
rapeseed plants. Furthermore, plants from contaedrsoil produced significantly bigger seeds
in comparison to plants from uncontaminated so#lcGlated Bioconcentration factors for
rapeseed grown on Cd and Zn contaminated soil caaés were below unity, thus possibility to
use this plant species for phytoextraction purpasésiited, but it can be successfully grown on
contaminated land as an energy crop. Applicationitobgen fertilizers had a significant effect
on heavy metal accumulation and decreased Cd antb#@centrations in rapeseed roots and
stems with leaves were recorded. Accumulation difiees between the liquid and solid fertilizer
applications were negligible.

Key words: cadmium, zinc, contaminated soil, phytoremediatiotiogen fertilizer.
INTRODUCTION

Biomass is one of the most abundant sources farethewvable energy. However,
due to the shortage of arable lands energy cropgngnforced to compete with
traditional agriculture (Campbell et al., 2008).rthermore, there is another serious
concern regarding the upper soil layer pollutiothwiace elements as a consequence of
intensive farming. This problem is faced in mangioes worldwide (Nagajyoti et al.,
2011; Witters et al., 2012). Soils with exceedimgshold values for heavy metals (HM)
are no longer proper for food and feedstock pradadtithuanian..., 2004; Oves et al.,
2012).

Many remediation techniques, such as soil flushimgrification, thermal
destruction, etc., are not reasonable in the dediéfase pollution due to the large areas
of contaminated land, therefore phytoremediatiobeig proposed as an alternative.
On the other hand, plants—hyperaccumulators usetliifopurpose usually grow slowly
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and produce low-yield biomass. Thus, a numerouwstioot cycles are required for
tolerable soil clean up (Bhargava et al., 2012; étlial., 2013). Those are the main
reasons why phytoremediation exhibits a scanty rurabthe successfully carried out
field—scale projects.

Quite recently a new approach emerged (Meers ,e2@lL0), which suggests that
combining traditional phytoextraction with energgogping could help not only to
reduce heavy metal concentrations in soil, but &lsouse biomass grown on
contaminated land for energy recovery.

Worldwide use of mineral fertilizers is still in@sing in large numbers. On one
hand, it is well acknowledged, that mineral fezdlis, especially phosphoric, are
responsible for carrying HM to the arable landsd&§jgoti et al., 2011). On the other
hand, information about the influence of fertiligeon HM bioavailability is still
insufficient. Due to the fertilizer application, goit development is improved and
consequently physiological stress, induced by coimants in the soil, is reduced.
Furthermore, fertilization increases the compatitfor membrane carriers between
additional macronutrients and HM iorso less contaminants gets through plant cell
barriers (Sarwar et al., 2013).

As crop fertilization is such a common practiseagriculture, alleviation of HM
induced toxicity to plants and reduction of accuabed concentrations in the biomass
hereby could be seen as a relatively low—cost, sanng and effective aid for the
phytoremediation.

The results presented in this paper are a pafaofar research study. The research
is designated to investigate the possibility toaghogh biomass yielding plants on heavy
metal contaminated soil and to use harvest forn@mgy purposes. The aims of the
research in particular are 1) to investigate vdiyetgparameters of rapeseddrgssica
napusL.) plant when cultivated on HM contaminated s@i;to determine rapeseed
capability to extract Cd and Zn from contaminated and 3) to analyse the possible
effects on HM accumulation in rapeseed tissuedaltres application of liquid and solid
nitrogen fertilisers.

MATERIALS AND METHODS

Soil sample collection

A contaminated soil used in this experiment wasnekom the former septic drain
fields in Molainiai. This territory covers 96.4 heea and is located in Paggys city in
mid—Lithuania. Septic drain fields were used fosteavater biological filtering purpose
not only by households but also by several headystry companies which did not have
their own wastewater treatment facilities. Becapsecesses like tin dipping and
galvanisation were involved, varying content of\hemetals was brought along with
the wastewater and sank in the soil. Although,isejrain fields were used only for 3
years in the early sixties of the"®20entury, soil pollution with heavy metals did not
withdraw.

A composite contaminated soil sample was poolad Bob—samples taken at three
spots. Soil was taken from 0-20 cm depth usingtiplaovel, sieved to pass 20 mm
mesh screen, homogenized and then brought tolilfedahe pot experiment.

Soil without known contamination was taken fromiagjtural field of Aleksandras
Stulginskis  University plant—-growing experimentaltat®n (mid-Lithuania).
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A composite uncontaminated soil sample was pootad three spots as well. This soil
was also sieved and thoroughly homogenized.

Primary analytical characteristics including pHeatfical conductivity (EC),
macronutrients (NPK) and heavy metal content wetealed for both soils. Soil type
was identified as well.

Pot experiment

Both soils after homogenization were separatelygsidied and put into the plastic
buckets of 26 L volume and placed at the greenhdteseh bucket was seeded with 100
seeds of summer rapeseed cultivar ‘Fenja’ in mid:=-Ma&mperature in the greenhouse
chamber was maintained at 25° + 2 °C; plants weatered with tap water. The
experiment was implemented in triplicates and thdte weeks. In order to determine
plant development and HM accumulation rate diffeesninduced by the excess of HM
in the soil and addition of macronutrients, plamtge thinned thrice: at the initial stem
growth phase (I), at the bud formation phase (HJl @t the flowering phase (lll).
Rapeseed was harvested in late August (IV). Pods awg with scissors and chuckled,
whereas roots were separated from stem. Rootswasieed with distilled water and as
well as stem and leaves air—dried at room temperatu

Fertilizers

To improve plant growth and biomass yield as weltatest HM interaction with
fertilizers, two of them were chosen for this pgperiment: liquid fertilizer with amide
nitrogen and magnesium ‘Lyderis Mg’ and solid rgiea urea fertilizer ‘Karbamidas’.
Liquid and solid nitrogen fertilizers were appligdveeks after the seeding, just before
flowering.

Liquid amide nitrogen fertilizer with magnesium ‘dgris Mg’ is designated to
supplement the plants with nitrogen and to intgngifiotosynthesis. The fertilizer
contained 15% of amide nitrogen, 7% of magnesiwrMgO) and 14% of sulphur (as
SG;). The recommended application is by spraying it anto the leaves during the
vegetation period. The intended dose for activaticthe photosynthesis is 15 L-hand
it is recommended to dilute concentrate with waierto 200 L. Such solution would
supplement the soil with 1.5 kg of MgO and 3.2 k§lda®. Therefore, for the spraying
rapeseed in the buckets with the surface are®876.n%, only 2 ml of prepared solution
(15 ml of concentrated fertilizer diluted up to 2000f distilled water) were used. The
volume of one spraying click was measured and thersame amount of clicks were
used to dispense the solution for all buckets.

Solid fertilizer containing 46.2% of urea nitrogdfarbamidas’ was used as an
alternative for liquid fertilizer ‘Lyderis Mg'. Ure is considered as a main supplement
of nitrogen for the spring crops, tuber-plantsjmas vegetables and berry—bushes. The
proposed application for summer rapeseed is 160k@3@* before sowing and smaller
dose of 60—-100 kg Haluring flower budding period. However, for this exjnent dose
of solid urea fertilizer was recalculated to matah the dose of nitrogen in liquid
fertilizer ‘Lyderis Mg'. Thus, to reach 3.2 kg halose, 6.86 kg of urea should be
applied. The surface area of buckets with rapesgladts was 0.0875%n so
approximately 0.065-0.075 g were added. The pelet® distributed evenly on the
freshly watered soil surface. It is assumed, that temperature in the greenhouse
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(25° £ 2 °C) was not too high to cause evaporatases. The pellets of the urea
dissolved within 24 hours.

Analytical procedure

Rapeseed stem with leaves, roots, pods and seedssegarately grinded into a
powder using lab grinder mill. Wet digestion wasfpened adding 2 ml of 30% 4@,
5 ml of oncentrated HNQand 1 ml of deionized water step—wisely into thguats
(0.500 + 0.005 g) of plant sample. The Teflon borsbgtaining wet samples were
heated for 10 minutes at a temperature of 195 °@ imicrowave digestion oven
(CEM Mars 5). After cool down, samples were diluteéth deionised water up to 100 ml
and filtered using PVDP syringe filters (pore 9z45 pm). Inductively coupled plasma
optical emission spectrometry (Perkin-Elmer OptBA&0 ICP-OES spectrometer) was
carried out and HM concentrations were detectedariquid plant samples. Reference
material was analysed to verify the reliabilitytbé results.

Data evaluation

Average concentrations of accumulated Cd and Zingle rapeseed plant parts
were calculated from mgto mg kg' of dry weight (DW). Plant capacity to accumulate
HM from the soil and rapeseed potential to be dee@hytoremediation purposes was
evaluated by calculating Bioconcentration facto€fB using Equation (1) (Malik et al.,
2010).

BCF = Croots + Csoir 1)

where:Cioos IS @ metal concentration in the roots &gl is a metal concentration in the
soil where plant was grown.

Significance of the obtained average differences exaluated usingTest(two
sample assuming unequal variances with0.05) in MS Office Excel.

RESULTS AND DISCUSSION

Soil properties and heavy metal content

Analytical characteristics of the two soils are egivin Table 1. Soil type
identification was based on granulometric composi&ind both soils were characterized
as sandy loams. Uncontaminated soil exhibited p# (8lightly alkaline), while
contaminated soil had slightly higher pH 8.0 (alk&). Soil pH is one of the most
important factors influencing plant nutrient as W&t heavy metal bioavailability.
Uptake of most of the nutrients is favoured at pHige 6.5—7.5, while HM, such as Cd,
Pb or Zn, are usually less mobile at circumneuytkal Soils used in this pot experiment
exhibited rather low electrical conductivity: 296 pi* for contaminated soil and
245 uS m for uncontaminated one. Soil EC usually have dati@s with organic
matter content, dissolved ions, soil drainage dwmrh, soil texture and cation exchange
capacity, which in turn affect crop productivity.

Nitrogen (N), phosphorus (P) and potassium (K) rmegor plant nutrients and
growth rate is directly related to them. Compositad NPK in the analysed soils was
rather different. Uncontaminated soil containedti2ries more of total nitrogen, whereas
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mobile phosphorus and mobile potassium contentwggeer in contaminated soil by 2.6
and 1.7 times respectively.

Table 1.Average values of analytical characteristics of samples

Analytes Contaminated soil Uncontaminated soil
Soil type sandy loam sandy loam

pH 8.0+0.2 7.4+0.2

EC,usSm 2905 2455

Mineral N, mg kg 6.5+1.1 16+1.5

Mobile P (as EOs), mg kgt 921 +55 348 £ 23

Mobile K (as kO), mg kgt 227 +14 127 +8

Concentration of Cd in contaminated soil was 26B3mg kgt DW and it is
nearly 9 times higher than maximum permissible eatration (MPC) (3 mg k§DW)
and about 335 times higher than in uncontaminatéld(8.08 + 0.05 mg kg DW).
While background concentration for Cd in the sal énly 0.15 mg kg DW.
Concentration of Zn in contaminated soil was 2@2768 mg kg DW and it did not
reach MPC (300 mg KgDW), but it was 8 times higher than soil backgmbun
concentration for Zn (26 mg KgDW). Zinc concentration in uncontaminated soil was
28.9 + 1.5 mg kg DW (Lithuanian..., 2004).

Vegetative parameters of rapeseed plants

Vegetative parameters of rapeseed plants measuretydhe pot experiment at
the initial stem growing phase (1), bud formatidmape (Il), flowering phase (lll) and
after harvesting (IV) are presented in Figure IJpdsaed plants grown on contaminated
soil on average developed a slightly longer sterg. (a)), however the differences
were not statistically significant. Application &értilizers did not influence stem
development.

The longest roots (Fig. 1 (b)) were recorded f@eseed grown on contaminated
soil under the fertilizer addition. Though, thefeiences between effects of the liquid
and solid fertilizers on root length were negligibPlants from uncontaminated soil
provided the shortest main root. Root length is important parameter when
incorporating certain plant species for phytoreratidn: the longer the root, the thicker
contaminated soil layer can be attenuated.

All plants exhibited the largest dry weight pemiléFig. 1 (c)) during the flowering
phase. Rapeseed from uncontaminated soil had isamify the highest dry weight on
average per plant. It was visible during the greelsk experiment that rapeseed on
contaminated soil had fewer and smaller leavessh&svn in Fig. 1 (c) dry weight of
rapeseed plants is lower after harvest than ifiokeering phase. There are two reasons
for this: 1) due to the natural vegetation slowdpvapeseed lost most of the leaves in
the end; 2) dry weight measurements excluded tlighivef pods and seeds. The highest
dry weight was recorded for plants from uncontateidasoil, whereas fertilization did
not have significant effect on average dry weight.

Standard weight of 100 seeds of summer rapesediyaculFenja’ is 0.39 g
(Descriptions..., 2013). It is an important trait waheeckoning the future harvest. A
hundred seeds matured by plants grown on unconédednsoil weighted only
0.25 £ 0.04 g. This gap between Standard weightesults from our experiment might
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be due to the rather low phosphorus and potassameit in the soil as no additional
macronutrients were added to the uncontaminatdd Significantly higher weight of
hundred seeds was measured for contaminated sdihdFmore, fertilization using solid
form of urea proved to be the most successfulhasmdred seeds weighted 0.39 + 0.02 g.

(a) Stem height, cm (b) Root lenght, cm
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(c) Dry weight, g (d) Weight of 100 seeds, g
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Figure 1.Vegetative parameters of rapeseed: (a) average ls@ght of a single plant; (b)
average root length of a single plant; (c) dry weéif a single plant (pods and seeds excluded);
(d) average weight of 100 seeds randomly pickethfpdants of one bucket. I: initial stem
growth phase; II: bud formation phase; IlI: flowegiphase; 1V: harvest. Fertilizers applied
before phase Il

Cadmium and zinc accumulation in rapeseed tissues

There is no linear reliance on microelements’ uptak plants as it is influenced
by many abiotic factors (Kabata—Pendias, 2011)sThus difficult to generalize what
HM concentrations in certain plant species are abonabnormal. On the other hand,
it is clear enough that plant cultivated on HM @ninated soil will end up with higher
HM concentrations in its tissues.

As shown in Table 2 significantly higher conceritnas of Cd were detected in
single plant parts when rapeseed was grown on Hibeotinated soil in comparison to
the rapeseed from uncontaminated soil. Alreadyaaittitial stem growth phase rapeseed
started to uptake Cd intensively. This can be empthby a rapid breakdown of the
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physiological barrier controlling a metabolic alg@n of this toxic metal (Kabata—
Pendias, 2011). Even in the case of uncontrolled&@dmulation in tissues, plant may
grow without visual toxicity symptoms and show igngicant yield loss (Sarwar et al.,
2010). Significantly the highest Cd concentrationgere found in roots
(15.9 + 1.8 mg kg DW) and stems with remaining leaves (10.6 + 0.5kgnyDW) after
the harvesting in plants grown on contaminatedfédilizer—untreated soil. Rapeseed
accumulated less Cd in stems (by 15%) and root38%) when nitrogen fertilizers
were applied. The subsequent decrease of Cd cwoatientin roots and stems with
leaves might have occurred due to the membran&caeficiency as the addition of
fertilizers intensified the uptake of nutrients @het al., 2007). The difference on Cd
accumulation in single rapeseed parts between pipéications of solid and liquid
nitrogen fertilizers was insignificanp & 0.05). Rapeseed pods and, more importantly,
seeds exhibited rather low concentrations of Cesélplant parts turn up lastly, thus the
concentrations did not exceed 2.5 mg KV in our case.

Table 2. Accumulated average concentrations and standanatams of Cd, mg kg DW, in
rapeseed tissues at different growth phases

Contaminated Contaminated sc

Uncontaminated Contaminated soil and liquid  and solid fertilizer

Thinning and plant part

soil soil I
fertilizer

| stem and leaves, 0.85 +0.04 9.50+0.93 - -
roots

] stem and leaves 0.96 £ 0.02 8.15+0.49 - -
roots 0.37 £0.07 6.69 + 1.69 - -

] stem and leaves 0.46 £ 0.07 5.73 £0.47 5.9637 6.57 £ 0.50
roots 0.27 +£0.10 9.41+1.54 7.69+1.08 11.85062
pods with seeds 0.25+0.03 1.44 £0.11 0.77 +£0.25 0.81+£0.19

IV  stem and leaves 0.45+0.11 10.62 £ 0.44 8.9%2 9.11 £0.57
roots 0.26 +0.14 15.97 +£1.80 10.98 +2.78 8.8666
pods 0.20 £ 0.001 1.93+0.16 1.49 +£0.26 1.532%0.
seeds 0.24 £0.001 2.20+0.34 1.81 £0.03 1.803

Accumulation of Zn is presented in Table 3. Zinamsessential micronutrient and
its importance for the plant development is beyahé doubt. Although, Zn
contamination in soil used for greenhouse experind@h not exceed MPC value, an
increased accumulation in plants was detected dukigher than background Zn
concentration. Analysing the harvested biomass Emmpwas found that addition of
nitrogen fertilizers decreased Zn concentratiostémns and leaves, roots as well as seeds
if compared with plants from contaminated but fizdr—untreated soil. However, there
were no significant differencegp ¢ 0.05) between applications of liquid or solid
fertilizer. Zinc is quite mobile in mildly alkalinenvironment and therefore it is
distributed more uniformly through the plant pattan Cd. Only pods after harvesting
contained rather low Zn amounts. While seeds aitplgrown in uncontaminated soil
exhibited unexpectedly high Zn concentrations—thveeee no significant differences
between the latter and seeds from contaminatedehtilizer—treated soil. The reason
behind high Zn accumulation in seeds is that thesafis incorporated in the structure
of a variety of enzymes which are so abundant getable oil (KabatePendias, 2011).
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Table 3.Accumulated average concentrations and standaridties of Zn, mg kg DW, in
rapeseed tissues at different growth phases

Contaminated Contaminated sc

Uncontaminated Contaminated soil and liquid  and solid fertilizer

Thinning and plant part

soil soil I
fertilizer

| stem and leaves, 33.46 +1.47 70.70 £7.82 - -

roots
] stem and leaves 17.70 £ 2.05 55.50 + 3.08 - -

roots 16.47 £1.77 50.60 +11.12 - -
] stem and leaves 15.99 + 0.96 54.89 + 3.78 5%3MP4 61.52 £4.40

roots 17.13 £0.69 51.92 +6.26 57.85+7.99 7#31.23

pods with seeds 23.17 £1.82 33.25+2.42 27.68Qr2. 27.74 £ 4.56
v stem and leaves 11.35 +2.53 79.04 £2.17 6%.3D7 66.11 +4.41

roots 12.90+1.81 95.10+9.23 60.03 + 18.49 5%75.29
pods 7.66+2.12 9.52+1.75 7.76 £1.02 6.40 80.4
seeds 57.31+7.98 74.02 + 6.54 59.31 £ 0.92 593528

Cadmium and zinc Bioconcentration factor for rapesed
Bioconcentration factor as a ratio between a aettaavy metal concentration in
roots and soil was calculated for rapeseed plamdssapresented in Fig. 2.

4 . .
. 3.95 BUncontaminated soil
E 3 — & Contaminated soil
IS B Contaminated soil and liquid fertilizer
©
= 2 B Contaminated soil and solid fertilizer
8
5 1
Q 0.59
t% 041 .33 0.44 0.46 029 0.5

o NN 28 7z = N ez vz

Cd Zn

Figure 2. Biocentration factors of Cd and Zn for rapeseed.

Plants exhibiting BCF values higher than unity, che considered as
hyperaccumulators (Yoon et al., 2006). Some specifse Brassicaceadamily, like
Indian mustard Erassica junceal.) or Chinese cabbageBrassica rapal.) are
considered to be effective in phytoextraction psscespecially when chelants are used
(Brunetti et al., 2011; Ali et al., 2013; Marquésk, 2013). However, in the case of our
experiment, rapeseed, being a membeBrafssicaceadamily, exhibited BCF values
lower than unity for both Cd and Zn when plantsengrown on contaminated soil. This
indicates that, usage of rapeseed as Cd or Zn atatonfor intensive phytoextraction
is limited, or ortherwise alternative HM uptake—anbing measures should be applied.
On the other hand our experiment revealed, thaicapin of nitrogen fertilizers had
an inhibitory effect on Cd and Zn bioavailabilityrapeseed tissues — Bioconcentration
factor values were significantly lower when ferlrs were used. Rapeseed grown on
uncontaminated soil exhibited BCF = 3.25 for Cdpritves aforementioned statement
that Cd can easily penetrate biomembrane and besldGated in plant tissues.
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Nonetheless, in spite of so high BCF value, Cd entration in rapeseed tissues from
uncontaminated soil remained relatively low.

CONCLUSIONS

Our results showed that despite of higher than draciknd Cd and Zn content in
the soil, rapeseed development was similar to tbatral samples grown on
uncontaminated soil. Moreover, rapeseed produceglidtleseeds when cultivated on
contaminated soil. This is a very important chrasties for oil-bearing plants, such as
rapeseed.

Calculation of Bioconcentration factor revealedattimapeseed is not efficient
enough for Cd or Zn phytoextraction purposes. Furtore, usage of nitrogen
fertilizers, despite of its application form (liguor solid), even more decreased Cd and
Zn accumulation in plants. Consequently, this walddrease overall Cd or Zn removal
from the contaminated area, but lower accumulati@uld increase the utilization
possibilities of rapeseed biomass for energetipgags. However, to be able to use
fertilizers as an aid for phytoextraction, furtmesearch is needed involving different
fertilizers as well as application rates.
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Abstract. Optimization of irrigation scheduling and water ragament greatly benefit from soil
moisture sensors that accurately measure soil watgent since accuracy of soil moisture sensor
directly affects the irrigation efficiency. In thésudy, a performance evaluation of TDR-Slammer
with a 40 cm waveguide was done under field cood#ti Experimental data were collected in a
drip irrigated pumpkin (Cucurbita pepo L.) fielda¥seri, Turkey during the 2015 growing
season. Measured soil water content values onmayl@ail were compared with corresponding
values derived from gravimetric samples. Resultsagd that TDR-Slammer could be safely
used as an acceptable, reliable and accurate mé&thateasuring soil water content on loamy
soils.

Key words: Time domain reflectometry, soil water contentjhlaition, dielectric constant.
INTRODUCTION

A reliable determination of soil water contentrigpiortant since it directly affects
plant growth. Soil moisture measurements are asessary for assessing the effect of
irrigation management on agricultural crops. Thare several different methods to
measure or to estimate soil moisture contents usithgr destructive (gravimetric) or
non-destructive methods (neutron probe, TDR, pofadosks, tensiometer, etc.). In
irrigation scheduling studies, use of gravimetriethods are mostly defined as time
consuming and labour intensive.

During the last 30 years, Time Domain ReflectoméirpR) has become quite
common and popular for measuring volumetric soilstawe content. The use of TDR
is quite easy and gives reliable and accurateteesithout disturbing the soil. Since the
TDR is not a direct method of measuring soil watartent ©), a calibration is required
for different soil types. The TDR determines refatdielectric constant (K) of soil by
measuring the propagation velocity of an electrevave guide along electrodes. Topp
et al. (1980) developed an empirical relationsiiguation 1) between the dielectric
constant and volumetric moisture content of soil irdependently of some soail
parameters such as bulk density, temperature dintysa

0 =43%x107°K3—-55%x10"*K%? +2.92 x 1072K — 5.3 x 1072 1)

TDR measurements commonly depend on apparent tlieleanstant of soil which
changes with moisture content. The advantages & 3ytem over other methods are
(1) calibration requirements are minimal, (2) eféeof temperature and hysteresis (the
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relationship between matric potential and soil watatent for a given soil is not unique
and varies depending on whether the soil is drgingetting) on TDR measurement are
small, (3) simultaneous measurements are possjpim@nes et al., 2003; Miyamoto &
Chikushi, 2006). A third-order polynomial equatimmposed for mineral soils by Topp
et al. (1980) is adequate for many soils excepbfganic and clayey soils. However,
many researchers (Take et al., 2007; Ju et alQ)Z@dlicated that TDR measurements
most probably could be influenced by soil bulk dignsoil temperature, soil texture,
soil structure, organic matter content and salinfyerefore, a site specific calibration
is required to obtain a higher accuracy insteadsofg universal Topp equation. Ju et al.
(2010) showed that Topp equation could work wethwioarse-textured soils with bulk
densities between 1.0-1.78 g'tm

The overall objective of this study was to detemréccuracy of TDR-slammer for
measuring soil water content under drip irrigatechpkin field and also to investigate
the need for a site-specific calibration for TDRrmer in loamy soil.

MATERIALS AND METHODS

Experiments were conducted in 2015 over the exmaiat fields of Agriculture
Research Station of Erciyes University, Kayseritkéy (1,094 m altitude, 3818 N
and 34 56 E coordinates) under drip irrigated pumpkin fieldigation water was
supplied from a deep well with a quality class ofsCand pH and EC (electrical
conductivity) values of irrigation water were 7.80d 0.242 dS rh respectively. The
study site had 6 differt irrigation treatments stay from dry to full irrigation. Amount
of water applied to treatments were increased figgatment 1 to treatment 5. The
treatment 1 had the least irrigation water apgbeatvhile the treatment 5 had full
irrigation. Irrigations were initiated on ®f June in 2015 and stopped dhds August.
The tests were repeated in different dates undfareint soil moisture levels of drip
irrigated pumpkin. A total of twenty five data ptsn(n = 25) were used in the analysis
of volumetric soil moisture content. The soil prdjes of the site (F&— Field Capacity
in weigth and PWR— Permenant Wilting Point in weigth) are providedable 1. There
are several different types of available commer@BR sensors to determine soil
moisture content. The TDR-slammer is designedfeeiiting waveguides into hard, dry
and compacted soils (Fig. 1).

Table 1.Soil properties of the study site

Depth EC FCu PWR, Organic  Bulk density
(cm) Texture  pH (mmhos cm) (%) (%) matter (%) (g cnt)
0-20 Loam 8.00 0.226 21.2 9.7 0.98 1.30
20-40 Loam 8.25 0.214 25.7 11.8 1.51 1.28

In each irrigation treatment, the sensor was ilestabughly 0.10 m apart from the
dripper of the lateral. Data collection began ie thte June and continued till the
begining of August. The gravimetric samples wer&ema using a soil auger
approximately 0.20 m away from each sensor locatibme sensor was inserted
vertically into soil and several soil water contezadings were taken and then averaged.
After each sensor reading, soil gravimetric samplege taken from the both sides of
the TDR probe. The standard procedures was appliedthe gravimetric samples to
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determine the gravimetric soil moisture contentil Samples were always taken at
different locations. In order to convert the graetnit soil moisture into volumetric soil
moisture content (VWC), the soil bulk density wasisidered. During the gravimetric
samplings, soil tempeartures ranged between 22235 Ury treatment, 23—-28 in
treatment 1, 22—-30 °C in treatment 2, 22—28 °Qdattnent 3, 21-28 °C in treatment 4
and 22-25 °C in treatment 5.

Figure 1. TDR-slammer with a 40 cm waveguide.

Three statistical parameters were used to compadigeed (Pi) data from TDR
measurements with the observed (Oi) gravimetricpdasnf)). The statistical measures
were (a) the cofficient of determination?)R(b) mean bias error (MBE) and (c) root
mean square error (RMSE) as defined by Chavez €@l1). Paired-samptdestwas
also applied to present statistical significancelifferences between TDR measured
VWC and actual VWC determined by gravimetric praces

n

MBE = n_lz(Pi — 0i) (2)

i=1

n~! Z(Pi — 0i)?

i=1

0.5

RSME = (3

RESULTS AND DISCUSSION

During the field calibration process, the volumetsoil moisture content was
within the PWP to FC range of water contents. Zighows the data of gravimetrically
measured VWC versus TDR measured K values. Theletdéd RMSE and MBE values
were 1.9and -0.16respectively. Chaves et al. (2011) found the MB&RMSE values
as 0.05 and 0.025, respectively for forest soiletlal. (2010) obtained the RMSE as
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0.06 for clay loam soil. These differences coulddbe to different soil texture and
management conditions. Fig. 3 presents the congraié VWC from TDR versus
gravimetric method. The significant differenceswesdn water contents measured with
TDR-slammer and gravimetric method are listed ibl&@&. The paired-samptetest
indicated that the difference between TDR-slammed gravimetric method was
insignificant atp< 0.05 level. The standard error of mean (SEM) 88 and 0.78 for
TDR and gravimetric method, respectively, while skendard deviation (SD) was 4.54
and 3.90, respectively. The changes of VWC obtainech gravimetric method and
TDR Slammer are presented in Fig. 4.

25

& 20 A
(S
° 15 1 PY
(S
© 10 f y = 1.8864x - 0.1248
< R2 = 0.80

5

0 T T T

0 5 10 15 20
K

Figure 2. Comparison of measured VWC from the gravimetriccpoure ©y) versus measured
dielectric constant (K).
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Figure 3. Comparison of measured VWC from the gravimetriccpdure ©g) versus TDR-
Slammer §,).

Table 2.The significant differences between VWC measuredh wiDR-slammer and
gravimetric method

Mean SD SEM t-stat p
TDR-Slammer 14.60 4.54 0.90 0.13 0.89
Gravimetric method 14.80 3.90 0.78
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The Fig. 4 shows a very close relationship in VWCTIBR-slammer technique and
gravimetric method. Fig. 2 presents that a simpkakr model could be used to measure
VWC in loamy soils @4 = 1.8864xK-0.1248 with an “Rof 0.80)instead of using
polynomial Topp equation. The Fig. 3 showed thatd¢lwas a very close relationship in
measured VWC of TDR-slammer and gravimetric metAdua test results showed that
the TDR-slammer with the manufacturer's Topp equmttould safely be used to
measure VWC in loamy soils (Figs 3—-4). Current gtatso confirmed that the Topp
equation could be confidently used to estimate Va¢Curately from dielectric data (K)
in the loamy soils. The Topp equation known as ersal was adequate for the studied
soil type.
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Figure 4. Changes of VWC obtained from gravimetric method @aBiR Slammer.

Thet-test between TDR technique and gravimetric mesiomved that there was
no significant difference ap >0.05 level. However, more studies including soil
parameters should be done for the calibration féérdint types of TDR under different
soil type and management conditions.

CONCLUSIONS

Major conclusions of this investigation g The TDR-slammer could securely
be used as an accurate soil moisture device forsumieg soil water content in
compacted loamy soil) The TDR-slammer with manufacturer’s Topp equatiould
safely be used without a site-specific calibratibnecessary. (3) There was a clear
relationship between the K af and this relationship was best describeti{R.80)
with a simple linear equation of the foréy = 1.8864xK-0.1248. This simple linear
model, instead of using polynomial Topp’s equatzmyld be used for compacted loamy
soils.
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Abstract. Water erosion is a problem of global significané&ater erosion causes destruction or
damage to enormous areas of agricultural land eyeay (Morgan, 2005). Agricultural land in
the Czech Republic is largely exposed to the riskater erosion on grounds of habitat, but as
well agro technology. More than half of agriculiuend is endangered by water erosion in the
Czech Republic (Jatek, 2005). Due to water erosion the soil is depletieits most fertile part
—topsoil. The physical and chemical propertiethefEarth's surface are deteriorating, the content
of nutrients and humus in the soil reduce, andhio&ness of the soil profile decreases. However
the grimness increases and prevents the growthgeftation. The field trial was set up to evaluate
the tillage technology. The measurements wereezhoiut in Nesperska Lhota. The experiment
was placed into a sandy loam Cambisol. The measneniook place in four variants of field
trial which differed in soil tillage for maize. Was a different method combination of no-till and
plough tillage. The simulation of intense rain wes®d to measure. A square area of the size
0.5 sg m was surrounded by sheet metal strips drtwnwhole perimeter. The pantograph was
placed on their underside and collected the ruwater. The soil washout was collected into the
pipe and then into a graduated container. The cainfanoff was collected in the container and
weighed on automatic scales. Its values were recboth a portable computer. The result of the
measurement showed the difference between theusatypes of tillage. The beginning of the
surface runoff at conventional tillage with plougdiwas the shortest of all the variants. While
the beginning of the surface runoff was reducedifggantly longer by reduce tillage than by
conventional tillage with ploughing. The resultstbé surface runoff speed and the speed of
infiltration of water into the soil at the simulati of intense rains are in compliance with the
results of those authors who report significantdiés of soil conservation tillage technology.
This technology reduced the surface water runaofinguthe intense rainfall and increased water
infiltration into the soil.

Key words: maize production; rainfall simulator; water erosion
INTRODUCTION

The soil belongs to the most important and alsanbest valuable components on
the planet Earth. The Earth is, however, comproanisevarious factors, among which
water erosion belongs. During water erosion theeuppst — the most fertile part — is
taken away. The way of tillage enormously influentee dimension of water erosion.
Novak et al. (2012) report that conventional tilgguring sowing maize) significantly
causes higher loss of soil by water erosion thatgssing soil conservation. An
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important factor for reducing water erosion isdave crop residues on the soil surface.
This is used in soil conservation tillage.

The increasing construction of biogas plants cabsgser consumption of maize.
This is related to increasing share of maize caiibn and also the danger of the increase
of soil water erosion. The results confirm the imipoce of soil conservation
technologies, tillage and seeding maize, in ordeetluce the risk of soil degradation
by water erosion. The positive impact on cover ¢aopl was also confirmed in the space
between the rows of maize (Novak et al., 2011).

The rate of water infiltration into the soil alsfbestts the water supply of plants and
water retention in the landscape during heavy rauhsch is associated with the risk of
flooding. Reduced technology has a significantu@fice on increasing the infiltration
compared to the conventionally processed soi. dtllicaused by the increased stability
of the soil structure, more favourable distributaord pore size (Jéakek et al., 2010).

For the measurement of water erosion there is silpbiy to use either natural rain
or rain simulator. Although the studies are the bresatural conditions, the spatial and
temporal layout of natural rain cannot be influeh@nd controlled. Therefore the
collection of the data is slow, cumbersome and tooesuming. In most cases the
rainfall simulator is used. Its use diminishes tiferementioned time-consuming
measurements in comparison to natural rainfall.

The aim of this measurement was to compare thendepee of the effect of tillage
on the surface of water runoff during the simulatsdfall.

MATERIALS AND METHODS

Rainfall simulator was used for the measurememh@foil runoff, surface runoff
and infiltration of water into the soil. Sprinklingquipment composes of sprinkling
frame, on which a nozzle with a conical dispers®placed. Water is pumped to the
nozzle from the pump through a control valve angeh&Vith the control valve the spray
pressure is controlled and regulates the intens$ityatering as well as kinetic energy of
drops (Kovaicek et al., 2008).

Measurements are performed on the experimentalair8eb sq m and a square
shape. The measured area is bound by sheet mepal #t the bottom part of the
measured area the pantograph is placed. It comtestdrained soil and runoff water
into the tube and subsequently into a volumetrigtaioer. The container is placed on
automatic scale, which records the measured valery 5 s. The roughness of the soil
surface in the direction of the fall line was ewkd by ‘chain method’ (Klick et al.,
2002). Soil physical properties have been evaluatedloying Kopecky’s cylinders
with the volume of 100 chand subsequently analysed in the laboratorieseo€lHLS
Prague Stand samples were taken in September 2015 fat gigluation.

Water infiltration into the soil, surface water afhand additional characteristics
were investigated in the experimental field tri@riants in Nespersk& Lhota. The
measurement was carried out on loamy Cambisol 2dn2015. Each variation was
measured 3 times in season 2015.The average cait@ttat the experimental plot:
2.15%. The experimental land is on a hillside witimiform slope, average slope is 4.9°.
The rainfall intensity was 90 mmth
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Figure 1. Measurements by rainfall simulator.

The measurement was made in four variants of #id frial, which was already
established in 2009. The options differ in diffdréitage on maize.

Variants of trial:

Variation 1 — no till

After the harvest in the summer of 2014 the stras wrushed and left in the land,
while the land was left without tillage. In the sgr maize was directly sown into the
land without tillage.

Variation 2 — reduced tillage with spring pre-sogvtillage

In the autumn of 2014 the crown stubble cultivatmok place (depth 0.08 m).
During the winter, the soil was left with a surfaoeered by plant residues. In the spring,
before maize seeding, there was a loosening cfdhéy tines cultivator to a depth of
0.08 meters.

Variation 3 — conventional tillage

In the autumn of 2014, part of the land was plodginéo the middle depth (0.20
to 0.22 meters), while tractor during ploughingeatbwn the contours. The soil was left
over in the winter in a rough furrow. In the sprisgwing soil preparation took place
(skid and spike gate) and maize sowings. Coverfilpe surface soil by organic material
at planting time was almost zero.

Variation 4 — conventional tillage and inter-rovopr

At the beginning of autumn stubble disc tiller veasried (0.08 m depth). After the
germination ofsecond growttploughing perpendicular was done to the contours.
During the winter, the soil was left in a roughrow. In the spring sowing soil
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preparation was conducted by seedbed cultivatdr twib levelling bars and harrows
followed by sowing oats. 14 days after sowing o&se sown maize.

RESULTS AND DISCUSSION

Table 1 lists the physical properties of sdihe table shows the average values of
five samplesFrom the values it is evident that the variantshwéduced technology
have higher porosity and conversely lower bulk dgns

Table 1.Physical properties of soil

Variation Depth [m]

Porosity [%]  Bulk density [g c¢th

1 0.05-0.1 40.37 1.48
0.1-0.15 44.32 1.47
0.15-0.2 42.90 1.51
2 0.05-0.1 40.01 1.52
0.1-0.15 41.59 1.50
0.15-0.2 45.80 1.54
3 0.05-0.1 37.50 1.62
0.1-0.15 39.48 1.57
0.15-0.2 40.84 1.53
4 0.05-0.1 40.21 1.49
0.1-0.15 40.62 1.53
0.15-0.2 39.78 1.56

Surface runoff, infiltration rate during rainfalinsulator measurement and other
parameters are shown in the graphs in Figs 2 to 5.
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Figure 2. Process of observed values during rain simulatidariation 1.

In the variant 1 (Fig. 2) at the onset the surfar®ff was recorded 3.57 minutes
after the beginning of intense rainfall simulatibmtil the 15th minute the surface runoff
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was almost zero — the soil was able to infiltragany all water. Subsequently infiltration
gradually began to be reduced and at the end nmeasut stabilized.

Variation 2 was characterized by latest possilalg sf surface runoff from all four
variants of the experiment. Then it was followedayradual increase of surface runoff,
which was settled just before the end. This fantlmaattributed to the spring loosening
of soil to the depth of 0.08 meters. This varigmvged excellent rate infiltration, but
only until the loosening surface layer of soil veasurated with water.
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Figure 3. Process of observed values during rain simulatidariation 2.

Variant 3 was characterized by the second eadrestt of surface runoff. This was
followed by a sharp increase in short-term of stefiaunoff. The speed of surface runoff
exceeded the values after 2 minutes of rain sifaumatt conversely decreased rate of
infiltration.
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Figure 4. Process of observed values during rain simulatidariation 3.
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Figure 5. Process of observed values during rain simulativiaration 4.

The time to onset of surface runoff was the shodgall variants in the variant 4.
This was caused by inter-row crops, which weredilby oats. Most area was covered
by the crop. Though the time to onset of surfaceffuvas short, it did not manifest any
significant way to the next rate of surface runoff.

The rain from the preceding measurements couldiafkeence the conditions for
the infiltration of water into the soil. The rainfluenced the creation of soil crust at
variant 3. The crust on the soil surface may sigaiftly worsen the conditions for water
infiltration into the soil.

The predicted reason for the low rate of infiltoatiis in this variant of the
experiment the fact that there is a consideralierideation of the conditions of water
absorption during the following months, althougktjafter ploughing, the soil contains
macropores which facilitate infiltration of rainveat

The measured results showed that there is a grdaence of soil conservation
technologies on cultivation of maize. The lowestnalative runoff was in variant 1,
which incorporated the amount of 13 kg. After thatas followed by variant 2 (autumn
and spring plate preparation loosening) to 17.03 kg

The classic tillage through plough had the largeshulative runoff. It was 51,
35 kg. The variant 4 is to be seen as a demonstedfict covered by organic matter.
Nevertheless, given that the treated plot ploughirftad a large influence on coverage
of organic material.

Quick ability of water infiltration into the soilds a great influence on the supply
of plants with water and runoff. During the intargsrainfall it leads to rapid saturation
of the soil and the resulting susceptibility toaiting.

During maize cultivation on light soils land varia® (conventional tillage with
ploughing) was most threatened by excessive surtagsf water.

Consequently in the cultivation of maize the sbibsld not be left without soll
organic matter, thereby reducing the amount oflowthg precipitation.
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The best emerged was variant 1 (no drill) for thduced technologies which
maintained the lowest value of surface runoff coregdo variant 2 (disc loosening).

When comparing the measured values with the restiisithors, who have dealt
with the quantification of erosion processes in #pplication of different tillage
practices in the production technology, positivetective effect of plant biomass in the
soil surface and the surface layer of soil was icoefd (Truman et al., 2005; Terzoudi
et al, 2007; Zhang et al., 2014; Mloza-Banda e28l16). Even under the conditions of
the field the experiment showed that the cultivatidd corn using conventional tillage
technology with tillage is risky, alternative tedhmgy of maize cultivation without
tillage significantly showed less erosion with #resion events.

This experiment was designed as a multiannual. midize yield has been also
evaluated during the experiment. The five-yeardyimdmparison reached the highest
point in variation 3 (conventional technologyjariation 4 has reached only 62 percent
of revenues compared to variation 3. Variation 4 reached 81 percent of the yield,
compared with variation 3. Variation 2 has reach&gercent of the yield, compared to
variaton 3

CONCLUSIONS

Measurements show different values of surface fusmad water infiltration into
the soil during the period of increased risk of¢atial rainfall and possible subsequent
erosion events. Variant 3 was most threatened bgsskve run-off (conventional tillage
with ploughing), which confirmed the risk of erasion maize slope and light soil
without the use of proper soil conservation tecbg@s. Measurements show positive
effect of soil cover with organic matter. The sp@&édvater infiltration into soil also
affects water supply of plants. Soils with highefiliration are able to maintain higher
humidity during drought. Rapid infiltration alsolps to retain water in landscape which
is important during the risk of local floodin@.onditions in the Czech Republic are
characterized by high average slope of the larid.riéported that approximately half of
the land in the Czech Republic is threatened begmexsion.
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Abstract. The development trend of precision seed machmései use of central seed hopper.
Another requirement is to increase the driving spering precise sowing up to 10-12 krh h
This involves increased demand for uniformity oé tbeeds movement between the dosing
mechanism and seed coulters. Previous measureofesgisd passage speed showed undesirable
changes in distance of seed during passage bydeligery tubes. The research was therefore
focused on the evaluation of flyby seed parameitershort vertical delivery tubes of inner
diameter 10, 12 and 14 mm and a length of 0.50hma. &im of the experiment was to evaluate
the dependence of the seed passage speed of dotaer wheat and oilseed rape on the air
pressure in the supply hose from the fan to shertioal delivery tubes and to recommend
appropriate settings of air pressure in the int@ikéo delivery tubes. Logarithmic function was
chosen for the description of dependence of flybsesl of three crops seeds on air pressure in
the vertical tubes. The speed of the seed at tHeoEseed tubes, established as necessary for
high-speed seeding (10 M)swas achieved in all three test seed tubes whemithpressure in
the supply pipe 3.0 kPa. Air speed in the vertifedivery tubes was 3.15 to 4.2 times higher than
the speed of the seeds. Based on the correlatitex walues from 0.90 to 0.96, the high quality
of the regression model was found in all casesak found that the short vertical delivery tubes
of internal diameter 10, 12 and 14 mm are usefuafoew developed seeder. On the other hand,
deviations of seed passage speed for winter wkedtccur at higher air speed. Higher internal
diameter of downtube decreased significantly sesdagge speed for maize seeds.

Key words: precise seeding, flyby speed of seeds, short e¢diivery tubes.
INTRODUCTION

Individual seed hoppers for every sowing unit dile sed for precision sowing
machines. Seeds fall from a low height from theemeg unit directly into a furrow
which is produced by furrow opener. Recently, pomia of seeders and precision
seeders are focused on the development of machitieshe application of a central
hopper for seeds. The metering units for precisd@rgpare located above the furrow
opener. Pneumatic transport of the seeds in thettsbes is an important requirement
for correct operation of machines for accurate sgwvhich is called high-speed seeding
(precise sowing with ground speeds from 10 to 1R The seeds must be transported
by the air stream in the tube at regular distanthsre is also a requirement that the
minimum differences would be in speed betweenrite/idual seeds for various crops.
Previous measurements of seed passage speed siosesirable changes in distance
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of seed during passage by long delivery tubes. Aliag to Cui& Grace (2006), further
work is needed to improve understanding of multgghbiomass pneumatic conveying
and to assist in the development of biomass ersrdyonversion processes. Pneumatic
conveying, in which particles are transported @psmded by gas (air) in vertical and
horizontal conveying systems, has found wide indalsipplications. Other information
for studying of pneumatic conveying are in the vgoof Russo (2011) and Jech et al.
(2011).

The physical characteristics of seeds can stranfllyence their movements in the
agricultural machine as well as in the air. Thewlealge of the physical characteristics
of particles is essential for the constructors apédrators. In this respect the size, size
distribution, shape, mass, bulk density, true dgnsioefficient of friction and
aerodynamic resistance of grains are great impeet@olyak& Csizmazia, 2010).

The aim of measuring of the vertical seed flybg@ativery tubes was to determine
the effect of different air pressure in the sugmpbge on the speed of crops seed in three
short vertical downtube with different inner diaerst

MATERIALS AND METHODS

Vertical delivery tubes 0.50 m length were connéttethe outlet of a fan used in
FARMET Excelent seed seeders. The fan was driveRdyyroth hydrogenerator with
a fluent change the rotation frequency of thertaaor — Bosch Rexroth type ABKAG-
60AL09-A10VSO0O-28/160M058F652. Changing the speetheffan rotor was used to
adjust the air pressure in the supply hose fronfaheo vertical delivery tubes.

To measure the airstream speed in delivery tubes uged two devices: a TESTO
pressure probe, 0638.1445 model connected to a OE&IG device with internal
memory. Pressure probes were connected to Pites tiwlomeasure differential pressure
and airstream speed in the axis of delivery tub&n@ro et al., 2012). Pitot tubes were
installed in delivery tubes at a distance of 0.0mrmont of the end of vertical delivery
tubes.

The airstream speed in vertical delivery tubes @f 12 and 14 mm in inside
diameter and of the lengths 0.50 m was measuragugdssure in the supply hose from
the fan to delivery tubes in steps of 0.5 kPah@arange from 0.5 to 4.0 kPa (Table 1).
To measure seed passage speed BALLUFF optical rsei6oG 30C-005-S4 model,
connected to a datalogger, were used. Optical sengve from each other at a distance
of 0.10 m. The bottom optical sensor was placealdistance of 0.05 m from the ends
of the tube. The speed of seed passage was ceaftéilam the measured time segments.
Each measurement at a increasing air pressureeps sff 0.5 kPa were done in ten
replications. Information about crops are in Tahl&eed passage speed of these three
crops was measured: corn, winter wheat and wirniezax rape. Besides the size these
seeds differ in shape — oilseed rape is roundedawviind maize have three different
dimensions.

The reason for the selection of seed tubes wiihraar diameter 10, 12 and 14 mm
were the results of previous measurements of dgleylif tubes with internal diameter
16 mm. Basic data about the selected seed cropsesented in Table 2.

The results of measurements were processed usitigtisa 12 (StatSoft, Inc., Tulsa,
Oklahoma) program.
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Table 1.Air velocity in the vertical delivery downtubes Wwitlifferent air pressure in the supply
tube

Air pressure in supply
tube [kPa] 0.5 1.0 15 2.0 25 3.0 3.5 4.0
The rotation speed of 1,305 1,824 2,150 2,543 2,815 3,066 3,305 3,500
the fan rotor [1 mid]

Air velocity on delivery 18.15 24.37 25,53 27.70 28.48 3497 * *
tube inner diameter

10 mm (m 9)

Air velocity on delivery17.94 23.40 29.04 34.82 3851 4331 47.72 *
tube inner diameter

12mm (m3)

Air velocity on delivery17.32  23.37 30.21 30.55 31.49 4483 48.97 *
tube inner diameter

14 mm (m )

* — out of the measuring range.

Table 2.Crops, varieties and thousand seeds weight

Crop Variety name Thousand seeds weight (g)
Corn Zea mayd..) CE220H 3125

Winter wheat Triticum aestivun..) Darwin 45.6

Winter rape Brassica napus. var. napu Hornet 5.6

RESULTS AND DISCUSSION

The graph in Fig. 1 shows the flyby speed of maeed in vertical downtube with
internal diameter 10, 12 and f@wn at increasing air pressure in the supply
tube. Logarithmic function was used for the dedwipof dependence of flyby speed of
corn seeds on air pressure in the vertical tubes.

The highest flyby speed of seed was always obsett@ highest pressure setting,
a 4kPa. For maize seed with a decreasing inner diarsetsl pipes speed flyby of seed
corn grew. The differences are increased with esirg) pressure within the air supply
tube. For corn seed flyby speed of seed grew witle@easing of inner diameter of
delivery tube. During the seeder work it is appiaerto maintain the rotor speed of the
fan at a level close to 3,0a0min. This value corresponds to the pressure kP& in
the supply tube from the fan to delivery tubes. Whe pressure exceeds 3 kPa flyby
speed of seed exceedsri@?, which is sufficient for reliable transport of maiseed in
the short vertical tubes. Delivery tubes with iestlameter 10 and 12 mm have proved
to be suitable for corn seed.

The graph in Fig. 2 shows the flyby speed of wintkeat seed in vertical downtube
with internal diameter 10, 12 and 14 mm at incre@siir pressure in the supply tube.
Logarithmic function was also used for the deswipbf dependence of flyby speed of
winter wheat seeds on air pressure in the vertidads. When the air pressure in the
supply hose from the fan to delivery tubes is betweto 3 kPa there were not statistical
significant differences between the values of flgbged. Only two values of flyby speed
for highest air pressure and inner diameter of ibenm showed differences.
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Figure 1. The flyby speed of maize seed in vertical downtwith internal diameter 10, 12 and
14 mm at increasing air pressure in the supply.t@gnificant differences are indicated by
different letters (a, b, c).

Winter wheat
Mean value, Error bars indicate +/- S.E.
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Figure 2. The flyby speed of winter wheat seed in verticavdtube with internal diameter 10,
12 and 14mm at increasing air pressure in the supply tulmificant differences are indicated
by different letters (a, b).

There were not found statistically significant difnces in the flyby speed of
oilseed rape seeds (graph in Fig. 3) for delivabetwith an inner diameter of 10 and
14 mm and pressure in the range 2—4 kPa. Staligtsignificant differences showed
values for tube with inner diameter 12 mm.
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Figure 3. The flyby speed of oilseed rape seed in verticalrdabe with internal diameter 10, 12

and 14 mm at increasing air pressure in the supbly. Significant differences are indicated by
different letters (a, b).

Comparison of values of flyby speed between tHerint seeds and inner diameter
of delivery offers graphs in Figs 5 and 6.
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Figure 4. The flyby speed of seeds in vertical downtube witternal diameter 10 mm at

increasing air pressure in the supply tube. Sigaift differences are indicated by different letters
(a, b).
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Delivery tubes, inner diameter 14 mm
Mean value, Error bars indicate +/- S.E.
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Figure 5. The flyby speed of seeds in vertical downtube witternal diameter 14/m at
increasing air pressure in the supply tube. Sigaift differences are indicated by different letters
(a, b).
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Mean value, Error bars indicate +/- S.E.
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Figure 6. The flyby speed of seeds in vertical downtube witternal diameter 1fhm at
increasing air pressure in the supply tube. Sigaift differences are indicated by different letters
(a, b).

The graph at Fig. 4 shows that there are not sogmf differences in the flyby
speed for inner diameter 10 mm for the seeds of e winter wheat. Maize seed
showed a higher speed for values of air pressgtechithan 1.5 kPa. Similar character
of speed flyby was observed for wheat and oilsapd with an internal diameter of tube
14 mm — see the graph on Fig. 5. Speed flyby af seed was found lower than for the
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wheat and rape seeds at an air pressure of 3 kRex. @fferences in the speed flyby for
three crops were found in case of tube with anridi@meter of 12 mm — Fig. 6. Similar
values of flyby speed of seeds were observed faenand oilseed rape. Seeds of oilseed
rape has significantly higher flyby speed.

There were not statistical differences for freé fEthe values were between 2.21 to
2.57 m . This low flyby speed of seed in vertical delivéupe is not suitable for high-
speed seeding. Based on the requirement for tliingegpeed higher than 10 mand
for better fixation of seeds in a row, the highgby speed of the seeds in the delivery
tubes is necessary. The minimum required flyby dpifeseed was achieved with the
pressure 3.0 kPa in the supply tube. The flyby dpéeseeds has not been measured if
the air pressure in the supply tube was higher thkRa, because of the risk of seeds
damage was assumed. Ghafori et al. (2011) stassntbchanical damage of seeds
increased linearly as the air velocity increased.

The problem of high speed precision seeding ibenfact that the seeds of wheat
and maize have three different dimensions: lengitith and thickness. This causes
irregularity in movement of these seeds duringrtherial drift. There are applied the
rules of aerodynamics (Caughey, 2011).

The results are in accordance with the requiremeintégh seeding performance
in compliance with the required seeding (Kruse lgt 2008). High-speed precision
seeding is a perspective to the verification of meys of stand establishment of crops,
which are used in soil conservation technologig&Z@ Bernhard, 2010).

CONCLUSIONS

After the experience with larger inner diameteriviel tube it has proved as
necessary to verify the flyby seeds of selectegseeeds in vertical delivery tubes with
smaller inner diameter. Air pressure in the sugphe was chosen as an indicator for
setting of the seeder for pneumatic transport edds@ the delivery tubes. The air
pressure is easily adjustable and easy to chettkebgrriver and operator of the seeder.

Previous experiment with the flyby of the seedeartical delivery tube has shown
that the risk of blockage delivery tube increasesmdelivery tube with inner diameter
less than 10 mm was used.

For delivery tubes with internal diameter of 16 mmmmore were found that the
irregular movement of the seed increased and acgofaseeding decreased. The results
presented in this paper demonstrate the applitabilithe short vertical delivery tubes
with internal diameter of 10 to 14 mm for a new hiae for precision seeding.
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Abstract. This article deals with the roller conveyor whianstitutes a part of a machine line to
separate the hops harvested from low trellisesiodarparameters affecting the right operation
of this roller conveyor are examined. In the lastson a model of roller conveyor designed and
constructed for this purpose was subject to experial verification with the objective of
integrating it in the actual line. Dependency of meatter falling through on the gap size between
rollers was examined. They were standard, commasgy rollers.

In 2015 rollers with a different diameter and diffet profile of metal welded collars were
designed and produced. The new construction alfowseducing the gap between rollers up to
20 mm. As compared to the former solution includiofiers of 60 mm in diameter, this one
constitutes a difference of 28 mm.

The measurements in the season of 2015 were catblusing these new rollers and there were
two parameters to examine. They were the gap sizeden rollers and rotation frequency of the
rollers. The measurements were carried out usimgpamatter sample taken from low trellises.
The dependency of the hop matter falling througls Wwaing examined for 3 gaps (28, 24 and
20 mm) between rollers and for three rotation fezguies of the rollers. The measurements
revealed that with a setting resulting in the seslpossible gap between rollers (20 mm) by up
to 15% more leaves can be separated, compareck tmliers of 80 mm in diameter, and by
approx. 60% more leaves compared to the formertisalincluding the rollers of 60 mm in
diameter. Furthermore it was found that a changetation frequency of the gaps does not affect
the separation of leaves in any significant way.

Key words: hops, separating machine, roller conveyor.
INTRODUCTION

Hops are currently used mainly as one of the hagiedients in beer production.
Ninety-eight percent of world hop production is wrofor this purpose (Carter et al.,
2007). Other purposes of use are not recorded indwaiatistics. However, their
importance is well-known in pharmaceutics (Vrzal&aFric, 1994). For instance,
flavonoids contained in hop cones appear promisiegantioxidants and antivirals,
especially against the HIV virus (Wang et al., 2004

Extraordinary climatic and soil conditions contri®uo the exceptional aroma
characteristic of Czech hop varieties. Saaz seny-gzd-bine hop is still the worldwide
most recognised aroma hops (EAGRI, 2014).
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One of the key problems in Czech hop productiadhésproblematic labour hiring
for the most demanding operations which includelagging and sticking of hop wires
and vine training. On these grounds, some grovests to switch for hop growing on
low trellises which do not require these operationghe new growing system the hop
bines spontaneously climb (wind) up a special Wamtt, an essential part of a low hop-
field structure (Stranc et al., 2010; Stranc et2012).

Most of traditional hop varieties cannot be grownlow trellises, as these reach
only 40 to 60% of the yield achieved on classicstarttions (Seigner et al., 2008). New
‘dwarf’ varieties bred for low trellises should, cacding to breeders and economic
experts, achieve at least 80% of the yield fromwtlueeties grown on classic trellises
(Darby, 1999).

In the Czech Republic, low trellis hop productisrat the experimental stage and
the current low-trellis hop-fields cover less tf#hha (EAGRI, 2014).

This cultivation technology requires different magty. Low trellis hops are
harvested by a mobile harvester, pulled by tradtoe. hop matter brought by the mobile
harvester is then subject to separation in the madeparating line which is specifically
adjusted contrary to the classical machine picking. The separation is aimed at
ensuring that hop cones are separated from stetngaves (Jech et al., 2011).

This article deals with the part of a hop sortiigelthat is located after the
secondary picker, namely with a roller conveyorhwitfinitely adjustable pitch of its
individual rollers. This feature is important inmes of separating hop cones from stems
and leaves. This roller conveyor serves as a retlegen. The main function of a roller
conveyor is to separate hop matter into small-sizgtion formed by hop cones, leaves
and fragments of size smaller than the size ofebetween separate rollers, and into
coarse fraction composed of stems, clumps, largeeke that do not fall in between
rollers (Neubauer et al., 1989).

A proper operation of a roller conveyor is affechgtseveral parameters. They are
the profile of the rollers and the gap between spaollers. To be able to determine
the precise significance of these parameters, I Z0model of roller conveyor was
constructed, which is a scale copy of a real raltarveyor (Kruptka & Rybka, 2014).

In the 2014 harvest season a set of measuremeréscaeducted in the laboratory
of the Department of Agricultural Machines, FE, GRJIin Prague that addressed the
dependency of the hop matter falling through onghie size between rollers. Original
rollers of 60 mm in diameter were used for the pagpof these measurements.

The objective of this research was to design amdeément a new construction of
the rollers which would allow for achieving bettaparation of leaves and small-sized
impurities. Previous measurements conducted i@@i4 harvest season proved that the
smaller the gap between rollers is, the more lege¢separated (Krufka & Rybka,
2015).

An original constructional solution of a roller a@yor with rollers of 60 mm in
diameter enabled to set the smallest possible §4f mm. When the rollers diameter
was enlarged by means of pipes made of mirelongépesize decreased to 28 mm.
Thanks to the newly designed rollers this gap becawen smaller.
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MATERIALS AND METHODS

Roller conveyor model

The model (Fig. 1) is a scale copy of the rollemayor used in the sorting line to
separate hops grown on low trellises. The modelahtgal of 9 rollers of a standard
60 mm diameter. The rollers are 600 mm long. Tist foller is fixed to the frame, while
the remaining 8 rollers allow for changing theitchi thus modifying the gap between
them. The space under the rollers was divided bgnsmef KAPA boards, to be able to
determine the amount of the hop matter fallen itwben the separate rollers. Hop
feeding was provided by a belt conveyor 600 mm vaide 1,000 mm long.

Figure 1. Model of a roller conveyor.

The throughput of the model is 450 k¢ bf hop matter and is derived from the
throughput of a real 2 m wide roller conveyor. Thisoughput corresponds to the
peripheral speed of the conveyor belt of 0.27'nasd the rotation frequency of the
conveyor rollers of 0.67% These values were set by means of frequency cense
Also the vertical distance of the belt conveyomirthe roller conveyor corresponds to
the real one.

Figure 2. Laboratory roller conveyor with rollers fitted witkelded collars with toothed profile.
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For the purposes of the measurement new rollers usd, of 89 mm in diameter
and with toothed profile of the metal welded cdl#Fig. 2). On the tube is 14 metal
welded collars. They are spaced apart 39 mm. Almetlgled collar has 30 teeth and
the outer diameter is 125 mm. Due to the enlargee tiameter and the height of collar
17.5 mm it is possible to set the gap betweenrmolie 20 mm. This profile of metal
welded collars more effectively catches leaves smdll-sized twigs and shifts them
further on.

Measurement methodology

The 2015 harvest season measurements used agaihophevariety Sladek,
harvested from low trellises. To prevent the hapsnf changing their characteristics
during the separation, the fresh hop matter wasgtrofrom the hop grower every single
measurement day.

The hop matter sample was selected so that thesriege representation of
individual components (hop cones, leaves) remaimathanged. A sample weighing
450 g (Fig. 3) corresponds to the throughput of fael roller conveyor, which is
450 kg ht. The sample contained 16 g of cones and 282 gavkek. The average hop
cone size was determined out of a sample compridigpieces. The average value of
the hop cone length was 28 mm the average valtreafone diameter was 16 mm.

Figure 3. A hop matter sample evenly spread over the conviegibr

The measurement was conducted in such a way tedidh matter sample was
mingled and evenly spread over the conveyor bbk.Jample layer was approx. 40 mm
high. Then the roller drive was switched on, folemhby the belt conveyor drive. The
hop matter was being continuously separated orotlee conveyor and thanks to KAPA
boards, installed under each roller, was fallimgtigh into 7 containers. The individual
components of the hop matter that fell in betwexlens were weight accurate to 1 g.

For the season of 2015 several measurements weparpd. This article deals with
a measurement conducted with the rollers of 89 mdi@meter. With these rollers three
gaps were possible to measure. Namely, they were @fa28, 24 and 20 mm.

With all the gap sizes between rollers the deperylehhop matter falling through
on the rotation frequency of the rollers was alsangined. The basic rotation frequency
of the rollers was 0.67'sthen 0.8 3and 0.94 3.
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RESULTS AND DISCUSSION

Comparison of three different gaps between rollerof equal diameter and
basic rotation frequency

The graph in Fig. 4 depicts the measured data miters of 89 mm in diameter
and toothed profile of their metal welded collafgth the rollers measurements were
carried out for a total of three gap sizes betwedars, namely 20, 24 and 28 mm. The
graph clearly shows the dependency of the hop nfaitang through for each gap (20,
24 and 28 mm). When the gap is set to 20 mm, ordg bf all the matter falls through
the first gap, which is by approx. 13% less comgaogthe gap of 28 mm.
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Figure 4. Weight percentage of the hop matter fallen throtinghseparate gaps for rollers of 89
mm in diameter and rotation frequency of 0.67 s

A detailed view of the amount of the cones anddedsllen through the individual
gaps is illustrated in the following two graphsgF and 6).
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Figure 5. Weight percentage of the hop cones fallen throbhghseparate gaps for rollers of 89
mm in diameter and rotation frequency of 0.67 s
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Figure 6. Weight percentage of the leaves and small-sizediiitigs fallen through the separate
gaps for rollers of 89 mm in diameter and rotafi@auency of 0.67°%
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Figure 7. Weight percentage of leaves and small-sized irtiparin the waste with the rollers of
89 mm in diameter and rotation frequency of 0.67 s

As regards the leaves and cones in the waste, dberésults in terms of leaf
separation were measured with the gap of 20 mm Tid-ess than 79% of all leaves
were carried into the waste. With the gap set tongQ) by 18% more leaves were
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separated in comparison to the gap set to 28 mrath&n graph illustrates how many
hop cones were carried into the waste. With thesgapo 20 mm the amount was 1.6%
of cones, whereas with the other two gaps almosbnes ended up in the waste (Fig. 8).
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Figure 8. Weight percentage of hop cones in the waste wéhdhers of 89 mm in diameter and
rotation frequency of 0.67s

Dependency of hop matter falling through on the gapsize and rotation
frequency of the rollers

The processed measured data revealed that thiendtr&tquency of rollers proved
to have no significant effect on separation of ésavOur assumption that increasing
rotation frequency of the rollers would cause @bigpercentage of leaves and small-
sized impurities to leave for the waste, was notfiomed. The following graphs in
pictures 9, 10 and 11 illustrate the weight peragaibf leaves and small-sized impurities
in the waste for individual gaps and three rotatrequencies of rollers. Apparently, no
dependency can be derived from the measured dati&ghA difference can be observed
between the individual rotation frequencies with gap between rollers of 28 mm and
24 mm. With the gap of 20 mm there is almost ntedihce.
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Figure 9. Weight percentage of leaves and small-sized imiparih the waste with the rollers of
89 mm in diameter, gap of 28 mm and three rotdtiequencies.
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Figure 10.Weight percentage of leaves and small-sized imarih the waste with the rollers
of 89 mm in diameter, gap of 24 mm and three rotatiequencies.
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Figure 11. Weight percentage of leaves and small-sized irtiparin the waste with the rollers
of 89 mm in diameter, gap of 20 mm and three rotatiequencies.

CONCLUSION

In the course of the 2014 harvest season measuteineas found that neither the
roller diameter nor the gap size between them lanye effect on the separation of
medium-length and long stems, which were separnagefictly in all cases. For this
reason the measurements in 2015 were conducted ashop matter sample which
comprised only hop cones and leaves. The amourhesfe components had been
precisely defined.

The measurements confirmed that decreasing gapebstwollers results in
separation of more leaves and small-sized imparitt¢ the same time, however, it
increases the proportion of hop cones in the wésterms of the separation of leaves
the best variant proved to be the variant with g @20 mm, which was the smallest
possible gap between rollers. With this gap settiegs than 79% of all leaves were
carried into the waste. At the same time, howel/&% of hop cones was found in the
waste.

When comparing these new rollers with a gap s20toim with former rollers of
60 mm in diameter and the smallest possible ga8ahm, the difference in separated
leaves makes approx. 60%.

No statistically significant differences were foumchen comparing different
rotation frequencies of the rollers. For this reaaany following measurements will be
carried out with the basic rotation frequency @&70s?.
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Abstract. Previous scientific literature indicates that origations manage workplace health
promotion (WHP) in different ways. Despite conceptand empirical justification, researchers
have not consistently included concepts of WHPrgoeomics and safety studies.

The objective of the study is to explore workpldeslth protection and promotion activities
available in Estonian organisations and to assessengonomic principles are integrated with
workplace health protection and promotion withinoaganisation.

The current study adopted a multi-method appro@bk. WHP activities were evaluated using
the questionnaire of 36 items administrated tanalinbers (organisations) of the Estonian Human
Resource Management Association. A qualitative egghn includes eight case studies
(organisations, with the best practices of WHP argbnomic interventions), semi-structured
interviews with human resource personnel.

The data reveal key issues in WHP management onkast organisations. A statistical analysis
of WHP questionnaires shows many organisations wiitstanding programs and positive
employers’ perceptions towards WHP. However, qatlié data indicate some important aspects
of WHP and drawing attention to contextual varigbtethe development of safety management
systems and improving the integration of ergonopiegrams with WHP. The main contribution
of the study is providing the conceptual clarifioaton incorporated WHP, how it complements
a safety management system and showing its possffdet on employees’ health, safety
behaviour and on knowledge exchange. It is essdatithe established WHP program to have
a fully integrated part of safety management systethe organisation and employees’ health
and healthy behaviour must be recognised, ackn@ettdnd be managed.

Key words: health protection, healthy workplace, ergonomibsalth behaviour, health
promotion.

INTRODUCTION

According to scientific literature, creating a rbglwork- place is important.
(McDonald et al., 2000; Zwetsloot et al., 2010; ¥011; Schrder et al., 2014)
Organisations deal with workplace health in différevays (Larsson, 2015). Many
employers implement workplace health promotion (WWpi®grams for their employees
in order to improve their health, work ability andrk productivity (Dul & Neumann,
2009; Zwetsloot et al., 2010; Rongen, et al., 20H8)mqvist (2009) claims that WHP

460



not only aims to improve health and well-being wipdoyees; it can also contribute to
generating sustainable and responsible organisafidmsculoskeletal and mental health
are mainly associated with the physical and psyatiasconditions of work, as well as
with individual so-called lifestyle or health bel@aws. An integrated approach to
occupational health and safety (OHS) and ergonofaiEs macroergonomic approach)
as well as WHP should include attention to the wemkironment, work organisation
and health behaviour in order to maintain employbeslth, safety and wellbeing
(Goldgruber & Ahrens, 2010). When an organisatiealsiwith OHS proactively or/and
establishes a voluntary OHS management systesmédrierally complemented by WHP
practices that focus not only on occupational ns#tuction and safety, but also on
positive factors in the work environment (e.g. eogpes’ involvement in health and
safety activities and decision making regarding QHZ&nk, 2005) Additionally, OHS
is one of the most important topics of ergonomi@scupational ergonomics intends to
improve human interaction with equipment and emrnents through the optimised
design of job and work system. Haslam (2002) suggbat ergonomics can usefully
draw upon behaviour change models developed byetlmmcerned with health
promotion in the community. Additionally, Punnethvcolleagues (2009) demonstrated
that macroergonomics provides a framework to imerowoth physical and
organisational features of work, and to empoweividdal employees.

According to WHO (1986), health promotion can bérasl as health as a resource
for everyday life and the workplace as an importaiting for health promotion. The
most common European definition of WHP is ‘the comad effort of employees,
employers and the community to improve the heatthwaell-being of people at work’
(European Network for Workplace Health PromotioB0?) Health promotion in the
workplace as part of employees’ well-being meaas &im environment is created there
for valuing health and it allows healthy living. Weeing is often related to the concepts
of quality of life and happiness (Stockols, etait.,Larsson, 2015) and in work settings,
well-being has often been relabelled as job satisfa, positive affect, work engagement
and intrinsic motivation (Soler, et al., 20&@. Larsson, 2015). Torp et al. (2011) who
analysed WHP studies regarding their use of sattapproaches to the same analysis
strategy as described above. Additionally, empleygeod physical, mental and social
health and their ability provide greater capacior fwork, which is why many
organisations consider health promotion as patheforganisational culture (Taylor,
2011) and motivation system components.

This article examines health promotion from thespective of social cognitive
theory. Social Cognitive Theory (SCT) started asSocial Learning Theory (SLT) in
the 1960s. The social cognitive approach, rootedannagentic model of health
promotion, focuses on the demand side (Bandura})2@LT has been widely used in
health promotion models, since the theory promefiestive self-management of health
habits that keep people healthy as well as inpaidture research. This theory is also
a basis for the organisational (safety) cultureprecal model developed by Cooper
(2000) and lately supplemented by Jarvis (2013)h wihowledge management
dimensions; it is used as the framework for theremir study used to identify the
activities associated with the assessment of osgtional (safety) culture, health and
safety as well as management of health knowledgkirwthe organisation (Fig. 1).
Workplace health is determined by many factors s individual (person),
organisational and environmental level (Zwetsl@btal., 2010, Polanyi, et al., 2000)

461



and, therefore, it is essential to address alletHastors for effective managing of
workplace health.

w

o

E Safety Climate Dimensions

3 Person

w Situation | contexr Behaviour

w

wv A/sa'fety Management Sysle‘m\‘ Knowledge Behavioural Dimensions
Dimensions [ ORGANISATION |« JOB |

[ oRGANISATION | <> [ JoB |

[ PERSON |

el Knowledgeable Dimensions AN

| ORGANISATION | — | JOB

Figure 1. Reciprocal safety culture model (Jarvis, 2013;i3&val., 2014).

Additionally, SCT presents several determinants itidlude knowledge of health
risks and benefits of different health practicesicpived self-efficacy that one can
exercise control over one’s health habits, outcerpectations about the expected costs
and benefits for different health habits, the Heglbals people set for themselves and
the concrete plans and strategies for realisinmttend the perceived facilitators and
social and structural impediments to the changeg skeek.

Health promotion can be also seen as behaviourgiromthat focuses not only on
‘health’ concepts, but also on such psychosocialcepts as ‘attitude’, ‘activity’,
‘function’, and ‘behaviour’ (Holmqvist, 2009). Thimcludes sets of techniques of
gathering information about employees’ health agltblviour as well as of programs for
promotion of employees’ health and wellness, chamngimployees’ lifestyles and
behaviour according to organisation norms and wllieere are many human resource
management programs used in order to change engzopehaviour and decrease
health-related risks, which focus not only on emgpls’ physical and mental aspects
relevant to their job, but also on their individli&, including employees’ social life,
eating, drinking, smoking, sleeping habits, fithéSsnrad, 1987; Holmqgvist, 2009).
Holmqvist (2009) suggests that health promotionlmalso explained and seen as social
control by shaping employees’ attitudes and behawiédditionally, there is a need to
distinguish between health-programs that are irgdrtd prevent sickness and health,
and the others — to promote employees health througnaging their individual
behaviour (Holmaqvist, 2009). It is interesting tithe concept of WHP is viewed
differently in Europe and in the United States (ld8y Europe. For instance, in the US,
the WHP generally addresses the employees’ heattaviour and wellness and WHP
programs include healthy eating, physical actigjtismoking cessation and stress
management. At the same time, in Europe, the WHRIsiEs also on leadership,
organisation of work, physical and psychosocial kmenvironment (Zwetsloot et al.,
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2010), European Network for Workplace Health Praomt2007) and employees’
participation (Larsson, 2015).

Despite the growing interest in health and proditgtin the economic benefits of
workplace health management (De Greef et al., 200dpkke et al., 2008), only a few
studies (Sorensen, et al., 2005; Punnet et al9;2@0sson, 2015) have been focused on
occupational health and safety intervention anceh@ported how WHP is managed.
Kirsten (2010) claims that the number of organdsati that have implemented a
proactive and integrated approach to workplacetihésastill limited and therefore, more
in-depth empirical knowledge of how workplace hegtomotion (WHP) is managed
and integrated are needed (Larsson, 2015). Desmteeptual and empirical
justification, researchers have not consistenttjuiled concepts of WHP in ergonomics
and safety studies. Additionally, there is needxplore how various organisational
actors, and in particular senior managers and hugsource managers, describe WHP
management with specific attention to the undedstanof WHP as a broad approach,
including its relation to general management ofdtganisation (Larsson, 2015).

In the light of the above arguments, in the prestmdy we explore workplace
programs available in Estonian organisations tbattzne OHS — especially ergonomics
— with WHP, focusing on employees perceptions anghasising the contribution of
work organisation.

The objective of the study is to explore workplaealth protection and promotion
activities available in Estonian organisations smassess how ergonomic principles are
integrated with workplace health protection andhpotion within an organisation.

MATERIALS AND METHODS

The majority of previous studies on WHP have exgdoindividual-directed
interventions or the implementation of managemttdards for work-related stress as
well as the implementation of the WHP approach amlarge organisations (Mellor et
al., 2011; Mellor & Webster, 2013; Larsson, 201%5tsson with colleagues stated that
there is a need to investigate organisational a¢particular senior managers) and WHP
management with specific attention how it is intggd into the general management
system within an organisation. Based on the coralides above, we share Larsson’s
(2015) view and define WHP as a comprehensive liated approach combining work
organisation, work environment, personal practaresresources, and health behaviour
in order to maintain employees’ health, safety @et-being.

Data were collected during the period of Decemi#r52)January 2016 from a
questionnaire, semi-structured interviews with HRerspnnel and relevant
documentation analysis (i.e. risk assessment, ragtian related to WHP, proactive
hazard control and prevention, recommendations fsooupational health physicians,
training plan, relevant strategy and policy, naticsuthorities’ annual report, databases
etc.), which complement and verify the data coidaiuring the interviews.

The workplace health promotion (WHP) activities #eevaluated using a
guestionnaire of 36 items administrated to al (336) members (organisations) of the
Estonian Human Resource Management Associaticordier to measure management
health and safety priority, commitment, and compege health promotion incentive;
safety communication, training and learning, ergoits support and local initiative in
improving workplace health and safety. Altogeth& &rganisations fulfilled the
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guestionnaire and participated in the study. Thirita of the respondents were from
organisations operating in the private sector (68#6) from large organisations (68%)
located near the capital of Estonia. The analyses tbeen prepared using SPSS
Statistics 22.0.

To assess how ergonomic principles, workplace hgatbtection and promotion
are integrated into the OHS programs in Estonigamisations eight semi-structured
face-to-face interviews with HR personnel were ecmted. The sample was formed
from organisations with the best practices of WHRI a&rgonomic interventions
according to the results from Estonian CompetitiBast Work-Related Practices’,
based on an evaluation by Labour Inspectoratemflsi random sample was selected
from those organisations based on the followingeds: best practice in WHP and
ergonomics, different sizes and operational fieldshe qualitative part, the focus was
on the interview guide incorporating a series tdvant themes to be covered during the
interview to help direct the conversation. The obje of the interview was to build up
a picture that would take into account not only HMMP is organised, implemented,
maintained and integrated with ergonomic principlagt also how health promotion
goals and practices are realised practically asgenisational value, how managers and
employees value their safety and health, if healimagement is valued and supported
by top management and how HR personnel viewed thidrin the improvement of
safety culture. The interviews were conducted ito&ian language. Each interview
lasted for one hour on average and was carefultprded, fully transcribed and
analysed. We used conventional content analysis &salysis started with reading all
data repeatedly to achieve impression and obtaenae of the whole. Then, we read
data word by word to derive codes by first highligh the exact words from the text
that appear to capture key thoughts or concepteryEeffort was made to protect
privacy, confidentiality, and anonymity of individis and organisations participating in
this study.

RESULTS AND DISCUSSION

The data reveal key issues in occupational health safety interventions and
workplace health promotion (WHP) programs in Estardrganisations. The results will
be presented as follows: first, the main resutismfthe questionnaire covering different
workplace intervention programs that combine WHIE angonomics are described,
second, the main findings from the interviews witiman resource (HR) managers from
organisations with the best WHP practices are ptede

Workplace health promotion programs and activitiesavailable in Estonian
organisations

Results from the current study reveal that 80.4%h@brganisations (questionnaire
study) and all eight organisations (interviewindjeo health and safety promoting
activities for their employees more than is reqiiiog relevant law.

Ergonomic support activities are integrated inte tverall system of WHP. In
practice, the management of WHP was reported a&lgidinked to fitness programs,
which focus on providing physical exercise and othealthy lifestyle activities for
employees (e.g bicycle parking, sports clubs, lgikimaining etc). According to the
survey only two people of 56 participants answehedquestion ‘What are the options
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of fithess support in your organisation?’ thathirit organisation physical activities are
not supported and four people answered that they nat using listed options.
Additionally, these results are in a line with poeis research carried out by Estonian
National Institute of Health Development in 2014ere the most common form of
WHP activities was physical exercise.

The rest of the answers were divided (the percentagresents the percentage of
56 respondents) as shown by the table (Table bpbel

Table 1.Responses to the question ‘Which opportunities adfered to employees in your
organisation to support physical activities?’

The number %

Opportunities to support physical activities of responses of responses

Enabling bicycle parking 37 66.1
Cooperation with sports clubs and other sportsiders 30 53.6
The exercise and sports participation in the seniesupported 28 50
Support will be given a one-off exercise and spparicipation 27 48.2

in events

The thematic information in the internal web andrdarmation 22 39.3
stand

Organising motion event 21 37.5
Thematic training courses, supervised training wiggion 15 26.8
Fitness facilities accessible for employees 14 25.0
Organisation of trainings in the workplace 10 17.9
Support will purchase training equipment (sportsigepent, 10 17.9
shirts, suits, shoes, etc.)

Exercise and sports events advertising intermexfiati 10 17.9
The organisation its own fitness club 6 10.7
Mobility consultancy 6 10.7
Participation in campaigns and trainings 6 10.7
Movement advisor (-consultant) service 2 3.6
Purchase of thematic publications, literature arfidrmation 2 3.6
materials

Other 10 17.9

Several of the listed activities as fitness faeititaccessible for the workplace
organisation of trainings in the workplace, theamigation its own fitness club and
movement advisor are related to the ergonomics.

In addition to the list of survey respondents heckived replies to the note more
health enhancing activities offered by organisaiorhe list (Tables 1, 2) includes a
number of activities supporting ergonomics thadvadl us to say that ergonomics is part
of the health promotion.
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Table 2.Responses to the question ‘What are the othereaffepportunities to support health in
your organisation’

Offered opportunities to support health Frequency frérn 56
Health services available (massage, gymnasticsnsivig 32 57.1
pool service, etc.)

Property to vaccination 24 42.9
Donor days 18 32.1
Health-related training courses and seminars 12 4 21.
Regular series (Health-Month, Health Week, etc.) 12 21.4
Body composition measurements (eg, the percentiaigt) o 10 17.9
Health information and training, and consultingspecific 8 14.3
issues, among other things, to prevent injuries

Bone density measurements 1 1.8
Not for use in listed optiol 8 14.3
Other 0 0

The spectrum of health promotion activities is vdiyerse in organisations that
participated in the interviews. Out of the actedtiwhich are represented in all of the
organisations best practice has been gained frommom summer days, where
intentionally added elements are related to hgaitimotion. In all the interviewed
organisations sports activities (like fitness fiieis, cooperating with sports clubs) are
supported. Areas, directly related to ergonomid¢spperation as well as employer's
support differ. In three of the organisations syege the ergonomics is particularly
important. Partners who provide suitable furnitare included, seat balls are purchased,
which contribute to the acquisition of ergonomiolo In two organisations, there are
mobilised climbing walls, where employees are ablstretch during rest period.

Key issues in WHP management in Estonian organisains

Leadership and management support to WHP

The study found a correlation between the resultsch showed a statistically
significant levelo = 0.01 between variable ‘available physical atihgi for employees’
and ‘what support is provided to WHP by managemératings were given on a scale
from 1 (very low) up to 10 (high).

Based on the results of the questionnaire studramg relationship was found
between management’s commitment and support préuiaidealth promotion in the
organisation (questions 41-51) and support for fitreess program and physical
activities offered for employees. The correlatietationship (r = 0.477) is of medium-
strength and positive. Based on the results, iteaargued that the wider the variety of
opportunities for their physical exercising anddits programs offered to the employees
by the organisation, the higher assessment scose wgiven by respondents to
management support and commitment to WHP.

There is also a positive medium-strength (r = O)48drrelation relationship
between the answers to the questiddee's your organisation carry out activities to
promote employees' health@d What is management's support for health promotion
in your organisation?'The more activities are implemented within an aigation
(different employees’ survey / health checks etbg,higher scores were gained in the
assessment of management involvement and activities
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Almost half of the questionnaire respondents (48éforted that WHP is the
organisation's policy and there are policy docusmenpporting WHP. The reason why
organisations started to deal with employees’ WiKHRclear — in order to ensure
employees’ health, wellbeing and safety; and tlea mas initiated by senior managers
(35%) and more than half of the respondents (55%G¢d that employers wishes and
recommendations are generally accepted. Theresigraficant difference between
organisations in the public sector and in the pe\sector regarding an initiator of the
WHP (12% in the public sector and 45% in privatenpanies initiator are made by
senior managers). Respondents stated that manatgesugport is valued and perceived
and it created above average in all organisatibigs ). The maximum management
contribution was perceived by 14.3% of the respaotsle

However, the support of senior managers of pricat@panies is more obvious
than that in the public sector.
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Figure 2. Responses to the question ‘Please, assess the enaewts support for health
promotion in your organisation’. (Assessments wgven in Likert scale, where 1 = very small
and 10 = very high).

In the investigated organisations WHP activitiesreveelated to the general
management system. Most of the interviewees sthstdhey could not provide specific
documents but the fact why dealing with health mtom already supports the
management and is based on organisation's goasscdinfirmed in the interviewees'
answers:

‘...The documentation does not have a direct assoniab health promotion but
there are certain amounts in the budget considéred.

‘...We have a flat structure. Everybody includingisemanagement is involved in
ideas.’

‘...A lot is related to the management's expectatams values. If management
does not value you cannot do anything.’

Results of our study support that good leadershipeanployer’s commitment to
health and safety are essential for developmetteafth promoting leadership, what
based on organisational goals and management t(Enksson et al., 2011).
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Based on the result from the current study, weomartlude that human resource
personnel are responsible for the WHP programscaonddinate relevant activities in
Estonian organisations (Fig. 3).

25 23
20
15

10

number of respondents

Other (e.g. safety Human Resources Human Resources Training Specialist
manager), Manager Specialist

work position

Figure 3. Responses to the question: ‘Who is dealing andoresple for WHP programs and
activities?’

These findings are confirmed by the results frore tjuality study in the
organisations with ‘Best Workplace Practices’ awatd all eight interviewed
organisations, WHP programs and related activities also coordinated by human
resource (HR) managers and HR personnel. Addilypnaklfety manager /work
environment specialist and middle managers asagseimployees’ representatives are
also involved in the implementation of WHP measu@se HR manager commented:

‘...A healthy mind in a healthy body! Therefore, H&spnnel feel constant
pressure to offer some WHP and safety activitiegiigployees and to encourage them
to participate in WHP programs provided by the eogpt...’

Even though the health safety issue may not b&utheesponsibility of HR, it is a
common practice in Estonian organisations (esggdralSMES) that a safety manager
belongs to the HR department or the HR manageitsfidtiditional tasks as a safety
manager and deals with health and safety issuess&a(2015) declared that in general,
middle managers and the head of the departmentwittaWHP and are involved in
inspiring individual employees to participate in \R'grograms.

The current research revealed several importamtebsto the uptake of health
promotion: lack of financial resources (43%), lamkpersonnel interested in health
promotion (this is the main problem in the publiganisations); lack of time and
knowledge about health management and possiblemet; lack of willingness among
personnel to participate in some health promotidividies. These results are similar to
those reported by Armstrong with colleagues (200@)addition, the well-known
reasons are: lack of resources and expertise,ofskills and knowledge and lack of
evaluation data, mutual mistrust between lack aflation data (Armstrong et al.,
2007).
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Health and safety behaviour, employees’ participatin and management of
health knowledge within the organisation

Based on the theory and previous studies, we eam that attitude, behaviour and
health knowledge (both employee and managemeng) &aignificant impact on health
promotion within the organisation (Taylor, 2011).

It is important for the management of health anigtgahow senior managers
understand, perceive and expand the term ‘heattingtion’. Different research sources
define WHP from different points of view and thisllvdepend on the attitudes and
values. Interpretations of the term ‘health promwtivaried during the interviews, but
the idea and the goal of WHP were common, integgatioth ergonomics and general
occupational health and safety in order to ensomgl@yees’ health and safety. One of
the HR managers stated:

‘... Health promotion also includes ergonomic imentions, for example, new job
methods and equipment ...’

Based on our results, it is possible to clamsithagstigated organisations are aware
of the main values that contribute to health praomoand protection at the workplace.
For those organisations, OSH means more thanquasing on formal issues required
by the relevant legislation. The main focus on jdaisand psychological wellbeing of
the employees, preventing them from harm by pagitgntion to behavioural aspects,
and social and cultural processes within an orgaiois.

Most of the activities were provided both duringlafter working hours and these
activities were seen from a social perspectiverieioto ensure better communication,
job satisfaction and social climate within an origation. WHP is commonly seen as an
important factor how an employer can contributehbiat the employees’ individual
health and well-being. Health and safety as a vahgethe top management commitment
to healthy workplace and health behaviour are #e flactors for an effective WHP
program as well as employees’ involvement to pgdie in WHP activities (61%).
Those results are in accordance with the opinioasdarchers (Holmqvist, 2009; Lapina
et al., 2014; Torp & Vinje, 2014; Larsson, 2015poshave also reported that WHP is
as corporate social control of employees’ behawemar a part of social responsibility of
an organisation.

Involvement and activities will become possibleyomthen people themselves
value their health. Based on the results of theegucan be argued that the staff of the
health promotion and the profession itself valwg@rthealth. The majority of respondents
96.5% (Table 3) consider their health very imparemd 28.6% consider it of average
importance.

Health promotion essentially depends on the empyeand management
knowledge of health risks and benefits of differéetlth practices. Perceived self-
efficacy that one can exercise control over ongalth habits, outcome expectations
about the expected costs and benefits for diffdneatth habits, the health goals people
set for themselves and the concrete plans andcegieat for realising them, and the
perceived facilitators and social and structurgdéaiments to the changes they seek.

In best practices it is clearly seen that the egg®e are involved in the awareness-
raising process.
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Table 3.Responses to the question: ‘How important is yaaith to you?’

Frequency Percent Valid Percent Cumulative Percent
On average, an important — 16 28.6 28.6 28.6
sometimes | remember,
then | will do something

Very important — | mean, 38 67.9 67.9 96.5

| keep and handle

Other (Health is important. No 1 1.8 1.8 98.3
special tricks and efforts do not d¢

Missing 1 1.8 1.8 100.0
Total 56 100.0 100.0

Organisations employing best practices health ptimmads part of the culture of
the organisation. Thus, four of the eight in thenederms stated outright that

‘...Health promotion is linked to the organisationidture’

‘...When asked why it made these activities, theyregms that they fit the
organisation’

‘...So historically. It is this that is suitable ftre organisation's activities’

Also, in Schaefer's study worksite health promotiamges from keeping the
employees health (38.2%) to worksite health proomotis part of the business culture
(9.1%). 81.1% of the companies considered theivicin worksite health promotion
to be successful. Those companies that did noteimght any activities for worksite
health promotion, as a prime reason, state that hlage not thought about it as yet
(44.0%). (Schaefer et al., 2015)

In most of the organisations who had the best essthealth promotion has an
important part in the process of socialisationhef staff.

‘...Synergy and flap are important’

‘...The goal is the reduction of labour turnover.dddition to the normal, to do
something different’

When asked what is being done to ensure healthgiromas a continuous process,
all of the interviewees answered (though differ@otding but similar in spirit) that
health does not consist of single projects ands inot done through a campaign.
Monitored through satisfaction surveys, employeeveys and feedback, which is
important, and according to that the health-relatetdities will be developed.

‘...Health promotion is an ongoing process’

‘...Nothing will be done only after the campaign’

Based on the interviews it could be argued thiatvery important how employees
feel about their own health.

‘...if employees do not care about their own hedi#ytcan’t be involved in health
promotion’

Substantial part of the activities that had beemedweas training and counselling as
well as the support of knowledge sharing.

Views on what could constitute ‘regularly informirgtaff about OSH differed,
from providing information on an intranet to didgchotifying staff via email or at
meetings. In order to be effective, WHP programsugh address organisational
conditions in addition to individual behavioursnieans that employees’ involvement
in decision making about work processes and empklyempowering, promotion
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learning, reward appropriately and attendees &opetrsonal relationships are crucial for
successful and effective health promotion and ptime programs including ergonomic
principles. Punnet et al. (2009) claim that anctfee occupational ergonomics program
must address organisational features such as inegaty, decision latitude, task design,
quality of supervision, work scheduling, understeff division of labour among
employees and between people and machines.

Based on the research conducted by the HR st&§tainia, it can be argued that
WHP management with specific attention to the ustdeding of WHP as a broad
approach. When an organisation deals with OHS pixedy or/and establishes a
voluntary OHS management system, it is generalipggtemented by WHP practices,
focusing on not only occupational risk reductionl gafety, but also on positive factors
in the work environment (e.g. employees’ involvelriarhealth and safety activities).

CONCLUSIONS

A healthy and vital workforce is an asset to anyanisation. Workplace health
management and health promotion become increagielglyant for organisations. This
paper explores WHP programs available in Estonisgarosations, how WHP is
managed in eight organisations. The results from gdtatistical analysis of WHP
guestionnaires show that many organisations hatstamaing programs and positive
employers’ perceptions and attitudes towards hgatitmotion. The results demonstrate
that WHP programs vary depending on the health ps&file, position and
organisational culture. These programs include gdneealth-related initiatives that
intend to promote and increase physical exerciskiaprove eating habits, reduce
smoking, and manage stress. However, the managesh&HP was dominated by
fithess programs (physical exercise), healthy kaldcusing on individual health
behaviour. At the same time, factors related tokwamganisation, work environment
and, in particular, to ergonomics, were found toeree less attention. However,
gualitative data indicate some important aspectheadlth promotion and drawing
attention to contextual variables in the developnodisafety management systems and
improving the integration of ergonomic principleghwworkplace health protection and
promotion. In this study we described WHP programisstonian organisations. Based
on the results of the study, it can be argued ¢hgdnomics is not generally seen as
separately stated activities, but it is a parthef health promotion and protection in the
investigated organisations. An employer can eshblconditions and provide
opportunities as well as resources for WHP andrengiics interventions, which can
help an employee to stay healthy and, thus, ersuabty of life, well-being, and the
work ability of employees. This study demonstratieat WHP is successful in those
organisations where health promotion and ergondmrventions are management
topics and integrated into the safety managemesiesy WHP also has an important
role in an organisation’s motivation programs, erges work efficiency, and affects the
labour flow and safety behaviour. These resultecatd the need for further research in
order to explore best practices of incorporatiolMP into safety management system
as part of general management system. The studgrespNVHP programs in Estonian
organisations in order to highlight the possil@ktiof integration them with ergonomic
principles as well as safety management systemstie personnel manager’s point of
view. The study shows that possible barriers ferithplementation of health promotion
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programs are as follows: lack of management supgadt commitment and lack of
relevant knowledge. The main contribution of thedgtis providing the conceptual
clarification on incorporated health promotion druav it complements an occupational
safety management system and showing its posditdet @n employees’ health and
safety behaviour and on knowledge exchange.

We emphasise the importance of work organisatiod health and safety
interventions in maintaining employees’ healthesatind wellbeing. It is essential for
the established workplace health promotion prog@tmave a fully integrated part of
safety management system in the organisation angogees’ health and healthy
behaviour must be recognised, acknowledged andapaged.
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Abstract. The scope of the study was to evaluate produgtdfitsmall size forest machines in
early thinning, as well as to identify opportunitii® use this technology to Latvia. The study was
implemented in Sweden using Vimek 404 T5 harvesterVimek 610 forwarder. The machines
were driven by experienced operators; harvesting and forwarding methods were adopted to the
operators' experience. Time studies were donedmy t&f researchers from Latvian State forest
Research Institute 'Silava'. The study demonstithi@dvimek 404 T5 harvester has considerable
advantages in compare to conventional forest machino produce limited number of
assortments like biofuel or mixture of pulpwood ddfuel in early thinning. Annual capacity
of a single harvester working in one shift is 8@0dr 25,000 fy however, application of the
machine is limited — it might not work efficiently commercial thinning in Latvia due to large
number of assortments required by customers, drasitimited possibilities of utilization during
seasonal restrictions of forest operations. Pradticiof Vimek 610 forwarder is comparable
with conventional middle size forwarders; however, it becomes less beneficial with increase of
forwarding distance. Prime cost of biomass, inalgdiarvesting, forwarding and road transport
to a 50 km distance is 14.3 EUR®nHourly cost of Vimek 404 T5 and 610 is similai26—

28 EUR ht.

Key words: Vimek 404 T5, Vimek 610, early thinning, produdtyv
INTRODUCTION

Demand for woody biomass as renewable materidiydivtg small dimension logs,
as well as biomass is expected to rise in futdaream be supplied both by increasing
planted areas of fast-growing tsemd their hybrids (Jansons et al., 2014; 2013) and by
more efficient extraction of wood in forest thinginperations (Lazds & Thor, 2009).
To increase the output of biomass from small size harvesting operations, specialized
forest machinery including small harvesters andavéoders is of crucial importance
(Spinelli et al., 2010; Spinelli & Magagnotti, 2010).

Vimek 404 T5 harvester is one of the smallest Bgnmoduced forest harvesters
having at least twice smaller price than convemtidsmall-size' harvesters like John
Deere 1070 or Ponsse Beaver, which are currerglynibst common machines in forest
thinning in Latvia (Bimanis & Lazdi$, 2012). Another benefit of the Vimek harvester
is low fuel consumption and maintenance costs (bengl 2013; Vimek 2013).
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Vimek 404 T5 harvester is equipped Keto Forstrigllhead (newer models are
equipped with Keto Forst Silver felling head), whis suitable for processing of small
trees using accumulating function. A weight of teling head is 300 kg and it can
process trees with diameter of up to 30 cm. Corstystem (produced by Motomit) of
the felling head is automated and it is compatitith the StanForD-standard and can
be used in Joint stock company 'Latvia state feteltis possible to equip the felling
head with stump treatment spreader. The harvestebe also equipped with other small
size felling heads or guillotine heads to adopt mhechine for specific operations.
Ellipsoidal cutting bar improves performance of tiheachine in early thinning and
cleaning of undergrowth (Lundberg, 2013a).

A drawback of the small felig head is ability to delimb trees in one direction only;
respectively, if the operation should be repeaéedpperator has to put the tree down,
turn the felling head by 180 °, grip the tree agaid repeat delimbing or to move tree
back through feed rollers with open delimbing ksife repeat delimbing. Both options
require additional time (Lazg et al., 2015).

Harvester is equipped with CAT C2.2T engine (44 kbota V2003T in earlier
versions). Width of the machine is 1.8 m or 2.18wvider tires suitable for low baring
soils), length — 3.35 m, clearance — 40 cm. Reapht of the MOWI 2046 crane is 4.6
m. Weight of the machine is 4400 kg. Fuel consuompis only 4 L per hour. A serial
production of the machine was started nearly 15syago, in 2001 (Vimek 2013).

There are few offers of Vimek harvesters in theoedchand market, price of the
second hand machines varies from 110,000 to 14%&QW® which is close to a price of
new machines. There are no Vimek harvesters opgrati forest in Baltic states
(Demonste ‘Vimek 610 BioCombi’).

The Vimek 610 forwarder is not unique in it's classwever, it's one of the few
machines of this kind produced serially. The foreairis equipped with the same engine
as harvester, front tires of the forwarder arehslygbigger and rear tires are smaller than
of the harvester. Clearance of the machine isi#tength 6.8 m; loading area 1.65 n?;
height — 1.97%n; load capacity — 5,000 kg, own weight — 4,7®@; a reach length of
MOWI P25 crane is 5.2 m at maximum capacity of B§@Lundberg, 2013b).

The forwarder grip is supplied with 'tilt' functipwhich is necessary to transport
trees by crane in vertical position securing sigaiftly smaller damages to the
remaining trees. Rear axle has mechanically drirem between tires securing better
performance on slopes and low bearing capacitg ¢bilndberg, 2013b).

There is only one operating Vimek 606 forwardelLatvia, availability of the
machines in the second hand market is limited.ePoicthe second hand machines is
75,000 to 91,000 EUR depending from conditionscd’of new machines is about
110,000 EUR.

The regulations in Latvia formally do not permieusd small machinery like Vimek
404 harvester and Vimek 610 forwarder in thinning do limitations of area of strip-
roads. According to the Latvian legislation it et exceed 20% of the stand area. The
small-size machinery makes up to 2.5 m wide sogds (technological corridor) every
10 meters (using the maximum extension of the grangractice operators do not use
the maximum extension of the crane and the distéeteeen the corridors is even
smaller. In Sweden, the strip-roads made by snedl{zarvesters and forwarders are not
considered as corridors because no trees of thindatrspecies should be extracted to
make these reads, i.e. the limitation of 20% ofgtad area is not applied on small
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machines. According to Swedish regulations the glaat stand under the narrow strip-
roads is considered as properly tended and notasidor.

The scope of the study was to obtain informationpoosductivity of the Vimek
harvester and forwarder in a conventional cond#jevhere the operators can apply the
work methods they are used to, and to identifypibtential issues and their solutions if
the machines are utilized in Latvia; particularly, in relation to bucking orders and
limitations of area of the strip-roads.

MATERIALS AND METHODS

Researchers from the LSFRI Silava took part in tshelies of Vimek 404T6
harvester and Vimek 610 forwarder in Sweden inbginning of 2015 (the last week
of February). The trial was organized by the Vinoeknpany with support of Urban
Lundstrom, sales manager of the company, who ctatslatvian researchers during
the trials and shared experience about the udeeofrhall-size machinery in Sweden.
The issues relating to forestry and quality requizats in Sweden were explained by
the manager of the logging company providing mashiior the trials.

The operators participating in the trials were eigreed with the type of operation
(early thinning), but less experienced with the hiiaes — they used to work before with
John Deere 1070 harvester and John Deere 810 ftewar

The work time was accounted using shock- and huyardsistant field computer
Allegro CX with time tracking software SDI. Durirtauling the driving speed of the
forwarder was determined using GPS measuremertigwite SDI software.

The time studies did not include accounting of fe@misumption, and the average
figures provided by the manufacturer's were usée. Work time of the harvester was
matched with accounting of the engine hours, he.time study was stopped when the
engine was switched off and resumed when the engasestarted again.

The time study of thinning was done during onetgbeir day. The duration of a
shift was 8-12 hours. The consumption of work tiwvaes determined per every crane
cycle recording at the same time the average demmoéthe gripped trees (at the cutting
height visually) and quantity of trees processaccpene cycle. The work time elements
are shown in Table 1). Volume of every load forveatdo roadside were estimated by
the operator.

Produced biomass was calculated using biomass sipafactors specified for
Sweden and validated by the harvester accountistgrsy(Marklund, 1988).

The air temperature during the tests was 3-8 °@guaiaytime and -2—0 °C during
night-time. On 23 February there were small préaijmns (10 mm per day). During
other days the weather conditions were optimaldidahot affect the productivity.

The study was implemented in 2 spruce stands tyfuicaelayed pre-commercial
thinning in Sweden according to the machine opesaithe stands were surveyed before
and after the operations, including assessmenthioining quality and the stand
parameters (diameter and height of trees in cir@ample plots). Circular sample plots
of 50 nt area were equally distributed across the thinmed and at least 100 trees per
ha were measured (species, diameter and heighdoott 40% of trees) in the sample
plots. Damages of remaining trees were accountedssiche whole stands after
harvesting and forwarding to separate impact df lnachines.
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Table 1.Work time elements in harvesting and forwarding

Harvesting Forwarding
Category Explanation Category Explanation
Informative work cycle number Informativearious notes
fields fields
average diameter of gripped Productive driving to stand
trees d1.3, mm work time
qty. of gripped trees reaching logs when loading
felled half-trunks gripping logs when loading
various notes loading logs in the bunk
Productive reaching tree arranging logs in bunk
work time  time for gripping tree driving during loading
cutting tree putting logs and slash into strip-road
drawing the trunk and placing driving out of stand
in the assortment stack
clearing the undergrowth reaching log when unlogdin
bucking the tree
time consumed to enter the unloading logs — from gripping till
stand releasing in the yard
time consumed to exit the stand gripping logs when unloading
other non-standard operations moving when unloading
activities not related to work other work-relatguboations
Non- Non- activities not related to work
productive productive
time time

RESULTS AND DISCUSSION

The average tree diameter in Stand 1 increased3réram to 10.3 and in Stand 2
— from 10.9 cm to12.1 cm due to thinning (TablesSp, the remaining basal area
decreased to 17 and 23 ha, respectively. According to the measurement daga t
felled volume in Stantl was 73riha* and in Stand 2-89Hia’ (Table 4).

Table 2.Stand characteristics before thinning

Stand Number of Diameter, cm Height, m Growing stoclBasal area, m?
trees per ha m3 hat hat

1 3,625 9.7 10.6 188 27

2 3,500 10.9 13.6 295 33

Table 3.Characterisation of the stands after thinning

Stand Number of  Average tree Average tree Trunk volume, Basal area,
trees ha diameter, cm height, m m?® hat m? hat

1 2,025 10.3 10.9 115 17

2 2,000 12.1 14.3 206 23

Table 4.Parameters of extracted trees

Stand Number of tree hat Trunk volume, mha? Basal area, frhat
1 1,600 73 10
2 1,500 89 10
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The number of trees remaining in the stands dffiening is comparatively high
(both, according the Swedish and Latvian standaRsyommended thinning intensity
in the experimental stands would be to extractt&®&s hd more so that remaining
number of trees i$,500 trees hiin both stands.

Most of the trees in the stands after the thin@irgg9—12Zm thick; the proportion
of the trees with diameter below 8.1 cm after therting does not exceed 10% (Fig. 1).
The largest reduction during thinning took placeélismeter group 5-8 cm.

W After operations = Before thinning
25%

20%

15%

10%

5% I I

- I Lis.
5 6 8 9 10 11 12 13 14 15 16 17

3 4 7 18

Number of trees

Diameter at 1.3 m height, cm
Figure 1. Distribution of the numbers of trees by diametasssks.

The time studies of the harvester and forwarder continued 3 days; the forwarder
started to operate with delay of 2 days. The mbsteowork time was used to delimbing
and bucking operations (Fig); driving in and out from the stand, as well as the work
cycles that did not resulted in produced logs 9%k of the work time (the time when
the engine was on). Bucking, delimbing and drivimgtand altogether consumed 66%
of the productive time.

Trees with diameter above 8 cm dominated in ex@thadtock (Fig. 3). Their
proportion in the number of the felled trees wa$4@nd their volume was 85 % of the
produced roundwood and biofuel. Operator avoidedutotrees with diameter below
8 cm; however, considering the high initial density, it was impossible to fully avoid
cutting of small trees.

The diameter distribution of the extracted tregmificantly differs from similar
tests in Latvia (Lazdins et al., 2013; Lazdins et al., 2014; Liepins et al., 2015), where the
most of the trees extracted in early thinning héreeneter below 8 cm. The reasons for
the difference are influence of the undergrowthicWins extracted to improve visibility
and accessibility, and considerably higher numidetyjpes of the assortments to be
produced in thinning in Latvia. Swedish experierfoeduction of the number of
assortments) can provide solution for this probleawever productivity and economic
consequences of the optimisation of the assortrmsimtecture should be evaluated in
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further studies. Another Swedish experience to edpa Latvia is getting switching to
variable length of logs (2.2-5.5 m for pulpwood@fuel logs).

Reach tree 10%

Locate head 2%

Drive in stand 29%
Cut tree 8%

Drive out 3%

"~ Drivein 2%

Other operations 5%

Delimb tree 37%
Place assortment 5%

Figure 2. Distribution of work time elements in the total dtion.
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9 10 11 12 13 14 15 16 17 18 19 20 21 22 34
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I

N

Diameter, cm

Figure 3. Distribution of the number of felled trees by diaere

On average, in 5.3 hof roundwood and biofuel was produced during dpotive
work hour (Table 5). The efficient work time (warkcles resulting with logs) was 94 %
of the planned work time. Productivity increasehwgrowth of diameter of extracted
trees (Fig4); but number of threes processed per productive hour decreases with
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increase of the diameter, reaching 124 trees pedugtive hour at 8 cm diameter
(Fig. 5).

Table 5. Summary of productivity figures of harvesting

Stand Productivity, Productivity,
m?® per productive work hour m?® per planned work hour
1 5.494 5.287
2 4.783 4.638
On average 5.312 5.122
20
18 L

2 16 f(x) = 0.29742 x71.24747 Ld
o R = 0.91094
2 14 . S
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Figure 4. Harvesting productivity (fhper direct work hour) depending from diametereét
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Figure 5. Harvesting productivity (trees per direct work hodepending from diameter of tree.
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Productivity of forwarding is shown in Table 6, structure of work elements — in
Fig. 6. Loading and unloading time is comparable results obtained in Latvia in trials in
similar conditions with heavier machines like John Deere 810D. Driving speed of the
Vimek forwarder is considerably smaller (Lupikis et al., 2014).

Table 6. Summary of forwarding productivity

Productivity of loading in, Productivity of loading out, ~ Productive time  Average driving
m? per productive work m? per productive work hour  from total time speed, m min’!
hour

17.9 56.1 99% 22.7

. . f Oth ti
Drive while load in \ er operations Prepare road Reach log while

5.
12.2% ‘ 0.2% loading out
52%

Locate head while
__loading out
1.6%
Other
42.4% Load out

Drive in 9.8%

15.8%
Locate head Reach Drive while _’ \_Arrange while

while loading in Ioi‘:;i['" loading out loading out
34% 270 1.0% 0.6%

Arrange load
while loading in
51%

Figure 6. Structure of work elements in forwarding.

Productive time consumption per load, excluding driving, in trials was 23 min.
including 17 min. for loading and 5 min. for unloading, average load was 5 m’.

CONCLUSIONS

1. The productivity figures of harvesting obtained in early thinning in Sweden are
at least twice better than the results of similar trials in Latvia. High productivity is result
of better work methods (time spent to cut undergrowth trees is negligible); simple
structure of roundwood and biofuel assortments in Sweden (not more than 3 types of
logs are produced in early thinning, variable length of logs is accepted, all the types of
logs are piled in one stack in a stand); optimal choice of work method that makes it
possible to make a free network of strip-roads adjusting the pathway of harvester to the
actual structure of stand.

2. Damages to the remaining trees and soil in the trials in Sweden were far below
the thresholds according to Latvian regulations. The forwarder operator had no problems
hauling even 5 m long logs following the path of the harvester. It is important to use this
combination of machines in early thinning and not the Vimek harvester and a larger
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forwarder or vice versa, as the benefits come ftbe use of the combination of
particular harvester and forwarder.

3. The revenues from the sale of timber from thinnisghg Vimek machine set
cover the production costs if the diameter of agereut tree is at least 6 cm if biofuel is
delivered as partially delimbed small logs andeast 5 cm if wood chips are delivered
to customer. The work conditions are optimal imdsawhere the diameter average cut
tree is 8-10 cm. In stands with larger trees, itipadar in fertile forest types, the
productivity is hindered by the increasing time samption for delimbing.

4. The harvester's measurement system makes it podsitaccount the timber
according to the requirements of Joint stock company ‘Latvia state forests’;
consequently, there are no organisational obstdolassing this set of machines in
thinning and other logging works in the state ftges

ACKNOWLEDGEMENTS. The study was done within the peoof the Forest Competence
Centre project No. L-KC-11-0004.
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Abstract. The segmented capacitance sensor (SCS) is developéioe purpose of material
throughput measurement. SCS can be used in pagigzilture (e.g. yield maps creation) or for
controlling of mass flow in stationary lines. Tteensor is a compromise between simple
capacitance throughput sensor which has been gmablat the Department of Agricultural
Machines Faculty of Engineering of Czech UniversifyLife Sciences Prague and electrical
capacitance tomography sensor. The SCS consisgtedfottom plate (bottom electrode) and
several upper electrodes which are placed paaeVe the bottom plate. The upper electrodes
are sometimes called segments of an upper plagebdtiom plate is undivided and it is assumed
that it will be stored under measured material. iluthe measurement process the electric
capacitance between one upper electrode and ttenbplate is measured every time. The sensor
should be able to determine the distribution oferiat between upper electrodes and the bottom
plate. This paper presents the algorithm of invprsélem solution. The algorithm was tested in
two phases. The testing during the first phase dase via mathematical model which was
presented in previous papers. Results show thaptbsented algorithm can be used for the
inverse problem solution. For the purpose of tteord testing phase a simple SCS was made.
Electrical capacitances were measured by precige n@ter. In the second testing phase, the
inverse problem algorithm was tested using theadlgtmeasured data.

Key words: finite element method, inverse problem, electricapacitance tomography,
electrical field.

INTRODUCTION

Material throughput measurement sensors are ausafyl tool, both in the field
of precision agriculture and other areas. Thioied by authors such as Kumhéala et al.
(2013) or Jadhav et al. (2014). Stafford et al.9@)9 Savoie et al. (2002) and also
Kumhala et al. (2009; 2010; 2013) have developatl tasted different capacitance
sensors for the material throughput measuremenplaft material. The authors
presented the advantages as: non-contact measuresi@ple mounting on the
machine, simplicity of the sensor, and low coste Tirentioned papers also confirmed
the perspective of capacitance throughput sensors.

Kumhéla et al. (2009) described the filling theofythe capacitance throughput
sensor. It is very important that the capacitarfcg sensor depends on the distribution
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of material between its plates. Nevertheless, itlhele capacitance throughput sensors
cannot provide information about material distribat This fact can produce significant
errors. The problem can be resolved with an elsdtdapacitance tomography (ECT).
ECT is based on multiple capacitance measuremetfiea$ensing area. Usually ECT
sensors are composed of 8-14 electrodes. This mians28-120 independent
capacitance measurements are obtained. The prablémt capacitance changes are
very small and they have to be measured in a leagge. For example Yang (2010)
presents values of capacitance change betweelR thDf1 pF. This author also suggests
that measurement accuracy should be about 0.0hdMetter. It is evident that ECT
sensors are very complicated devices and for soppications (e.g. throughput
measurement) a simpler device can be used. Anesiteg possibility can be the
segmented capacitance sensor (SCS). The idea oh&8€8Iready been described in
several papers e.g. Kumhala et al. (2012), Lel. ¢2@13a; 2015). The SCS consists of
the bottom plate (bottom electrode) and severaéupfectrodes that are placed parallel
above the bottom plate. The upper electrodes anetimes called segments of an upper
plate. The number of measuring upper electrodeseegponds with the number of
obtained signals. This is a fundamental differeffoen ECT sensors, which usually
produce many more output signals. It is thus necgs® use a different approach
towards the solution of the inverse problem.

Yang & Peng (2003) have compared the known metlodbd®lving the inverse
problem for ECT. This process the mentioned authalisimage reconstruction’. The
authors highlight a method based on the Landweégation that displays qualitatively
the best results. This method was tested also @& I§Q ev et al. (2012). However, it
has been shown that the SCS provides too few ositnls for the use of this algorithm.
It has also emerged that it is possible to detezrrefatively well the horizontal position
of the sample in the imaging region, but the deireation of the vertical position is very
difficult. This is probably due to the spatial argement of SCS.

Algorithms used by ECT assume a completely randstniloution of the material
in the imaging area. However, in many applicatibean be assumed that the examined
material forms only the layer, which could be repl& by a polygonal line specifying
the boundary between the material and the air. paper tests the method of inverse
problem solution based on this approach

MATERIALS AND METHODS

For the purpose of the experiment there was assehabtesting SCS. The sensor
had 8 measuring upper electrodes that were evpabyesl in the upper part of the frame.
The distance between upper electrodes and thenbqi@e was 100 mm, the sensing
area was 360 mm in width and 400 mm in depth. Baehasuring electrode was 40 mm
wide and 400 mm long. Gaps between the upper etbetrwere 5 mm. Dimensions of
the bottom electrode were 360 mm in width and 4@0 im length. The frame of the
sensor was made from phenolic paper sheet plat@dp). The thickness of the side
walls was 20 mm and the thickness of the otherspads 10 mm. All electrodes
(measuring upper electrodes and bottom plate) made from material called cuprexit
that was 1 mm thick. This material is used for fadcircuit board (the laminate covered
with a thin layer of copper).
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For the measurement of electrical capacitance tliaseused precision LCR meter
GW Instek LCR 8110G. Electrical capacitance was suesd in each measuring
procedure between an upper electrode and the bptaisn Measuring upper electrodes
that were not actually used for the measurements a@nnected to the earth wire. The
frequency of the measuring circuit was set to 180.k

Inverse problem algorithm

Plugging the measuring device creates in the scamegion of SCS a relative
electric field. Providing the wavelength is sigaéitly higher than the sensor
dimensions the field can be described in 3D byL#y@ace equation:

V- (&&Vp)= 0 1)

where: g, —vacuum permittivity §, =8.85.10"2 Fm?); ¢, —relative permittivity (-);
¢ — electric potential (V).

The electric capacitance between the measuringretiecand a bottom plate is
calculated by use of equation:

1
C = ——f &V -dll 2)
Ulr

where:C — electric capacitance between the measuringretieaind a bottom plate (F);
U — voltage between measuring electrode and a bqitai® (V);/"— area of the bottom
plate (nd); dI"— normal vector to the infinitesimal segment @& Hottom plate.

The mathematical 2D model developed on the basig.afl) has been in the past
already verified several times (Lev et al., 2013a]13b; 2015)For the SCS inverse
problem solution this mathematical model must b& fireated. In this paper, the finite
element method was used employing the Agros2D 8ogram. In this paper, the
orderedn-tuple of real numbera, &,..., & we will call (in sense of linear algebra) an
n-component real vecta (vectora for short),a = (a, &,..., &). Further calculations
follow the rules for algebraic vectors in vectoaseV,. The input of the inverse problem
algorithm is the vector of normalized capacitarttanges. For each component it holds:

cni = (¢ = ¢oi)/(Cmaxi = Coi) (3

where: ¢, —the i-th component of the vector of normalized capacikachanges;
ci — electric capacitance between thk measuring upper electrode and a bottom plate;
Coi — €electric capacitance between thbe measuring upper electrode and a bottom plate
when the sensor is empiaxi — electric capacitance between thh measuring upper
electrode and a bottom plate when the sensor lesdfilo its maximum (reference)
capacity (i.e. the height of filling the SCS isi&@n).

The algorithm aim is in finding a polygonal linesfithed by points $£to R, such
that it follows the actual material profile as @ass possible. The end pointsafd B
are during the evaluation process fixed at the £dfthe sensing area. Poinigftough
Ps are then located below centres of individual maagwpper electrodes. The problem
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thus reduces to finding the values of pointsiiPough B, i.e. the vectop. The value of
each point is always an integer number definedrasi@of the point distance from the
bottom plate and the dimension of one square eleafi¢éime mesh. The side of the square
is 5 mm in length. The mesh scale is based onghgwmmise between the speed and
the accuracy of calculations.

To avoid adjusting or newly creating the analysssmwhenever manipulating
with the polygonal line, the space in the sensiegacorresponding the maximum filling
of the sensor, is subdivided into a rectangularhm&ke searched profile then does not
eventually correspond to the polygonal line. Indtéais represented by squares for
which it holds that at least 50% of their areadanfd below the polygonal line. An
example of such a situation is shown in Fig. 1. Gtmetinuous grey line represents the
actual outline of the material profile, the polygbtine is plotted in black and the
resulting searched profile is displayed again gygrolour.

Frame of sensor True material distribution Estimated material distribution
/Measuring segments Searched polygonal line /Sensing area /Bottom plate
O [/ [ [
[ ] [ F ] I/
1
INLCANI > £ it I / T
b f A N P [ I
| = J N B /1
[ = . / T
W/ N [ I |
17 I | I
/) AN e
/ ! NI
W/ T
‘ I 1 N
P 1 I I NCp
0 I )

Figure 1. Cross-section of capacitance sensor. The actuaibdigon of the material, searched
polygonal line and the estimated distribution oftenial are shown.

The following flowchart describes the algorithm:

1. Load vector of the normalized capacitance chawmgesreate vectop, where
indexj represents the calculation step, choose thelindlae ofpo forj = 0.

2. Based on vectqp, define the distribution of material in the scannegion and
for each of 8 measuring upper electrodes calcwittethe help of Eq. (2) the electric
capacitance between the measuring upper electrudi¢ha bottom plate. Employing
Eq. (3) calculated the normalized veatpfthe values corresponding to an empty sensor
and a sensor filled to its maximum capacity areo aletermined exploiting the
mathematical model combined with Eq. (2)).

3. Calculate the coefficienND; defined as distance of vectors and ¢

ND; = len = g @)
4. Calculate the vectdt, k=(k,kz, ... .k,...)where
Cni — Cji

ki = ———
L |Cni—Cji|

()
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New vectorp;+1
Pj+1 = f[Pj + k] (6)

wheref is a nonlinear function which defines individuabedinates of the vector:
x<0 = f(x)=0
0<X<pmpax = f¥)=x (7
X > Pmax = f(X) = Pmax

wherepmaxis the maximum possible value of the vector cowt. It corresponds to
the height of the material outline in the scanregdan having the sensor at its
maximum capacity.

5. Check whether the new vecigy: (obtained through correction) has not already
been used during the analysis. If not, the progretorns with this new vectgg.: to
point 2 (indeX is incremented by 1). Otherwise, the program cmets.

6. Calculate the vectap:1 again. First, determine the vecuy where for each
coordinated, it holds

dn; = L )

The vectorp; requires adjusting one component, which must cpomes to the
component in vectat, with the largest absolute value and at the sametthe following
conditions must be satisfied

(dpi <OAP;; > 0)V (dp; > 0ADj; < Prmax) 9

The vectomp;:1 is thus obtained from vectpy such that the coordinate complying
with the above described conditions is incremetued if d, > O or reduced by 1 if
dni <O.

7. Perform operations described in point 2 with a nvewetorp1 and increment
indexj by 1.

8. Calculate the coefficietiDj using Eq. (4)

9. Compare the current and the previous coeffickt If ND; < NDj.; continue
with the next step 10. Otherwise, the searchinggs® is terminated and the desired
vector is identified with vectqp;:.,

10. Based on vector cj determine a new vector fjaged on the procedure
described in point 6. Then, return to point 7.

The experiment description

The inverse problem algorithm was tested on thiféerent material profiles. As a
material, timber prisms made from chipboard witmaisture content M. = 7.5%
were used. A relative permittivity was set equal to 4 (James, 1975). First, the values
corresponding to an empty sensor were measured, €lgit tested prisms were placed
longitudinally into the centre of the scanned regibhese prisms created an object that
was used as a reference filling of SCS. This olweast 80 mm high, 360 mm wide and
220 mm long. It was accepted that such a regiomaisimally filled and the associated
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measurement was used for normalizing other measmamThis reticular SCS is
displayed in Fig. 2. Note the SCS cannot takenastmunt a different level of the filling
in longitudinal direction. The depth of filling h&s be constant all the time. Prisms from
the same material were subsequently used to ctieade tested profiles. These are,
including dimensions, shown in Fig. 3. Each measerd of electric capacitances was
repeated three times.

Entirely identical scenario was simulated with tredp of the Agros2D program.
Distribution of the electric field corresponding fadividual measurements was
determined using the finite element method. Thetetecapacitance followed from
Eg. (2). Initial value of vectop, was set tgqo = (8, 8, 8, 8, 8, 8, 8, 8). The inverse
problem algorithm was also programmed in the emwirent of the Agros2D program.
The programming language Python 2.7 and librarigs\Rly 1.8.2 and Matplotlib 1.3.1
were exploited.

For the purposes of evaluating the results thesecakulated the relative error of
the calculated profilRE

_llgr =gl

RE= 14 (10)

whereg: — vector of the contour of the calculated profge; vector of the contour of
real profile.

The number of coordinates of vectgrsandg equals the drizontal resolution of
the sensing area. Each coordinate represents itjie loéthe profile measured from the
bottom plate. Another parameter that was usedhmetvaluation of the results was the
relative error of profile areREA

a,—a

REA= (11)

wherea, — area of calculated profile fina — real area of profile (fp

e T ———— gt

Figure 2. Reference filling ofSCS with the testing material.
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Figure 3. Profiles used for testing the inverse problem atgor. a) — profile I, b) — profile I,
c) — profile Ill.

RESULTS AND DISCUSSION

Results of the calculations are shown in Fig. 4sHi (a—c) represent the results
based on real measurements. These results aréotleaaffected both by inaccuracies in
the measurements and by the accuracy of the maticahraodel that is used during the
reconstruction. Figs 4 (d—f) represent the resuatsulated from simulations carried out
in the program Agros2D. The effects mentioned ent#xt above could therefore not be
applied here. So it can be assumed that the \ar&in Figs 4 (d—f) are due to the limits
of the used algorithm.

From Fig. 4 it is apparent that the tested algoritas problem to resolve the
vertical walls of the test profiles. This behaviesicaused by using polyline which as
a matter of principle cannot fulfil these requirentse However, the use of SCS is
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planned rather for particular materials and chiptd@aisms were chosen mainly because
of the simple and clear definition of test profiles
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Figure 4. The calculated distribution of material in the S@3ack curves show the actual
distribution of test samples and the grey colowaezh shows the calculated final layout. (a—c)
represent the results based on real measureméntsrépresent the calculated results based on
simulations carried out in the program Agros2D.

Table 1 contains calculated errdR&E and REA for individual outcomes of the
reconstruction algorithnit can be said that in all three cases there whigaed a better
result if the input data were obtained by simulatibhis is an expected result. However,
the differences posed against cases where the dapatwere actually measured, were
not too large. It can therefore be concluded themathematical model used to describe
the electric field in the sensing area of the S@®ably describes the actual behaviour
of this electric field sufficiently.

Table 1.Comparison of results of the inverse problem athori REandREAerror values are
calculated by Eg. (10) and (11)

Variant RE (-) REZ (-)
Profile | — measured input data 0.131 0.029
Profile | — calculated input data 0.119 0.008
Profile Il — measured input data 0.193 0.081
Profile 1l — calculated input data 0.184 0.028
Profile 11l — measured input data 0.154 0.075
Profile 11l — calculated input data 0.135 0.005
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RE error expresses the deviation between the actubkalculated shape of the
profile. RE values in Table 1 range from 0.119 to 0.193. TdwebtRE values were
calculated for the profile I. It is probably dueth® fact that it is a profile of the simplest
shapeREAerrors reflect the relative error of the profilea This information may be
useful if the SCS should be used for throughputsmesment. According to Table 1 for
cases where the input data were obtained by measate REA corresponds to the
values 0.029 to 0.081, which is approximately 3—8%.

CONCLUSIONS

In this paper there was performed the first testihglgorithm for inverse problem
solution at SCS. The results indicate that evenhferelatively small number of output
signals, it is possible to obtain valuable inforimaton material distribution in the
sensing area of the sensor. Further research isneeded to focus on the significant
improving of the algorithm so that it can operatedal time.
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Long-term effect of spruce bark ash fertilization o soil
properties and tree biomass increment in a mixed sts
pine-Norway spruce stand on drained organic soil
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Abstract. Ash contains all plant nutrients, except N, andfien used to facilitate forest growth
and to prevent nutrient depletion potentially calsg harvesting. In this paper, we report effects
of a large dose of spruce bark ash on soil praggednd tree biomass increment in a mixed Scots
pine-Norway spruce stand on drained organic saéimtral Latvia, 12 years after ash application.
Significant positive growth response after woodfestilization was recorded only for overstorey
spruce. During the 12 years after fertilization dloiglitional volume increment was 8.3 ha® or

0.7 n¥ ha! annually. The effect of wood ash application iagderm. Also 12 years after
treatment fertilized overstorey spruces demonstrdleés nf ha® additional annual volume
increment compared to the controls. Additional dé¢éenincrement increased during the first 10
years after treatment but started to decreaseli. Results demonstrate that ash fertilization did
not change N availability in the soil, and addiibgrowth can be explained with improved
supply of P, Ca, Mg and other nutrients. Ash agpio did not significantly influence the
chemical composition of the O layer.

Key words: Ash Fertilization, Biomass Increment, Scots PMerway Spruce, Soil Properties,
Drained Organic Soil.

INTRODUCTION

Ash fertilization has a twofold effect. Firstly,facilitates the return of nutrients to
the forest ecosystem and, secondly, it helps liaeitvood ash generated as a by-product
of combustion, whether for heat or power generaWdnod ash contains the following
chemical elements: P, K, Ca, Mg, Mn, Cr, Cd, Pb, SlaAs etc. (Kuokkanen et al.,
2009; Lazdis et al., 2014). Several of those elements arentialséo plant growth,
especially phosphorus and potassium. The use ofl\eeb causes significant changes
in soil physical and chemical properties. Aftettifemation pH value in the upper soil
layer increases, as well as concentration of mtiavailable to plants (K, Ca, Mg, B,
P) (Saarsalmi & Malkoénen, 2001; Moilanen et alQ20Saarsalmi et al., 2004; Mandre,
2006). The presence of heavy metals (Cg, Pb, Cy) Imat the use of wood ash as
fertilizer. Concern for environmental risks is madten related to concentrations of
cadmium that often exceed the level allowed fatilizers in agriculture (Evald, 1998;
Korpilahti et al., 1998; Obernberger & Biedermahf98; Perkiomaki, 2004). Pitman
(2006), however, suggests that additions of woddfasn known sources should not
increase heavy metal loadings above those curreetynmended.
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The impact of ash fertilization on stand produtyivis highly variable (Pitman,
2006; Reid & Watmough, 2014). It seems to be depenhdn the already available
nutrients in the soil, site fertility and soil typPositive and fast growth response is
recorded on nutrient-poor organic soils (Silfvegbé& Huikari, 1985; Silfverberg &
Hotanen, 1989; Ferm et al., 1992; Hytonen & Kauni$©99; Ernfors et al., 2010). The
effect, however, depends on the availability ofagen — in oligotrophic mires where
there is a lack of available N ash fertilizatiofeet can be minor (Moilanen et al., 2004).
On mineral soils, the addition of wood ash is oftargeted to counteract nutrient
depletion caused by whole-tree harvesting.

One of the most significant advantages of woodisisiie long-term impact on the
trees, compared to mineral fertilizers (Moilaneralet 2002; Saarsalmi et al., 2012). It
has been suggested that one single applicationoofivash at 10 t iacould replace
nutrient losses from whole-tree and intense bionfessesting sites, provided that
additional N is added to create balanced input (éah996). However, also application
of much higher doses (2000 t hat) of wood ash has been reported (Moilanen et al.,
2012). It may be expected that in case of a latigse the effects on other ecosystem
parameters, e.g., ground vegetation developmerit, psoperties and groundwater
guality, will be more explicit.

The aim of the study was to determine the changé®é growth, soil properties,
groundwater chemistry and ground vegetation aféetilizing a mixed Scots pine-
Norway spruce stand on drained organic soil withrge dose (50 t Ha of wood ash.
This particular paper presents results on long-gnowth response and soil properties.

MATERIALS AND METHODS

Study site and plots

The study was conducted in a research forest iretis¢ern part of Latvia. This
forest was already equipped with groundwater wedlace long-term hydrological
measurements have been carried out there since A9%8&ed pine-spruce stand on a
former transition mire (drained in 1960) was choden the study (56°42°48'N,
25°50°95'E, 95 m a.s.l.). The site type accordintpe national classification system is
Myrtillosa turf. mel.(Zalitis & Jansons, 2013). The soil type accordimghe WRB soil
classification system is Hemic Rheic Histosols (ffigsDrainic). A large dose of wood
ash (50 tons h§ was deposited at the study site in 2002 as pénedEU-funded project
‘Wood for Energy - a contribution to the developrefsustainable forest management’
(WoodEnMain It was decided to apply a large dose (50 ton$ bawood ash while
during this project also impact on groundwater deahtomposition was analyzed. One
of the hypotheses was that a large dose of featiliould impair groundwater quality.
The impact on groundwater chemistry was found tmbignificant but these results are
not included in the current paper. Nine circulampke plots were established around
already existing groundwater wells. Sample plotsewteeated with 50 tons of ash per
ha, leaving a 1 m, 2m and 3 m buffer zone (1 nl;-B4, C1; 2 m—- A2, B2, C2;
3 m-— A3, B3, C3) around the groundwater wells (Eig
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Figure 1. Study location and sample plot design.

Spruce bark bottom ash from sawnyika Woodwas used for the project. The
input of nutrients with ash was: P-PO21.5gn?, K54gn?, Ca282gm,
Mg 382 g n?.The content of heavy metals and sulfate in thensshnot available.

Before the ash applicaton in the spring 2002 €silb cm depth) pH was 5.5; soll
NHs-N content was 14.9 mg 100%gsoil PQ-P content was 0.6 mg 108,gsoil
K content was 5.1 mg 100'gsoil Ca content was 94.6 mg 100 and soil Mg content
was 51.1 mg 100

Stand measurements

Tree diameter at breast height (DBH) was measurdlde plots treated with ash
and in control plots. Control plots were establsB& m away from groundwater wells
on a transect parallel to the wells. In total, ir8udar plots were measured — 9 treated
plots and 9 control plots. The sample plot size tfee measurement was 500 m
(R =12.62 m). In this plot, all trees with DBH # &tm were measured. In the plot with
R = 6.64 m from the center, also all trees with DBBA cm were measured, and in the
northeast segment of the inner circle, — alsoreéd with DBH >2 cm were measured.
Tree species, DBH, height and storey was deternforeall measured trees.

Tree increment

As the stand is uneven-aged, fertilizer impact veaslyzed separately for
overstorey pine, overstorey spruce and secondysspreice. Increment cores were taken
from 10 trees in each treated plot (at least 3sivesy pines, 3 overstorey spruces and
3 second storey spruces if this number of treesfaasd) and from 15 trees in each
control plot (5 trees from each group, respectindly total, 19 overstorey spruce, 29
second storey spruce and 32 pine increment conesagected from the fertilized plots
and 33, 34 and 68 increment cores from the coptob$, respectively.
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The volume increment for each tree was calculatambraing to the equation
(Liepa, 1996):

(1)

0.4-i-u-(+4
Z,',’p=10‘4-/1-d2-<#+2,_>

d

where:l — stem volume coefficient (0.306 for pine, 0.3@6dpruce); d — stem diameter,
cm; L — tree height, m; i —radial increment, mn bark thickness coefficient (1.103
for pine, 1.046 for spruce); Z height increment, m.

Height increment was calculated according to equdtiiepa, 1996):

B 2iL(ad + b)

- 2
L= ¢cd+100 @

where: a, b, ¢ — height increment coefficients0g@2, 6.356, 27.105 for pine, -0.0256,
1.693, 5.794 for spruce).

Changes in theoretical annual increment are defaseadditional increment and it
can be positive, negative or without changes. Aaliil increment is the result of
treatments influencing tree growth. Additional voke increment was calculated
according to equation (3) (Liepa, 1996). The metisodased on the assumption that
potential average tree increment after treatmemtbeacalculated from trees on control
plot with similar growing conditions and age. Anhirecrement for individual trees
before treatment in control plots must correlatéhvaiverage annual increment before
treatment in treated plots.

7P = 127324 (GH“Dﬁ'lgH+<P—2 - GtHngf'lg”“"‘z) 3)

where:y, a, B, ¢ — tree growth coefficients (1.654-4®.5658, 0.2592, 1.5969 for pine,
2.311-16¢, 0.7819, 0.3418, 1.1881 for spruce); G-®asal area of tree stand and its
prognostic value, fhat; H, H — average height of tree stand and its prognweatiee,

m; D, D — average diameter of tree stand and its prognestile, cm; t — time interval
of disturbance (years after fertilization), years.

Prognostic value of stand basal area:

DZ-G
Gt = DZ (4)
Prognostic value of average stand diameter:
D, =D —0.1Z (5)

where:Z’D"’ — average stand diameter cumulative additionaement, cm. Calculated
according to equation (Liepa, 1996):
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t t
7% = 2y Zij—zz'; 6)
J J

where: j— average stand radial increment in year j, nty’n:r;prognostic values of
average stand radial increment, mm. alculatedrdoupto power regression equation:

i =0 (ik;)" (7)

where:n, p — coefficients of regression equatidfg;;]- — average radial increment from
control trees after year disturbance for k tregsyar, mm.

Annual increment of control trees from control séemplots must correlate
(r > 0.50) with annual increment in treated plotherwise it is not used in calculations.
Prognostic value of average stand height:

H,=H-ZF (8)
Where:Zf,p — average stand height cumulative additional imengt, m:

kv _ HZSP(aD + b)

kb 9)
u(cD +100)

Differences in the average value of stand charatites between treated and
control plots were analyzed with Student’s t-test two independent samples.
Significance of additional increment after ash timeant was checked with Student’s
t-test for paired samples. It was assumed thae thvas no additional increment in the
absence of ash treatment. Control trees were wsedristruct the trend of theoretical
tree increment values for a 12-years period follgareatment and this was compared
with the measured values in the treated plots. Talternative hypotheses were
considered:

Ho: Additional increment after treatment is equatéwo;

Ha: Additional increment after treatment is highesdehan zero.

Sampling and analyses of soil and organic O layer

Soil and soil organic O layer were sampled in esample plot in 3 repetitions.
Soils were sampled at 0-10 cm, 10-20 cm, 20—40rmdma—-80 cm depth using a soil
sampling probe with a steel cylinder of 100 cmiuwod. At the same place, O layer
monoliths (10 x 10 cm) were sampled from each sathpding a stainless steel square
soil sampler.

Soil and soil organic O layer samples were preparati analyzed in the Forest
Environment Laboratory of LSFRI Silava accordind$® methodology. Soil and soil
organic O layer samples were prepared for analgsesrding to the LVS ISO 11464
(2005) standard. A fine earth fraction of soil (l2 +hm) was used for chemical analysis.
The following parameters were determined in théawil soil organic O layer samples:
bulk density according to LVS ISO 11272:1998; psitas (K), calcium (Ca) and
magnesium (Mg) extracted with concentrated nitrid and determined by flame atomic
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emission or absorption spectroscopy; phosphorusxXfPacted with concentrated nitric
acid and determined according to LVS 398 (2002%| wwitrogen (N) content determined
using a modified Kjeldahl method according to LV&Ol 11261 (2002); organic and
total carbon (C) content determined using elemgraaglysis according to LVS ISO
10694 (2006); and soil acidity (pH Ca@ind pH HO) potentiometrically measured in
the supernatant suspension of a 1:5 soil:liquid) (wixture according to LVS ISO 10390
(2002). The content of heavy metals and sulphagensaanalyzed.

Statistical analysis

Kruskal-Wallis one-way analysis of variance wasduser statistical testing of
additional increment. One of the samples was treaenual increment in treated plots.
The other was mean annual prognostic incrementuleaed from control trees with
equation (7) as described above. Error bars anfidenice intervals presented in figures
and tables are confidence intervals at 95% condieldevel. All data analysis was
conducted with R software.

RESULTS

Stand characteristics

Stand characteristics are summarized in Table Janviiameter (D) and mean
height (H) characterizes dominant tree specieslevd@sal area, standing volume and
number of trees characterizes all trees in the. pNat significant differences were
detected between the mean stand characteristitsatéd and control plots (Table 1).
The largest mean height, basal area, standing wand number of trees were found in
plot A, both in the treated and control subplotkjl&the lowest mean diameter, height
and standing volume of dominant tree species wared in plot C. Trees in the B and
C sample plots had suffered from windthrow and &dniseases to a greater extent than
in the A sample plots, which could have affectedmstand characteristics.

Table 1.Stand characteristics in treated and control plots

Plot Mean Mean Basal Area, Standing Number of
Diameter, cm Height, m m? hat Volume, n¥ ha' Trees, per ha

S A 254+13 23.9+04 31.3+5.7 335 +47 1067@47
< B 25.7+1.3 21.7+0.3 248+51 248 + 57 640 +68
é C 243+13 19.6+£0.8 21.1+40 198 + 26 587115

mean 25.1+0.8 21.8+1.2 25.7+3.8 260 + 45 7e97
s A 25.4+0.6 23.3+0.6 285+5.1 311 £45 867344
= B 27717 219+1.2 22611 226 £ 21 593 +69
8 C 244+42 19.7+1.8 240+ 3.6 221+ 36 813319

mean 25.8+1.6 21.6+1.3 25125 252+ 34 7384

Soil and soil organic O layer properties

Soil acidity, total nitrogen, organic carbon, phesfus and base cation (K, Ca, Mg)
content and stock in soil and soil organic O layere analyzed in the study site. Mean
soil pH (HO) varied from 4.0 £ 0.2 (0-10 cm, plot B) to 5.84 (40-80 cm, plot C)
in control plots and from 4.9 + 0.6 (10—-40 cm, pAto 5.9 + 0.2 (40-80 cm, plot C) in
the treated plots. Sample plots with ash treatsiemved significantlyo = 0.05) higher
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soil mean, minimal and maximal pH values compareddntrol plots (Fig. 2). The
largest differences (1.0 pH unit) were detectedthia organic topsoil (0—10 cm):
5.2 £ 0.5 in the treated plots and 4.2 + 0.2 indbetrol plots. Differences in the mean
pH values between fertilized and control plots dased with depth (0.6 and 0.4, at
10-20 and 20-80 cm depth, respectively). Alsoniean pH value of the soil organic
O layer in the treated plots was significantly l@githan in the control plots (5.0 £ 0.2
and 4.6 = 0.1, respectively).

B -

E Control plots
Treated plots

HH

T T T T T
0-10 10-20 20-40 40-80 O layer
Sail layer, cm

Figure 2. Mean pH (HO) in different soil layers.

The mean total N pool in the soil layers from 080 depth was 24.1 + 1.7 t'ha
in control plots and 23.5 + 1.6 t*hén treated plots. There was a trend toward a sligh
decrease in the total N pool in the upper soillay8-40 cm) of the fertilized plots but
the differences were not statistically significdfig. 3). In addition, the N pool in the O
layer was similar between treated and control p{6t&2 + 0.2 and 0.21 + 0.1 tha
respectively).

The mean total P pool in the soil layers from Ce@®depth was 0.63 + 0.06 tha
in control plots and 0.83 + 0.13 t'hin treated plots. The total P pool in the uppeélr so
layer was significantly increased in the fertilizaldts (Fig. 3). The mean P pool in the
upper soil layer (0-10 cm) in the treated plots @8 + 0.09 t b4 but in the control
plots it was 0.11 + 0.02 t Haat the same depth. In the deeper layers, the Piptize
fertilized plots was still higher than in the casitplots but the differences were not
statistically significant. No significant differees were detected in the O layer.

The mean K pool in the soil layers from 0-80 cmthepas 0.22 + 0.04 t Hain
control plots and 0.36 + 0.05 t"han treated plots. The mean K pool in the sampbéspl
with ash fertilization was higher than in the cohtplots at all analyzed depths, but
statistically significant differences were only elgted below 20 cm. According to
results, K leaching into the deeper soil layersth#ien place, while at the same time,
better K supply in the upper soil layers is indecht
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Mean Ca pool in the soil layers from 0-80 cm depdis 17.2 + 2.5 t hain control
plots and 22.2 + 3.7 t Hain treated plots. Ca compounds in the fertilizéatgowere
mainly found in the upper soil layer (0-10 cm), weh¢he Ca pool was significantly
higher than in control (Fig. 3). In the deeper saylers in the fertilized plots, the Ca
supply was slightly higher than in the control plobut due to high variation, no
statistically significant differences were detectBdlow 40 cm depth, the Ca pools in
the treated and control plots were similar. Coneatly, most of the Ca supplied with
the wood ash has accumulated in the upper soit.|ay® Ca pool in the soil organic O
layer was low and differences between treated pllotscontrol were insignificant.

12- 0.15-
T T
(]
< 8- £ 0.10-
§. 4- §005-
-l :
0-10 10-20 20-40 40- 800Iayer 1 0-10 10-20 20-40 40- 800Iayer
Soil layer, cm Soil layer, cm
- 06"
! (4]
) =
-~ 0.2- g
§01 0.2-
- LI = ﬂﬂﬂ
010 1020 20-40 40- 800Iayer 0-10 10-20 20-40 40- 800Iayer
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Figure 3.N, P, K, Ca and Mg pool in various soil depths éntayer.
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The mean Mg pool in the soil layers from 0-80 cmpthavas 1.17 + 0.16 t Han
the control plots and 1.40 + 0.17 t'ia the treated plots. The Mg pool in the soil was
approximately 10 times lower than the Ca pool. &tistically significant difference
between Mg pools in the treated and control plais wbserved in the upper soil layer
(0—10 cm). Down to 40 cm soil depth, the Mg podhia fertilized plots was higher than
in the control plots, but this difference was nattistically significant. Below 40 cm
depth, no differences between Mg pools in the éckaind control plots were detected
(Fig. 3). In addition, similar to Ca, Mg has natdbed deeper than the well-aerated upper
soil layers, and is still available to the treetsodNo statistically significant differences
between the soil organic O layer Mg pools in theilfeed and control plots were
detected. The mean Mg pool in the soil organicy@rdavas 0.014 + 0.002 t ia

The mean thickness of the soil organic O layer @<t 0.2 cm in the control plots
and 1.7 £ 0.1 cm in the treated plots. The meak temsities of the different soil layers
in the control and treated plots are shown in Eigrhe mean bulk density of the soll
organic O layer was 69.9 + 6.5 kg®rim the control plots and 97.3 + 10.0 kg’ iim the
treated plots. In half of the treated plots, segamic O layer bulk density was higher
than in the respective control plots. Differencesoil organic O layer thickness and
bulk density can be explained by anthropogenicgures as different measurements are
done regularly in the treated plots.

180 =

100 -

Control plots
Treated plots

Bulk density, kg m™
=

T T T T T
0-10 10-20 20-40 40-80 O layer
Soil layer, cm

Figure 4.Bulk density of different soil layers.

Carbon stock in soil and biomass

The mean carbon stocks in different pools (livingniass and different layers of
soil) in control and treated plots are shown inl&&b In the study area, the largest
carbon stock was located in the soil at 0-80 cnildepith carbon stock ranging from
362 to 755 t h&in this soil layer in different plots. A signifinamount of carbon is
stored in living tree biomass, ranging from 53.®803 t ha. The amount of carbon in
the soil organic O layer does not exceed 12.6 barisNo significant impacto = 0.05)
of wood ash treatment on carbon stock in the diffetayers of soil and tree biomass
carbon stocks was detected (Table 2). The measdiffectences were small and random.
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Table 2.Carbon stock (t 9 in living biomass and soils

Carbon Control Plots Treated Plots

pool A B C A B C

Living 84.7+16.2 69.8+43 76.3+99 88.7+134 #IV.4 62.8+9.0
biomass

Soil organi4.8 £ 0.3 6.3+1.2 7.9+0.8 71+1.4 53+1.2 .491.2

O layer

Saoll, 445+ 45 86.0+52 67.2+45 51.1+52 86 K4 64.1+4.6
0-10cm

Soil, 46.2+ 2.6 104.2+6.0 70.7+46 43.4+26 102107 62.9+3.6
10-20 cm

Soil, 111.3+7.2 191.2+7.3 120.1+10W5.8+5.6 167.2+8.4 130.0+10.0
20-40 cm

Saoil, 214.4+8.0 312.4+19.037.2+20.4220.5+12.4276.1 +14.5 288.1 +33.2
40-80 cm

Saoll, 416.4+9.8 693.8+31.@95.2 +58.2420.7 +29.6631.9+23.5 545.1 +23.5
0-80 cm

Tree increment

Increment cores were taken to analyze tree increnWith this method, it is
possible to gather information about temporal cleanm tree growth without time
consuming, long-term observations. Analyzing growattly according to the tree ring
width is not, however, the best approach, as teering width naturally decreases with
tree age. This parameter also does not allow thkiation of economic gain. Volume
increment is a better indicator for this purpose.
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Figure 5. Mean standing volume and annual tree ring incremépine and spruce combined in
treated and control plots.

The most pronounced tree growth increase obsetvibe study site was noted in

1961, in the next year after drainage, indicatingegy rapid response to the improved
aeration and nutritional conditions. Since thenameolume increment has displayed a
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steadily increasing trend, especially during tls 18 years. However, decreases in tree
volume have also been observed in some growingssdEig. 5). A strong correlation
for annual tree ring and volume increment betwesdtmteeated and control plots can be
found before treatment (r=0.95; r=0.91), whishessential for calculations of
additional increment.

Additional increment due to ash fertilization

Additional standing volume increment and additiodameter increment were
evaluated to analyze the effect of ash fertilizatim tree growth. Additional standing
volume increment was calculated separately for pueFstorey, spruce overstorey and
spruce second storey.

The effect of fertilization on the increment of eimnd spruce was different
(Table 3). After fertilization, the additional araluvolume increments for spruce
overstorey and spruce second storey were 0%88arand 0.015 rhhat, respectively.
The additional volume increment for pine overstosa&g negative, at -0.018mat per
year. Only the additional volume increment for ggrioverstorey was statistically
significant (p < 0.05). The results suggest a pasitesponse of spruce overstorey to
fertilization, but no response in pine overstoreggruce second storey.

Table 3. Additional standing volume increment and additiciaimeter increment
Additional diameter  Additional standing volum

Increment, mm Increment, i hat!
Parameter
12 years annual 12 years  annual
period average  period average
Pinus sylveris L. overstorey -0.1 -0.01 -0.2 -0.02
Picea abie (L.) H. Karst overstorey 13.6 1.13 8.3 0.69
Picea abie (L.) H. Karst second storey 0.4 0.03 0.2 0.02
Mean of both species 13.8 1.15 8.2 0.68
0.95-
0.85- &
.'. e Y
0.75- i e Y
0.65- M F \
0.55- A L\
ok
0.45- * - .
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Figure 6. Mean annual additional diameter increment.
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When temporal changes of the impact of wood aslicapipn are analyzed, a small
effect immediately after treatment (in 2002) can dsen (Fig. 6). Over time, the
additional diameter increment of overstorey spincesased, reaching its maximum in
2006-2011, or 5-10 years after ash applicationceéSR012, the additional diameter
increment has decreased. The additional diametegriment of pine tended to decrease
during the first years following ash applicationf then started to increase in 2007.

DISCUSSION

A large number of studies, especially those dorteenNordic countries, indicate
that ashes can enhance the long-term productivispime forested sites (Vance, 1996;
Saarsalmi et al., 2001; Saarsalmi et al., 2004 stiam et al., 2012; Ingerslev et al.,
2014). Dose rates of 10 t‘haave been suggested by Vance (1996) as beingisuffi
to replace all the nutrients lost by whole-treeviating. Our study assesses the long-
term effect of spruce bark ash fertilization onamg soil properties and tree biomass
increment in an area where 50 t'haf ash were applied 12 years ago. According to
literature, large doses of ash fertilizer may cadeeline of woody shrubs and major
changes to Bryophite and Lichen communities (Arsdatset al., 2001; 2002; Jacobson
& Gustaffson, 2001) and increase the likelihoodNdkaching from sites with high N
deposition (Hogbom et al., 2001). Although no isein cadmium or lead content of
Vaccinuim species berries has been reported (Lestuld., 2000; Perkiomaki et al.,
2003), in theory it may be possible, if a very hilgise of fertilizer is applied.

Soil pH changes

Application of ash to the forest soil clearly hasimaing effect (Jacobson et al.,
2004; Ingerslev et al., 2014). Different long-tdiehd trials indicate a sustained increase
in pH in forest soil up to 30 years following agtphcation (Saarsalmi et al., 2012). In
Denmark, studies by Ingerslev et al. (2014) in@ctitat the pH of the O-horizon
increased significantly, by 0.9-1.7 pH units, & years following wood ash application
in a 44-year-old Norway spruce plantation with rantt-poor soil. In Finland, 5-10 years
after wood ash application (3 t-haf loose wood ash) in coniferous stands (aged 31-7
yrs), the pH of the humus layer increased by apprately 1.0-1.7 pH units (Saarsalmi
et al., 2004). Researchers in Finland resamplexbts Pine and Norway spruce site that
had received an ash dose of 3tH® years ago, and detected an increase in pH
(0.6—1.0 pH units higher than control forest sditg)humic layers under canopies, with
the effect most significant at the wetter sitesa¢Salmi et al., 2001). Our results confirm
that the soil liming effect is maintained 12 yefmitowing spruce bark ash application,
with the results indicating an increase of 1.0 pitau

Nutrient pools in the soll

Results from investigations on the effects of wast application on soil are far
from concordant, often due to differences in lamatiash dose, site fertility and time
span investigated (Norstrom et al., 2012). In galndiowever, addition of wood ash to
organic forest soils has been shown to have allEstarg effect. Due to increased pH,
organic matter breakdown rates are acceleratetilamdeleased for take-up by the trees
(Pitman, 2006; Augusto et al., 2008; Ernfors et2010). Similarly, our soil chemical
analysis results showstightdecrease in the total N pool, in both the soil org® layer
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and the upper soil layers (0—-40 cm) in the plotsgia spruce bark ash dose of 501 ha
12 years ago. In contrast to the N pool in the aioihe study plots, our results indicate
statistically higher P, K, Ca and Mg pools in theated plots, even 12 years after
treatment, similar to previous studies (Erikss®98k Saarsalmi et al., 2001; Arvidsson
& Lundkvist, 2003; Jacobson, 2003; Jacobson e2@04; Saarsalmi et al., 2004). In the
ash-treated plots, a significant amount of K hasuamilated in the deeper soil layers.
This reserve is not available to plants, as thamplwater level is, on average, 40-50 cm,
and aerated soil and root depth is therefore liribethis depth. This leaching indicates
that the trees have not been able to fully utilieeincrease in K after ash fertilization.
However, the K reserves remain there and may beavaitable in favorable conditions,
for example, in the event of groundwater level tliations. Naylor and Schmidt (1986)
demonstrated that the availability of K was dingetlated to the amount added to the
soil. The K dissolution rate and availability aegppdndent on soil pH (Naylor & Schmidt,
1986; Erich, 1991; Ohno, 1992)

Carbon stock

In long-term studies, wood ash has been showninulstte litter and cellulose
decomposition and carbon mineralization (Moilaegml., 2002 Perkbmaki & Fritze,
2002 Perkbmaki, 2004) It is noted that increasing the pH of soil magoatesult in
carbon release due to increased microbial actgntyith and an increased
decomposition rate of the humus laydfrdutzer, 1995 Persson et al., 1995;
Zimmermann & Frey, 2002; Corre et al., 2003). Fenthore, Rosenbergt al. (2010)
found in Sweden that application of wood ash irhkdgses (6 Mg h§ can deplete the
organic C in soil andhcrease C@evolution rates and heterotrophic respirationhi t
field, even 12 years after ash application at thiech Norway spruce site. Although our
results show no differences in carbon stock betveeshrtreated plots and control plots,
we could not assess the impact of ash fertilizabioi©CQ emissions, as data about peat
subsidence/growth rates are lacking for the stutdy Even if we could measure peat
subsidence/growth rates, peat stock is too highetect any significant changes in
carbon stock 12 years after fertilization. Howeveur results show a small but
statistically insignificant increase (p > 0.10) peat bulk density (0-10 cm), from
124.7 £ 12.9 in control plots to 137+144 < 0.10) in ash-treated plots, indicating the
possibility of increased peat decomposition rates.

Tree increment

According to the literature, the addition of lo@shes on drained peatlands usually
increases forest growth (Moilanen et al., 2002; Id@n et al., 2012; Saarsalmi et al.,
2014). Insufficient supply of P and K is often reggd as one of the main factors limiting
tree growth on drained peatlands in Finland, aseathering of rock-forming minerals
takes place in the peat (Magnusson & Hanell, 1886janen et al., 2005). The most
pronounced positive response in tree stand to \esbdwddition on peatlands is observed
in nitrogen-rich sites, as wood ash contains alrajor nutrients for plants, except N
(Moilanen & Silfverberg, 2004; Saarsalmi et al.12Q Ash application on mineral soils,
however, is mainly aimed at counteracting soil dication and returning the nutrients
removed by harvesting, since on mineral soils ¢n@avth is usually limited by the N
that is evaporated during combustion. Thereforgrabination of ash and N fertilizer
is often used to achieve the best results on nlieseila. However, even those results are
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variable. For example, Saarsalmi et al. (2004; 2086orted that the combined addition
of wood ash and N had no significant impact onuwble@me growth of 31- to 75-year-
old conifer stands at 5 and 10 years after ashicgpigin. In additionno significant
treatment effect on the biomass growth of Scots pias recorded in a study conducted
in drained peatland sites in southern Sweden (Esrgbal., 2010). However, in a study
by Moilanen et al. (2002), Scots pine stem volunoevgh in a drained mire in the central
part of Finland was substantially promoted for ateeded period after treatment with
8 t ha' and 16 t ha of wood ash.

Our results show that additional incremental groagfa result of ash fertilizer only
occurred in overstorey spruce, with no significempact on pine and second storey
spruce increment. Tree age is a significant faittat may have influenced those trees’
response to additional nutrient supply. Severalsti@re around 160 years old, and their
reaction to changes to different factors is miorother likely explanation is the fact
that study site is located in a confined aquifeckarge area. 86% of forests on wet and
drained peat soils, and 60% of forests on wet aatheld mineral soils in Latvia, are
located in confined aquifer discharge areas, makiag essentially different situation
from that in Fennoscandia (Indriksons & Zalitis,0RQ Zalitis, 2006; Zalitis &
Indriksons, 2010). Discharge waters from the upevonian dolomite layers are rich
in nutrients, and even in drained peatlands, whegeat layer is several meters deep
and tree roots have no contact with the miner&ltsee growth is very good, as nutrients
are supplied by the sub-soil discharge waters.gossible that in our study, the nutrient
supply already is optimal for pine and additioratifization does not have a significant
impact. At the same time, spruce requires moreeni than pine, and consequently
shows a positive growth response to fertilizer. ddelc storey spruces suffer from
unfavorable light conditions, and this could be thain factor limiting their growth.
Considering the above, ash fertilization might beduto improve the growth of spruce
stands on drained peat soils, while the effect tmayninor in pine stands on drained
peatland sites located in confined aquifer disochargas.

The amount of ash applied, 50 t*hanay be considered a very high dose. Even
though even larger amount of peat ash (106t has been applied in Finland (Moilanen,
2012), with no detrimental effects on the environtreported, wood ash is considered
to have more pronounced effect than peat ash,fastitive and negative. At our study
site, no significant differences of N, P, K, Ca ang content in the groundwater in the
year following fertilization were reported by Inkisons (2010). In 2012, ten years after
ash application, the moss layer, significantly dased in 2002, had fully recovered
(Indriksons and Lazdina, unpublished data). Howghervery high dose of the fertilizer
potentially may have increased the content of heagtals and sulfate in the soil and
groundwater, and the lack of these data imposetations on the study. Heavy metal
and sulfate content in the soil and groundwateulshioe analyzed next to be certain that
the treatment has caused no negative long-ternmamaental consequences.

CONCLUSIONS
1. Significant positive growth response after wood festilization was recorded

for overstorey spruce only. For the 12 years foltmpfertilization, the additional volume
increment is 8.3 fhat or 0.7 ni hat annually.
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2. The effect of wood ash application is long-term.elwe years after treatment,
fertilized overstorey spruces demonstrate bett@wtyr than controls. Additional
diameter increment increased during the first l@ryefter treatment, but started to
decrease in 2012.

3. In the fertilized plots, soil pH (#D) and the P pool were significantly higher
than in the control plots (respective pH value® £50.5 and 4.2 £ 0.2; respective
P content: 0.23 + 0.09 tons*hand 0.11 + 0.02 tons Ap

4. The soil N pool is slightly higher in the contrdobts, but the differences are not
significant. The results demonstrate that ashlifeation has not changed N availability
in the soil, and a significant growth effect candxglained by the improved supply of
P, Ca, Mg and other nutrients.

5. K has leached deeper into the soil and is mosthvaitable to plants at the
present. However, with lowering of the groundwdgeel, it may become available.

6. Ca and Mg reserves are mostly concentrated in iperusoil layer (0—10 cm)
and remain available to plants.
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Abstract. Ergonomic risk factors are major contributors torkveelated musculoskeletal
disorders and quality deficiencies in the manufatuindustry. Due to lack of tools or systems
that can support a systematic risk managementesetiproduction and health related factors, a
new risk management tool (RAMP) was developedhimpaper, the risk communication system
(the Results module) of this tool is presented @lasth a description of its development. An
example of how it can be used, based on assessmeritsmed in industry, is given. An
evaluation of its usability, which included twenpyactitioners active in the industry, gives
support to the notion that the system is usable towtrisk communication and as a decision base.

Key words: Risk assessment, risk reduction, manual handéirggnomics.
INTRODUCTION

Manual materials handling, repetitive movementsfaegliently adopting stressful
postures are major risk factors for work-relatedsouloskeletal disorders (WMSDSs)
(Punnett & Wegman, 2004). These ergonomic riskofacare common in several
industry branches, such as in the food and vehieleufacturing industries, as well as
in the transport sector, where a high prevalend¥MiSDs has been reported (Schneider
& lrastorza, 2010; SWEA, 2014). In addition to legirk days and human suffering,
poor ergonomic working conditions have also beekeld with increased financial cost
for companies (Falck et al., 2010; Uegaki et d@11), for example, due to increased
numbers of quality deficiencies (Eklund, 1995;dkatt al., 2010; Eklund & Yeow,
2015). In some production processes, poor ergonamiging conditions have been
related to about 40% of the quality deficienciexélsson, 2000). Information on
production performance indicators, such as quality productivity, is often visualised
and reported back to different levels within thgamisation and thereby enables the
planning and steering of production. Despite thenst link between ergonomics and
guality outcomes, there is a lack of visualisatiohthe ‘ergonomic status’ (e.g.
occurrence of ergonomic risk factors) (Térnstromakt 2008). Feed-back on the
ergonomic status of the work and the health sw@ittise workers (e.g. discomfort, pain)
is often delayed or lacking, and may instead shopvater as sickness absence (Neumann
et al., 2009). Because of the time lag, as wellbfisn imprecise information on
ergonomic risk factors and their link to a spedifib or task, this may result in reactive
measures (e.g. reintegration after sickness abgenstead of proactive measures (e.g.
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preventing occurrence of sickness absence). Howeverder to shift to a proactive
mode, early feedback on these performance relaetbré is needed. By using
systematic occupational health and safety managei@etSM), a significant reduction
in musculoskeletal disorders has been reportedtigaet al., 2014), as well as a
reduction in the number of accidents (Paas et 2015). The commitment of
management to this process is often seen as adagrffor an effective OHSM
(Cameron & Duff, 2007b; Zanko & Dawson, 2012), dndthe use of goal setting,
management’s safety performance can be enhanceae(Ga & Duff, 2007a, 2007b).
Although several assessment tools exist for asgpgiysical ergonomic risks related
to manual handling operations (MHOSs) (e.g. Takalale 2010), most of them only
support a part of the risk management process|lysha identification and evaluation
of the risks. Few of them facilitate the OHSM prex@ terms of supporting design of
action plans and design of measures. In additiew, d¢f these tools have integrated
systems for communicating their results at difféfevels of detail, in order to target the
needs of the different stakeholders. Thereforeedbas the needs from two global
organisations in the food and vehicle manufactunivystry, and the identified gap in
ergonomic tools, it was decided to develop a nelwmanagement tool (the RAMP tool,
‘Risk Assessment and Management tool for manuallivanProactively’) (Rose et al.,
2011; Lind et al., 2014), which included a systemrfsk communication.

The RAMP tool consists of two assessment toBIBNP |andRAMP i), a risk
communication systenth{e Results modul@nd a system for creating action plate (
Action module(Fig. 1). RAMP | can be used by the companies Hsdves (e.g.
managers together with safety representativegjuimk screening of work tasks or work
stations for physical ergonomics risks related td®4. If the screening using RAMP |
identifies a potential risk, an in-depth assessmantbe performed using RAMP Il by
e.g. occupational health and safety experts (egpnemists from the occupational
health services, OHS). The results from RAMP | &&kMP Il can then be displayed
and communicated using the Results module (whicprésented in this paper) at
different levels of detail (e.g. from a single wstdtion or as a plot from multiple
workstations). Based on this information, interv@mé can be designed and
implemented with the support of the Action modutiegign of action plans and
suggestions for measures). Using the Action modhke effect of the intervention can
be evaluated against the ergonomic status pritietotervention. Thus, the RAMP tool
facilities the whole risk management process (I3@9) including: identification and
assessment of physical ergonomic risks, communpitafirisks to and between different
stakeholders within an organisation, support f@igleing and implementing measures,
and evaluations of their effect.

RAMP | RAMP Il
Quick screening of potential ergonomic risks In-depth assessment of ergonomic risks
Results module Action module
Displays results at different levels of detail & Action model, Action suggestions & Action
scope plan

Figure 1. The four modules of the RAMP tool: RAMP |, RAMP The Results module and the
Action module.
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The objective of this paper is to describe the ksknmunication system (the
Results module) in the RAMP tool, its developmémigive examples on how it can be
used for risk communication within companies, amdéscribe how end-users perceive
its usability.

MATERIALS AND METHODS

Development of the risk communication system

The development of the risk communication systene ®esults module) was
integrated in the development process of the RAMIP An iterative process was used,
based on close co-operation between researchefqgractitioners, using an interactive
research approach (Svensson el al., 2007) in vdoieimtific ‘knowledge’ was combined
with expertise of practitioners within the industfour companies, (two large, one
medium, and one small-sized company) from the faad vehicle manufacturing
industries, and the transportation sector, padteip. All of these had work sites located
in Sweden and had a large amount of jobs whichiredjdifferent types of MHOs,
including heavy lifting, pushing and pulling. Thew&lopment was initiated due to the
need for a risk management tool that could be bgashe of the large-sized companies
and its occupational health services. Together thighother large-sized company with
similar needs, and researchers at KTH Royal Institd Technology the project was
started (Rose et al., 2011). A reference groupasasected to the project. It consisted
of OHS experts from the two large-sized companigsresentatives from the Swedish
labour market parties (the Association of Swedisgigeering Industries and a labour
union ‘IF Metall’), an association within the trgst sector in Sweden (‘TYA’), the
Swedish Work Environment Authority, and researcla¢tsTH (Rose et al., 2011). The
role of the reference group was, for example to itnonhat the needs for small and
medium-sized enterprises (SMEs) were consideredranivo small and medium-sized
enterprises (SMEs) were recruited from the projeefsrence group. An inventory of
the practitioners’ needs (Rose et al., 2011) shawadthe users requested a tool that:
facilitates communication of the risk assessmerdifi@rent stakeholders, supports a
proactive approach, and presents suggestions asuresafor improving the working
environment (Rose et al., 2011). A clear presemtaif the results (from the assessment)
which are easy to interpret, was also seen as paoriemt prerequisite for the efficient
facilitation of risk communication.

The development was carried out using recurrentallys weekly or monthly)
workshops from the middle of 2010 to 2014. The nemtf participants varied, but
usually involved a handful. In total, more than@8éctitioners and occupational health
and safety experts participated, including managame CEO, production engineers,
safety representatives, operators, ergonomiststier®HSs and researchers within the
field of ergonomics. During visits to 13 producticsites, several existing risk
communication systems used in industry were exainam input from this was also
used in the design process. In the developmenepspdnput and feedback from the
participating companies were prioritised and inficed the module’s structure and
design. In addition, ten practitioners and reseznctiormed a ‘usability group’ to
evaluate and give input on the usability aspecthef Results module. This iterative
process continued until the participants signatted the design of the Results module
prototypes met the needs of the users.
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Usability survey

Twenty practitioners and occupational health antetgaexperts (including,
managers, safety representatives, OHSM personmkkesgonomists) volunteered to
participate in an evaluation of the RAMP tool’s litity in terms of communicating
risks and facilitating risk management. The mamgageafety representatives, and the
OHSM-personnel were all employed at a large-sizeshufacturing company (250
persons employed, EUROSTAT, 2014) and the ergortemisre all employed at the
same OHS-organisation. A paper based questionmasealistributed to each participant
at the end of a half-day training session, whergigi@ants also had carried out
assessments of three video-recorded work taskg tr@rRAMP tool. The questionnaire
contained questions regarding the ease-of-use kihgnassessments with RAMP | and
RAMP I, and questions concerning its usabilitythis paper, two of the questions are
reported: 1) how the results from the tools candramunicated (Risk communication),
and 2) its usability as a decision base. The ppatnts responded to these questions
using a five-graded Likert scale (fully agree, pyaggree, neutral, partly disagree or
totally disagree).

RESULTS AND DISCUSSION

Communication of risks and prioritisation of measures

Based on the workshops with involvement of the fitianers, a three-graded
‘traffic light model’ was developed for communiaatiof risk and priority (action) level
(RPL) (Fig. 2).

High risk. The loading situation has such a magnitude and characteristics that many employees are at an
increased risk of developing musculoskeletal disorders. Improvement measures should be given high
priority.

Investigate further. An in more in depth analysis is required to assess the risk level. A refined analysis
can be carried out for example with the RAMP |l module.

Low risk. The loading situation has such a magnitude and characteristics that most employees are at a
low risk of developing musculoskeletal disorders. However, individuals with reduced physical capacity

may be at risk. Individually tailored improvement measures may be needed.
High risk. The loading situation has such a magnitude and characteristics that many employees are at an

increased risk of developing musculoskeletal disorders. Improvement measures should be given high
priority.

Risk. The loading situation has such a magnitude and characteristics that certain employees are at an
increased risk of developing musculoskeletal disorders. Improvement measures should be taken.

Low risk. The loading situation has such a magnitude and characteristics that most employees are at a
low risk of developing musculoskeletal disorders. However, individuals with reduced physical capacity
may be at risk. Individually tailored improvement measures may be needed.

Figure 2. The three-graded ‘traffic light model’ for commaation of risk- and priority-level
used in RAMP | (top) and RAMP Il (bottom). Screeotsh from the RAMP tool,
https://www.kth.se/sth/forskning/halso-och-systetamskap/ergonomi/framtagna-
verktyg/ramp/om-ramp-1.511671 (Retrieved 12.2.2016)
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The result from RAMP | is communicated using a gregey, and red colour code
representing a low RPL, an unspecified RPL (ingesé further) and a high RPL. The
result from RAMP Il is communicated using a gregellow, and red colour code,
representing a low RPL, intermediate RPL and a Rgh. The use of a three-graded
colour code was highlighted by several ergononasts practitioners as an important
facilitator for communicating risks and has beeadum several other ergonomic risk
assessment tools (Hagg, 2003; Koningsveld et @5 2SWEA, 2012). The choice of
using a grey colour code instead of a yellow fpresenting an unspecified RPL (which
requires further investigation to settle the RPlheeged after discussing the
practitioners’ perceptions of the yellow colour ead a similar risk model (red-yellow-
green) from the Swedish Work Environment Autho(ByWEA, 2012, p. 35). Using this
model from SWEA, several of the practitioners ipteted ‘yellow’ as an intermediate
risk although it is stated that a more in-deptleassient is required to determine if the
risk can be regarded as acceptable or not. To gvoidntial confusion about the
intermediate level in RAMP |, a grey colour codeswassed signalling that further
investigation is needed to assess the risk lavelddition to the colour code in RAMP I,
each risk factor (Fig. 4a, factor 1.1-7.1), haserompanying score (see Fig. 3 for an
example). The score allows for a refined risk eatidun and risk communication within
each RPL category (red-yellow-green), due to théiphel scale increments. However,
when using these for prioritisation, the scoreuiscgdinate of the colour.

4 hours or more

3 to <4 hours

2 to <3 hours

1to <2 hours

30 minutes to < 1 hour

5 to < 30 minutes

< 5 minutes

Figure 3. Example of scores and colour assessments of daratistressful trunk postures using
RAMP I, displayed at the detailed risk-factor lev&creenshot from the RAMP tool,
https://www.kth.se/sth/forskning/halso-och-systetamskap/ergonomi/framtagna-
verktyg/ramp/om-ramp-1.511671 (Retrieved 2016-0p-12

The Results module and a case

In order to illustrate the Results module, assesgsneompleted at eleven
workstations at a manufacturing site in Swedenuassl. At the site, the production is
carried out at multiple departments and severahefiob tasks consist of MHOs. The
names of the departments and workstations havediszad for anonymisation. Using
the Results module, assessment performed with RAP RAMP 1) can be displayed
at several levels of detail: from a single workistai(Fig. 4) to multiple work stations at
a one or several departments (Fig. 5) or sites @#igAs shown in Fig. 4, each of the
assessed factors (number-.1) is accompanied by a colour code and a scose. A
shown at the bottom of the figure, the number efegr yellow and red assessments
(RPLs) is summarised, as well as the total scardghis example, the assessment of
Workstation Ausing RAMP 1l has resulted in twenty-nine greerd dive yellow
assessments and a total (risk) score of twelve.
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Department Dep.A
Workstation Al

1. Postures
1.1 Posture of the head - forwards and to the side -
1.2 Posture of the head - backwards

1.3 Back posture - moderate bending

1.4 Back posture - considerable bending and twisting

1.5 Upper arm posture - hand in/above shoulder height*
1.6 Upper arm posture - hand in/outside outer work area*
1.7 Wrist posture*

1.8 Leg and foot space and surface

2. Work movements and repetitive work

2.1 Movements of the arm*

2.2 Movements of the wrist*

2.3 Type of grip*

2.4 Shorter recovery/variation

2.5 Longer recovery/variation

3. Lifting

3.1 Lifting (average case)

3.1 Lifting (worst case)

4. Pushing and pulling

4.1 Pushing and pulling (average case)

4.2 Pushing and pulling (worst case)

5. Influencing factors

o000 |(=|ION

[=][=][{=][=][=]

o|o

o|o

5.1 Influencing physical factors hand/arm

a+b. Hand-arm vibrations

c. Manually handling of warm or cold object

d. Hand used as impact tool

e. Holding hand-tools weighing > 2.3 kg, > 30 min.

f. Holding precision tools weighing > 0.4 kg > 30 min.

(=3 [=][=][=][=]

5.2 Other physical factors

a+b. Whole body vibrations

c. Insufficient visual conditions

d. Hot, cold or draughty environment

. Prolonged standing or walking on hard surfaces

. Prolonged sitting

Oo|NON|O|o|o

e
f
g. Prolonged standing
h. Kneeling/squatting

5.3 Work organizational and psychosocial factors

a. No possibility to influence the work pace

b. No possibility to influence the work setting

c. Difficulties in keep up with the work tasks

d. Employees work rapidly in order to take longer breaks
6. Reports on physically strenuous work

6.1 Documented reporting on physically strenuous work
6.2 Type of work that has led to reporting:

7. Perceived physical discomfort

7.1 Perceived physical discomfort - 2
7.2 The worst task:

[=2{=2 (=]

o|o

Total score 12
Number of red assessments - High risk/action level

Number of yellow assessments - Risk/action level

Number of green assessments - Low risk/action level 29

Figure 4. The results from an assessment of workstationusing RAMP Il), displayed at risk-
factor level using the Results module.

In the next example, eleven workstations from t@paitments have been assessed
using RAMP I, and the results are displayed usireg Results module (Fig. 5). This
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presentation indicates that lifting, and pushiniipg operations have been categorised
as high RPL, and that a reduction in the exposshesild be given high priority.
Prolonged standing or walking on hard surfaces wdditionally identified as a risk
(Fig. 5, factor 5.2e) at all of the assessed watksts. This means that this hazard could
not be eliminated by introducing work rotation beem these eleven workstations.
Instead other measures are needed, such as chahgiffigor type, or enlarging the
rotation schedule to other types of work tasks \ather exposure to hard floors.

Department Dep.A Dep.B
Workstation AL [ A2 [ A3 [ a4 as|B1[B2]B3]B4]B5]B6

1. Postures
1.1 Posture of the head - forwards and to the side -
1.2 Posture of the head - backwards

1.3 Back posture - moderate bending

1.4 Back posture - considerable bending and twisting

1.5 Upper arm posture - hand in/above shoulder height*
1.6 Upper arm posture - hand in/outside outer work area*
1.7 Wrist posture*

1.8 Leg and foot space and surface

2. Work movements and repetitive work

2.1 Movements of the arm* [ r 1 r 7 7 1
2.2 Movements of the wrist*

2.3 Type of grip*

2.4 Shorter recovery/variation

2.5 Longer recovery/variation

3. Lifting

3.1 Lifting (average case)

3.1 Lifting (worst case)

4. Pushing and pulling

4.1 Pushing and pulling (average case)
4.2 Pushing and pulling (worst case)
5. Influencing factors

5.1 Influencing physical factors hand/arm

a+b. Hand-arm vibrations

c. Manually handling of warm or cold object

d. Hand used as impact tool

e. Holding hand-tools weighing > 2.3 kg, > 30 min.

f. Holding precision tools weighing > 0.4 kg > 30 min.

5.2 Other physical factors
a+b. Whole body vibrations | | | | |
c. Insufficient visual conditions

d. Hot, cold or draughty environment

e. Prolonged standing or walking on hard surfaces

f. Prolonged sitting

|8. Prolonged standing

h. Kneeling/squatting

5.3 Work organizational and psychosocial factors
a. No possibility to influence the work pace

b. No possibility to influence the work setting

c. Difficulties in keep up with the work tasks

d. Employees work rapidly in order to take longer breaks | | |
6. Reports on physically strenuous work
6.1 Documented reporting on physically strenuous work | | | - | - | - | - | - |
6.2 Type of work that has led to reporting: - - | - | - | - - | - | - | - | - |
7. Perceived physical discomfort
7.1 Perceived physical discomfort

7.2 The worst task:

Number of red assessments - High risk/action level
Number of yellow assessments - Risk/action level

Number of green assessments - Low risk/action level

Figure 5. The results from assessments of eleven workstafiom two different departments
(using RAMP 1I), displayed at risk-factor level ngithe Results module.
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At department B (Fig. 5), movements of the upper aere categorised as a risk
(yellow RPL) at all of the workstations (B1-B6). Akown in Fig. 5, the RPL-level
cannot be reduced to an acceptable level (low R ISmply introducing work rotation
between these six workstations. Other measureseséed, e.g. engineering controls
(redesign of work). To communicate the cause ofriblein more detail, an in-depth
analysis of each factor can be made using the RAMP In order to illustrate this,
factor 2.1 Movements of the upper ayiinom workstation B1 is used. This factor (2.1)
was given a score of ‘2’ due to the movement pattérthe left and right arm (see the
white boxes in Fig. 6), which resulted in a yellRRL level. In order to reduce the RPL
level, measures targeting altering the movemenépator both arms are needed.

2. Work movements and repetitive work

2.1 Movements of the arm (upper and lower arm) Left Right
X Constant movements mainly without pause
Frequent movements with some pauses

| |Varied movements, movement now and then (up to 2/min) 0 0

How are the movements
of the arm generally?

—

Figure 6. The results from an assessment of the arm movepadiatrn at workstation B1 (using
RAMP II), displayed at detailed risk-factor level.

The assessment can also be displayed at a lesledidexel (Figs 7 and 8). The
assessments from the two departments (A and Blispkayed in Fig. 7 at risk-category
level. This level facilitates a quick overview betseven risk categories, and, in addition,
the total number of red, yellow and green assessna¢each workstation. According to
the assessments (Fig. 7), both lifting and pulpaoghing have been identified as high
risk (high RPL) at the two departments.

In Fig. 7, a hypothetical case of an overview dfessment made at an enterprise
with production sites in both Sweden and in Cariadhsplayed. The overview shows
that departments G:A (in Gothenburg) and T:B (imohto) have a large amount of
factors categorised as high risk (high RPL). Thi®rmation can be used within the
company for prioritising resources and measuregetad at these two departments.

Department Dep.A Dep.B
Workstation Al | A2 | A3 | A4 | A5 | B1 | B2 | B3| B4 | B5 | B6
1. Postures 4
2. Work movements and repetitive work
3. Lifting
4. Pushing and pulling

5. Influencing factors
6. Reports on physically strenuous work
7. Perceived physical discomfort

Number of red assessments - High risk/action level
Number of yellow assessments - Risk/action level
Number of green assessments - Low risk/action level

Figure 7. The results from assessments of eleven workstgafrom two different departments
(using RAMP 11), displayed at risk category leveing the Results module. The colours at the
top of the figure show the highest RPL (red, yellmvgreen) for each risk-category (1-7) and its
guantity (e.gtwored RPLs for 'Lifting’ at workstation B4). At theottom of the figure, the total
number of red, yellow and green assessments avensfoo each workstation.
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Country Sweden Canada
Site Stockholm Gothenburg Toronto Montréal
Department S:A S:B S:C G:A G:B TA T:B T:C M:A | M:B
ber of red - High risk/action level
Number of yellow assessments - Risk/action level
ber of green ments - Low risk/actionlevel | 148 | 191 | 242 | 182 | 145 | 176 | 149 | 148 | 227 | 138

Figure 8. A hypothetical exaple of assessments of ten deygauts at four sites in two countries,
displayed as an overview at site and country level.

The Results module can be used for both priontisabnd goal setting. For
example, resources can be targeted at first hatmdse workstations or job tasks which
have been evaluated as constituting a high rist, thareafter at those evaluated as
moderate risk level (yellow). In addition, at theeoview level, the presentation of results
s (e.g. Figs 5, 7 and 8) can be used for goahggfti.g. of a certain reduction of ‘red’ or
‘yellow’ workstations), to enhance management’'eggberformance (Cameron & Duff,
2007a, 2007b). Although the RAMP tool facilitatesessment and communication of a
broad range of physical ergonomic factors, sewatar types of risks may need to be
addressed. Therefore, this tool should be compleadenith other methods or tools, e.g.
observational based risk assessment tools, measatgnobservation and interviews
(David, 2005). The assessment and communicatiamskfis aimed at risks at group
level, and assessment of individual risk is notpsufed by the tool. Furthermore, the
risk levels used within the RAMP tool should beatssl with some caution. The
aetiology of WMSD is complex and a clear cut-oftieeen a low risk exposure, a
moderate risk exposure and a high risk exposucariently not sufficiently supported
(Viikari-Juntura, 1997; Fallentin, 2003; Lind et,a2015; Lind, 2016; Coenen et al.,
2016).

Usability survey

The results from the evaluation (Fig. 9) show thatajority (90% and 95%) of the
respondents fully agreed or partly agreed thaRA®IP tool (RAMP | and RAMP I
respectively), presented the results clearly. Altbetsame proportion (84% and 85%)
also agreed (fully or partly) that the tool is usahs a decision base. These results
indicate that the RAMP tool is usable in the riskragement process for communication
of risks and as a base for decisions and both tspaght be important in order to
integrate ergonomics in the decision process f@émenting measures. Easiness to
interpret the results for the client was rated s of the most important qualities of
ergonomic assessment tools among ergonomists g&fhia al., 2016). Several methods
have been criticised for lack of involvement of tieeds of end-users (practitioners) in
the development process (David et al., 2008). Téneldpment of this tool included
more than 80 practitioners and the iterative dgualent process with feedback from the
end users was seen as an important prerequisite dinal design of the tool. Most of
the practitioners (non-ergonomists) from the mactwfigng industry came from large-
sized companies, which may result in that primattily large-sized companies’ needs
were prioritised.
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Agreement or disagreement concerning the usability of the RAMP tool

The result is clear (RAMP I)

|

The result is clear (RAMP 11) W Fully agree

M Partly agree

O Neutral
The method is usable as decision base (RAMP 1) O Partly disagree

{1 Totally disagree

The method is usable as decision base (RAMP 1)

o

5 10 15 Number of respondents

Figure 9. Results from the questionnaire evaluating RAMRd H display results for RAMP |,
while 3 and 4 display results for RAMP II. (n = 20)

Therefore, efforts were also made to ensure thatngeds of the SMEs were
addressed. This was done during recurrent dismussibthe needs of the SMEs with
the reference group, and with the two participaBMES. In addition, the inclusion more
than 30 ergonomists in the development procesisasliiely to enhance the usability
for SMEs. It should be noted that the usabilityleatdon was only based on answers
from twenty practitioners. These results shoulddfoee not be generalised to other
potential users. The RAMP tool is presently beimgplemented in several European
countries as well as in South America, somethirat gives support to its overall
usability.

CONCLUSIONS

A risk management tool (‘(RAMP’) was developed tailitate practitioners in risk
management of manual handling activities. It inelsid module for risk communication
(the Result module). To accommodate the users'syegdterative development process
was used which included participation from morentl® practitioners. The Result
module is presented and described together witmpbes of how it can be used at
companies in the manufacturing industry, and heW alssessments in industries can be
visualized. An evaluation of its usability, whiafcluded twenty practitioners active in
industry, gives support to the notion that the eystis usable both for risk
communication and as a decision base.
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Abstract. This article aims to determine experimentally tinergy potential of samples from
oversize compost fraction formed into briquettelsedretical combustion characteristics of the
briquettes are determined and are compared witeferemce fuel. Elemental analysis and
stoichiometric calculations were performed for fanples. Classical grate combustion device
with manual fuel supply was chosen for combustests. Flue gas temperature and emission
parameters, such as the emission levels of carlomoxide, carbon dioxide and nitrogen oxides,
were monitored by a multi-purpose flue gas analyvedur GA-60. Dependence of these
parameters on air input was followed.

Elemental analyses and stoichiometric calculatiohsdividual samples indicate favourable
properties of the energy compost for further enertgjisation, namely the gross calorific value
of 16.42 MJ kd. Excess air was causing high losses through Hetiteoflue gas during the
experiments on combustion device. This fact occlime situation when the temperature of flue
gas leaving the chimney reached high levels. Theesx air coefficient also significantly
influenced emissions of carbon dioxide and monoxidé nitrogen oxides in the flue gas. The
trends are analysed statistically and are exprdsgeegression equations. The results can serve
in practice for optimization of combustion processegrate boilers with manual feed of the fuel.

Key words: biomass, combustion device, calorific value, contbusgases, heat loss.
INTRODUCTION

Interest in the production of alternative fuelsnfreaompost has increased and not
only due to the volatility of oil prices in the nkat. Current composting technologies
enable simultaneous production of quality compsestell as a product for energetic use
(Winkler et al., 2007). The actual energy utilipatiof compost depends on the amount
of combustibles. Most important is the contentarbon in the final compost, which is
dependent on the composition of the original mixtand the composting process itself
which is evident from studies of Mohee et al. (2015

Oversize fraction of the composti consists mainfynon-compostable wood
material that can be represented by a wide rangeoofl biomass (Skanderova et al.,
2015). Characteristics of wood biomass are desttigehe author BroZzek (2015), who
evaluated quality of briquettes from wood biomadsisture and mineral composition
in the final compost affect not only the energetalue, but also the mechanical
properties of pressed fuel from the compost as sHawhe study Zafari & Kianmehr
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(2014). Therefore it is also important to focustba optimization of the composting
process to obtaine quality alternative fuel (Ohlgt2013).

The increasing demands for processing of biodegtaday-products, not only
from agriculture, leads to expansion of new uttiia options for these products. One
of these options is the energy use of compostsn@taet al., 2010, Skanderova et al.,
2015). Therefore, the aim is the experimental deteation of the energy potential of
samples from oversize compost fracton (compostingeiaps) pressed into briquettes
(briquetting press BrikStar 150), and also the mieitgation of theoretical combustion
characteristics in comparison with conventional:fumod logs. Elemental analysis and
stoichiometric calculations are determined for ¢hematerials (semiautomatic
calorimeter LECO AC-600, elemental analyzer CHN628 and analyzer LECO
TGA-701). A classical grate combustion device withnual fuel supply was chosen for
combustion tests (stove CALOR CZ). Heat and emmsperameters are monitored by
multi-purpose combustion analyzer (Madur GA-60xhsas the flue gas temperature
and the emission levels of carbon monoxide, carbimxide and nitrogen oxides
depending on the amount of supplied combustion air.

MATERIALS AND METHODS

To fulfill the objectives of this research work osee fraction from classical
composting technology in piles without forced aeratwas sampled. Oversize
components increase the volume of compost, protbegperiod of maturation and
reduce market sales so an alternative use for thdmaneficial. The original compost
was made by composting of forestry waste, sawdbstyings, cuttings, wood, veneers,
biodegradable waste from paper, cardboard and woddbiodegradable waste from
gardens and parks. Oversize fraction left aftezexting of this compost through a sieve
with mesh size of 40 mm was used. It containedyhdri percentage of wood material
with the ratio of wood components to other compdsiém samples being on average
85:15 by weight.

Subsequently the samples were pressed into thedbbmquettes by a briquetting
press BrikStar 150 with a hydraulic unit. This mssing eliminates the need for finer
crushing of the various components. Density oftiiquettes reaches 1,100 kg’rat
the operating pressure to 18 MPa and the oper&timgerature of 60 °C. Briquettes
have a cylindrical shape with a diameter of 65 nmah kength 50 mm. For comparison
of the measurement results a reference standarevfisechosen. It was a pure spruce
wood in the form of logs.

Briquettes and logs were analyzed for elemental pomition. Carbon @),
hydrogen H), nitrogen N) and sulfur § were analyzed in a laboratory elemental
analyzer LECO CHNG628 + S. The detection methodcésbon and hydrogen is non-
dispersive infrared absorption, for nitrogen thdromnductivity and for sulfur infrared
absorption. Accuracy range is from 0.01 mg to Or@b Non-combustible substances in
fuel, i.e. the ash content, total water content aoldtile matter were determined in a
thermogravimetric analyzer LECO TGA-701 with an wecy of £ 0.02%. Calorific
values of examined fuel samples were determinechégsuring in a semi-automatic
calorimeter LECO AC-60@ccording to DIN 14918 (2010). Net calorific valwas
calculated. Results of the elemental analysis dividual samples were used for the
calculations.

526



Subsequently stoichiometric analysis was doneftividual samples in which real
molar volumes of gas were used to determine theré¢tieal dependences of carbon
monoxide CO and carbon dioxide €€mission concentration on excess air coefficient.

The theoretical amount of emission concentratidr@(m® kg?) is based on the
equation:

co-a. 237 ¢ W
12.01
where:ais the proportion of carbon which burnsG@@ ( - ); C — the relative amount of
carbon in the sample (% wt.).

The theoretical amount of emission concentratidré® (m* kg?) is based on the

equation:

co, =227 ¢ 100003 L )

1201

where the theoretical amount of dry kitm?® kg?) is determined from the equation:

100
—-N

L=0, 3
min 21 ()

wheren is the excess air coefficient (-).
The theoretical amount of oxyg@min (M kg?) is based on the equation:

o - 2239 o 2239 2239 o 2239
1201 ~ 403z 3206 3199

(4)

whereC, H, S,andO are contents of carbon, hydrogen, sulfur and oxygehe fuel
sample (% wt.).

The experimental measurements were carried outanhit air combustion device
CALOR CZ with grate fireplace and manual fuel fegdiNominal thermal parameters
of the combustion device were nominal power of 2, kontrollable output 6-12 kW
and fuel consumption 1.1 to 3.6 kg.h

The fuel samples were burned at the nominal thepar@meters of the combustion
device, where constant fuel supply was maintainedl @mbustion air supply was
modified. Each sample was burnt for six hours. Bmis concentration measurement
was performed by a multi-purpose flue gas analydadur GA-60. The values of
ambient temperature, exhaust temperature and #maichl composition of gase®4,
CO, SO, NO, NQ) were measured. Concentrations were measured nm gopd
converted to mg.m Recording time of each measurement was set torimeate. The
measuring device was calibrated before each maasate Emission concentrations of
dry flue gas were converted from ppm concentrationsormal conditions, to mg:in
and to reference oxygen content in the flue gas366.

Subsequently the results of measurements weregaeddy statistical regression
analysis for expressing the mathematical relatignbletween carbon monoxide and
dioxide, flue gas temperature and the total ofog#n oxides against the excess air
coefficient.
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The equation of excess air coefficien: (

(6{0) Vo
n= 1+[ 2max _1J __ spmin (5)

COZ I-min

where:COz,max— theoretical volumetric concentration of carbamxdie in dry flue gases
(%); CO— real (measured) volumetric concentration of carntioxide in dry flue gases
(%); Vsp,mir theoretical mass amount of dry flue ga$ kgn'); Lmi— theoretical amount

of air for complete combustion frkg?).
RESULTS AND DISCUSSION

The resulting values of the elemental analysigigimal samples shown in Table 1
indicate that the most decisive parameter for exigrgtilization of selected samples of
compost briquettes and spruce logs is the netifialealue, which depends on water
and ash contents in the fuel (Ruzbarsky et al.4201

Table 1.Elemental analysis of samples

= [S)
s =
Sample / £ |5 2 I >
Average 8 S =~ 8 ~°© g c o ©
values N = 2 8.2 5% 8% T 22 o7
s _% 882 082 285 5z gE &% g%
S8 28 5%z 2%= 38 & 28 38 &8
w A Q Q C H N S e}
Briquettes 7.87 11.30 16.42 15.23 44,88 4.57 1.39 0.00 29.97
from compos
Reference 6.60 223 18,95 17.48 47.19 5.98 0,12 0.02 37.40
standard fue—
wood log:

A positive factor is the low water content in treemples because moisture affects
behaviour during combustion process and flue ghsnwe produced per unit of energy
(Malatak & Bradna, 2014). The results of elemental anslgisow several times higher
content of ash in the samples of compost briquéitesmparison with woody biomass.
Wood logs were analysed together with bark, wharimt a small percentage of wood
matter. That is the reason why the determined astent in reached value of 2.23% wt.
DM rather than usual ash content of wood aroundwit%DM. High content of ash
significantly reduces the calorific value of brigtgesamples and consequently affects
both the selection and the adjustment of combustewice. This fact is confirmed by
Johansson et al. (2004). Other parameters whidtcttirinfluence the combustion
process are the amount of oxygen in the fuel aadithount of volatile matter. Spruce
logs provided higher percentage of oxygen in tieédnd 77.29% wt. amount of volatile
matter. Volatile matter in briquettes from compiss67.34% wt.Determination of the
briquettes properties and its comparison to chetardard fuel in the form of wood logs
is very important for its application as additiohakting source. This type of fuel is still
applying as additional heating source for residémats well as commercial premises.
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The resulting trends of combustion experiments amapared with theoretical
values and shown in Figs 1-4.
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Figure 1. Theoretical and real dependence of carbon mon@idecarbon dioxide on the excess
air coefficient — combustion of briquettes from qust.
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Figure 2. Dependence of nitrogen oxides and flue gas tertymeran the excess air coefficient —
combustion of briquettes from compost.

The trends of the carbon dioxide emission concgatrs: correspond well to the
theoretical ones. Emission concentrations of cauioride decrease with increasing
amounts of excess air coefficient in a power lashifan. The measured values of carbon
monoxide grow exponentially with increasing excasgoefficient. While theoretically
linear dependence can be derived this does nasmond to the actual values at higher
excess air coefficient values.

Flue gas temperature and nitrogen oxides showairiiénds against excess air
coefficient during combustion of samples. With sasing excess air coefficient
dampening of combustion processes occurs and astbustion temperatures is
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reduced. At the same time there is a perceptillee@se in nitrogen oxides emission
concentration with increasing excess air.

3,000 15
\ * CcO e CO teor CO = 309.83@4224r~|
2 —
o 2,500 | m CO2 = CO2 teor R —0.9506’ L 13
=) oo
¥ - 11
L, 2,000 - N\
< 9
@ 1,500 3
(o) 7<
E 1,000 g
5
S |
500 7 — — | 3
e co,= 16.193n10414
0 . | R2 = 0.9707 L
! 2 n(-)3 4

Figure 3. Theoretical and real dependence of carbon mon@tidecarbon dioxide on the excess
air coefficient — combustion of spruce logs
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Figure 4. Dependence of nitrogen oxides and flue gas tertyreran the excess air coefficient —
combustion of spruce logs.

The resulting values of emission measurements ghdugh concentrations of
carbon monoxideCO and nitrogen oxidedNOx in the areas of high excess air
coefficientn. As shown in a research work of Fiedler & Perq2809), the combustion
process is the most efficient at nominal paramefarg uncontrolled change in the flow
of combustion material and combustion air leadsigh emissions of carbon monoxide
and nitrogen oxides, and reduces the combustiopdasature. Much lower emission
concentrations in flue gas were measured for tfexemce fuel, but also only, a small
range of excess air coefficient has been achieved.
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The quality (efficiency) of combustion process @éson et al., 2003) can be
inferred from the content &0 in the flue gas. If excess air coefficient is I@memplete
combustion) and the highest possible concentratid®O; is achieved, the loss caused
by the flue gas is then minimal (at otherwise #wame temperature of flue gas). For each
solid fuel, there is a maximum achievable stoichébrn proportion of carbon dioxide
CO; in the flue gas, which is determined by the elaleromposition of combustible
in the fuel. This value is unattainable within #gerimental measurements.

Major impact on the overall efficiency of the combian device has the flue gas
temperature. Both samples achieved high flue gapdeatures during measurements.
High flue gas temperature was measured with tlegerate fuel from spruce logs during
the whole time of combustion. This resulted in véngh losses through heat of
combustion device. The same results were achievdteiwork of the Oh et al. (2013).
Rossi et al. (2015), Kranet et al. (2010) etc. newend energy use of compost and by-
products from composting technology through combuostat medium and large
combustion plants. Despite claims by these authdre,point to higher emission levels
primarily in combustion of energy compost pelletsimall combustion plants, there is
a lot of research outputs looking for new constaucbf combustion devices for these
alternative fuels, eg. combustion installationshwat rotary burner. The results of the
experimental measurements published in this artafler to energy utilization of this
type of alternative fuel in small combustion desgiegth manual fuel supply, which are
still currently used.

CONCLUSIONS

Elemental analyses of the compost briquette sampheicate optimal
characteristics of oversize compost fraction ferehergy utilization. Above all, it was
the moisture content of the compost briquettes7¢46.8vt.) and the value of gross
calorific value, which averaged at 16.42 MJ'k@n the other hand the high percentage
of ash content (11.30% wt.) in the samples caust¢sonly rapid clogging of the
combustion device, but also reduces the rate afibgrfuel. Slower speed of burning is
often perceived by users as a positive elemeritarcomfort way of using briquettes as
a supplementary source of heat.

During combustion of samples excess air caused lbgges through heat of the
flue gas mainly in spruce logs, where the tempesati the flue gases, leaving to
chimney, reached high values at low excess air. ddefficient of excess air also
significantly affected the emission levels of carbdioxide, carbon monoxide and
nitrogen oxides in the flue gas. The most probl&npart of flue gas is carbon
monoxide, which reached high concentrations atdrigixcess air coefficient.

The concentration of nitrogen oxides emissionseased with the coefficient of
excess air and reached high values during combustioompost briquettes in contrast
to wood logs combustion. These trends were analgtaistically and expressed by
regression equations, which in practice can be tsegtimize the combustion process
in small devices with manual fuel supply. The measent results provided additional
suggestions for optimum energy use of materiahasvarsize compost fraction, which
might not be suitable as a fertilizer for variogasongnentioned abovelhe efficiency
of energy recovery is the aim of further research.
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Abstract. The article deals with the emission control sta&i¢8ME) and technical inspection
stations (STK) in the Czech Republic. The incregsinmber of vehicles and their operational
age has significant impact on these stations. Dheadays situation in the both stations does not
react adequately to the changing conditions. The afs quantitative research, which was
conducted through an Internet poll in Septembeb20btained responses from SME and STK
staff, as well as from the public. The questiormalidn’t show substantial dissatisfaction with
the current controls on SME and STK and there isurgent need for immediate and major
changes, but rather the need for continuous impnewt and better control on SMEs, at least as
at STK, i.e. the introduction of a central inforioat database (preferably shared by STK and
SME) and a camera system for better control. Thdiral question is not whether the existing
emission checks on vehicles in no-load mode oétigines are able to detect all faults.

Key words: emission control, vehicle, inspection station.
INTRODUCTION

Transportation is a very important part of the globconomy as well as people’s
everyday life. These days there are lots of pespleare interested in reducing pollution
and protecting the environment and it is cruciab#ostrict during the inspection and
maintenance of vehicles, because in the Czech Repihle age of the vehicles is
increasing (Automotive Industry Association, 2015he average age of vehicles
increases also in European Union - the averageleehije was 9.65 years in 2014, but
it is still lower than in the Czech Republic (Eueam Automobile Manufacturers
Association, 2015).

In the Czech Republic to 30th September 2015 &dbfa 069,206 motor vehicles
exist, and from this number is over 5 million pamger vehicles. The number of vehicles
increases every year, as the average age of #teoflethe Czech Republic. Average age
of vehicles increased to 17.45 years, while trexagye age of passenger cars is 14.73 of
the year, but is still increasing, so that vehictdder than 10 years account for
approximately 66% of the fleet of the Czech Repuftig. 1). For these vehicles, there
is a high probability of partial loss of efficienayy. Catalysts.
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Figure 1. The total number of motor vehicles in accordandh the operating time from first
registration (as of September 30, 2015, (Automaiikistry Association, 2015).

According to the OECD economic survey of the Cz&sgpublic (2011) it is
necessary to 'tighten its obligations regardingribpection and maintenance of vehicles
to better control of emissions from old vehicled émsupport fleet renewal cars, trucks
and buses'.

The production of harmful emissions (such as N@xban monoxide, particulate
matter), decreases in all Member States for theg@é&om 1990 to 2010 because of the
stricter homologation regulation according to Ewap Environment Agency (2012).

Many studies follow up the pollution from vehiclesthe world. Shancita et al.
(2014) consider the most efficient technologiesabse of reducing fuel consumption
and exhaust emissions from vehicles. Keall & Nedetie(2013) evaluate the costs and
benefits of the frequency of periodic vehicle indpes. There are annual vehicle
periodic inspection in New Zealand and they conmdiae 6-monthly inspections but the
result is not cost-effective.

Selim et al. (2011) made a survey of vehicle inipera@nd emission standards in
the United Arab Emirates, which results in insuéfit integrity standards, tests carried
out and the quality of testing. Questionnaires vwem@pleted by employees of vehicle
inspection centres, importing ports, experts andoveners across the United Arab
Emirates.

The Czech Republic put emphasis mainly on the ieahimspection station and it
is not so much interested in the emissions of wehi¢tlowever, in other countries they
have different rules. For example in the Unitededtahey measure only the emissions
and they do not have to go to the technical inspectations.

There are various tests in different countries atgb the frequency of the
inspections is not the same. In some countriesthission inspection is part of the
technical inspection. These tests are used in Eufidpmadko et al., 2011): Unloaded
test, Transient Loaded Tests, Remote Sensing, Euaporative Tests, On Board
Diagnostic, etc.

The United States is the leader when it comes testoms inspection. Some states
have the most stringent tests in the world. Thegsuees not only the exhaust gases but
also the noise. The emission tests in the UnitateStare unloaded test, Remote Sensing,
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Fuel Evaporative Tests, Transient Loaded, On B&aagnostic and also Steady State
Loaded, etc. (Hromadko et al., 2011).

Vehicles have to pass an emission inspection éweryears in the Czech Republic
(the first is after four years for a new car). Tiesv law no. 239/2013 Coll. for measuring
emissions is valid from 1st January 2015 and stilsimproving. If the vehicle passes
the emissions inspection, it will be able to gehte technical inspection. There are only
two results during the emission inspection — satisiry or unsatisfactory.

According to the Decree of the Ministry of Trangp@2013) the emission
measuring in the Czech Republic is split by fupktyengine type):

— spark-ignition engines with uncontrolled emissigistem and uncontrolled

emission system with catalytic converter;

— spark-ignition engines with controlled emissiontegs with catalytic converter

— diesel engines uncontrolled system

— diesel engines with a controlled system

— the motors for driving the fuel gas (e.g. LPG, CN{z, ...)

— more fuel drive.

Detailed scope and method of measuring emissiodedsribed in Decree of the
Ministry of Transport 342/2014 Coll. And in TranspBulletin 12/2015 Appendix 1 —
Methodology emission vehicles in measuring emissgiations (Table 1).

Table 1.Framework emission measurement procedures forreliffecategories of vehicles
(Bulletin of Transport, 2015)

Diagnostics Depending on ttConcentrations

S g of ergineoutcome  of  thmeasuring
= S managementdiagnostic  engir(spark-ignition
@2 ©  system management systeengines)/
22 g optional  addition:smoke
g % g procedures (diesel engines)
Spark-ignition engines
— uncontrolled system X X X
— a controlled system X X
without OBD X X
— a controlled system X X X
with OBD X X
Diesel engines
— uncontrolled system x X X
— a controlled system X X
without OBD X X
— a controlled system X X X
with OBD X X

OBD = on-board diagnostics

Each emission measurement station is authorizesetisure emissions of certain
vehicles. Emission measuring stations must usengesuring device that is approved
by the Ministry of Transport.
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MATERIALS AND METHODS

Quantitative research titled Cars and emission oreas stations (Table 2) took
place in the Czech Republic for a week in SepterBb&b, namely from 16th September
to 23thSeptember 2015. The research method was used CaAS8ifuter Assisted Self
Interviewing) or technique, where the respondesafifills in the questionnaire on your
computer without having to interfere with the inMiewer. The questionnaire was created
on the website www.vyplnto.cz and contained 15 tijoes (Table 3).

Table 2. Quantitative research — CASI

Name Vehicles and Emission Control Station
Method CASI

Target group STK and SME staff, general public
Sample size N=11¢

Location The Czech Republic

Research tools 15 questions in the questionnaire
Questioning term 16th September — 23th SeptentiEs 2
Rate of return 67.3%*

Average time filling 4:48 min

* Rate of return is determined by the ratio of céetgd questionnaires and displayethta is approxima
(www.vyplnto.cz).

Table 3.List of the questions
Numbe  Question

Q1 Do you have a vehicle (own, use, take caredf...

Q2 Do you go to the emission control with your wddiregularly?

Q3 How many vehicles do you have (in the househwse the use of it)?

Q4 What is the age of your vehicle?

Q5 What is the age of your second car?

Q6 What fuel do you prefer (what do you choosesisecof purchase new car)?
Q7 How often would be the emission control (whatfrency)?

Q8 Do you consider the frequency satisfactory (ghd®

Q9 What changes do you suggest during the measatritg emission control stations?
Q10 Are you a worker (employee, owner...) of théssion control station?

Q11 Gender

Q12 Age

Q13 Region

Q14 Education

Q15 If you have any comment to the emission corstiaion, you can write it here

If we counted the return polled people it wouldltweer, about 17%. Email with
guestionnaire was sent to about 330 e-mail addsesfstechnical inspection stations
(and others about 15 e-mails were not delivergalyuiestionnaires were filled by staff
of technical inspection stations or emissions in8pas stations.
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RESULTS AND DISCUSSION

Out of 119 respondents, only 5% owned or used anltden People who responded
that they have or used car, were automaticallyeetid to question no. 6 — What type
of fuel do you prefer.

Nine out of ten respondents personally run on @arissieasuring stations. Only
10% of people do not go to regular checks and stredgehicle to someone else. Based
on the results of question 11 — Sex can be asstima¢dhalf of those who do not go to
SMEs are women.

For questions 3 can be seen that almost half goretents have two vehicles,
which may be associated with an increasing numtbezacs. The largest group of
vehicles aged 1a5. Fortunately, nearly 30% of the cars are agdd years and only
13% of cars are older than 15 years. Nearly 1/@giondents have no second car. The
order of frequency of answers to the age of therotbhicle remains very similar to the
previous issues.

Almost half of the respondents would choose diésell if acquiring a new car.
Less than 40% by opting for gasoline, only abolgas and 1% electric car. This
order can depend on low awareness of alternatigks,fa small number of service
stations and even an emission control station avillimgness to choose something
relatively new and unextended.

53% of respondents are satisfied with the curr@atus, (i.e. the first inspection
after 4 years, and then every two years), andules should not change (Fig. 2). 15%
of people is very similar variation with the diféerce that the first inspection would be
after two years. And almost equally large group Meagulate the timing of the second
check, which would be after three years. Thesdtesuggest that only about 15% of
those surveyed would shorten the intervals of donissontrols.

3-2-1 (at first after 3 years, then
after 2 years, then every year)
3%

4-1-1 (at first after 4 years,
then every yearDthers
5%

2-1-1 (at first after 2 years,
then every year)
4%
1-1-1 (every year)
5%

4-3-2 (at first after 4
years, then after 3 years,
then every 2 years)
13%

Figure 2. How frequent should inspections be at the statadmeeasuring emissions (SME)?
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More than half of the responses to the questiorthvenghe controls are adequate
emission stations, is positive. Approximately 25¢%people admit that checks on the
technical emission not always take place accortbrifpe rules and 15% of people are
aware of the imperfection of current measuremenhaus.

Approximately 1/4 of the respondents would not ¢geaimspections at emission
stations during measurements done. Popular inravatould be the introduction of a
central information system, emission measuringastat This change was expressed by
36% of respondents. Almost 30% of respondents wargidome a change in the final
assessment, which would be more opportunities inreatisfactory condition of the
vehicle. Now it is a very small percentage of irgmas with unsatisfactory results
(about 1%), so it can be assumed that if the velfmls to meet the conditions for
supervision and control instead of towing it ‘does count’ and the car is towed away,
but ‘leave’ home. 27% of respondents would be &aneras introduction.

Over 50% of respondents work on emission measurestation or in the station
of technical inspections. Due to this result, ip@ssible to consider the response from
this questioning for a really beneficial becaussytare made by people in the field who
‘knows what they are talking about’.

Men were interviewed mostly, only 15% were womehnisTesult is quite expected
considering the subject questionnaire. The ageeseptation was fairly even, where
only about 5% of the respondents were over 60esgithan 2% younger than 18, which
is related to the ownership and driving a motoricleh

Even the distribution of responses by region istietly uniform, the highest
number of responses were from Prague and CentrAerBi@a, which is logical
considering the number of inhabitants and the ahpit the Central Region, which
surrounds Prague. The least respondents were freiradec Kralove Region and Zlin
Region. More than half of the respondents have rany education and 30% of
respondents received a college degree.

Question number 15 was open while the optional tipregunlike the previous
guestions). Therefore, the answer was a small atndun on the other hand, the
responses were much more valuable (in terms of dwitent). For this question,
therefore, it is more of a qualitative research.

The response was that there are more SMEs thaedsed; it would be appropriate
to establish a central information system as thi€, 8§ well as the proposal to introduce
emission plaques in larger cities, such as in Geymand especially the need for a new
measurement methodology.

CONCLUSIONS

The answers are considered sufficient expertisieisauestionnaire because more
than half of the respondents worked at stationstdohnical inspection stations and
emission measurement. The questionnaire does pbt afundamental dissatisfaction
and the urgent need for immediate and major chabgésather the need for continuous
improvement. The result of the questionnaire ised#nt from the OECD economic
survey of the Czech Republic.

The most important is considered the introductiba central information system,
as is already the case for technical inspectidiost Given the relatively high number
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of respondents from the field (STK and SME stdffs emphasis is on accuracy, which
can bring a new methodology for measuring emissions

Probably the people who work in SME or STK callstfee introduction of CCTV
and an extension of the inspection results. Inangasumber of vehicles means the
station for emission controls more regular inspeiand also theoretical inspections,
which are not compulsory and will depend on thegiec of the owner of the vehicle.

Ever increasing average age of vehicles couldti@adenewal of the fleet and thus
again increased the number of inspections at smatimeasuring emissions. The high
average age of cars is not good for both secunitiyeven the environment, so there is
much room for innovation, whether measuring devicmeasurement methodology that
would lead to a tightening of the rules and dispo§aehicles that are most harmful to
human health.

The new methodology of emissions measuring shoaltbbdamentally different
from existing ones. Measurements of emissions shmeicarried out also in stress mode
engines.
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Abstract. Mulching is one of the energy-intensive activitiesgriculture. The energy is gained
from the consumed fuel. Besides the consumedlieetdmbustion engine produces harmful and
unharmful exhaust gases. The general trend isdeceethe production of harmful constituents
of emissions as well as carbone dioxide. This canabhieved by various construction
modifications or additional modifications of exhagases. It is possible to estimate the energy
intensity in advance by several different ways. Paper presents the estimation based on
measured complete characteristics of emissionsuptimh and the fuel consumption of used
combustion engine and on the measured on-board Tagaresults show that the estimation of
fuel consumption and thus also production of carbimxide can be relatively successful. The
estimation differs quite significantly for other essions components. During different transition
modes of the combustion engine there is a changamigsions production which is hard to
describe. The solution could lie in use of othaap@eters determining the operation mode of the
engine in addition to the commonly used speed arglie of the combustion engine.

Key words: Fuel consumption, emissions, operation modell@ognbustion engine.
INTRODUCTION

There is a worldwide pressure put on the manufacdtand operators of machines
with combustion engine to minimize the fuel constimp and to minimize the
production of harmful emissions AleS et al., 20A5.the same time the engine and
medical industry discuss harmful effects of theivitthal emission components
(Hirvonen et al., 2005; Xu & Jiang, 2010; Kvis&t 2011; Jalava et al., 2012). Harmful
effects of the individual emission components ameegally known but the problem is to
express these harmful effects financially.

Rules and regulations push the manufacturers tdugmincreasingly sophisticated
machines which produce minimum of harmful emissiggu et al., 2014). However,
verification of these machines is done only durihg homologation measurements
(Maass et al., 2009; Lijewski et al., 2013; Cordiatal., 2014; Liu et al., 2015). Thus
the measurement carried out during operation ig micative and does not achieve
sufficient accuracy in order to prove that the castlon engine of the used machine still
meets the homologation regulations.
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Widely discussed question concerns the evaluatibremissions within the
operation which is not easy (Dace & Muizniece, J0Measurement of emissions in
operation brings number of difficulties such asumacy of analyzers, speed of response
on dynamic change of the measured quantity etodtid be much easier to monitor the
operation mode of the machine and then quantifatheally produced emissions on the
basis of complete characteristics of the enginghihe regular operation test the task
would be to specify current complete charactegstiche engine. The vehicle operators
would be taxed not according to which machine hheg bought but how do they care
about it and whether its characteristics aredtibe to the characteristics determined by
the producer or whether the technical conditiothefmachine has changed so that these
characteristics significantly differ from the chetexistics determined by the producer.
The used type of fuel or biofuel which significgntiffects emissions may also be
included in the evaluation (Sada et al., 2012; Repeal., 2013; Honig et al., 2014;
Cedik et al., 2015; Pexa et al., 2015).

The paper presents example of modelling the traggieration in connection with
a mulcher with a vertical axis of rotation. The adfnthe paper is to use complete
characteristics of the engine and on-board dathieaed during the actual field
measurement, to model operation of this set andesulently compare measured
emissions production and fuel consumption of thetbr with the modelled values.

MATERIALS AND METHODS

Measuring and modelling of the operation was donenbans of the tractor John
Deere 7930 in connection with the triple-rotor ningdcMZ 6000 with a vertical axis of
rotation made by Bednar FMT, s.r.o. (Fig. 1). Aoradiameter is 2 meters and the width
including overlap of rotors is 5.85 m. John Deeactor is equipped with the engine
supercharged by a turbocharger and also with a @omrail fuel injection system.

Figure 1. Working set of tractor John Deere 7930 and muléfgr6000 during measurement.
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Measurement in field conditions was done on a gfiatd with area of approx.
1.25 ha. The amount of the fuel consumed duringitteeof the tractor with the mulcher
was measured by means of the flow meter (AIC VERST4004 — measurement error
1%) and also by the on-board diagnostics (on-bdagnostics system monitored by
means of the device Texa Navigator TXTs — frequehElz). The amount of intake air,
engine load, engine speed and tractor speed weaasumeal also by means of Texa, the
power necessary for the drive of the mulcher wasismeed by the dynamometer
(MANNER Mfi 2500Nm_2000U/min — accuracy 0.25%) ahé amount of produced
harmful emissions of carbon dioxide (FTIR), carbanoxide (FTIR), hydrocarbons
(FTIR),nitrogen oxides (electrochemical cell) and/gen (electrochemical cell) was
measured by means of the emission analyzer (VMKreguency 1 Hz, Table 1).
Movement of the set was monitored by the GPS sd@®8 receiver Qstarz BT-Q100X
— frequency 5 Hz) and by a drone. All data werechyonized at frequency of 1 Hz.

Table 1.Parameters of the emission analyser VMK

Measured Scope Resolution Accuracy
component
CO 0-10% vol. 0.001% vol. 0-0.67%: 0.02%
0.67-10%: 3% from measured value
Co 0-16% vol. 0.1% vol. 0-10%: 0.3%
10-16%: 3% from measured value
HC 0-20,000 ppm 1 ppm 10 ppm or 5% from measurkeva
NOx 0-5,000 ppm 1 ppm 0-1,000 ppm: 25 ppm
1,000-4,000 ppm: 4% from measured value
0O 0-22% vol. 0.1% vol. 0-3%: 0.1%

3-21%: 3% from measured value

The yield map was created during measurement owrhbsen field. In order to
create the yield map, approx. 100 samples of thet phaterial were taken and weighed
and GPS coordinates were also recorded for eaghisanie trajectory of the set during
measurement and the yield map are presented Fighé.

)
Yield (t/ha)

086 2 4 6 8 108

* Yield - taken samples
[ Borders of the whole land
[ Borders of the part of the land

Figure 2. Field measurement: a) measured points, b) yield map
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It was necessary to determine the complete chaistate of the engine to be able
to implement modelling. The measurement was cawnigdn the laboratory by means
of the dynamometer (AW NEB 400 — accuracy 2%). &kternal rotation characteristics
was measured. Based on this characteristics theursaent points were determined in
order to cover the working range of the enginetimticspeed (measured at rotation speed
1,450, 1,600, 1,750, 1,950 and 2,100 at sevenas stkthe engine load up to 100% load
— total of 27 points were measured). The fuel congion and the emission parameters
were measured during the measurement. Using furscibMathCad (especially interp
and spline) continuous areas were created in comiel engine speed and torque. The
example of continuous area for the fuel consumpt®rshown in the Fig. 3 and
continuous area for the nitrogen oxides is preskimt¢he Fig. 4.

Fuel consumption (kg h™")
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Figure 3. Continuous area of fuel consumption.

NO (g h”)

1200 1,325 1450 1,575 1700 1825 1950 2075 2,200
rpm

Figure 4. Continuous area of nitrogesxides.

RESULTS AND DISCUSSION
Altogether 1,417 points were recorded during muighof the area which is
depicted in the Fig. 2, while the driving time w2&6 minutes. These 1,417 measured
points were applied in the model. Production oD, NO, HC and fuel consumption
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were established for each point using measured levpenpharacteristics of the engine.
The total fuel consumption is presented in the @&bland the production of the
individual emission constituents within the whalderis presented in the Table 3.

Table 2. Measured and modelled values of fuel consumptiothi® whole ride

Measured values Model - MathCad Deviation
| | %
Fuel consumption 12.86 12.98 0.88

Table 3.Measured and modelled values of produced emis&iorike whole ride

Measured values Model - MathCad Deviation
kg kg %

COo; 42.69 56.09 31.40

co 80.62 121.86 51.15

NO 140.04 226.93 62.05

HC 2.37 0.633 -73.32

The recorded drive points were used to simulateltiving cycle of the tractor and
mulcher in the MathCad interface. The resultingiealof the whole cycle are presented
in Table 2 and 3. It is evident that except thepi@uction, higher values were reached
during modelling of fuel consumption, GAGCO and NQ production than during the
real ride (the reason could be the delay of thesgiom analyser VMK in combination
with the low sampling frequency (1 Hz) and venyt felsange of the engine load during
the real ride of the tractor). The best resultsemerached during modelling of fuel
consumption where the average measurement errorOv@88. The results of GO
production are satisfactory but in other casesrtbasurement error is more than 50%.

Together 14 rides were selected for more detaitedl/ais of accuracy. These rides
were carried out in one direction (elimination afface inclination and wind direction)
and next to each other, in the area where the gigjdass is described. Resulting values
of production of individual emissions constitueatsd the fuel consumption of all 14
rides are evaluated in the Statistica software. (b)ig

Table 4. Comparison of measured and modelled values

Modelled values in comparison with measured vélage
Fuel

. CO, CoO NO HC
consumption
Mean value 102.66 139.15 172.59 191.15 37.07
Standard deviation 14.51 13.12 31.01 67.15 29.59

The Fig. 5 makes it evident that as in case oftfsuation of the whole ride the
model reaches very good values for fuel consumptidme other constituents of
emissions acquired from the model are less accurheemeasured values of €®ere
still acceptable. The accuracy of other emissiarsstituents is significantly reduced.
Resulting values of average and standard deviadomgresented in the Fig. 4 and in
the Table 4. The results make it evident that treysis of the tractor set ride based on
the on-board values and measured complete chasticgeof the engine is not an easy
task. It is necessary to introduce correction g¢oieffits for the individual emissions
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constituents, the coefficients will include dynasaf the engine such as speed change
and load change.
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Figure 5. Evaluation of rides — Statistica.
CONCLUSIONS

Modelling the operation of machines and predictihg production of harmful
substances of the combustion engine is problenfiiEresults in Table 2, 3 and 4 show
that it is necessary to pay attention to each iddal produced emissions constituent.
Very good results are reached during modellinguef tonsumption and GQOIn case
of other constituents there are deviations fromsue=d values.

It is possible to make values of produced emissimase accurate when the
dynamics of the tractor set ride is taken into abersition. Speed change, course of the
speed change and especially load change and spgekxad change seem to be
appropriate parameters.

Photographic methods for recording of the landadmeady known. The analysis of
the image provides a lot of information which maglphto estimate the load of the
engine. The tractor set would have to overcome kaxhduring the ride. In connection
with complete engine characteristics these mapsdcbe used to predict the fuel
consumption and production of harmful substancethbeyombustion engine.

The aim could be creation of a system of machinatuation and their impact on
the environment. The operation would be taxed erbtwsis of actual produced amount
of harmful substances. The amount of taxes woutdappressure on the operators to
renew the vehicle fleet or take care of the fleebider to produce as little harmful
substances as possible.
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Abstract. Production of solid particles significantly increashe dangerousness of combustion
engines. The excellent sorbtion characteristitk@tolid particles increases their harmful effects
and makes them very dangerous component of emsssidrich causes health problems.
Currently there are many design solutions which wmeduce smoke of combustion engines.
One of the most significant solutions suggestsaiasing the injection pressures up to the limit of
250 MPa and filtering the exhaust gases. The papapares different fuels and biofuels, whether
used alone or in mixtures, and their effect on ssnmfksupercharged Cl engine. The comparison
uses the 8-point NRSC (Non-Road Steady Cycle)deshg which the following fuels were
used: diesel, rapeseed methyl ester, rapeseeawidpha curcas oil, biobutanol, hydrotreated oil
and other blended fuels. The measurement and cisopaesults show that using biofuels can
significantly reduce smoke of combustion engin@ipyo tens of percent in comparison to diesel.

Key words: Combustion engine, biofuels, harmful emissionsfgsmance.
INTRODUCTION

Environmental protection makes the polluters redpeeduction of harmful
substances. This restriction significantly affebssautomotive industry as well, i.e. cars,
trucks and agricultural machinery. Agricultural mames are driven mainly by diesel
combustion engines. The most harmful products ebeli combustion engines are
particles, smoke and nitrogen oxides.

The literature describes several basic possilslafehow to reduce smoke of diesel
combustion engines in order to meet increasingigtdimits set by the international
regulations. (Armas et al., 2013; Sun et al., 2@&tBanatidis et al., 2014; Hwang et al.,
2014; Athappan et al., 2015; Liu et al., 2015; €hal., 2016; Kang & Choi, 2016; Woo
et al., 2016). Utilitzation of different biofuels also one of the options.

— Butanol — In comparison with ethanol, butanol haowaer auto-ignition
temperature, it is less evaporative and releases emergy per unit of mass. It also has
a higher cetane number, higher energy content etterbbubricating ability than ethanol
and methanol. It is also less corrosive and bettscible with vegetable oils, diesel and
FAME (Honig et al., 2015a; Honig et al., 2015b; Miilet al., 2015).

— Fame (Fatty acid methylester) — FAME has a lowesswalorific value, higher
density and higher viscosity than diesel (Pexa &ikj&2014). FAME can be made from
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vegetable oil and animal fat (Sirvio et. al., 20dédik et al., 2015). The inferior storage
and oxidative stability are the main disadvantagfeSAME. Another disadvantage of
FAME is a high feedstock cost, especially when ihgetable oil is used as a raw
material.

— Vegetable oil — Utilization of the vegetable oilakiel is known for many years.
In comparison with diesel the vegetable oil is @erd has a higher viscosity. In order
to utilize the vegetable oil in a conventional carsiiion engines it is necessary to lower
its viscosity. This is usually done by preheatingnoa chemical way. The rapeseed oil,
sunflower oil, palm oil or oil from jatropha curcase the most commonly used oils.
(Altaie et al., 2015, Abu-Hamdeh et al., 2015; Bates et al. 2015; Kumar et al., 2015,
Reham et al., 2015, Verma et al., 2016).

— HVO (Hydrotreated Vegetable Oil) — HVO is fuel obed by
hydrodeoxygenation of vegetable oil. It consistpafaffinic hydrocarbons with a linear
chain, it is free from aromatics, oxygen and sufpfithas a high cetane number, lower
density than diesel oil and comparable calorifituga Thus there are no problems
usually connected with bio diesel (FAME), such msreéased NOX emission, deposit
formation, storage stability problems, faster agafigengine oil or high cloud point
(Aatola et al., 2008; Ktera & Rousek, 2008; Knothe, 2010; Hartikka et2012; Naik
et al.,, 2010;No, 2014;). HVO has lower fuel constiolp lower loss of power and
higher motor efficiency than conventional bio diggauckhan et al., 2014; Kim et al.,
2014).

The aim of this paper is to verify the possibibfyreducing the emission production
of nitrogen oxides and solid particles (PM — Pailtte Matter) by using different kinds
of biofuels. The verification is done by meansh## 8-point NRSC (Non-Road Steady
Cycle) test applied on a turbocharged engine Zetoterra 8641. The purpose of the
verification is to find fuels or appropriate fuelditives which reduce the production of
nitrogen oxides and solid particles, do not aff@tter harmful emissions and do not
significantly reduce the performance parameters.

MATERIALS AND METHODS

The measurement was done using the tractor engtor Z204 supercharged by
means of turbocharger and placed in the tractarZadrterra 8641 (Fig. 1). Itis in-line
4 cylinder engine, its displacement volume is 4.L&6d rated power 60 kW (it is
53.4 kW on PTO (Power Take Off) according to theastgement made by Deutsche
Landwirtschafts-Gesellschaft), the maximum torcgu@5l Nm, the nominal specific fuel
consumption is 253 g kWhand the rated speed is 2,200 thifihe fuel is delivered to
the engine by means of mechanical in-line injecfiamp, injecting is done by one
injection with pressure 22 MPa. The injection poesss given by manufacturer and
before measurement it was checked on the manuaumeg device. The start of the
injection is kept constant at 12° before top deadter. The operating time of the
mentioned engine does not exceed 100 operatinghour
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Figure 1. Tractor Zetor Forterra 8641 and dynamometer AW NIBB.

The engine was loaded by the dynamometer AW NEB(Fdf) 1) connected to
PTO, torque was recorded by the torque sensor MARINE 2,500 Nm_2,000 U mih
with accuracy 0.25%. The torque values recordedhkysensor placed on PTO are
converted to the engine torque by means of ap@tepgear ratio (3.543). The losses in
the gearbox have no effect on the comparative negsof the influence of fuel on the
external speed characteristics of the engine apdefibre they are not taken into
consideration. Data were saved on the hard diskhef measuring computer HP
mini 5103, with the use of A/D converter LabJack Wigh frequency of 2 Hz, in the
form of text file. For measurement of gaseous eomsscomponents the emission
analyser BrainBee AGS 200 was used. For measureshéim¢ PM concentration, the
opacimeter Atal AT 600 was used. The values of ibpagere converted into mass
concentration using the converting table given bgnuofacturer. The precision and
measurement range of both devices is shown in e TL. The programmes MS Excel
and Mathcad were used for data evaluation.

Table 1.Parameters of the emission analysers

Resolution Measurement range Precision
NOx 1 ppm 0-5,000 ppm 10 ppm vol. or 5% read value
PM 1 mg n¥ 0-900 mg mi 20 mg m?

Mixed fuels were made from the following basic Biptesented in Table 2: diesel
which meets the standard EN 14 214 rapeseed me#igl (RME), rapeseed oil,
Jatropha curcas oil, n-butanol (BUT) and hydrotrdategetable oil (HVO). The table
presents parameters for these basic fuels suaeasity, viscosity, cetane number and
calorific value (the values of cetane number anbbrific value were taken from
literature). The selected mixed fuels do not hahm fuel system of the combustion
engine. These fuels have appropriate viscosity demkity determined by standard
EN 590 and EN 14 214.
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Table 2.Basic parameters of the fuels (Aatola et al., 20QU8purtzioumis & Stamatelos, 2012;
Murali Krishna, et al., 2014; Qi et al., 2014; Atmficet al., 2015; Kibuge, et al., 2015)

Fuel Density at 15°C  Calorific value Viscosity at Cetane
(kg n73) (MJ kg?) 40 °C (mni sY) number
HVO 780 44 2.5-35 80-99
RME 880 375 45 51
n-butanol 810 33.1 2.63 17
Rapeseed oll 918 36.995 2391 44-48
Jatropha Curcas oll 914 39.63 46.82 45
diesel — EN 590 825 43.3 25 50

Based on the fuels analysis (the viscosity andigeoisselected fuels are presented
in Table 3) the following mixed fuels were chosen:

— 100% diesel according to the regulation EN 590 ¢Bliie EN 590) — the tested
diesel oil contained 5.5% RME, diesel without RMditdiive was used for other fuel
mixtures,

— 100% rapeseed oil methyl ester (100% RME),

— 100% hydrotreated vegetable oil (100% HVO),

— 19.7% rapeseed oil methyl ester /80.3% diesé16il7% RME / 80.3% Diesel),

— 33.9% rapeseed oil methyl ester / 67.1% dies€B8i0% RME / 67.1% Diesel),

— 48% rapeseed oil methyl ester / 52% diesel oil (48%E / 52% Diesel),

— 5.5% Jatropha curcas oil / 94.5% diesel oil (5.5 apha curcas / 94.5%

Diesel),
— 19.7% Jatropha curcas oil / 80.3% diesel oil (19J&%opha curcas / 80.3%
Diesel),

— 5.5% rapeseed oil / 94.5% diesel oil (5.5% rapesdd®4.5% Diesel),

— 19.7% rapeseed oil / 80.3% diesel oil (19.7% rageted / 80.3% Diesel),

— 10% n-butanol / 90% rapeseed oil methyl ester (BW%s / 90% RME),

— 30% n-butanol / 70% rapeseed oil methyl ester (80% / 70% RME),

— 50% n-butanol / 50% rapeseed oil methyl ester (B0 / 50% RME),

— 60% n-butanol / 40% rapeseed oil (60% BUT / 40%saed oil),

— 30% HVO / 70% rapeseed oil methyl ester (30% HVI0% RME),

— 50% HVO / 50% rapeseed oil methyl ester (50% HWBD% RME).

Table 3.Viscosity and density of selected mixed fuels

Mixed fuels Density at 15 °C  Viscosity at 40 °C
(kg nT3) (mn¥ sY)

10% BUT / 90% RME 869.9 3.301

50% BUT / 50% RME 8445 2.214

30% HVO / 70% RME 851.2 3.965

50% HVO / 50% RME 831.5 3.533

60% BUT / 40% rapeseed oil 858.5 5.381

The external speed characteristics of the engime measured for all tested fuels.
Then the measuring points of the eight-point NR&4Z tvere determined according to
ISO 8178-4 (type C1) (Fig. 2.). The points of testtare defined by rotation speed (idle,
at max. torque and rated) and load in percentagB)(®0, 75 and 100%). The test was
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used for measuring the specific emissions prodactibccording to the standard
ISO 8178-4, the time spend at each speed/load waim3 minutes and the last 60 s was
used for the calculation. Specific emissions praidacfor the whole NRSC test was
calculated according to the equation (1). In eyadetermined measurement point the
measured parameters were stabilized.
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Figure 2. Measurements points for the NRSC test for HVO withight factors.
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where: mwrsc— specific  emission production for whole NRSC tegtkWh?);
Mg, — hourly emision production (g'yy WF — weight factor (—)Pero,i— power on the
PTO (kW).

RESULTS AND DISCUSSION

The resulting values showing smoke of all meastuets are presented in Fig. 3.
The mixed fuels are sorted according to the amotisaimoke, from the smallest to the
largest. 0.365 g kWhwas the largest smoke value reached by Diesel -S5&N By
contrast, the lowest amount of smoke 0.026 g ®¥Wias reached by the fuel 50%
BUT / 50% RME. Changing the fuel helped to sigrifidly reduce smoke by up to 90%.
The NRSC test determined the limit of 0.4 g kiWbr this tractor engine. It can be stated
that this limit was met in all cases and it is dégil in figure 3 as a line marked as Limit
— PM. As a progressive value for higher categorthefengines of non-road vehicles,
the standard is determined more strictly to 0.0RBW®. Therefore it would seem that
from the point of view of smoke the engine can h#éted to a higher category of
emission standards only by means of using a diffefael. However, the value
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0.025 g kwWHh is reached during the transient NRTC cycle (NoadR®ransient Cycle)
which is much more demanding and the engines pethare pollutants.
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Figure 3. Production of NOx and smoke during NRSC test usiiffgrent fuels.

However, the performance parameters decreasedtaireolusly with the smoke
parameters which is a negative impact of most kisfuPerformance parameters of the
best fuels decreased by more than 10%. Fig. 4 miesiee limit values of torque and
engine power and the performance parameters of fatbls.

From the point of view of smoke and performancepeaters the best fuels are the
following: 30% HVO / 70% RME, 50% HVO / 50% RME,%0BUT / 90% RME, 100%
RME and 100% HVO. From the point of view of othemigsion parameters for diesel
engines, the nitrogen oxides are particularly noyed. Measured values of production
of nitrogen oxides during the NRSC test are preskmt the figure 3, as well as the limit
value. It is evident that the standard value 7 dWRWOXx is not reached by any fuel.
However, the production of NOx was significantlgueed by using the fuel 100% HVO
or 10% BUT / 90% RME. When compared to Diesel — 5 the production was
reduced by 30-40% to the value close to the lieieanined by the NRSC test.

Using the BUT fuel increased production of carbamoxide, but none of the fuel
samples exceeded the value determined by the N&$CTo conclude, fuels containing
n-butanol and HVO could be used more in the future.
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Figure 4. Performance parameters of the engine using difféuefs.
CONCLUSIONS

The measuring results proved that change of fughifetantly affects the
production of combustion engine pollutants. Smoks veduced in all used mixed fuels
during the standard NRSC test. It was reduced byou®0% in comparison to the
standard fuel Diesel — EN 590.

The HVO fuel and fuels containing n-butanol provedbe the most suitable
because the smoke was reduced as well as anddhacpion of nitrogen oxides which
was reduced by up to 40%. The fuels containingr@D50% of n-butanol managed to
reduce smoke the most. However, along the reduaifoamoke, the performance
parameters were reduced as well, by more than T@&resulting values of production
of nitrogen oxides and smoke are presented inigieef 3 and decrease of performance
parameters is presented in the figure 4.

The performed tests proved that the most suitafells for common CI combustion
engines are fuels based on HVO or fuels containtbgtanol.
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Abstract. Fruit baby food is an important food source in mfautrition. This ambient stable
product is processed using heat treatment and eatdoed for one or more years at ambient
temperature. An accelerated shelf-life storage aédtuit baby food was carried out. Sets of
samples were stored at various storage temperg0e85, 70 and 90 °C) for 3 weeks. Selected
markers were followed and correlated with sensegjuation during the storage. The markers
were: DPPH, total phenols, ascorbic acid, 5-HMHAuial and colour (expressed as L, a*, b* and
AE). Kinetic data (reaction rate constants, actbraénergies, §, z values) were calculated. The
aim of the paper was to evaluate shelf-lives at fsaby food. The colour parameters, especially
AE, seem to be a robust criterion which could bel isgredict shelf-lives of fruit baby food.

Key words: kinetics, modelling, storage experiment, colour.
INTRODUCTION

Determination of storage periods is one of the miogiortant steps in food
production. A shelf-life is defined as a periodidgrwhich food products meet specific
criteria. Food safety is the key criterion that trhesfulfilled. Approach to determination
of storage periods depends on a type of food ptaduc& Labuza, 1993). Microbial
growth is an important criterion in case of perldbaoods (Dalgaard, 1995; Corbo et
al., 2006). In case of imperishable foods, selegathmeters are associated with
nutritionally important compounds, such as vitamargtioxidants etc., or with changes
of sensory properties of food (especially colout sexture). Conventional storage tests
can be used to estimate storage periods; durifgtssts, food is stored for a long time
under conditions which are expected during norneaiage of the particular commodity.
Another option for estimating storage periods isiacelerated storage test. Appropriate
markers are then chosen on the basis of a literatwiew.

An accelerated shelf-life test (ASLT) is carried for several selected markers;
during the test, a particular foodstuff is stored & specific period of time at higher
temperatures or exposed to higher concentrationgyafen etc. (Ragnarsson & Labuza,
1997; Hough et al., 2006; Garcia-Garcia et al.,820Changes of the markers are
evaluated by ordinary kinetic procedures. The ahoica reaction order of the chosen
markers may be based on literature research.dvaet data has not been published, it
is necessary to determine a reaction order expetaitye. Determination of a reaction
order is governed by different types of algorithamsl testing by kinetic modelling
software (Sande & Karlsen, 1993; Larsson & Pard@80). The key point of shelf-life
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determination is to estimate limits of the selectedkers. Sensory markers are the most
important parameters for shelf-life prediction. ™eibull model and some others (e.g.
Markov model) are the most widely used tools fotedmination of sensorial limits
(Freitas & Costa, 2006; Ledauphin et al., 2006a&ah et al., 2009).

Commercial fruit baby food is a preserved fruit guot usually made of fruit
purees, sugar, water and different additives (d#nahkg agents, antioxidants, etc.), which
is aseptically bottled and pasteurized and thefjestddl to another heat treatment and
pasteurization; finally the final product is putdniong-time storage. As a foodstuff
intended for specific nutritional uses, baby fofwtsnfants and young children conform
to a set of strict guidelines, e.g. maximum levyefspesticide residues, microbiological
contamination, addition of additives, labelling;.gCizkova et al., 2009).

Evaluation of changes of chemical markers is ingurtor prediction of shelf-lives
of fruit-based products. Sucrose isomerisation {@g@aet al., 1992), formation of 2-
furaldehyde and 5-hydroxymethyl furfural (Rada-Menaet al., 2002; Burdurlu &
Karadeniz, 2003; Gentry & Roberts, 2004), furos{Rada-Mendosa et al., 2004),
levulenic acid (Opatova et al., 1992) and degradadf ascorbic acid (Palazén et al.,
2009) etc. are the principal markers. Physical gharo fruit-based products as rheology
and colour (expressed as the a*, b*, a*/b*, LA&) are also important markers in shelf-
life evaluation (Rocha & Morais, 2003; Ahmed & Rawamy, 2005; Oszmigki et
al., 2008). Colour changes of fruit products (paréeices etc.) are often discussed in
literature (lbarz et al., 1999; Chutintrasri & Ndoonn, 2007; Avila & Silva, 1999).
Microbiological shelf-life is not important for fiubaby food because this commodity
belongs to non-perishable foodstuffs (Van Boek8D9). The aim of the paper is to
evaluate shelf-lives of fruit baby food. A proceeltor shelf-life determination is shown
in the storage experiment bellow.

MATERIALS AND METHODS

Commercially available apple/raspberry fruit babgd from the Czech market was
used. Preservation method used: pasteurization;pasition: apple puree, water,
raspberry puree (20%), sugar, modified corn staectic acid, and ascorbic acid;
production date: 17September 2008; best before daté March 2010; lot: 080917.

Shelf-life estimation

Thermal degradation kinetics of fruit baby foodefil in original packaging was
studied by isothermal heating at selected temperai40 °C, 55 °C, 70 °C and 90 °C)
for 19 days. The storage test temperatures wergechaccording to Rajchl et al., 2010.

DPPH determination

Antioxidant capacity of fruit baby food was detened using the free radical
2,2-diphenyl-1-picrylhydrazil (DPPH) according t@rénd-Williams et al., 1995).
Absorbance was measured at 517 nm against blanglesiwith methanol solution
(80%) (Brand-Williamset al., 1995).

Colour measurement
Colour measurements were carried out using thedatdnCIE L*, a*, b*
coordinates on a Minolta CM-2600d spectrophotom@nolta, Osaka, Japan). The
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measurements were carried out on SCI modality usib@® standard observer and D65
illuminant. Before the analysis, the instrument walibrated on a white standard tile
(L* =98.82; a*=-0.18; b*=-0.31). A colour change was described as

AE = \/(L* —Ly)’+(@ —a))?+ (b —by)* (L* — lightness, a* — redness/greenness
b* — yellowness/bluenessy,lay, by indicates initial value of these parameters).

Total phenols determination

Total phenol content was determined using a spglattometric assay on a UV-
visible Thermo spectronic Genesys 20 spectrophdem{@hermo Fisher Scientific,
Waltham, Massachusetts, USA) and was measured tn@rigplin-Ciocalteau reaction.
(Shaghaghi et al., 2008). Briefly, aliquots of séesmnd standards (0.5 ml) were mixed
with 2.4 mL of deionized water, 2 ml of 2% sodiuartmonate (N£&COs), and 0.1 ml of
the Folin-Ciocalteau reagent. After incubation abm temperature for 60 min,
absorbance of the reaction mixture was determined58 nm using gallic acid as
a standard. Total phenol content was expressedllio gcid equivalents.

Ascorbic acid determination

A homogenised sample (5 g) was weighted into a Bblametric flask and 0.5%
solution of oxalic acid (40 ml) was added. The skenwas extracted in an ultrasonic
bath at 25 °C for 15 minutes. Then the content eeaded down to 20 °C and filled to
volume of 50 ml with 0.5% solution of oxalic acithe extract was filtrated (0.48n
filter) and ascorbic acid content was analysed. EiRInalyses were performed on a
DionexHPLC (Amedis, Prague, Czech Repubiitrument consisting of a P680 pump,
an Ultimate 3000 photodiode array detector and 8h1®0 autosampler controlled by
Chromeleon 6.80 software package (Amedis, PragueectC Republic)
Chromatographic separation of ascorbic acid wasiechrout by a Phenomex®
(Chromservis, Prague, Czech Repub8gnergi 4u Hydro-RP 80A column (dn, 250
mm x 4.6 mm i.d.). The column temperature was k¢@0 °C. The injected volume
was 20ul. The mobile phase consisted of 5 mM sulphuria aai distilled water.
Isocratic elution was applied at the flow rate @htimin™.

5-HMF and furfural determination

A homogenised sample (5 g) was weighted into a B@btametric flask and 10%
solution of methanol (40 ml) was added. The samgale extracted in an ultrasonic bath
at 25 °C for 15 minutes. Then the content was abdéevn to 20 °C and filled to volume
with 10% solution of methanol. The extract wasrdiied (0.45um filter) and5-
HMF/furfural content was analysed. HPLC analysesevperformed on a Dionex HPLC
(Amedis, Prague, Czech Republic) instrument cangisif a P680 pump, an Ultimate
3000 photodiode array detector and an ASI 100 antpker controlled by Chromeleon
6.80 software package (Amedis, Prague, Czech RiepuBhromatographic separation
of 5-HMF and furfural was carried out by a HiBg&iT (Chromservis, Prague, Czech
Republic), Purosph&r STAR RP-18e column (Bm, 125 mm x 4.0 mmi.d.). The
column temperature was kept at 30 °C. The injecddaine was 2@l. The mobile phase
consisted of 10% methanol in water. Isocratic etutivas applied at the flow rate of
1 ml mint.
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Sensory analysis

The test room was equipped according to the reapings of the international
standard (ISO 8589 — Sensory analysis — Generdhgae for the design of test rooms).
The sensory evaluation was performed by ten patee(l6 female and 4 male) from the
Faculty of Food and Biochemical Technology at tmgtitute of Chemical Technology
(PhD students and staff of the Faculty). The asseswere selected, trained and
monitored according to the above-mentioned stand&@d 8586 — Sensory analysis —
General guidance for selection, training and maoimtp of assessors — selected
assessors).Samples from each tested group wereddeara session, each time 20 g of
each sample in a 50 ml coded beaker. The temperat@il served samples was 20 °C.
Samples were neutralized by water and bread. Timpleaserving was in agreement
with the above-mentioned international standardO(I&658 — Sensory analysis —
Methodology — General guidance). The assessorsiaeal differences among the
samples using a triangle test (ISO 4120 Sensollysiaa- Methodology —Triangle test).
Colour, taste and flavour were tested. Two sangflésiit baby food stored at 2 °C were
used as a reference material for the triangle fdstanalysed samples were from the
same lot. The first change of the product was ifledtby the evaluators when they
recognized statistically significant differencesviieen samples (probability level of
P =0.99). A consumer preference test was useettordine unacceptability of samples.
The samples of fruit baby food were tested by Sisamers and a product was identified
as sensory unacceptable if more than 50% of theuaess identified it as sensory
unacceptable (Lawless & Heymann, 1999).

Data processing
The pseudo first order and zero order kinetic modere used. These kinetic types
are expressed by the following equations:

Zero order
C = Co+ Kot 1)
Pseudo first order:
c=ce® )
where:
Kps = kiC (3)

wherec is the concentration at the timecyis the concentration at time zeiq,s the
zero order kinetic constant, C is the concentratibthe constant reactaris is the
pseudo first order kinetic constant dads the first order kinetic constant. Temperature
sensitivity of the rate constant was analysed usisgArrhenius equation:

Ink =Ink, —(E—;)[%—TLJ (4)

ref
wherekes is the rate constant at the reference temperdfwge E.is the activation
energy of the studied reaction aRds the universal gas constant.
Q1o (temperature acceleration factor) is defined as:
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_ reactionrate at temperatug (T +10)

Qo= reactionrate at temperatue (T)

(Rajchl et al., 2010).
The value of z is the temperature change that sa6-fold change in the reaction
rate constant.

()

Statistical analysis

The tests were triplicated for each sample and medunes are mentioned.
Differences ap < 0.05 were considered to be significant. Allistatal analyses were
performed using Statistica 9.0 (StatSoft CR s.Poague, Czech Republic) and Excel
2007 (Microsoft Corporation).

RESULTS AND DISCUSSION

The following storage experiment shows a generatguture to estimate a shelf-
life of fruit baby food. Typical fruit baby food pduced from apples and other red-fruit
was chosen. Physical and chemical markers potgnsiaitable for predicting a shelf-
life of baby food were selected. Antioxidant capacascorbic acid content and total
phenol content were chosen as nutritionally impadnaarkers. Colour was chosen as an
appropriate parameter for monitoring sensory cheingHMF and 2-furfural contents
were monitored, because these compounds are suitaldvaluation of heat treatment
of products.

Changes of the selected markers are shown in tie wl Figs 1- 6, and kinetic
data (k, & z, Qo) calculated from the results of the selected marlee given in
Table 1.

100 T\
.\\\‘"\\
90 | \\:"«_‘\K'“‘“m ’__ _,f
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% 60 + N . —&— 70°C
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g 10 1
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Figure 1.Changes of DPPH content during the storage of fhaby-food in various
temperatures.
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The trend of DPPH changes (see Fig. 1) is ambigudhe antioxidant capacity
decreased during the first 4 days. After the declgrowth followed, which is typical
for other types of foodstuffs as well. This trersdprobably caused by formation of
substances with antioxidant properties during hegate.g. products of the Maillard
reactions, or by increasing availability of subseswith antioxidant properties from
the food matrix. (Pérez-Conesa et al., 2009; Votavet al., 2009) Interpretation of
changes in antioxidant capacity of food productgiserally very difficult because food
matrices are very complex and interactions betweed components have not been
comprehensively described.

The decrease of total phenol content (see Fign Baby food had exponential trend
for the temperatures of 40, 55 and 70 °C. The @ase’ of total phenols during heating
up to 90 °C was probably due to production of thallélrd reaction products and due to
non-specificity of the Folin-Ciocalteu method. Ttieanges in the content of ascorbic
acid, furfural and 5-HMF (see Fig. 3 and 4) in bébyd had an exponential trend for
each selected temperature. 5-HMF and furfural ftionaat the temperature of 90 °C
was not monitored because concentration of thosgoands increases dramatically
during heating.

140 -
40°C: ¢ = 72.82g-0.0284t
R?=0.9778
120 - 0
: ggcg e R?(cr.) = 0.90; p<0.05
(] L
100 4 g%g -
:.I_: 5500 c= 73_16-0.0325t
g & R?=0.9945
o R2(cr.) = 0.90; p<0.05
> 70°C: ¢ = 73.662-0.0361t
R?=0.986
“ R2(cr.) = 0.90; p<0.05
20 : . | |
0 10 15 20
time (days)

Figure 2. Changes of total phenols content during the stogguit baby-food in various
temperatures.

561



40°C: ¢ = 241.4052e0 04t
R2? = 0.9965
R2(cr.) = 0.90; p<0.05

55°C: ¢ = 240.499e-00215
R? = 0.9964
R2(cr.) = 0.90; p<0.05

70°C: ¢ = 223.371e-00500t
R2=0.9652
RZ(cr.) = 0.90; p<0.05

90°C: ¢ = 208.635e-0294%
R2=0.9812

0 , . . .
0 5 10 15 20 R2(cr.) = 0.90; p<0.05

time (days)

Figure 3.Changes of ascorbic acid content during the stocdgeuit baby-food in various
temperatures.

250 -
70°C: c= 17.4491a0.1370t
200 R?=0.9987
R2(cr.) = 0.90; p<0.05
~ 17 55°C: ¢ = 18.4993e0 0922t
ch» R? =0.9990
R2(cr.) = 0.90; p<0.05
£ 100 (er.) p
) 40°C: ¢ = 16.9492g0.0294
R?=0.9391
> R(cr.) = 0.90; p<0.05
O 1
10 20
time (days)

Figure 4. Changes of HMF content during the storage of fsalty-food in various temperatures.

The changes of colour were expressed as a*, bnd.AE (see Fig. 5 and 6).
The b* parameter decreased at the lower tempesatamd increased at the higher
temperatures. The changes of the a* parameterinevasistent and hardly applicable

for data processing.
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90°C: b* = 6.6434e005111
R?=0.9907
RZ(cr.) = 0.90; p<0.05

70°C: b* = .4374¢e0.0107
R2=0.9924
R2(cr.) = 0.90; p<0.05

55°C: b* = 6.550300052
R2=0.9217
R2(cr.) = 0.90; p<0.05

40°C: b* = 6.4419e0 0058
R2=0.9894
R2(cr.) = 0.90; p<0.05

0 5 10 15 20
time (days)

Figure 5. Changes of colour expressed as b* during the stocddruit baby food in various
temperatures.

90°C: AE = 0.592t+2.472
R2=10.8051
R2(cr.) = 0.90; p<0.05

70°C: AE = 0.093t + 0.3095
RZ=0.8612
R2(cr.)=0.90; p<0.05

55°C: AE = 0.1017t+0.317
RZ=0.8669
R2(cr.)=0.90; p<0.05

40°C: AE = 0.0505t+ 0.1529

2 4
L—— 3 R? = 08895
0 T . : . . . . R2(cr.)=0.90; p<0.05

0O 2 4 6 8 10 12 14 16 18 20
time (days)

Figure 6. Changes of colour expressedAs during the storage of fruit baby food in various
temperatures.

Colour changes, expressed\&s a* and L, and total phenol contents are applécab
for shelf-life evaluation of fruit baby food. Codsring that the z-value for total phenols
is very high, total phenol content is less useful évaluation of heat treatment or
prediction of a shelf-life, but thermal stability total phenols is advantageous in
nutritional terms. Colour is more suitable for $Hié¢ evaluation, because this marker
is one of the most important parameters for conssinféne colour changes correlated
well with other markers commonly used for assessnoérheat treatment of fruit
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products. Changes of colour are probably affectgdahthocyanin degradation.
Ambiguous trends of anthocyanin degradation duniggting were observed in literature
(Tsai et al., 2005). Colour changes are genera#lif applicable for assessment of a
shelf-life and heat treatment. The calculated kindata are given in Table 1. The
obtained results roughly correspond with the dat@uatova et al. (1992) and Ibarz et
al. (1999). The relatively high standard deviatiohthe measured data is due to
complexity of the matrix and difficulty in evaluag a shelf-life of fruit baby food. The
order of reaction for the selected parameters wéafiad by adjusting the experimental
data to the kinetic equations of zero, first antbse order using a regression analysis.
The changes of total phenols, ascorbic acid, 5-HRMlFural content and colour
parameters expressed as a*, b* followed the psdiustoorder kinetics. The colour
changes expressed Ak and L followed the zero order kinetiesH = AEy + kt).

Table 1.Kinetic data calculated from the results of theage experiments. The results are the
average of five analyses and expressed as mean @S00.90)

Temperaturek (day?) Ea* (kJ mott) z Quo
(°C) (p < 0.90) (p <0.90) (°C) (p <0.90) (p <0.90)
Total 40 28.4x16 + 8.8x10° 72+2.0 245.0 £ 69.0 1.1+0.3
phenols 55 32.5x16 + 5.0x10°
70 36.1x16 + 8.9x10°
90 -
b* 40 6.8x10° + 1.5x1C6° 13.5+10.8 127.0+ 1020 1.2+1.0
55 8.2x16 + 4.9x10°
70 10.7x16 + 1.9x10°
90 -
AE 40 50.5x1G + 36.7x10° 47.0+15.6 43.0+14.0 1.7+£0.6
55 101.7x16 + 82.3x1¢°
70 93.0x16 + 77.1x1C°
90 592x16 + 601.5x1¢F
L 40 0.3x10 + 1.5x1C° 73.3+81.8 26.0 £ 29.0 2427
55 2.1x16 + 1.9x10°
70 1.4x16F + 2.3x10°
90 16.5x16 + 17.5x16°
Ascorbic 40 4.9x16 + 0.6x10° 75.4 +£14.9 29.0+3.2 2.2+0.2
acid 55 21.5x16 + 2.7x10°
70 50.0x16 + 19.6x10°
90 294.9x1G + 84.2x10°
5-HMF 40 29.4x16 + 15.4x10° 46.1+£73.4 45.0+72.0 1.7+27
55 92.2x16 + 5.9x10°
70 137.0x16 + 10.0x1¢°
90 -
Furfural 40 46.0x10+ 14.2x10° 31.1+26.9 61.0+52.0 15+1.3
55 95.4.5x1G+ 31.0x1C°
70 143.8x16+ 20.5x16°
90 -
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For shelf-life prediction, changes of ascorbic amishtent during storage are not
useful due to deliberate addition of this substdaadaal products. In the end of a shelf-
life, baby foods with added vitamin C can contamrenascorbic acid than just produced
fruit baby food with no addition of vitamin C. Gea#ly, antioxidant activity is contrary
determined by ascorbic acid and therefore, ascabid content was analysed. The
results of the accelerated storage experiment stiggéinite unsuitability of antioxidant
capacity for estimation of shelf-lives.

5-HMF/furfural contents as well as changes are aymplicable for shelf-life
prediction because formation of these compoundsramgly affected by temperature
history of a given product during production (filj, pasteurisation etc.). Changes of
carbohydrate content (sucrose inversion) are soitable marker in case of baby food
because sugar is often added to fruit-based iéaxt Colour expressed as b* is not a
suitable marker for shelf-life estimation, becatisechanges of the b* parameter have
not an explicit trend.

The example of Arrhenius plots between naturalitiga of k values and I/T is
given in Fig. 7; the calculated kinetic equatioresewused for extrapolation of shelf-lives
at the model storage temperatures. The value sbsgmifference was determined by
the sensory analysis: (unacceptable shift: (L):(8E): 4).

-3.2
In k =-860.34T-'-0.811
33 - R2=0.998
R2 (cr.)=0.99; p<0.05
34 -
=
<35 -
-3.6 -
-3.7 T T T T T
0.0029 0.00295 0.003 0.00305 0.0031 0.00315 0.0032

1T [KT]

Figure 7. Example of Arrhenius plot for total phenols changes

Determination of the first change of a selected kearis statistically more
objective, because limits of unacceptability anepized differently by consumers from
different parts of the world. The data were usedémstruction of shelf-life plots, which
are used to estimate storage stability of frozeomddo(time-temperature-tolerance)
according to Tressler et al. (1968). An exampléhefshelf-life plots is given in Fig. 8.
The shelf-life of fruit baby food calculated acdoigito the L and\E at the temperature
20 and 30 °C is given in Table 2.
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T=-23.488t + 88.728
R2 = 0.9882
R2 (cr.) =0.99; p<0.05
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Figure 8. Example of shelf life plot for the baby food acdoglito the L.

Table 2. The estimated storage time
Storage time for the selected markers [days]

Temperature [°C] AE L
20 692 843
30 318 316

The shelf-life extrapolated for the average stordgeperature of 20 °C
corresponds roughly with the shelf-life declaredtiy producer. Changes of chemical
markers, such as total phenols, seem to be gensiraibler and more suitable to be used
for assessing shelf-lives; however sensorial patermeshould be used to determine
product unacceptability or the first change of ected marker. The problem with
chemical markers is high variability of their imiticoncentrations.

CONCLUSIONS

Estimation of shelf-lives is very complicated dwedifficulties in determining
limits of product acceptability. So far, there hbsen no definite approach for
determination of shelf-lives. Therefore it is nex@y to carry out high-quality
preliminary research focusing on chemical and m®ysithanges in food commodities
before shelf-life testing. Results must be criticassessed and variability of food
matrices must be considered. Colour expressefiEaand L is the most appropriate
marker for shelf-life estimation of fruit baby fodd comparison with chemical markers,
colour seems to be a more robust parameter allowioge general estimations. But
using colour as a marker for assessing heat treatamel/or a shelf-life is complicated
due to thermal damage to input raw material.
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Abstract: Lignocellulosic material is the most promising fetxtk for the bioethanol production
however, due to complicated physico-chemical charestics of biomasses, it is necessary to
pretreat the biomass before the bioethanol proaiuciihe goal of the pretreatment is to open the
biomass structure for enzymatic hydrolysis to daigher sugar and ethanol yields in further
processes. In this paper a novel explosive decasjone pretreatment is studied where two gases
— nitrogen and compressed air are utilized forqanesgeneration. For this, traditional three-step
bioethanol production process was used, where sixgl@ecompression pretreatment with N
gas or compressed air was applied for biomassgatetent. Glucose and ethanol concentrations
were measured during the process. Glucose andadtyiatds and process efficiencies were used
to evaluate the effect of explosive decompressi@trgatment and its suitability for biomass
pretreatment in bioethanol production process. Restow that the highest glucose yield was
gained when nitrogen gas was used, while differancglucose yield compared to that of
autohydrolysis was negligible when compressed as applied.

Key words: lignocellulose, explosive decompression, bioethgmatreatment.
INTRODUCTION

Lignocellulosic material is widely used source afrbass for energy production.
This kind of biomass is usually burned directly fogat and energy production or
converted to other types of fuel. In addition, do¢he depletion of conventional fossil
fuels and EU 2020 targets (Commission) the conerrsf biomass to liquid fuels, like
ethanol, has attracted particular attention. Ligflatosic biomass is promising
feedstock for the ethanol production considerirsggiteat availability, low cost, and
sustainable supply (Agbor et al., 2011; Min et 2013; Phitsuwan et al., 2013). Plant
biomass is primarily composed of plant cell wall§ which about 75% are
polysaccharides (Phitsuwan et al., 2013) that cinaldused for ethanol production.
Therefore, it has become a major focus of intensgearch and development (Agbor et
al., 2011; Tutt et al., 2013; Raud et al., 2014t €ual., 2014).

The bioethanol production includes three step m®eepretreatment of biomass,
hydrolysis of cellulose to sugars and fermentatibsugars to ethanol (Tutt et al., 2012;
Raud et al., 2015). The conversion of celluloseth@nol is difficult since the cellulose
fibers in the biomass are tightly packed with heasthidose and lignin cover. The
pretreatment is necessary in order to break doeithmass structure to gain access to
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the sugars from cellulose and hemicellulose. Tha gbthe pretreatment is to improve
the further conversion steps (Conde-Mejia et a122 and therefore, various
pretreatment methods have been proposed to enléoethanol production process
(Alvira et al., 2010; Demirbas, 2011; Chiaramontalk, 2012).

The pretreatment methods can be divided into bicddgchemical, — physical, and
combined chemical-physical methods. However, siacmous types of biomasses have
different characteristics, there is no ideal peirent method, but the suitable
pretreatment method must be adopted to each sphgifocellulosic biomass (Alvira et
al., 2010). The biological pretreatment methoddyapgrious types of fungi to degrade
hemicellulose and lignin however, the method idfeative due to low hydrolysis rate
(Alvira et al., 2010). The physical methods on dteer hand are mainly targeted to
increasing the surface area and reduction of paize of biomass and they are used
usually in combination with other pretreatment roelth (Haghighi Mood et al., 2013).
Chemical pretreatment methods use chemicals suelkids, alkali, organic solvents,
and ionic liquids, which have a significant effest the native structure of biomass
(Agbor et al., 2011; Tutt et al., 2012). Howevdre tuse of chemicals makes the
production process too expensive due to the highafochemicals and the production
of toxic materials during the process (Shirkavanal.¢ 2016).

More effective methods of enhancing the biomasedligility are combinational
pretreatments, where physical parameters like tesiyre and pressure are combined
with other pretreatment methods. Amongst them stegpiosion, ammonia fibre
explosion (AFEX), CQ@ or SQ explosion are the most used methods (Agbor et al.,
2011). These methods include pretreatment of biemagh pressurized steam,
ammonia, CQor SQ, respectively, which is followed by rapid decongsien to an
atmospheric pressure (Tutt et al., 2014). The decession causes destruction of lignin
and hemicellulose, which enables enzymes to gaterbaccess to cellulose in further
treatment. Additionally, the CGCforms carbonic acid when dissolved in water, which
increases the hydrolysis rate (Shirkavand et 8162 However, the disadvantage of
these methods is the formation of inhibitory conmpisiand they are more effective on
low-lignin content biomass (Chiaramonti et al., 2p1

In this paper a novel combinational biomass prétteat method — explosive
decompression pretreatment is evaluated. In casepibsive pretreatment, the biomass
is mixed with water and additionally:lgas is added to the reactor to elevate the pessur
(Raud et al., 2016). As an economical alternativstgas, the compressed air could be
used since air consists in approximately 78% obg#n. Nitrogen molecules are smaller
than water molecules and gas molecules used im ptereatment methods (like €O
and SQ) and under high pressure and temperature can eff@etively penetrate the
cell walls of biomass. When the pressure is rekbasean explosive manner, the
dissolved nitrogen gas expands and thereby, openlsibmass structure and increases
its surface area for following enzymatic hydrolysighe explosive decompression
pretreatment method is economically attractiveesimz catalysts or chemicals are added
in these processes, which makes the pretreatmecess cheaper.

The purpose of this work was to assess the effeexplosive decompression
pretreatment method using nitrogen and, as amatiee, compressed air. Experiments
were conducted using several different temperatame pressure combinations.
Resulting pretreated biomass was used in the g@ntaee-step lignocellulosic
bioethanol production process. Glucose and eth@matentrations of the samples were
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measured after hydrolysis and fermentation prosesgespectively. Results were
analysed in order to find the most suitable prétneat conditions and to study the
efficiency of the pretreatment.

MATERIALS AND METHODS

Biomass

Barley straw was used as a biomass in all expetsn&he biomass was grown in
Tartu area (Estonia), on loamy soil and harvesteligust. The samples were dried to
a moisture content less than 10% and ground wittir@uMill ZM 200 (Retsch GmbH)
to a particle-size 1 mm or less.

Pretreatment

The explosive decompression pretreatment methodusad to break the cell
structure of the biomass and expose the cellulmdarther enzymatic treatment. The
experimental setup with the pressure reactor aatehé presented in Fig. 1. 100 g of
dry biomass was weighed, placed into a pressuielasad mixed with distilled water
until watery biomass paste with a volume of 1 litres gained. The reactor was closed
and pressurised with compressed air or nitrogenaaspressure of 1 to 60 bars. The
pressurized samples were then heated in the remessel with ceramic heater to
temperatures of 25-175 °C. The temperature inttegspre vessel was measured with a
thermocouple and controlled using electronic cdigrounit. When the intended
temperature was reached, the reactor was cooled tmat least 80 °C, if necessary,
and pressure was released through a valve in dosaxg@ manner. The biomass was kept
in the reactor for 3 hours from the start of thathngy until the explosive decompression.
After the pre-treatment the samples were cooled temperature below 50 °C for
enzymatic hydrolysis.

10

Figure 1. Schematic of the explosive decompression pretredtsgstem: 1 — nitrogen tank;
2 — pressure control valve; 3 — manometer; 4 — fimoreactor vessel cap; 5 — reactor vessel,
6 —ceramic contact heater; 7 —pressure releaswe;va8 —into ventilation system;

9 — thermocouple; 10 — controller unit.
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Hydrolysis

Enzymatic hydrolysis with enzyme complex Accellera$00 was used to convert
cellulose in the biomass to glucose. Enzyme mixtvae added to samples pretreatment
at a ratio of 0.3 ml per g of biomass and the flagls filled with distilled water to
1,000 ml volume. Hydrolysis lasted 24 hours atraperature of 50 °C under constant
stirring in rotating shaker/incubator (Unimax 10Hkidolph Instruments GmbH &
Co.KG). After the hydrolysis, the glucose concetntrain all the samples was measured.

Fermentation

Dry yeastSaccharomyces cerevisiaeratio of 25 g of yeast per kg of biomass was
added to all samples to start the fermentationge®d-ermentation process was carried
out at room temperature under low oxygen conditiaris000 mL glass bottles, sealed
with a fermentation tube. Fermentation lasted fodags after which, the ethanol
concentration in the mixture was measured.

Chemical analysis

Dry matter content was analyzed with a moisturelyaea Ohaus MB 45. The
percentage of lignin, Acid Detergent Fiber (ADR)daNeutral Detergent Fiber (NDF)
in the dry mass (DM) of the biomass samples waarohiied at the Plant Biochemistry
Laboratory of Estonian University of Life Sciend@gcator ASN 3430) (AOAC, 1990;
Van Soest et al., 1991). The glucose and ethanaterdrations in the mixture were
determined using Analox GL6 analyzer (Analox instemts Ltd.).

Averaged results of at least three parallel measemés are used in figures and
corresponding standard deviations are shown byceétines.

RESULTS AND DISCUSSION

Biomass analysis

Barley straw was used as a sample biomass to igatssthe effect of the explosive
decompression pretreatment method on the bioetipoduction process. A biomass
can be characterized on the basis of its relatrepgotion of cellulose, hemicellulose,
and lignin (Table 1). Previous research has showat energy crops for ethanol
production should be selected based on their cslutontent since ethanol yield per kg
of biomass was directly proportional to the celd@daontent in the energy crop (Kikas
et al., 2016). As seen in Table 1, the barley stragd in these experiments as a sample
biomass contained 45.73% of cellulose. Relativéfh ftellulose content makes it a
suitable biomass for bioethanol production.

Table 1.Results of the biomass analysis (n = 3)

Component Content (%)
Hemicellulose 32.61+£0.53
Cellulose 45.73+0.21
Lignin 5.25+£0.00
Ash 3.86 +0.06
Dry matter n.a.

! Determined at the Plant Biochemistry Laboratorisfonian University of Life Sciences.
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Hydrolysis of biomass

The Fig. 2 illustrates the change in glucose yaldifferent temperatures when N
gas or compressed air was used to increase theagiraent pressure. The glucose yield
was the lowest when no additional pressure was insgettreatment and only increase
in temperature affected the biomass structure. éyprately the same glucose yields
were gained when the compressed air was used tease pressure in the pressure
reactor. Using compressed air for pretreatmeng% #hcrease in glucose yield can be
seen in Fig. 2 when the temperature was increaiegd 00 °C to 150 °C. The increase
in glucose yield was gained due to the autohydi®lysbiomass caused by the elevated
temperature. The autohydrolysis leads to the hydi®bf hemicelluloses and the lignin
disruption, resulting in increase in cellulose tadty with cellulose in the following
enzymatic hydrolysis process (Samuel et al., 20IBg explosive pretreatment with
compressed air had little to no effect on the ghecgield, which was approximately the
same as with autohydrolysis.

350
300 - Compressed air
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Figure 2. Comparison of glucose yields gained at pressuB® difars with different pretreatment
methods when the pretreatment temperature was gtadhcreased.

However, in case of explosive decompression witgds, a sharp — 218% increase
in glucose yield was noted when the pretreatmemipégature was increased from
100 °C to 150 °C. At 150 °C explosive decompressiith N> gas enabled to gain 95%
higher glucose yield than when using explosive dgmession with compressed air or
autohydrolysis at higher temperatures.
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During the pretreatment the small Molecules penetrate more efficiently into the
biomass fibres and cells than gases found in casspteair. When the pressure is
suddenly decreased, the dissolved gas expands pars dhe cellulosic structure of
biomass and thereby, increases the accessiblecsudi@a of biomass for further
enzymatic hydrolysis. Although the pressurized aintains 78% of By it does not
effectively penetrate into the biomass cells amdldfore, it is not as effective for use in
explosive pretreatment of biomass as nitrogen gas.

400 -
Compressed air
350 - N Nitrogen gas
B : T T
=300 -
0o + | T +
= 1
&0 250 - J
S
D 200 -
>
(1} T -
§ 150 - T z A A
3 1
o 100 -
50 -
0 T T T T T T 1
0 10 20 30 40 50 60 70

Pressure (bar)

Figure 3. Comparison of glucose yields gained with differpreétreatment methods at 150 °C
when the pretreatment pressure was gradually isetea

Fig. 3 illustrates the effect of pretreatment puesto the glucose yield of biomass
at 150 °C. As can be seen, the pretreatment peehasrlittle effect on the glucose yield
of biomass. When compressed air was used to genprassure, the glucose vyield
changed only to a small degree. On the other haradreatment with nitrogen gas
resulted in higher results but the glucose yield &dJ-shaped dependence where the
minimum glucose yield was gained at the pressurd®fto 50 bars. In addition,
depending on the temperature, the pretreatmentNyitlas enabled to gain 90-150%
higher glucose yield than when compressed air \8ad €or pretreatment. This shows
that even though the presence of pressure andptestve release has effect on the
biomass, the extent of pressure has negligiblectefd® the pretreatment process.
However, choosing the suitable gas for pressuratits and temperature combination
enables to gain considerably higher glucose yields.
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Fermentation

After hydrolysis, the fermentation with ye&dccharomyces cerevisia@as used
to convert the glucose into ethanol. Compressedraiitrogen gas were used to reach
pressure of 30 bars inside the pressure reactonp&ason experiments were conducted
at near atmospheric pressure with no gas-addedyreesBased on gained results the
ethanol yield was calculated and used to estinfaectfect of different pretreatment
conditions to ethanol production process (Fig. 4).
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Figure 4. Comparison of ethanol yields gained with differenttreatment methods at 30 bars
and at near atmospheric pressure when the preeaatemperature was gradually increased.

The ethanol yields increased as the pretreatmemgdrture was increased. Lower
ethanol yields were gained at temperatures beldw°C2and at 175 °C. The highest
ethanol yields were gained with all pretreatmenthoes at 150 °C. At these conditions,
82 g ethanol per kg of biomass was gained when regspre was applied during
pretreatment. However, when compressed air wastasddvate the pressure to 30 bars
during pretreatment a 14.2% higher ethanol yield gained. Even higher ethanol yield
— 113 g per kg of biomass was gained when expla@eempression pretreatment was
used with nitrogen gas.

The increased ethanol yields gained with nitrogexs @s operative gas in
pretreatment was expected since the glucose yaeltteese conditions were more than
two times higher. On the other hand, while the ghecyields of pretreatment with
compressed air as operative gas and near atmosinesisure pretreatment were very
similar, ethanol yields gained with compressed pigtreatment were considerably
higher than those gained with autohydrolysis.
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The ethanol yields, in case of nitrogen explosigtrpatment and autohydrolysis
methods, decreased significantly when temperatweeal 50 °C was used while in case
of compressed air explosion pretreatment the dsereas insignificant. The sharp
decrease in ethanol yield can be attributed to &bion of inhibiting compounds at
higher pretreatment temperatures. The pretreatntemperatures above 150 °C
probably result in formation of compounds that ihihe fermentation process, which
leads to lower ethanol yields. The explosive deaesgion pretreatment with
decompressed air enabled to gain higher ethanlol i€l 75° than with nitrogen gas of
pretreating at atmospheric pressure at this tertyrerehowever it still remained lower
than pretreating with nitrogen gas at 150 °C. Iditah, it is not reasonable to use too
high temperatures due to high energy cost assdonth this.

Furthermore, Fig. 5 shows that in case of autoHydi® and compressed air
explosion pretreatments the fermentation efficiemxgeeds 100% at majority of
pretreatment temperatures. This suggests that {hreseeatments were not efficient
enough in opening the biomass structure and thesemzymatic hydrolysis continued
during the fermentation period. Extremely low fentagion efficiencies at temperatures
above 150 °C confirm that at higher temperaturespmunds are formed that inhibit the
yeast.
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Figure 5. Comparison of fermentation efficiencies gained wiliffierent pretreatment methods at
30 bars or at atmospheric pressure when the preteaatemperature was gradually increased.

CONCLUSIONS
In order to evaluate the effect of explosive decasgion pretreatment method,

two different gases were used as operative gaspioson at different temperature and
pressure combinations and the results were compartétbse of autohydrolysis using
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barley hay as a sample biomass. Resulting pretrd@denass was used in the standard
three step lignocellulosic bioethanol productioagarss, where the glucose and ethanol
concentrations of the samples were measured im twapiantify the effect of different
pretreatment methods.

The results show that nitrogen is most suitableraipe gas for explosive
decompression pretreatment giving the highest gligield at 150 °C and at pressure
of 30 bars. Although major component in compressed also nitrogen, considerably
lower glucose yields were gained using explosiveodgression pretreatment with
compressed air as operative gas. The results witipessed air were almost the same
as those gained in autohydrolysis pretreatmentyavhe added pressure was used in
addition to elevated temperature. This shows tbatpressed air, although consisting
for the most part of nitrogen, is not as effectivexplosive decompression pretreatment
as nitrogen. As the explosive decompression pratesat with nitrogen as operative gas
enabled to gain the highest glucose yields, thedsgethanol yields where gained with
this pretreatment method in the next stage of thegss as well.
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Productivity and cost of biofuel in ditch cleaningoperations
using tracked excavator based harvester
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Abstract. Forest ditches is one of the poorly utilized sesrof biomass for energy production
and timber industry. Increase of productivity aeduction of cost of extraction of biomass from
the ditches, retaining at the same time high quatdndards, are the key issues of mechanization
of harvesting operations in this area. The scopke$tudy was to evaluate productivity and cost
of biomass delivered from forest ditches, whenkeacexcavator based harvester and different
work methods are used. New Holland 215B excavaitir Ronsse H7 felling head was used in
trials. The machine was operated by experiencedatqgrs. The study was implemented in
drainage systems managed by Joint stock compartyigl atate forests”. Total extracted area
12 ha, extracted biomass — 732 muration of the study including harvesting andsfarding —

4 months. Average cost of roundwood productionudirig road transport to 50 km distance in
the trials was 27 EUR ™ average cost of biofuel — 11 EURrt%.5 EUR LV n¥). The study
approved advantages of excavators in ditch cleamprgtions; however, several improvements

are possible. The machine should be equipped witilsr accumulating felling head, delimbing
and bucking should be done in parallel to a ditzkaiion, number of assortments should be
reduced, as well as extraction of trees with di@mie€low 6 cm should be avoided.

Key words: excavator, ditch cleaning, productivity, biofuetime cost.
INTRODUCTION

Drainage is one of the most important forest mamage measure in Latvia
contributing to increase of economic value of ftgesequestration of carbon from
atmosphere and implementation of social functidnfem@sts. In Latvia 32% of forests
grows on drained organic or mineral soils and therovement of soil water regime in
combination of use of improved (bred) plant matefiad notably and significantly
improved forest productivity and financial valuerfdons et al., 2012011). Forest
drainage ditches may become a considerable sotisoéidbiofuel in Latvia. According
to results of the study implemented in cooperatiith the Joint stock company ‘Latvia
state forests’ (LVM) in 2012 total area of drainatigehes in fertile forest stand types in
the state forests is 23 kha. The average abovendrbiomass of trees on drainage
ditches in the fertile forest stand types is 46 amha, and the total stock corresponds
to 1.1 mill. tonnes of biomass or 5.4 mill. L\A{LV — loose volume) of chips. If the
extraction is repeated every 30 years the anneaalustion capacity is 0.2 mill. LV #n
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of chips or 0.07 mill. rhof roundwood. Biofuel (firewood and tops) is ab28t% of the
output of roundwood, respectively annual productibwood chips is 0.04 mill. LV i
which is about 10 % of chips delivered by the LVMedtly from forest operations
(Lazdip$ & Zimelis, 2012).

Excavator based harvester is not a common phenamiarforest management in
Latvia in spite this type of machines is well knoinrforestry since several decades, for
instance John Deere produces heavy duty harvestdracks. Usually these harvesters
are heavy (above 25 tonnes) and are more adap¢adkéation of large dimension trees,
which is not a case in Nordic and Baltic stateg¢Bwh et al., 2006). Cranes of tracked
harvesters are usually massive and short (7—8 dgrtwnstrate the best performance in
regenerative felling. In Finland there are studipproving suitability of excavators in
thinning of forests on organic soils (Vééitdinen et al., 2004); however, excavators are
more common in stump extraction and forest regeéioesawhere tracked excavators
approved their reputation of durability and cost effectiveness (Laine & Rantala, 2013;
Persson, 2012). Theoretically this type of the niveed can be utilized also in ditch
cleaning, but they are too costly to operate irdat@ns, where the most of output is low
grade biomass and cost efficiency of the machimeitisal (Lazdis et al., 2014).

An alternative to the expensive tracked harvesteehuilding of standard tracked
excavator into forest harvester by replacing oemrding the crane, installation of a
felling head and harvester control system, as aglly adding an external frame around
cabin and other safety equipment. This solutionscoalf of a standard harvester price,
but it is not commonly used in harvesting practittee to insufficient durability of
standard excavators and worse working environmeatnly vibration) in the tracked
machines. Ditch cleaning provides completely ddfér working conditions in
comparison to a regenerative felling or thinninflat landscape, no large stumps, no
accessibility issues. These conditions are nativexcavators and to their operators
providing significant advantages for broader uian of excavators in forest
operations. Smaller excavators (10-15 tonnes)sitaller felling heads can be selected
for ditch cleaning; however, the reach length of the crane is still important in the ditch
cleaning operations. A standard crane with extenssd (increases reach length up to
11 m) can be used instead of complete replacemetiteocrane. In this case the
excavator can be easily adopted for different djmra — digging, harvesting, soil
scarification and stump extractiobazdin$ & Thor, 2009; Lazdins et al., 2014; Zimelis
et al., 2015).

According to Finnish studies utilization of trackexicavators instead of standard
harvesters is more beneficial than the use of atanthiddle size wheeled harvesters
mainly due to smaller investments and operationatsc The main drawbacks are low
clearance, large dimensions of machines and shameqVaatainen et al., 2004). The
guestionnaire of Finnish entrepreneurs using exoavain forest harvesting,
constructing companies and producers of the equipfoe harvesters resulted with the
conclusion that the most important drawbacks arallstinving speed (and restrictions
to access certain types of roads) and problemsévate in rocky areas. However,
constructing companies in Finland proposed inteabstt utilization of their machines
in forest harvesting in winter season (Bergrothlgt2006).
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The clearance and size of the machine have noairtechnical value in the ditch
cleaning operations, and accessibility of the rigllsites can be solved by temporal
bridges from low grade roundwood assortments. Thostnsignificant benefits of
excavators in the ditch cleaning operations ardlemavestments and ability to use a
machine for different purposes. Reduced environatémpact due to smaller pressure
on a ground can be of importance; however, this issue is more related to machines
utilized in forwarding of roundwood and biofuel.tEhes usually characterizes with low
visibility during harvesting, which is one of theost often mentioned problem in small
tree harvesting (Lazgh et al., 2012) and there is another benefit cheators, because
the crane is mounted beside a cabin and operattways looking to the same direction
where an operation takes place and there are raoes between the cabin and the
felling head. Excavators are usually heavier thandard harvesters and the additional
weight is another benefit, because it allows toaisene to the maximum reach length,
as well as to use accumulating function for biggees and in a larger distance from the
machine (Zimelis & LazaS, 2015).

MATERIALS AND METHODS

New Holland 215B excavator (total weight 26 tonneith Ponsse H7 felling head
was used in trials. Accumulating function was seduy feed rollers. The machine was
operated by experienced operators; however, they didn't used accumulating function
before the trials. A training period of 3 days waed to adopt to the work methods. The
study was implemented in drainage systems managddibt stock company ,Latvia
state forests” nearby &4%anis and ledmane villages. Off-road transport of roundwood
was done by John Deere 810D forwarder; harvesting residues were transported by
Logset F5 forwarder (no tracks was used duringsfrartation). Forwarder operators
were less experienced and demonstrated lower piigtiyy¢chan average in a specific
conditions (Lazdin§ et al., 2014; Zimelis et al., 2015). Total extracted area 12 ha,
extracted biomass — 734 nburation of the study — 4 months (May to Aug26115).

Four harvesting methods were compared in the study:

5. full tree biofuel method — production of standard set of roundwood
assortments, harvesting residues and non-delimbeergrowth trees (up to 6 m long)
in one pile nearby or across a ditch, accumulatimigutilized for undergrowth trees not
suitable for standard assortments;

6. partly delimbed biofuel method — production of standard set of roundwood
assortments, harvesting residues and pdefliyabed undergrowth trees; harvesting
residues and partly delimbed trees (up to 3 m longyeparate piles nearby or across a
ditch, accumulating unit utilized for undergrowthedgs not suitable for standard
assortments;

7. merged firewood and partly delimbed biofuel method— production of
standard set of roundwood assortments (excludingwdiod), partly-delimbed
undergrowth trees with firewood (up to 3 m longpime pile and harvesting residues in
separate pile; roundwood and biofuel is piled nearby or across a ditch, accumulating unit
utilized for undergrowth trees and trees suitable for firewood production;

8. partly delimbed firewood and undergrowth tree methal — production of
standard set of roundwood assortments, harvessidues, partly delimbed firewood,
partly-delimbed undergrowth trees and harvesting residues; firewood (2.7-3.3 m long),
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undergrowth trees (up to 3 m long) and harvestasidues in separate piles nearby or
across a ditch, accumulating unit utilized for wggdewth trees not suitable for standard
assortments and trees suitable for firewood praoioict

Schematic structure of the work methods is providddg. 1. Assortments specific
for certain method are highlighted with darker §ine

[ standard set of roundwood assortmef biofuel, except firewood, in one pile‘
- i i full tree biofuel
harvesting residues and non-delimbed method accumulating unit for small trees ‘
small trees (up to 6 m)

biofuel in separate piles of partly

‘ standard set of roundwood assortmehtsf ’l))arpy ?e”mﬁeg delimbed trees, harvesting residue
‘ harvesting residues }7 iofuel metho and firewood

partly delimbed roundwood from
small trees (up to 3 m)

—{ accumulating unit for small trees

standard set of roqndwood assortmepts merged firewood piofuel in separate piles Qf partly
except firewood and partly delimbed trees and harvesting residyes
delimbed biofuel - -
‘ harvesting residues }7 method accumulating unit for small trees an
trees suitable for firewood
firewood & partly delimbed roundwoo
from small trees (up to 3 m)
standard set of roundwood
assortments except firewood - - -
] biofuel in separate piles of partly
‘ harvesting residues }7 partly delimbed delimbed trees, partly delimbed
firewood and firewood and harvesting residues
partly delimbed roundwood from undergrt(;vv:jh tree lati itf I f
small trees (up to 3 m) metho accumulating unit for small trees an
trees suitable for firewood

partly delimbed firewood
(2.7-3.3m)

Figure 1. Schematic structure of work methods.

The 4"method is separated to utilize to a maximum extapécity of the harvester
and the accumulating unit while working with lagjenension trees.

Time studies of all operations were done by theRISFilava team. Calculation of
prime cost was based on information delivered kateis of New Holland, John Deere
and Logset in Latvia.

Calculation of productivity and cost of biofuel limsed on time studies of the
harvesting and forwarding (roundwood and harvestsidues separately). Figures on
productivity and cost of chipping and road transpbroundwood was borrowed from
earlier studies (Zimelis and Lazgi 2015).

The work time was accounted using shock- and huynidsistant field computer
Allegro CX with time tracking software SDI. Durirfgauling, the driving speed of the
forwarder was determined using GPS measuremerttiniite SDI software. The time
studies of the excavator included automated acoauof fuel consumption using an
AIC-904 VERITAS unit. For other machines averagkiga provided by the contractors
were used. The work time of the machines was médtaligh accounting of the engine
hours, i.e. the time study was stopped when thinengas switched off and resumed
when the engine was started again.
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The work time elements are shown in Table 1. Volwihevery load forwarded to
roadside were estimated by operators and verifiethé harvester accounting system
for every ditch.

Table 1.Work time elements in harvesting and forwarding

Harvesting Forwarding
Category Explanation Category Explanation
Informative work cycle number Informativevarious notes on breaks, passa
fields fields change of ditches etc.
average diameter of gripped Productive driving to stand
trees D1.3, mm work time
gty. of gripped trees reaching logs or branchesrwhe
loading
felled half-trunks gripping logs or branches when
loading
various notes, especially on loading logs or branches in the
manipulations with chain or bunk
chain bar
Productive reaching tree arranging logs or branches in
work time bunk
time for gripping tree driving during loading
cutting tree putting logs or branches into strip-
road
drawing the trunk and placing in driving out of stand
the assortment stack
clearing the undergrowth reaching log or branchiesrw
bucking the tree unloading
time consumed to enter the stand unloading logs or branches (from
gripping till releasing in the yard)
time consumed to exit the stand gripping logs anbhes when
unloading
other non-standard operations, moving when unloading

inter alia clearing the
undergrowth and machine

service
Non- activities not related to work other work-relatgueoations
productive Non- activities not related to work
time productive

time

The ditches were surveyed before and after theatipas and surrounding stands
were surveyed after the operations to estimate ahittamages. Square sample plots
(20 m long with a ditch dependant width, averaga&00 rf) were equally distributed
across the ditch and at least 100 trees per hamesmsured (species, diameter and height
of about 10% of the measured trees) in the samiols.pDamages of trees were
accounted in all stands across the ditches in @ 20de band after harvesting and
forwarding of roundwood and harvesting residues.
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RESULTS AND DISCUSSION

Duration of harvesting time studies was 174 hoargerage productivity of
harvester was 6.2 hper efficient hour at the average tree volume.280rf. The most
of the produced assortments was firewood and polpav(78 % in total, Fig. 2). Ashare
of high grade logs produced in the trials was drdy4 the most of them only 1 % from
the total stock (0.6 frha?). The efficient work time (work cycles resultingtivlogs)
was 76 % of the planned work time. The most imptiitsue was regular problems with
the chain due to lack of automatic tensioning systethe felling head.

Log 10x14 cm 1%

Log 18x24 cm 20409 12x18 cm 7% Tare 9%
/|
A

Log 6x10 cm 1%
Con. log 1% &/ /
Veneer 1% s /

///
N\
N\

Pulp-w ood 21%

Firew ood & partly delimbed logs 57%

Figure 2. Structure of roundwood assortments (numbers indaba instance 18x24 cm, means
minimum top and bottom diameter, con. log meansratbniferous logs).

Productivity of harvesting depending from a diameteextrated tree follows to a
power regression (Fig. 3). Accumulating functionswased mostly for trees with
diameter at 1.3 m height belowe; however, accumulating was used rarely.

Fig. 4 demonstrates the reason for comparably l@ayztivity of the harvester —
the most of the productive time was spent to cdeogrowth trees with diameter below
8 cm contributing to less than 10% of the produassbrtments. Small trees was cut to
free up space for the assortment piles and to imeprosibility conditions during
harvesting. Considerable improvement of the pradigtespecially during forwarding,
was reached when operators put logs and residieediiohes and left undergrowth trees
untouched.
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Figure 3. Average productivity of harvester.
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Figure 4. Distribution of productive harvesting time and vole of extracted trees.

Average fuel consumption of the harvester was L52r hour and it was not
significantly affected by the work method. Highaef consumption in comparison to a
wheeled harvester can be explained by less adapgiyaation of the engine RPM
(it works with constant RPM), higher total mass$tef machine and higher engine power
of the excavator.
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The best results were obtained using ffvedrk method (full tree biofuel method);
however, weighing of the results by diameter of éxeracted trees approved thét 3
method (merging of firewood and partly delimbed spglemonstrates the best
performance (Fig. 5).

X 1 2
+ S m m m w0 A 4 m m m mm
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Diameter of extracted trees at 1.3 m height, cm

Figure 5. Harvesting productivity (m3 per direct work hougpending from diameter of tree and
work method.

During the time studies species (pine, spruce,ddecis) and dimensions of
extracted trees were noted; however no statistically significant difference were found in
productivity of extraction of the deciduous and iéemous trees.

Average load of roundwood in the trials was 63 toading took in average
49 minutes, unloading — 16 minutes, which is aliasite more than in earlier trials
(LazdipS et al., 2012). Forwarder driving speed due toekmswt conditions was
175 m min, which is close to a maximum speed of the machifiee worse
performance of the roundwood forwarder can be éxgethby lack of experience (all
operations were slower) and by inappropriate woekthod — operators tried to make a
single assortment loads instead of mixing assortimé\s a result of this approach the
total driven distance was at least twice longemtlitashould be. Productivity of
forwarding significantly decreased if' fnethod was applied; however, this result is less
related to the method than to other factors (dimegissof trees and driving conditions,
location of assortments piles).
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Average load of harvesting residues was #3¥h(loose volume), loading time
12 minutes, unloading time — 3 minutes per loadrAge load of partly delimbed logs
was 16 M LV, loading time 20 minutes, unloading — 5 minypes load. Operators were
experienced and reduced driving distance consitieralbomparison to the roundwood
forwarding. Average driving speed with harvestiegidues was 156 m min. and with
partly delimbed logs — 188 m min.

The quality requirements in state forests propabkas the whole ditch channel
should be cleaned from woody vegetation, and intrals it was done using chainsaw.
Extracted trees and bushes were piled above thegdtarg residues. Time consumption
to clean the whole channel was 12 hour$ ded to clean roadside only — 6 hours.

The cost and income analysis demonstrated that fi@shof mechanized ditch
cleaning using the8method can be positive if average extracted sex least 8.6 cm
in diameter and the areas harvested during the stgdclose to this threshold (Fig. 6).
Avoiding of cutting of trees with diameter belowo6é even 8 cm would increase net
income considerably having at the same time ndiégimpact of the output of
roundwood and biofuel.
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Diameter of average extracted tree at 1.3 m height, cm
Figure 6. Ratio of harvesting cost and income.

According to the study results biofuel, includimg¥ood, harvesting residues and
undrgrowth trees contributes to 67% of the potém@ome if the produced biomass is
sold according to the market price. Inrease offiaeeter of the average extracted tree
would increase the share of biofuel in the incormmeding to the average conditions in
different ditches extracted during trials; however this assumption can be wrong if the
species composition is changing, for instancehais of birch and spruce is increasing.
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CONCLUSIONS

1. The study results approves hypothesis that excgvataqipped with
accumulating felling head and long crane is effit®olution for extraction of biomass
from the forest drainage ditches. It is importamtprioritize biofuel production in
extreme harvesting conditions to secure efficiemii @ontinuous utilization of the
machine, because, in contrast to other roundwosedriisents, biofuel can wait in a
stand for favourable forwarding conditions. In aodaconditions it is reasonable to
produce more valuable assortments and biofuel.

2. To reduce fuel consumption and to improve qualitythe operations it is
reasonably to equip the excavator with smalleimfglhead (Ponsse H5, Moipu 500 or
similar). Significant benefit would be additionaliiptine unit below the chain bar to be
able to cut trees close to water level or in batbility conditions.

3. The fuel consumption of the excavator used intiéstwas considerably higher
than of the conventional wheeled harvesters (réised¢ 15.2 L per hour and 9-12 L
per hour); however, the impact of fuel consumption on prime cost of the producti®n i
smaller than the potential impact of work methogravements.

4. The most beneficial work method in the trials wesdpiction of the standard set
of roundwood assortments, harvesting residues aathed assortment of partly
delimbed logs and firewood. The whole tree harmgstmethod do not inceases
productivity, mostly because of the tree lenghtrietsons requiring to pull through the
feed rollers the most of the trees.

5. Considerable increase of productivity can be reddiyemore intensive use of
accumulating unit — for pulp wood, firewood andtjyadielimbed logs, and by avoiding
extraction and processing of small trees and buédiameter below 6—8 cm). These
improvement requires different bucking instructiqreduced number of assortments)
and reconsidering of quality requirements for fioed, pulp-wood and tare (longer
branches allowed, less restrictive rules for leragiut top diameter of logs). The changes
in work method will also improve performance of nowood forwarding.

6. It is also reasonably to reconsider quality requeets for ditch cleaning,
because cutting of undergrowth trees before or afezhanized harvesting usually have
no practical reasons behing. Remaining trees astdsuwill hamper development of
the ground-floor vegetation in ditches and will usetriets leaching out of the
surrrounding stands. The silvicultural and envirental aspests of the ditch cleaning
should be evaluated further.
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Abstract. In this study, physical properties (internal voluneeight and the diameters of the
hole in the milk and pulse tubes) of eighteen défife types of milk claws which are one of the
significant components of milking machine and thmoant of air leaks in the claws were
examined according to the flow meter (rotameted ik bucket experiment methods. 'L’ type
milking claw was 70 ml in volume which was loweaththe standard minimum volume of 80
ml, however, others were higher. Five of the cl§@$ 'D', 'E', 'H' and 'Q' types of claws) were
lower than 500 g, the minimum recommended stanfangeight. Internal diameters of the short
milk tube of the claws were between 5.5 and 10.8 internal diameters of all but one of the
claws' main milk output tubes (with a diameter &f @ mm in 'L’ type) were under the minimum
diameter (12.5 mm).

In experiments conducted with rotameter, the vatidke leaking of the claw tap were between
0.0 and 11.0 | mit. Air leakages of twelve claws (‘A', 'C', 'E', '"H;, 'I', 'J', 'K', 'L', 'N', 'P' and
'R' types of claws) were below the standard maxirtewal of 2 | mint. The amounts of leaks in
the tap of claws were between 0.0 and +14 Hmiren milk claws in here ('A', 'B', 'C', 'D', 'F,
'G', 'M', 'O, 'P' and 'R’ types of claws) did nzet the minimum and maximum flow rates. The
total amounts of air leak in the claws in the ekpents performed with a milk bucket were
between 4.1 and 33.9 | minAlthough the calculated amount of total air l&akll the claws was
above the recommended minimum amount (4 Hyiaeight claws ('B', 'C', 'D', 'E', 'H', 'J", 'ldhd

'O' types of claws) exceeded the maximum limit I(2n ).

Key words: Milking machine, milk claw, claw physical propexsi rotameter, milk bucket, claw
air leak, free air intake hole leakage.

INTRODUCTION

Milk claw is an element that ensures the collecabthe milk in milking machines
coming from milking cluster to milk bucket or mitkpeline. Claw generally consists of
a vacuum inlet coming from the pulsator, the sectisat transmits the vacuum to
teatcup, the inlet of the milk coming from the tegdliner, the output that ensures the
transmission of the milk to the milk bucket or gipe, and the claw valve that is used
in order to stop the flow of the milk when necegsdihe body of the milking claw
generally consists of plastic and stainless mdteailad the upper part is made of
transparent plastic. The short milk and pulse tledween the milking claw and teatcup
liner are made of rubber, and the tubes betweemiléng claw and the main milking
tube are made of PVC. Today, the volume of the ingliclaw may be of different
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capacities depending on milk yield. While the cleapacity depends on the milk yield
of the animal, tube with a small volume are preferin bucket milking machines, and
tube with a large volume are preferred in pipetimiking machines (Akam et al., 1990;
Mein, 1992; Unal, 2013).

Commercially, the weight of the existing milkinguster varies between 1.6 and
3.5 kg. The weight of the milking clusters usetew Zealand may usually be between
2.2 and 2.6 kg. The real benefit of the milkingstér is that it ensures that the milk is
discharged in a short time with the pressure eftepplies on the teat of the animal.
However, the increase in the weight of the milkihgster has disadvantages such as the
tiredness of the milker, slipping of the teatcupets, falling off the teat-end, and
damaging the teat-end. The optimum weight seleagogenerally determined by the
type of teatcup liner used and the vacuum settiafgpred (Dairynz, 2015).

According to ISO 5707, the total air inlet per eaaltking cluster is suggested as
at least 4 | mirt in order to allow effective milk transmission thgh the claw and
prevent the additional mixing of the milk in theawl. This value should not exceed
12 | mirt! for cows and buffalos, and 8 | miifior sheep and goats in a nominal working
vacuum. When the vacuum closing valve of the mglataw is in off position, the free
air flow into the long milk tube should not be highthan 2 | mirt. The leaktightness of
the vacuum closing valve of claw is important whemoving the milking cluster. If the
claw valve is not or cannot be closed well whenrthi&ing ends, the milking clusters
are removed by pulling manually as its vacuum éfteccluster will continue (as the
valve fails to cut the vacuum completely). Thisusunwanted situation for the milking
technique. Furthermore, the free air flowing frdma valve leads to the failure to obtain
enough vacuum in the claw and teat-end. Thusjrdiiodes leakages on the claw should
be positioned so as to prevent unnecessary turtriiarthe milk in order to prevent free
fatty acid formation during milking. There is arr anlet hole with a diameter of
approximately 0.8 mm on the claw in order to faaie that milk is transmitted to the
bucket or pipeline from the long milk tube. Constam inlet is ensured from this hole
on the claw (ISO 3918, 1996; Bilgen & Oz, 2006; Uga13; TS ISO 5707, 2014;
TS ISO 6690, 2014; Dairynz, 2015).

In the research conducted, no comprehensive stadyamcountered on the air
leakage amounts of the claws both by physical ptigseand flow meter (rotameter) and
bucket experiment methods of different types okrlidws in our country and the world.

The objective of this study was to determine cerfadiysical properties (internal
volumes, weights, milk and pulse tubes hole diarsgtdat are accepted as effective
elements on the milking performance and milk qualfteighteen different types of milk
claws that are locally produced and used all ardbedvorld and the air leakage amounts
of the claws by rotametebucket methods (claw valve leaktightness, amourtiak
valve leakage, total amount of air leakage passimgugh the claw and the amount of
air entering the claw free inlet hole).

MATERIALS AND METHODS

Eighteen different types of milking claws used imcket and pipeline milking
machines and facilities were investigated in thuslg (Fig. 1).
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Figure 1. Eighteen different types of milking claws usedhe tesearch.

The internal volumes, weights (milking claw andkim cluster as a whole), the
internal diameters of short milk inlet and main kndutput tubes and the internal
diameters of short and long pulse tubes were medsespectively in order to reveal
the physical properties of the milking claws. Theacities of the claws were determined
in accordance with the amount of water filled ititeir internal volume. For this, the
openings of four short milk inlet tubes of the rmlix claw were closed hermetically, and
water was filled in the claw from the opening of tinain milk output. At that moment,
the claw valve was kept in the open position amdrtibber tab was kept on the claw at
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a tight contact. The water that was filled at claspacity was then poured into a
container with levels with a capacity of 500 midahe volume of the claw was found
in millilitres (ml). The weights of the claws weneighed using scales with a sensitivity
of 1 g (Baster B 150, Capacity: 15 Kgmir, Turkey) as a milking cluster only on the
claw and the whole claw. The milk and pulse tulésrhal diameters of the claws were
measured with a digital calliper (Mitutoyo, CD-15CBSA) with a sensitivity of
0.01 mm.

In this research, a vacuum pump with an air capa¢i200 | mint (1,425 rpm and
50 kPa working vacuum) with a direct connectiothmelectricity motor of 0.55 kW for
the vacuum production necessary for the measureofienilking claw air leakage was
used. The vacuum pump was adjusted to nominal vaquassure (50 kPa) throughout
the works.

Flow meter and a stainless steel milk bucket witlolame of 20 | were used for
the leaktightness of the claw valve, and the leakamount measurements of free air
inlet hole in this study. The rotameter (Flowmef&GL 19, Medition,Spain) has a flow
measurement interval between -1@.0 | min* and a measurement sensitivity of
1.0 I mint. The vacuum changes in the measurements madethéthucket were
monitored with a digital vacuum meter (DVPM-01 DajiVacuum Pressure Meter,
Medition, Vacuum and Pressure Rangd @ kPa) with the sensitivity of 0.1 kPa, and
the pressure change periods were monitored orabajitonometer.

The claw vacuum closing valve leaktightness isuimeanted air leakage entering
from the claw valve. This leakage measurementterdened only through the rotameter
(Bilgen & Oz, 2006). For the measurement, the ret@mdevice was connected to the
milking claw with the long milk tube on the one sjcand to the vacuum line with a
secondary tube on the other side. The claw vacuosing valve leaktightness was
measured when the milk inlets of the claw were ¢penl the claw valve was in the
closed position (Fig. 2). The free air inlet fronetclaw valve in off position to the long
milk tube should not be higher than 2 | mi(Bilgen & Oz, 2006; 1SO5707, 2014;
ISO6690, 2014).

The free air inlet in the claw is defined as theoant of air entering through the
constant air inlet hole on the claw when the clalve is in on position. Two methods
for the measurement of the amount of air inletémdards and researches are as follows
(Bilgen & Oz, 2006; TS ISO 5707, 2014; TS ISO 662014). The first method is the
measurement using rotameter, and the second isn#esurement using bucket.
According to the first method, the rotameter isremeted to the milking claw with the
long milk tube from its bottom end, and tothevaclinewith a second milk tube on the
upper end. In the experiments, the teatcup linérsitking claws were removed and
milk tubes each cut in 10 cm height were placetkth&ir leaktightness was ensured by
covering one side of milk tubes with silicone (F&Js3). An operation vacuum was
formed in the system by operating the vacuum puangd, the claw valve was opened.
Meanwhile, the amount of air passing through thameter was observed. This value
was recorded aghe total amount of air leakage (I iy entering the claw. Then the
value read in the rotameter by closing the freerdathole on the milking claw was
recorded aghe claw valve leakage amount (I Min The difference between the two
measurements gavleé amount of air leakage entering the free aireh@Imin')'. The
pulsation was deactivated when applying these nmeamnts.For this, long binary pulse
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tubes connected to the milking claw were removédubréd are no free air inletholes on
eight milking claws ('B', 'C', 'E', 'F', 'I', 'L, and 'O’ type claws) within the scope of the
research.

The second method is the measurement made usimglithbucket. According to
this method, stainless steel milk bucket with aimawd of 20 | with air leaktightness was
used. The cover of the milk bucket is again madstainless steel, and it has three
milk—air output tubes. One of the output tubes was atedeo the vacuum line with
the long milk tube. A ball valve was placed on wawuline connection. And the
connection was made to the milking claw with a selcmilk tube. The third output tube
on the bucket cover was additionally connectechiovacuum meter with an air tube
(Fig. 3). After achieving the system operation waoupressure in the system, the ball
valve was closed, and the chronometer was opegadtéed same time. The period that
passes for the vacuum reduction of 10 kPa was téete€he time that passes for the
vacuum change of 10 kPa was measured accordihg foltowing parameters:

1. The total amount of air leakage entering the clawik(inlets are in off, and free
air inlethole and claw vacuum closing valve arerirposition),

2. The amount of air leakage entering the claw val@k(inlets and free air
inlethole are in off, and the claw vacuum closimdye is in on position),

3. The amount of air leakage entering the free aie lfi@und using the difference
between the first and second measurements).

The following equation was used in order to calithe amount of air leakage in
the claw by the time measurements obtained (Big€&ze, 2006):

=— 1
a=- 1)
where:q —air leakage amount in the claw, | mjrivV —Bucket volume, IT —the time,
that passes for a vacuum decrease of 10 kPa, s.
The measurement parameters obtained from rotaraetebucket methods were
applied in three repetitions for each milking claw.

: .

Figure 2. Experimental look made Figure 3.Experimental look made with the n
with the rotameter. bucket.
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In the experiments conducted with rotameter andkdt,che total amount of free
air flow that enters through the free air inlethaled claw valve by air leakage should
not be over 12 | mi On the other hand, the free air inlet in totadidd be at least
4 1 min* at nominal vacuum pressure. Otherwise, when theura closing valve of the
milking claw is off position, the free air flow imthe long milk tube should not be higher
than 2 | mint (Akam et al., 1990; ASAE Standards, 1998; Bilge®&, 2006; TS ISO
5707, 2014; TS ISO 6690, 2014).

RESULTS AND DISCUSSION

Physical measurement results of milking claws

The measurement results regarding the capacitiesrrial volumes), weights and
internal diameters of milk and pulse tubes of migkiclaws are given in Table 1.
Examining the capacities of milking claws in Tablgt has been determined that the
milking claw of 'L' type has the lowest capacity7€ ml and the milking claw of 'P' type
has the highest capacity of 475 ml. With its volutime milking claw of 'L’ type has
been found to be fewer than 80 ml, which is theiminrm recommended capacity in the
literature (Akam et al., 1990). On the other handanother study, it is suggested that
the volume of a claw should be at least 150 ml pai, 2015). According to Dairynz
(2015), it has been stated that the capacity ofkang claw should be at least 150 ml in
order to keep animal teat-end under stable vacpuewvent cross-flow in the claw and,
contamination and liner slip between quarter milicies in the claw. In accordance with
the quantity stated, the milking claw of 'J' typestbeen identified to have a volume,
which is close to this limit. All of the claws, exat the claw of 'L’ type, have provided
the minimum amount required.

When the weights of the milking claws were measuitedas determined that 'H'
type claw has the lowest weight with 237 g, anty{se claw has the highest weight with
729 g (Table 1). Although no weight limit is spéeif in TS ISO 5707 (2014) and TS
ISO 6690 (2014) standards for the weight of thekimg claw alone, it was reported by
Akam et al. (1990) that the milking claws shoulddbkast 0.5 kg and the milking cluster
should be approximately 2.5 kg. In another stutlyyas reported that the weights of
milking cluster as a whole may vary between 1.6 2b6dkg (Dairynz, 2015). According
to Dairynz (2015), it was reported that commeraidking cluster in New Zealand is
frequently between 2.2 and 2.6 kg. The weightypétC', 'D', 'E', 'H' and 'Q" milking
claws within the scope of this research were fdemeer than 0.5 kg, which is supposed
to be, and the other claws are above this amoumd. iA the milking cluster weight
measurements, it was found that the milking claHbtype has the lowest weight with
1,730 g, and 'P' type claw has the highest weigtht 2241 g. As it is seen in Table 1,
'C','D', 'E', 'H" and 'Q' type milking claws remeadl below 2 kg. Although these weights
are within the limits of 1.6 and 3.5 kg specifiedDairynz (2015), all milking claws
other than 'P' type milking claw were found feweaurt the 2.2—-2.6 kg values given in
New Zealand example of the same literature. Fumbeg, the weight of approximately
2.5 kg reported by Akam et al. (1990) was not ezgsiy any milking cluster within the
scope of this research. The weight of the milkihgter is important, and the requested
weight is directly related to the design of teatdimpr and milking claw. A too light
milking cluster may lead to incomplete milking asvill create pressure on the teat-end
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of the animal, and too heavy milking cluster magdi¢o the fall off from the teat-end of
the animal during milking (Akam et al., 1990).

Table 1.Some physical properties of eighteen different sypé milking claws used in the
research

Claw Claw Claw Milking Short milk tube Main milk tube Pulse tube
type  volume, weight, cluster internal internal internal
ml g weight, g diameter, mm diameter, mm diameter, mm

A 225 531 2,081 10.8 15.7 8.0
B 170 578 2,090 7.7 12.6 6.9
C 175 404 1,916 7.0 12.7 8.4
D 170 478 1,976 7.5 13.6 5.7
E 185 423 1,935 8.8 13.1 5.7
F 320 514 2,000 7.9 15.7 6.3
G 235 564 2,076 8.6 16.3 7.4
H 180 237 1,731 5.5 13.0 5.5

I 185 551 2,162 7.4 13.7 6.3

J 155 507 2,019 7.5 13.5 6.5
K 215 588 2,100 7.7 13.9 7.6
L 70 531 2,106 7.3 11.9 55
M 350 556 2,068 8.4 15.9 7.6
N 240 554 2,066 8.4 14.0 7.9
@] 160 582 2,094 7.6 13.3 6.9
P 475 729 2,241 55 13.5 55
Q 250 447 1,959 7.5 16.0 8.0
R 240 550 2,088 7.8 16.5 7.8

The minimum measures for the internal diametershoft milk, main milk, short
pulse and long pulse tubes are specified in stasdard different sources (Akam et al.,
1990; TS ISO 5707, 2014). Accordingly, it is regaithat the internal diameter of short
pulse tube should not be lower than 6 mm (5 mmraieg to Akam et al., 1990), and
the internal diameter of the long pulse tube shawtbe lower than 6 mm in bucket
milking machines and 7 mm in pipeline milking syste Starting from the principle that
the internal diameter values specified should @lsdhe same in milking claws, the
assessments were made in accordance with thigpdenc

The internal diameters of the short milk tubes mifydive milking claws (‘A’, 'E',
'G', 'M', and 'N' type claws) fit the rule of beiagleast 8 mm. The internal diameters of
the short milk tubes in these claws vary betwedrmBd 10.8 mm. The internal diameters
of short milk tubes in 'H' and 'P' type claws wérend to have quite a low value of
5.5 mm. The other eleven milking claws remainedwethe value indicated in the
literature with the internal diameter values betw@&® and 7.9 mm (Table 1).

The main milk tube internal diameter measures ef dlaws were found to be
between 11.9 and 16.5 mm (Table 1). As it is se¢hea Table, the internal diameters of
all the claws except for the 'L' type claw were mw@ad below the minimum limit of
12.5 mm that is requested.

The short pulse and long pulse tube of all clansuinstudy were made of the same
measures. Thus, the assessments were made inato®mdith the common values. The
internal diameters of the pulse tubes of the clanee detected to be between 5.5 and
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8.0 mm (Table 1). Asitis seen in the Table, this@tube internal diameters of type 'D’,
'E', 'H', 'L, and 'P' milking claws were found &l the internal diameter value of
minimum 6 mm specified in the standards (TS ISO752014). On the other hand, it
was determined that the short pulse tube diamétkealaws is above the limit of 5 mm,
which is reported by Akam et al. (1990).

Rotameter measurement results

Claw closing valve leakage amounts

Claw valve leaktightness results measured withmetar are shown in Fig. 4. As
it is seen in the figure, air leakage between @@ 20 | mint was measured in the on
position of the milk inlets in the claw and off esn of the vacuum plug in twelve
milking claws (‘A', 'C', 'E', 'F', '"H', 'I', "JJK" 'L', 'N', 'P', and 'R’ type claws). According
to the principle ofthe free air entry from the claw valve in off pmsitto the long milk
tube side should not be higher than 2 | firalué¢ reported by Bilgen & Oz (2006),
claw valve leakage above the permissible limit omiin six milking claws ('B', 'D',
'G', 'M', 'O" and 'Q' type claws). The amount aflaakage measured in the vacuum
closing valve of these valves was found betweera@d311.0 | mir.

12 11.0
ES

-
(=]
|

leakage, | min'

4.2

2.3

2.3
, | 2.0 -
H ﬂ 1 0.7
0.0 0.0 m 0.0 0.0 0.0 0.0 0.0 | | 0.0 0.0
0 T T T T T T ||—I—|| T 1

O S
A B CDETFGHI JKLMNDOPAGR
Claw type

Amount of claw closing valve

Figure 4. Amount of claw closing valve leakage measured witlameter in different types of
milking claws (claw milk inlets are open, and clescuum closing valve is in off position).

Total amount of air leakage entering the claw

The total amount of air leakage measured in thenmeter when claw milk inlets
are in off and the claw valve and free air inle¢hate in on position is shown in Fig. 5.
As it is seen in the figure, it was determined thatre is air leakage above 12 | hin
which is the maximum limit in three claws ('B',,'@hd 'H' type claws). On the other
hand, 'F', 'G', and 'N' type milking claws wereodisund lower than the lower limit
(4 1 min?) withthe values between 1.8 and 3.8 | tnifihe other twelve milking claws
gave air leakage between minimum and maximum limits
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Figure 5. Total amount of air leakage entering the claw tkameasured with rotameter in
different types of milking claws (claw milk inlegse in off, and free air inlethole and claw valve
are in on position).

Claw leakage amounts when the free air hole of the claw isin off, and the claw

valveisin on position

Claw valve leakage amounts measured from the ra&amédien claw milk inlets
and free air inletholes are in off and the claweadk in on position are shown in Fig. 6.
As it is seen in the figure, the values measurechftwo claws ('B' and 'C' type claws)
rose to 14 | min, which is the maximum measurement limit of thenog¢ter. It was seen
that the leakage amount of these two claws higkdgeded the upper limit of 12 | min
that is required.
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Figure 6. Amount of claw valve leakage measured with the mat@r in different types of
milking claws (claw milk inlets and free air inlbble are in off, and the claw valve is in on
position).
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Furthermore, the minimum air leakage amount thadtrba given by eight milking
claws ('A', 'D', 'F', 'G', 'M', 'O', 'P', and 'Rpe claws) was also found lower than the
lower limit of 4 Imirt*. Here, it is understood that in case ten frembEtholes mentioned
above become congested or do not exist at allpéhmissible amount of air leakage
cannot be fulfilled. Thus, whether the claw freetales are open should be checked
before each milking. As it is explained in the neethsection, it was seen that eight
milking claws ('B', 'C', 'E', 'F', 'I', 'J", 'L'nd 'O’ type claws) were produced without free
air inlet hole. As it is seen in the figure, ';,'and 'F' type claws could not fulfill the
minimum and maximum conditions.

Amounts of air leakage entering the claw free air inlethole

The amount of free air leakage allowed by ten diffietypes of milking claws with
claw free air inletholes is shown in Fig. 7. Assitseen in the figure, the amount of air
passing through the free air hole of ten clawsegbietween 1.0 and 5.5 | mirThese
values are the difference of the values in Fig8.5The amount of air that constantly
passes through the free air hole is important asffécts the minimum and
maximumamount of air that must pass through thes atatotal. When the figure is
examined, only four (‘A', 'M', 'P', and 'R' typeawk) among ten claws allowed the
leakage above the minimum limit. The amount ofpaissing through the free air holes
of these claws was found between 4.0 and 5.5 niihe amount of air leakage of the
remaining six claws was found to be lower tham#rt?, which is the lower limit. These
claws failed to fulfill the minimum amount of frexdr.

2.8

2 it 1.2 1.3

| | . [

A B

Amount of air entering the claw free
air hole, | min!

C DEFGHI J K LMNUOPA QR
Claw type

Figure 7. Amount of air entering the claw free air hole measguwvith rotameter in different types
of milking claws (claw milk inlets and free air @thole are in off, and the claw valve is in on
position).

Bucketmeasurement results

A study was carried out with milk bucket as an raliive to claw air leakage
measurements performed with a rotameter. Accortbnthe parameters given in the
method section, the period measured for a vacuamgehof 10 kPa in a bucket with a
volume of 20| is shown in Table 2. As it is searthe table, the least duration for a
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vacuum change of 10 kPa in the 1st measuremenmpteawas measured (3.54 s) in
'K' type claw, while the longest duration was mead{29.50 s) in 'G' type claw. On the
other hand, the shortest duration for a vacuum ghaof 10 kPa in the second
measurement parameter was again measured (412XKs}ype claw, while the longest
duration was measured (70.11 s) in 'Q' type clame first and second measurement
periods obtained from milking claws were put initipdace in Equation [1] and given in
Figs 8-10 by converting them to the amount of air leakage.

Table 2. The duration that passes for 10 kPa vacuum chaswyerding to the bucket experiment
Measurement parameters

Claw type Time of first parametéy s Time of second parameies
A 10.50 £ 0.40 20.29 +1.48
B 5.77 £ 0.36 1

C 7.38+0.33 ~

D 9.12+0.36 15.38 £ 0.63
E 7.93+0.43 ~

F 23.11+1.29 ~

G 29.50 + 0.97 39.26 £ 1.54
H 5.85+0.24 7.00+£0.21

I 14.13+1.05 ~

J 8.01 + 0.56 ~

K 3.54+0.05 4.21+£0.25
L 22.56 +0.59 ~

M 11.25+0.19 22.37+0.42
N 20.14 £ 2.02 65.61 +2.86
@) 7.32+0.17 ~

P 25.77 +1.85 47.94 +7.30
Q 15.21+£0.54 70.11 +£0.69
R 11.32 +£0.50 19.32+0.24

IFirst parameter: Claw milk inlets are in off, amg tfree air inlethole and claw valve are in on posj
2Second parameter: Claw milk inlets and free aietmole are in off, and claw valve is in on position
3No free air inlet hole; + Standard deviation.

Total amount of air leakage entering through the claw

The total amount of air leakage passing througtcthe for a vacuum change of
10 kPa when claw milk inlets were in off and theefiair inlethole and claw valve were
in on position in bucket experiment is shown in.BigAs it is seen in the figure, the
total amount of air leakage entering eight claBs [C', 'D', 'E', 'H', 'J', 'K', and 'O’ type
claws) exceeded the maximum limit value (12 | #HirNevertheless, the total amount
of air that should pass through all claws as ammimh was determined above 4 | mhin
that is provided for the lower limit. Here, it wasncluded that eight claws gave leakage
above the upper limit although the minimum amourdiothat should pass through all
claws is sufficient.
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Figure 8. Total amount of air entering the claw that is meagwvith bucket in different types of
milking claws (claw milk inlets are in off, and &air inlethole and claw valve are in on position).

Amount of claw leakage when the claw free air hole and claw valve are in on

position

Claw valve leakage amounts calculated from bucketsurement when the
milking claw is on and free air inlethole is in gfbsition are shown in Fig. 9. As it is
seen in the figure, data obtained from seven clis'C’, 'E', 'H', 'J', 'K', and 'O’ type
claws) exceeded the maximum air limit (12 | HinOn the other hand, four claws ('G',
‘N', 'P', and 'Q' type claws) gave leakage belasvrtinimum limit that must be with
values between 1.7 and 3.1 | mimAs it is seen in the figure, five of eight diféet
milking claws ('B', 'C', 'E', 'J' and 'O’ type ckwvith no free air inlethole (claws with
white columns) gave leakage above 12 I'hin
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Figure 9. Amount of claw leakage measured with bucket inedéht types of milking claws
(claw milk inlets and free air inlethole are in,cdhd the claw valve is in on position).
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Amount of air leakage entering the free air hole of the claw

The amount of free air leakage allowed by ten diffietypes of milking claws with
free air inletholes is shown in Fig. 10. As itéea in the figure, the amount of air passing
through the claws with free air holes varies betwe® and 6.2 | mih These values are
the difference of the values calculated in Fig8.8\s it is also specified in the sectionof
measurement with rotameter, the minimum and maxirionits of the amount of air
that must pass through the free air inlethole artespecified in standards and other
studies. However, the amount of air passing thrahghfree air hole is important as it
affects the minimum and maximum amount of air thaist pass through the claw in
total. Upon examining Fig. 10, the amount passimgugh the free air hole of 'G', 'H'
and 'P' claws was found in the values of 1.0, 3@ 21 | min', respectively. These
values were found to be lower than the total amefimhinimum 4 | mint that should
pass through the claw. Here, it was seen thalHGind 'P' type claws did not fulfill the
minimum amount of air.
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Figure 10. Amount of air entering the free air inlethole ma&asl with bucket in different types
of milking claws (claw milk inlets and free air @thole are in off, and the claw valve is in on
position).

CONCLUSIONS

Claw air leakage results are summarized below bypttysical properties applied
to eighteen different types of milking claws withie scope of the research, the methods
of rotameter and bucket:

e Only the 'L’ type claw among the milking claws wasand below the minimum

volume limit (80 ml) with 70 ml.
¢ |t was determined that the weight of five of thdkinig claws ('C', 'D', 'E', 'H', and

'‘Q' type claws) was found below 0.5 kg, which ig thinimum limit, and other

claws are above this amount.

e The internal diameters of the short milk tube diydive of the claws (‘A’, 'E’, 'G',

'M', and 'N' type claws) fulfilled the minimum 8 nmule.
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e The internal diameters of the pulse tube of 'D;,'HE, 'L' and 'P' type claws were
found below the internal diameter value of minim@&mm specified in the
standards.

e In the claw valve leaktightness experiment caroet with rotameter, the claw
closing valve leakage amounts of twelve claws weeasured between 0.0 and
2.0lmirtt, and it was determined that six claws exceedetirtiieof 2.0 Imirr.

¢ Inthe experiments conducted usingrotameter, itabaerved that the total amount
of air leakage of six claws ('B', 'C', 'F', 'G",'Bind 'N' type claws) remains outside
the lower limit (4 | mint) and upper limit (12 | mi#).

e According to the rotameter experiment, it was geanonly four of ten claws ('A’,
'M', 'P', and 'R' type claws) with free air inlef® fulfilled the minimum amount
of air leakage.

» In the experiments conductedwith the bucket, it Watermined that the total
amount of air leakage of eight of the milking cla§is, 'C', 'D', 'E', 'H', 'J', 'K, and
'O’ type claws) exceeds upper limit (12 | MinOn the other hand, it was
determined that the minimum total amount of aikéege of all of the milking claws
exceeds 4 | mik, which is provided for the lower limit.

e According to the bucket experiment, only threeesf tlaws ('G', 'H', and 'P' type
claws) with free air inletholes have a minimum amtoof air leakage below the
lower limit of 4 | mir.

These results have shown that the quality and thétysirequired in the design and

production of the milking claws used in bucket ggkline milking machines has not

yet been achieved.
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Abstract. In this article describes the current problems gqpiegculture. As a new material for
feeding fish pond serves biocomposite based oriorbdrolysates and natural polymers. Also
disclosed is a method of forming the proposed mo@tedies have been conducted biocomposite
molecular weight and amino acid composition ofithigal protein products.

Key words: fish feed, biocomposition, protein hydrolysateyacplture.
INTRODUCTION

The usage of the North-West region for the coldewfishing based on the natural
lake of the Velino, Samolovskoy region of the Psitgvdistrict seem quite promising.

The Veline Lake as well as the following lake Dadgs located in the Zhelch river
Valley are now considered as natural monumentePbkovsky district. Lakes play an
important part in supporting the fish stocks of @tmudskoye water body.

The area of the Velino lake is 1.6 knMaximum depth is identified near the
shoreline of the river Zhelch and reaches 16.mrB0Imeters away from the water edge
continental slope from 4 to 6 meters. The averagthdof the water body is 5.7 meters.
Velino lake basin is 1,089 km 22 with water exchafigm 25 to 26 times a year what
causes a volatility of hydro chemical regime an@ #mes changes of such indicators
as pH, mineralization and containment of organit lainorganic substances, during the
year.

The feature of the hydrological regime is in highcaints of oxygen that doesn’t
fall below 8.6 mgt even in the bottom waters of gulf. Salmonid fiamfing in the fish
tanks located on the Velino Lake is closely linkedthe balanced feed production
issues. Fish food for salmonids produce from mbesn t40 components, and consists
mainly of protein, fat and carbohydrate fractioki&any manufacturers in accordance
with Directive 2000/766/EU, banning the use of faal proteins’ in the form mix of
muscle-connective-bone tissue for animals destifeedfattening food production,
replacing animal protein in feed on vegetation aligisoybean meal. C.K. Feeste et al.
(2015) have shown that since fishmeal produced frarine pelagic fish is an important
feed component in the culture of Atlantic salmod @anthe poultry industry, it should
be considered as a source of potentially allergeeptides in the final products.

However, in the case of feed based on soybeanimé&aining fish - fodder factor
has a low figure. Based on the analysis of eneiigiéilse structures of collagen on the
scientific site of the ITMO University were devetaptechnologies for processing of by-
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products from meat-, poultry-, and fish productioy chemical hydrolysis in the
presence of catalysts of trace. ‘Kuprina et al1@®015) have shown that nowadays
little high-quality and feature-rich feedstuffs, i are so necessary today’.

Creation of new protein-containing products gersgtadn the base of collagen
containing muscle or their compositions with theewsary structural and mechanical,
physic-chemical and technological properties, wifignificant content of nanoparticles
offers great prospects not only in food but alsofeed production. The main
technological process for trout farming is feediilgsvhich regular quality control of
feed mixtures will help gain the economic bendfitsgrowing trout.

When formulating diets not only the quantitativenpmsition of protein should be
taken into account, because of its lack of retdrdgyrowth of the fish, and the surplus
increases energy metabolism and leads to an ireffisvaste of this valuable product,
but also its qualitative composition. The ratiaaifino acids in the diet that changes due
to the stage of fish progress circle which will &dgh biological value in case if ideal
protein is approximated. ‘Henry et al. (2015) hak®wn that the decrease in the
availability and the increase in the prices of riigal and fish oil have prompted the
search for sustainable alternatives for aquacufaeds’.

To compose feed salmonids used hydrolysates andiprimgredients, received
them the following by-products processing industrieollagen tissue of beef, mix of
muscle-connective-bone tissue of birds and fighlg ehite (a by-product of the
production of mayonnaise), egg shells and spongshnaems that are not used in the
production of high quality of quick-frozen product&ric Leclercq et al. (2015) have
shown that the possibility of using collagen tisstibeef’.

Usually hydrolysates are used to create compositafrthe salmonids feed and
protein ingredients, received from the following-fimpducts processing industries:
collagen tissue of beef, mix of muscle-connectigadtissue of birds and fish, egg white
(a by-product of the production of mayonnaise), sigejls and spongy mushrooms that
are not used in high quality of quick-frozen pradudhe holding of the hydrolysis of
these products and the compilation of compositfdh@m will make a start, production
and feed for feeding early juveniles, and fish picets. Multifunctional fodder mixture
includes not only necessary for salmon amino aardsiine, lysine, phenylalanine (in
case of absence of tyrosine), valine, Leucine,eisthe, threonine, Histidine,
methionine (in case of lack of cysteine), tryptapHaut minerals (calcium, phosphorus,
sodium). Digestibility protein ingredients rangifigpm 92 to 98%. ‘Mohamed S.
Hassaan et al. 2015) have shown that Yeast fertimmiacreased the protein content
by 13.65%, increased the total of hydrolyzed aranimls by 16.27% and decreased
phytic acid and tripsin inhibitor’.

Feature of fish feed is high value proteins ang, fahich account for 46 and 20%,
respectively. Technology of obtaining protein irdjests allows you to get fat from mix
of muscle-connective-bone tissue of trout, inclgdiimega-3 fatty acids: linolenic acid,
arachidonic acid and also eicosapentaenoic acidDoubsahexaenoic acid (DHA).
Creating a feed for salmonids is considered orkeoinost complicated processes in the
industrial relation throughout the livestock sedaoe to the high fat content. We have
developed polymer biocomposites with different eonbf pectin’s that that allows you
to retain fat in finished food to Trout Pellet. Bhyrotein-containing composites from
new products and developed technology of encapsulaliowed to create a perspective
on the composition and the form feed for growinignemids.
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Artificial cultivation of fish in terms of uniquddw reservoir ice age Lake Velino
appears to be rational in terms of geographication, the hydrological regime and the
characteristic of the coastal zone rich in watenfd, working as a spawning substrate
for spring-spawning fish phytophilous fish. It skibalso be noted the great importance
of Lakes Velino and long in maintaining fish stocé<Chuskogo reservoir.

Due to the reduction of natural catch fish the tlgwment of aquaculture may be
associated with modern solutions to the tasks eaterg compositions of the starting
feeds. One of the strategic action lines in thig faé artificial fish breeding is to create
new kinds of forages on the basis of protein coirtgicomponents of by-products from
organic raw materials.

Freshwater trout in cages in the conditions of Negst of Russian Federation
appears to be cost effective in the case of thrednttion at enterprises of the region
integrated processing of various types of by-preglo€animal and vegetable origin for
the creation, including animal feed, high qualExpansion of assortment policy in the
segment of balanced composition of protein, faasbahydrates, vitamins, macro-and
microelements feed at the moment is not possilileowrt the development of resource-
saving technologies.

Traditionally, the main raw material in the prodaatof animal feed was the flour
reached from animal products. However, modern requénts for the composition of
the ingredients of all types of animal feed, inahgdaquaculture production, involve the
development of technologies for producing insolufgieotein products) or functional
properties of hydrolysates defined by their molacuhass (MM) ‘Kutsakova et al.
(2009) have shown that hydrolyzate properties dejpencatalyst concentration’.

Creating technology of hydrolysis collagen contagnraw materials by chemical
hydrolysis to obtain protein products with desipee-defined properties is related to the
need to reduce the activation energy of the promedsn increase in the energy system.

These conditions can be fulfilled through the attbcatalysts (often HCI, NaOH)
and temperature growth. Given the strong covalendbn primary and quaternary, and,
consequently, weak hydrogen and ionic bonds isdéltendary and tertiary structures of
collagen, as well as certain combinations of mquedameters of the process, it is
possible to obtain the hydrolyzed product with thesired molecular weight, which
provides specific properties ‘Kuprina et al. (202@03), Nyanikova et al. (2002; 2003),
have shown hydrolysis method of protein’.

MATERIALS AND METHODS

In process of creating of biopolymerical materiadrev used various protein.
materials such as mix of muscle-connective-borsuéiof trout, egg white, mushroom
mixture, pork skin, collagen tissue of beef. ‘Kunariet al. (2002), Saez et al. (2015),
have shown that Encapsulation efficiency of proieiralginate or a combination of
alginate and chitosan hydrogels was studied wighaiim of ascertaining the adequacy
of these carriers to deliver exogenous proteinigh brally’. When conducting the
hydrolysis of the basic materials used were sodiydroxide and hydrochloric acid.
Research on distribution function of molecular mpsstein products and hydrolyzed
proteins derived from collagen tissue of beef dfleadhides at temperatures of 92—-95
and 130 € respectively, in the presence of chemical catajygincentration from 0.05
to 3% it have been conducted with method of gebetatography. Columns filled with
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gels sefadeks G-50 (mm=1-30kDa), G-75 (mm=3kMa) and G-200
(mm = 5-800 kDa). 0.15 M. NaCl solution was usedhaseluent, elution speed was
20 ml k!t detection conducted by the Spectrophotometric atkthvith 230 nm
wavelength. To determine MM took 5 mg of the subs¢ain 1 ml of 0.15 m NaCl
solution. All chemicals were analytical grade.

Dynamic viscosity is defined with Ostwald visconmetehile the modulus of
elasticity- is defined with consistometr.

During the process of organization of the feed potidn and transportation of the
protein products for the implement over long dist®) it is advisable to conduct their
drying. Drying is conducted in the laboratory o tfifMO University in semi-industrial
unit with back-to-back twirled air flow and the tparature of drying agent at the inlet
to the unit equal 140C while the temperature of leaving the unit is 80 hdustrial
production of the drying unit carries out the comp&oly NOM. Study of dry protein
products were held jointly with Leningrad interregal veterinary laboratory.

Amino acid composition of modified protein produetere determined by the
method of ion exchange chromatography on the autonzmino acid Analyzer
(Japan). The research results are presented Tathle 1.

Polymer biocomposites consisting of insoluble [rod6%) and the fat fraction
(20%), and granulation molding method for makingnthgsized material specified
dimensions used acrylic leaf shape with a specthetkness and diameters of the holes
corresponding to the desirable size of the pelletmixture of bio-polymers such as
gelatin and pectin is used as a binder. ‘De Cruat.€2015) have shown that significant
effects on the physical properties of the extrugetlets during the increase of die
temperature and also change of starch source &omta broken rice’. Polymerization
of finished material was carried out from the aguahvironment granulation molding
method methodology includes the following phasesparation of primary nutrient
material cooking the binder, mixing aqueous biopwy composites and binder,
molding pellets, polymerization received composimd its drying. Formation of liquid
feed pellets is the final step in creating a felggdymeric bio compositions. Preparation
of the primary nutrient material was deleting thegev parts of polymeric biocomposites
at temperatures temperature 60 °C for 180 mindRe=paration of binder is based on
getting the dry mixes biopolymers with content (60—70-80-90-100) % pectin, which
were flooded with water when liquid ratio equal3toand maintained for the swelling
within 120 minutes.

Mixing prepared biopolymer composites and bindereveonducted dosed at
constant hashing with at least 700 rpm and temperat0 °C before reception of
homogeneous weight. Molding pellets from mixed 8ofubiocompositions conducted
in previously chilled to a temperature of 4 °C die@ method sheets (you can use as a
method of granulating extrusion mechanism). Polyraéipbn of granules were done in
oven with forced convection at a temperature of@Qafter which they removed from
the forming of sheets and dried at a temperatu®dfC to specified moisture content.
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Table 1.Amino acid composition of modified products of anirand vegetable origin

The content of amino acid in 100 g protein, %

Name of aminc recommended mix of muscle- egg fungi mix of muscle- pork collagen
acids for starting connective-bone protein Boletus edulis+ Leccinumconnective-bone skin tissue
trout feed tissue of trout scabrum=1:1 tissue of bird of beef
valine 9.4 9.5 7.4 7.55 3.89 1.83 2.36
isoleucine 7.4 7.8 6.3 11.83 3.42 0.97 2.01
lecithine 15.8 14.9 9.2 6.60 2.30 3.99
lysine 14.7 15.8 6.8 7.43 6.35 2.60 3.52
methionin* 4.9 55 4.1 2.79 2.23 0.61 0.80
threonin 8.9 9.1 4.8 5.28 1.25 2.06
tryptophan 1.6 1.6 1.7 1.12 0.50
phenylalaning* 8.9 8.1 6.7 4.67 4.48 1.54 1.75
arginine 115 12.2 6.2 10.22 18.24 5.67 4.19
histidine 7.5 5.9 25 4.82 10.28 0.76 0.81
glutamic acid 31 15.1 12.12 15.58 6.42 8.09
proline 4.0 21.26 8.49 9.89
tyrosine 6.8 6.5 3.00 1.77 0.83 0.98
cysteine 2.8 1.42 0.43 0.82
cystine 2.8 3.1 0.33
alanine 14 6.9 8.39 16.58 5.37 10.35
aspartic acid 20 10.1 10.37 9.95 3.93 5.62
asparagine 2.18
glycine 9.5 3.9 5.33 14.06 31.87
serin 7.6 4.35 2.28 3.44
oxyproline 7.24 1.93
ornithine 1.20 0.59

* in the absence of cysteine
** in the absence of tyrosine
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RESULTS AND DISCUSSION

NaCl solution was used as the eluent, elution speasl 20 ml i detection
conducted by the Spectrophotometric method with rfB80wavelength. To determine
MM took 5 mg of the substance in 1 ml of 0.15 m NaGlution. Chromatograms,
reflecting the values of the distribution functiow$ molecular masses collagen
containing insoluble hydrolysates obtained in thhespnce of a chemical catalyst
concentration of 0.05, 0.3 and 3% are present&ibm 1, 2 and 3.
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MM ~1100
<= MM~ 14,000

Figure 1. Chromatogram of distribution function of molecutaasses of collagen hydrolysate
obtained in the presence of a catalyst, a condaniraf 0.05%.

MM~ 79,334

J

MM ~ 540,380

E0. 10,3%]1 30 Mu/L— 10 1mI 0,15 mol. weight NaCl, 6.200, 230,21, element 0,15 NaGL
E.g.10,3%! 30 Mg/L - to 1ml 0,15 mol. weight NaCl, 650, 230,21, element 0,15 NaCL
E5.10,3%I130 Mg/L- 1o 1ml 0,15 mol. weight Nagl, 675, 230,21, element 0,15 NaCL

-

Figure 2. Chromatogram of distribution function of molecutaasses of collagen hydrolysate
obtained in the presence of a catalyst, a condenmtraf 0.3%.
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From the analysis of the distribution functions wfolecular masses and
structurally-mechanical properties of protein pratdufor border concentration we can
match the following: The mean values of the molecuhasses of protein products
obtained in the presence of catalyst concentratiom 0.05 to 0.3%, are identical
(Fig. 1) and were 700 kDa.

The obtained substances have high values of vigc@si3086.9 to 16 « 56281
Pa ¢) and strength (modulus of elasticity of thé ajea temperature of t=4°C is
E = 29.54-51.06 kPa). The results of processingtinematograms, presented in Fig. 2
showed that 40% of the substance has the molecoiass of 540, and
60%—-130 kDa. The average value of such a produicbevprotein MM 300 kDa.

Functional and technological properties of the giroproduct hydrolyzed in the
presence of 0.3% chemical catalyst protein produetcompletely different. Viscosity
was 1109.2 « 10 Pa « and protein product had the consistency atkwelly, which
elasticity is impossible to determine.

The average value of the molecular masses of prgieduct obtained when
processing catalyst 3% concentration (Fig. 3) st@bd6.7 kDa. Protein collagen
containing product is a combination of amino acwith a maximum content of glycine.
Using similar modal parameters modificates and blydates of the by-products of
meat, poultry and fish processing equipment-poikssknix of muscle-connective-bone
tissue of birds and fish, egg whites, as well asmaterials of mushroom were obtained.
‘Pat. 2303881 (2006) showed the use of this methiodorder to obtain the protein
product from muscle tissue meat and bone remndntsag processing raw materials
carried out in the presence of catalyst concenirdi4%. ‘Kutsakova et al. (2013) have
shown that way catalyst concentration was chosen’.

Functional and technological properties of powdbes high water-binding
capability (1:18 the best for mince systems), stitybof not less than 95% and
digestibility 96.9% minimum (pork skin).

|

ﬂ

0. 13%] 80 My/L - 10 1ml 0,15 mol. weight NaCl, 6-75, 230, element 0,15 Mo/L NaCL
E.g.13%] 80 Mo/L - 10 1ml 0,15 mol. weight NaCl, 6-200, 230, element 0,15 Ma/L NaCL

Eg.13%I 80 My/L - to 1 ml 0,15 mol. weight Nacl, 50, 290, element 0,15 Mg/L NaCL

C
—

— J

J

Figure 3. Distribution function of molecular masses of co#laghydrolysate obtained in the
presence of a catalyst, with a concentration of 3%.
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As it is clear from the presented data, amino a&oichposition of new modified
products allows you to create a wide range of lwadrfeed for the desired protein
composition variation.

In fish cultivation wet forage is also used. Forafinfarmers that organize
production for their own needs, the use of drymguite expensive. Studies have shown
that cold storage jelly modificates at a tempeetufC enables you to use the product
within 14 days of elaborate, without altering the/gico-chemical and microbiological
indicators.

The Starter feed feature is regulation not onlytgirocontent (46%) but also fat
(up to 20%). Developed technologies include theegation and collection of fat by-
products that allows almost completely compensatéeleding component through the
processing of by-products from meat bone residdepamskins.

When creating a moist feed from the proposed medlifirotein the development
of additional products such as glue from coveranrebdtissues is not required. Since the
rheological characteristics of protein products ldgh, their introduction to recipes as
moisture binding component will have a positive aopand on the structure of the feed.

Introduction to compounding forage mushroom modifian draws an attention,
from the point of view that the presence of ch@gloean complex in the cell wall of
fungi can be regarded as a substitute for expebitia component of crustaceans, used
to improve the process during the period osmogslaéion smoltification of salmon
and enhance the sustainability of the fish to skseases and stressful situations.
Toxicological characteristics of fungal product dooted with express-method using
infusoria Tetrahymena pyriformis.

The conducted contents of toxic elements and rakjiisticides are (mg Ry lead
(15.8), cadmium (2.15), copper (90.0), zinc (335mrcury (0.15), arsenic (less than
0.2), aldrin (not detected), heptachlor (not detégt hexachlorocyclohexane (total
isomers of less than 0.001), DDT and its metal®l(itess than 0.002).

CONCLUSIONS

Thus, expanding the range of supply trout fish Egecan be achieved by solving
the problem of aquaculture, including in the fiefccreation of forages during artificial
cultivation.

Thus, expanding the range of trout fish nutritican de achieved through the
introduction of advanced new solutions to the peobbf aquaculture in creating quality
forages during artificial rearing of fish. ‘Mukhin&a Pestrikova (2012), James et al.
(2013) have shown prospects of Aquaculture devedopm Organization and
implementation of resource-saving technologies & by-products of animal and
vegetable origin can produce with minimal competitieed polymer bio compaosition.

The usage of ‘animal proteins’ is limited by théesiof the European Union which
leads to the development of a new protein contgipmoducts used in the fattening of
livestock. One of the directions for obtaining sychducts may be a hydrolysis of the
collagen containing by-product in the presence okengical catalysts micro
concentration. Through this process it is possibigain trace ingredients with specified
composition and properties.

Analysis of the binding energy in collagen strueturevealed that the hydrolysis
process required energy can be transferred toydters either by increasing the kinetic
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energy associated with an increase in temperatupg mwering the activation energy
by the action of catalysts. Depending on the reguiproperties of the obtained
ingredients defined by molecular weight (from 607700 kDa) modal parameters of
hydrolysis are specified. Analysis of the collageydrolysis mechanism allows
predicting the process parameters of hydrolysiscamdentration of catalyst, providing
the relevant mechanical and technological propedfdunctional protein ingredients.

Amino acid composition of all the studied protengriedients recommended for
compiling starting feed salmonids recipes, allovegiaing the high quality of the
designed product.

Addition of non-toxic chitin glucan complexes maxfehe plant component to the
feed formula will not only advantageously replabe expensive equivalent, derived
from crustaceans but can be used to regulate aripicysiological and biochemical
processes of restructuring the body of salmonideceuling and accompanying
migration from the freshwater reservoirs.

The recommended granulation method for moldingde@aps with bio-composite
material composed of protein and fat ingredientiéac allowed to keep such a complex
system with a combination of acrylic sheet formd bounded gelatin-pectin mixtures.

These drying modes in aggregates with back-to-thaitked the air flows also
allows to receive powdered protein ingredients witleservation of functionally-
technological properties in organizing large prdoturs.
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Abstract: Brewer’s spent grain (BSG) was hydrothermally ocaibed at combinations of three
temperatures (180 °C, 215 °C, 250 °C) and thregtijratimes (2 h, 5 h, 12 h). For comparison,
the corresponding barley malt was also testedeaséime conditions. Elemental composition,
volatile matter, ash and heating values were dételrfor original biomasses as well as resulting
hydrochars. The mass yield of dry BSG hydrochagedrnfrom 45 to 73%. The energetic yield
defined as retention of total lower heating valu¢hie hydrochar on dry basis ranged from 66 to
85%. Specific lower heating value of dry mater@de from 20.6 MJ k§to 30.3 MJ kd at the
most severe conditions. Nitrogen and sulphur cdritehydrochar were not strongly dependent
on reaction conditions.

Key words: hydrothermal carbonization, malt, calorific valbeating value, biochar, elemental
composition.

INTRODUCTION

One of the main components for beer brewing is.nidlat is germinated and then
dried cereal, usually barley, which provides stancti sugars that can be later consumed
by yeast. Brewer's spent grain (BSG) is then thénnlg-product (85% of all by-
products by weight) of brewing beer which is caéetafter filtering the wort. It contains
water insoluble malt remnants composing mainly afew insoluble proteins and cell
wall residues of the husk, pericarp and seed cdhinithe spent grain (Mussatto et al.,
2006). BSG is composed mainly of lignocellulosibréis (cellulose, lignin and
arabinoxylan might make up around 70% of dry we@BSG). Another roughly 20%
is taken up by proteins. The rest are lipids aacthtremnants. The composition changes
with barley variety and differences in the brewprgcess even within one brewery so
the reported values vary significantly. (Santosal.e2003; Mussatto et al., 2006; Xiros
& Christakopoulos, 2012)

Brewer’s spent grain can be used traditionally doimal feeding. For its high
content of fibre and protein it has been used lgrfgr dairy cows to increase milk
production, but its use for other animals, suctpadltry, pigs or fish, has been also
investigated. Human consumption is possible whelingdmoderately small quantities
of BSG flour into bakery products, with reportechltie benefits. When converted to so-
called germinated barley foodstuff it has been btm be beneficial to patients with
ulcerative colitis (Mussatto et al., 2006; Steieeml., 2015). If not used for nutrition
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BSG may possibly serve in brick-making to increpseosity, in paper manufacture or
after pyrolysis treatment as adsorbent. BSG canuded also in a number of
biotechnological processes as substrate for ctittivaof microorganisms or substrate
from which enzymes or other biochemical products loa obtained. (Mussatto et al.,
2006; Xiros & Christakopoulos, 2012)

Finally, when there is not sufficient demand foedl uses it may be also utilized
energetically. Since fresh BSG is usually a very substrate, biogas production in an
agricultural biogas plant would omit the need tg tire material. (Malakhova et al.,
2015) found methane yield of BSG in co-fermentatignto 58.7 | kg of raw BSG.
Different option may be hydrolysis treatment toguoe liquid fuels (Raud et al., 2015).
Another technique that can process wet materiayasothermal carbonization (HTC).
In general, hydrothermal treatment of biomass @ad Ito a variety of products
depending on the substrate, reaction temperatuteaassure etc. (Kruse & Dahmen,
2015). Hydrothermal carbonization occurs in wateri®nment mainly in temperature
range of ca. 180-250 °C. The reaction pressure@gponds to that of saturated water
vapour or is increased by generated gases, whicmastly CQ (Poerschmann et al.,
2014). The solid product is most often called bavatr hydrochar. Suitable substrates
are generally all carbohydrates, while proteins #pils do not usually turn into
hydrochar by themselves, but may be adsorbed tmtiotheir change into hydrochar
may be facilitated by other substrates (Heilmanal.e2011; Kruse & Dahmen, 2015).
Submersion of substrate in water is a crucial d@rin HTC and other solvents do not
produce the same effects (Heilmann et al., 2011).

The advantages of hydrothermal treatment are caenpigienization and to some
extent also degradation of some pollutants (Weateal., 2013). Under hydrothermal
conditions the structure of original material ateddells are destroyed to a high degree,
so the resulting hydrochar can be more easily deedt This is useful mainly for highly
moist waste biomass which would have to be disposedssibly without energy gain,
but with HTC the energy efficiency may become beftéalatak & Dlabaja, 2015).

Several works focused on HTC of BSG have beendyreaitten mostly focusing
on composition of hydrochar or process water (Rbensinn et al., 2014; Poerschmann
et al., 2015; Riedel et al., 2015). In these woB&(s was seen as a suitable material for
HTC. The aim of this work is to help evaluate titemtial of BSG for energy utilization
by following the energetic yield in HTC of BSG assothree different carbonization
temperatures (180 °C, 215 °C, 250 °C) and thrderdifit times (2 h, 5 h, 12 h). Since
mass and energetic yields in hydrothermal carbtipizaare influenced by other
parameters as well (reactor loading, mixing, eétamas deemed useful to compare BSG
to a different biomass for better comparison witerature. The barley malt used for
brewing was chosen.

MATERIALS AND METHODS

Materials and chemicals

Barley malt and corresponding brewer’s spent g@BG) were supplied from a
local brewery. The initial moisture of the BSG w&®6 wt. To preserve it, it was dried
in a fruit drier in flowing air at 60° until no msti patches could be seen. The material
was then thoroughly mixed to ensure homogeneityGB8as then stored in a
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refrigerator. The moisture of stored BSG was meab@avery time it was used for an
experiment, the average value being 7.0% wt.

Malt was supplied as whole grains. It was storea atosed container at 20 °C. Its
moisture was measured when received and then eveek to determine moisture
content changes over time. To measure moisturenmgpleawas always ground and
immediately weighed.

For adjusting the acidity of reaction mixturesiciticid was used (analytical grade,
Lach-Ner). For calibration of analysers, calibrgtstandards were supplied by LECO.
For calibration of volatile matter (VM) in TGA 70dal standard with 40.4% wt. VM
was used. CHN module was calibrated with ethylearathietetraacetic acid. S module
was calibrated using coal standard with 1.16% witptsur. The calorimeter was
calibrated with 1 g pellets of benzoic acid.

Experimental procedure

Mixtures for HTC experiments were composed of saictamount of substrate to
achieve 25 g of dry matter (DM) with the last knomisture content. Tap water would
then be added to achieve a total 200 g of mixtlaieotatory scales A&D GF-3000,
accuracy 0.01 g). The actual amount of DM in cd€8SG would be calculated using
moisture of a concurrently measured sample, fot thalweekly value would be used.
The final mixture DM content in all experiments we&5 + 0.2%. Citric acid would
then be added to adjust the acidity of mixtureHi8 p- pH4 (pH-meter Thermo Scientific
Orion Star 111). Malt was not ground in the mixgure

The HTC treatment took place in a laboratory reacostainless steel pressure
vessel, Berghof BR-300 with an internal volume @9 4nl. It was not filled completely
to allow for the expansion of the mixture at higkemperatures. Inert atmosphere was
not introduced. The reactor was heated on an eldeater (Heidolph MR Hei Standard)
which was controlled by a regulator (Berghof BT@G3D In all experiments the reactor
would be heated to the target temperature and ena@td on it for the chosen time. The
reaction was not stirred. Heating up and coolingrphases took each approximately
40-50 minutes. The reaction time was determineth@dime when the temperature
stayed above target temperature minus 2 °C andevernwent above the target
temperature plus 5 °C. The only variables in theeeinents were reaction temperature
and time. All other parameters were maintainedstr@e throughout all experiments.
Three different temperatures and times were chdsh?C, 215 °C and 250 °C and 2 h,
5h and 12 h. Experiments with all combinations ehdxeen performed for both
substrates.

Upon completing an experiment, remaining pressurgldvbe released and reactor
opened when it reached 40 °C. Liquid phase wasdidt on a qualitative filter paper and
hydrochar left in the reactor was completely takah The filtered liquid contained no
visible hydrochar particles so all carbon unrecedean hydrochar is considered to have
been dissolved in the process water or has eséagdedned gases. All solid product
was then dried until reaching a constant weightr{ieert UN 30) at 105 °C. The mass
yield of the hydrochar was then calculated as penegio of dry mass of hydrochar to
dry mass input in each particular experiment.
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Analyses and calculations

After determination of mass yields of hydrochate samples were crushed to
produce homogenous powder. Consequently they werlgzed for moisture, volatile
matter, ash, elemental composition and heatingevdlte first three parameters were
analyzed in a thermogravimetric analyser (LECO T@A1). The temperature
programme first dried samples at 107 °C to consteeight. Volatile matter was
determined in nitrogen atmosphere at 900 °C forinutas. Lastly the samples were
burned in oxygen at 550 °C, again until constanigiate to find ash content. Each
hydrochar was analyzed twice with 1 g per sampkptiginal materials, BSG and malt,
were analysed three times.

Elemental composition was analysed in an instruni&®€0O CHN628+S with
helium as carrier gas to find carbon (C), hydro@dn nitrogen (N) and sulphur (S)
contents. The analyser operates by analysingukeyfises of samples burned in oxygen.
C, H and S are measured in infrared absorptiors;chllis measured in a thermal
conductivity cell. For determination of C, H andN15 g of sample was wrapped into
a tin foil and burned at 950 °C. Samples into them&lule (0.2 g) were poured into a
crucible and burned at 1,350 °C. Each sample walysed to get at least three good
measurements of each element.

Higher heating value was measured is@peribolcalorimeter (LECO AC 600).
The samples were pressed into pellets of around 8nd analysed to obtain two reliable
results; three for original biomasses. Higher mgatialue (HHV) was determined using
its supplied software.

All reported values are averages for dry basisemliResults of analyses were
converted to dry basis values according’ 8N ISO 29541. The elements C, N, S and
ash were converted using formula:

100

Wyy =Wy X———
Xd Xa 1OO—WMa (1)

wherewxq — dry basis elemental contents in % witk; — values of analytical samples;
Wwma — the moisture in analytical samples.

Hydrogen was converted using:

Wy, 100
Why =| Wha — x (2)
8937) 100-w,,

Oxygen content was calculated by subtracting ONHnd S elemental contents
and ash content, all on dry basis, from 100%.

Lower heating value (LHV) was then calculated adioag toCSN ISO 1928 using
elemental analysis results:

LHV = {HHV — 212w, — 08x (Wyy + Wy, )} x (1— 00IM )— 2443M, (3)

whereMr — the converted moisture basis, for dry basis zgro.
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All yield values are calculated in the same wayeyrare defined as the mass yield,
as defined in the previous section, multiplied étyar of contents on dry matter basis of
each particular substance in hydrochar to théteroriginal biomass. Energetic yield is
the yield of LHV. Since carbonization decreasescthrent of H, the HHV yield would
be always somewhat lower.

RESULTS AND DISCUSSION

Overall results and energetic yield

After carbonization all hydrochars were not comgliethomogenous. After
carbonization of malt, relatively empty husks teshtie gather towards the surface and
hydrochar formed arguably mostly from the malt espgom was found mostly in the
bottom half of the reactor. BSG hydrochar was nyosimogenous with its original
structure still recognizable. However at higher pematures and long times of
carbonization the hydrochar tended to form a luffpydrochar toward the surface while
a tarry residue formed at the bottom.

Tables 1 and 2 show mass yield and analysis results/drochars from BSG and
malt, as well as the original biomasses. Valuessarted by reaction temperature and
then by reaction time which seems to corresponedction severity as the values of
carbon content and heating values rise in the sam®@r while volatile matter content
decreases. As not a high number of experiments baem made for each set of
conditions, small differences cannot be judged taisically significant. However
general trends are clear. Work of Poerschmann. é2@14) showed carbonized BSG
with similar composition giving comparable valuésmass yield and elemental contents
while also following composition of process lig@dd sorption capability of hydrochar.
Ash composition is another important factor in gyentilization, however it was not
analysed in this work. In literature (Poerschmaial ¢ 2014) it can be found that after
HTC of BSG some elements had an increased comtdryrochar, especially calcium.

Table 1.BSG hydrochar: Mass yield and composition of oafjiBSG and resulting hydrochars
at all reaction conditions

c
Q’ C S

L Ec Dc OS¢ S $e 9_ s 2 L 2
O w o o (@] = = O .= =
EXe 9o 8 B8 82 528 22 BE . <SR35 ¢wS
tZ E S¢ 85 >5 £6 56 X6 o8 G S0F 323
EFSE =25 OO T o Z206 o 0o >=2 < IT> OT >
°C h % %bwt. %Wt %W O%wt %Wt %wt Ohwt MJL MJ kg

Original material 51.9 744 438 0.34 31.8 838 04.122.2 20.6
180 2 729 593 7.32 457 035 240 76.3 4.48 25237
180 5 717 609 7.22 464 037 222 746 471 25.624.0
180 12 709 618 728 440 036 216 73.7 460 26.34.7
215 2 648 635 737 435 034 199 717 453 27.325.7
215 5 592 660 740 458 034 169 698 480 28.326.7
215 12 56.1 673 742 467 035 150 67.2 529 294278
250 2 515 695 750 468 036 129 654 506 30.428.8
250 5 492 702 7772 432 033 125 633 490 31.329.7
250 12 450 697 742 437 038 124 56.7 572 31.9830.3
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The pH of the final process liquid was between @iA8 pH4 for malt and between
pH4 and pH5 for BSG. It was always at least theesamhigher compared to starting
conditions, but there was not a clear trend. Theigpélwas always well within one pH
unit, so it was not expected to have a considerabpmct on mass yield or other
measured parameters (Reza et al., 2015).

Table 2. Malt hydrochar: Mass yield and composition of ara malt and resulting hydrochars
at all reaction conditions

é c é‘) o 5 < ) =2 =2
<L > > — o
Sr o p 2% £8 285 58 58 8 25285y
CDE._ S S >0 = o > 0 X o (e %) =20 oL ®©
S E =S O6 T o Zo6 o 06 >2 <« IT> JT>
°C h % %wt. %wt %wt %wt %wt %wt %wt MgL MJ kg
Original material 46.3 7.01 161 0.16 43.0 88.6 31.918.6 17.1

180 2  36.7 589 536 299 0.25 305 693 199 24.®29
180 5 47.2 648 6.01 278 0.22 247 633 152 25845
180 12 55.6 673 553 259 021 229 574 141 26.856
215 2 5109 676 566 269 020 224 558 152 27.1259
215 5 526 659 545 257 019 245 542 139 26.257
215 12 527 68.7 551 269 019 212 532 172 27.260
250 2 494 65.6 551 271 022 243 523 165 28472
250 5 483 66.0 539 266 020 242 496 155 28.727.6
250 12 475 664 546 274 020 234 478 173 29.28.1

Mass yield of hydrochar, see Table 3, from BSG tigber at milder conditions
as was expected. BSG is made up mostly of fibkesdellulose which dissolve into
solution or degrade only under more severe hydrotake conditions (especially
cellulose) (Heilmann et al., 2011; Reza et al.,£2(Reza et al., 2015). Mass vyield of
hydrochar decreased with temperature and time ynds# to decomposition of fibre.
On the other hand, lower heating value increasam £3.7 MJ kg up to 30.3 MJ kg
making it comparable to quality bituminous coaleTinal energetic yield decreased
overall, but not as sharply as the mass yieldldwer temperatures the mass and energy
yields are relatively consistent with those forldeke (Lu et al., 2013), but at 250 °C
BSG yields are lower.

Table 3.Mass and energetic yield of BSG hydrochars

Mass vyield (%) LHV (MJ kg) Energetic yield (%)

2h  5h 12h 2h 5h 12 h 2h 5h 12 h
180°C 729 717 70.9 23.7 240 247 83.6 834 984
215°C 64.8 59.2 56.1 257 26.7 278 80.7 76.6 .775
250°C 515 49.2 45.0 28.8 29.7 303 718 70.8 .166

The situation was different for hydrochar from maéie Table 4. Malt still contains
starchy endosperm which makes up most of its weibi¢ mechanism of hydrochar
formation is different here. Sugars quickly soligalin water at hydrothermal condition
and most of the hydrochar has to be formed by pefization from the solution
(Nagamori & Funazukuri, 2004). It can be seen #dte mildest conditions the overall
reaction proceeds slowly and the yield is quite.|l@With increasing time the reaction
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becomes more complete and the yield rises or resrairel. This trend, however, is
reversed at the highest tested temperature (25@R{€h might be contributed either to
decomposition of the husks or further carbonizatind losing of H and O content. The
latter, however, does not seem to be the case siegental composition is very similar
for the 2 h and 5 h samples at 250 °C. The geimsredase in mass yield with time or
its stagnancy and increase of LHV with temperataseilted in similar energetic yields
around 80% for all but two samples (2 h and 5 18ar C).

Table 4.Mass and energetic yield of malt hydrochars

Mass vyield (%) LHV (MJ kg) Energetic yield (%)

2h 5h 12 h 2h 5h 12 h 2h 5h 12 h
180°C 36.7 47.2 55.6 22.9 24.5 256 49.0 67.8 83.2
215°C 519 526 527 25.9 25.7 26.0 786 78.9 80.2
250°C 494 48.3 475 27.2 27.6 28.1 785 77.8 78.0

Mass yields of selected elements

The carbon content in hydrochars is always incidtesative to that in the original
biomasses. It increases mainly with carbonizatiemperature. Except for malt
hydrochars at 180 °C it does not seem to be styatgpendent on time. The yields of
carbon, see Tables 5-6, follow relatively closalgrgetic yields at milder conditions,
but drop off more quickly at 250 °C and longer tame the case of both substrates.

Table 5.C, N and S contents and their yields in BSG hydaogh

C (% wt.) N (% wt.) S (% wt.)

2h 5h 12 h 2h 5h 12 h 2h 5h 12 h
180°C 59.3 60.9 61.8 4.6 4.6 4.4 0.35 0.37 0.36
215°C 635 66.0 67.3 4.4 4.6 4.7 0.34 034 0.35
250°C  69.5 70.2 69.7 4.7 4.3 4.4 0.36 0.33 0.38

C yield (%) N yield (%) S yield (%)

2h 5h 12 h 2h 5h 12 h 2h 5h 12 h
180°C 83.2 84.1 84.4 76.0 76.0 711 744 783 675
215°C 793 75.2 72.7 644 618 59.9 654 59.4 857

250 °C  69.0 66.6 60.4 55.0 485 4438 546 48.0 504

Table 6.C, N and S contents and their yields in malt hydeos

C (% wt.) N (% wt.) S (% wt)

2h 5h 12 h 2h 5h 12 h 2h 5h 12 h
180°C 58.9 64.8 67.3 3.0 2.8 2.6 025 022 021
215°C 67.6 65.9 68.7 2.7 2.6 2.7 020 0.19 0.19
250°C 65.6 66.0 66.4 2.7 2.7 2.7 0.22 0.20 0.20

C yield (%) N yield (%) S yield (%)

2h 5h 12 h 2h 5h 12 h 2h 5h 12 h
180°C 46.7 66.1 80.9 68.0 814 894 585 67.3 874
215°C 75.7 74.8 78.1 86.7 83.7 87.7 65.0 62.3 .163

250°C 70.0 68.8 68.1 83.0 79.6 80.6 704 60.3 62.0
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The hydrochar contents of N and S are relativelgffested by carbonization
conditions. In BSG hydrochar the N and S conteatvary close to those in original
biomass, in malt hydrochar they are somewhat higliables 5-6). The relatively
unchanged nitrogen content was probably due totdexthproteins immobilized in the
hydrochars (Heilmann et al., 2011; Poerschmanh,&tG4). The yields of N and S are
then depending on the overall mass yield of hydaogh

Van Krevelen diagram

Hydrochar achieves higher heating values thanksdasing its carbon content
and lowering mainly its oxygen and also hydrogemtent. This conversion can be seen
in a van Krevelen diagram, which has molar ratié€ @n its horizontal axis and H/C
on the vertical axis. In Fig. 1 van Krevelen diagraf hydrochars and original biomasses
can be seen. BSG hydrochars are moving to thefléfe diagram with reaction severity
(mainly with temperature, then with time) and & 2& they reach nearly the same ratios
for all times, however with a little higher H/C imathan in (Poerschmann et al., 2014).
The ratios seem to follow a nearly linear trendistwas also the case for poplar wood
or wheat straw in (Reza et al., 2014). Our BSGeaetd similar ratios as olive mill waste
in (Benavente et al., 2015). Malt hydrochars haggysimilar ratios for all but two
conditions (180 °C at 2 h and 5 h). Comparing thesealts with heating values, it
implies that a formula to estimate the heating @afhydrochars would have to consider
more parameters than just elemental compositioreXample volatile matter content.

201 oBsG
1.8 - ®BSG hydrochar (m]
OMalt
1.6 -
W Malt hydrochar
14 -
2 1.2
e
o 4
3 1.0
(&) .
E 08 - Biomass
8 Peat
< 06 Lignite
Coal
0.4 Anthracite
0.2
0.0 T T T T 1
0 0.2 0.4 0.6 0.8

Atomic O/C ratio (-)

Figure 1.Van Krevelen diagram of BSG and malt hydrocharasua typical composition
taken from (Van Loo & Koppejan, 2008).
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CONCLUSIONS

The main aim of this work was to evaluate the gme®nergetic yield of hydrochar
made by hydrothermal carbonization of brewer's sggain. To compare it with a
different biomass, the corresponding barley malts wadso tested at the same
carbonization conditions. On dry state basis tlylhdst energetic yield (lower heating
value returned in dry matter) was 84.9% at 180ri€ ¥ h carbonization (but at shorter
times it was almost as high). For malt nearly e values were reached, but it took a
time of at least 5 h or temperature 215 °C anddrigih carbonize the most of dissolved
sugars. In general, milder conditions produced dfaar with lower specific heating
values but with greater overall energy retention.

In practice other parameters will have to be actamlifor to assess real efficiency
of this process. Those are dewaterability of stgrtnaterial versus that of hydrochar,
the energy consumption to dry those materials @ émergy consumption of
hydrothermal conversion and others as well. Theggrigalance could be then calculated
to see whether it is viable at all to hydrothermathnvert this material from ecological,
energetic or economical point of view. A life cyelesessment of environmental impact
of hydrochar production has been performed in (Bezgal., 2015). It showed for
example that the process water impact is not ategjligible. It contains still a large
amount of dissolved organic carbon which would htwde removed, for example
possibly by combining hydrothermal carbonizationhwivet oxidation (Riedel et al.,
2015).
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Abstract. In agriculture as well for other purposes off-roathicles have to move cross-country.
Precompression stress is used to describe thebkxathg capacity of different soils. The aim of
the study is to investigate the relationship betwpeescompression stress and rut depth for
different Estonian soil types after 1 and 10 passea vehicle. Traffic experiments were
conducted at eight experiment sites throughout ri&stasing a 7t truck and a 23t wheeled
vehicle. The experiment sites were selected baseth® Estonian soil map. Rut depth was
measured after the first pass and ten passes.turigid soil samples were collected from topsoil
and from subsaoil right next to the track. Soil séaspvere compressed in an oedometer at stresses
of 25, 50, 100, 200, 400 and 600 kPa. The Casagramutedure was used to determine the
precompression stresses. In topsoil, if the maéstwntent of a soil is high, then the differences
in the precompression stress values of the vasoilsypes disappears while in the subsaoil layer
the precompression stress is more dependent osothproperties. The precompression stress
cannot by itself be used as a threshold value t@raiéne small and large sinkage. The choice of
fitting methods for composing of stress compactuarve is critical and led to the preference of
the logistic curve. The values of logistic functoat the points of their maximal curvature and
calculation based on the area on stress-compagtégi can be used for prediction of rut depths.

Key words: soil bearing capacity, sinkage, soil compactiogjdtic curve.
INTRODUCTION

In agriculture as well for other purposes off-roaahicles with different weights
and contact pressure have to move cross-countrgaly cases repeated passages over
the same track is necessary. It is well known tfeat the movement of vehicles over the
landscape harms the soil environment by compadtinghlakukku et al., 2003).
Compaction of soils is induced by the stress tlsatis from the contact between the
vehicle and the soil. To stay mobile vehicles carmaaise deep sinkage and ruts. The
compaction of agricultural soils can have an esplyanegative effect on the yield and
growth of cereal grains. In Estonia the overallatipof soil compaction by vehicles was
investigated by Kuht & Reintam (2004), Kuht et(@012). A study from Krebstein et
al. (2014) revealed that soil compaction also ce@m cultivated grasslands. It was
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found that after these areas had been traffickeel, bulk density, as well as the
precompression stress increased. Although natrtaiastands are used for cross-country
movement the compaction and bearing capacity bebauf these areas has not been as
thoroughly investigated.

The strength of soil is influenced by bulk densitygisture content, texture and
organic matter content (Lal & Shukla, 2004). Thestncompressible soil type is peat
(van Asselen et al., 2009). Mineral soils that Haigh organic material content can have
a contradictory influence on the compressive prigerof soil (Keller et al., 2011).
Moist soils are more susceptible to compaction than soils. In addition to soil
properties, the degree of vehicle sinkage intosthikis also dependent upon the wheel
load, tire width, inflation pressure and the numbérpasses (Botta et al., 2006).
According to Soane (1980) a wheel's first pass artgpthe soil more than the second
or subsequent passes. However, this is also refatibe initial soil density level (Botta
et al., 2009).

In agricultural studies precompression stress (eddled pre-consolidation stress)
is often used as a standard measure of comprestsarggth, or as an indicator of the
bearing capacity of soil (Keller et al., 2012; Alikku et al., 2003). The precompression
stress value is acquired through analysis of tlesststrain curve, which is determined
using a uniaxial compression apparatus (oedomé@&emgompression stress is the stress
value between the elastic and plastic regions ibbsbtaviour (Alakukku et al., 2003).
If the stress level on soil surface is lower theecpmpression stress the soil deformation
is elastic and small. Higher stress values woule®lastic and larger deformations of
soil (Lebert & Horn, 1991). The standard procedarebtaining precompression stress
is done using the graphical procedure develope@dsagrande (1936). However there
are also other methods for determining precomprassiress as well (Arvidsson &
Keller, 2004). Cavalieri et al. (2008) demonstrdtet choice of methods for calculating
precompression stress is critical, and has a sgnif influence on the determination of
the precompression stress values.

There have been a limited number of investigatione the relation between
precompression stress and rut depth. Hemmat @Gdl4) concluded that, according to
tests done with 3.2 t and 5.8 t tractors on catmeseinstable soil, it would be insufficient
to consider the precompression stress itself asvaisal threshold stress value for high
and low sinkage. Moreover, their experiments haseealed that if the ratio of
precompression stress to nominal ground pressusenéler than 1.6, then the soil
sinkage is irreversible and significant.

Up to this point, little research has been condlicte the variability of
precompression stress values of Estonian soilsendhe rut depth formations left by
vehicles moving cross-country. The first purposetio$ study is to determine the
precompression stress values of selected Estonigm $he other primary aim is to
investigate the relationship between precompressi@ss, and other characteristics of
the stress-strain curves, and rut depths afteroomaore passes of wheeled trucks on
different soil and land use types in Estonia.
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MATERIALS AND METHODS

Based on the large scale Estonian soil map (Maaae)ekight experiment sites
were selected in order to assess the varying &g soil moisture regime types. The
map defines the soil texture types according tesKatisky’s classification criteria. The
physical properties of tested soils are presentedlable 1. Three of the sites were
located in areas of agricultural use (Kesa, Kaiikdjmill) while the other five sites
were located on natural grasslands (Laeval, LaeVeniatsalu, Sirvaku, Saverna). The
experiments were carried out in 2013 and agaif®if2iuring the autumn and the spring
when the moisture content of the soils were hidie &reas were trafficked with a 7 t
2-axle truck that had a wheel load of 18 kN forfing wheel. At the Saverna site a 23 t,
3-axle, wheeled vehicle with a wheel load of 38W&k used. The tires were inflated to
pressure of approximately 6 bars for both testatebi With the exception of the Saverna
and the Sirvaku test sites, the trafficking wasedone time and then ten times over the
same rut. At Saverna and Sirvaku only the one fgas$s were conducted. The path over
which the vehicles travelled was approximately 3B-fin long. The rut depth was
recorded after the first pass and again after tasgs after every 1 m, or 5 m at the
deepest part. In order to determine the contaa &e nominal ground pressure,
measurement were done on hard ground.

Table 1.Physical properties of tested soils: soil textamganic matter (SOM) and gravimetric
water content (w)

Site Depth,cm  Clay, % Silt, % Sand, % SOM, % w, %
Sirvaku 0 1.4 32.3 66.3 4.0 50.5
30 7.3 35.7 57.0 0.2 14.0
Kesa 0 7.8 30.7 61.5 1.3 25.9
40 3.6 21.4 74.9 0.2 16.8
Kaimil 0 18.0 43.3 38.7 4.1 28.3
30 18.1 63.5 18.4 1.1 39.0
Kaimill 0 0.4 67.8 31.8 15.9 72.4
30 19.9 53.0 27.1 24 49.3
Saverna 0 11.1 20.2 68.7 1.9 27.5
40 10.8 28.9 60.3 15 245
Laeval 0 30.4 375 32.1 2.9 30.0
35 26.3 39.0 34.6 0.6 21.3
Laevall 0 20.9 48.8 30.3 4.9 38.6
35 20.0 46.4 33.6 1.2 22.1
lImatsalu, O - - - 40.7 101.3
peat 20 - - - 31.6 945

Sand (2-0.063 mm), silt (0.063—-0.002mm), clay G0@.mm).

The undisturbed soil samples with cylinders (hefgletn, diameter 10 cm) were
collected right next to the ruts from topsoil, ia¢.depth of 0 cm, and from the subsoil.
The subsoil layer refers to soil that is found epttis of 30 to 40 cm. This soil layer
contains less organic material. The only exceptiothis sampling protocol was at the
limatsalu experiment area where the peat soil seenpére taken at 0 cm and at 20 cm.
Soil samples were compressed in an oedometer agisegl stresses of 25, 50, 100, 200,
400, 600 kPa. The compression time step was 8€&$econds in order to reproduce the
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sudden loading situation of the field. After evesiyess step the compaction was
recorded.

The precompression stress was determined accaalihg Casagrande procedure
(1936). For these purposes a graph showing the actiop versus the logarithm of the
applied stress was compiled from the measured Beta stress-compaction curve the
point of greatest curvature must be identified.uitable fitting curve must be used to
accomplish this. The measured points of a strespaotion curve were fit via a fourth-
grade polynomial and a logistic curve as suggdsye@regory et al (2006). The stress-
compaction curve fit results are presented on Eié\ comparison of the two types of
fitting curves indicates significant differencetie shape of the stress-compaction curve.
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Figure 1. The logistic and fourth-grade polynomial fittingreas of the measured data.

The resulting fourth-grade polynomial curve is proidg dependent upon the
measured values underestimations or overestimatiom®mpaction at lower stress
levels (Fig. 1). It was found that the analyticalaulation of the points of the greatest
curvatures were in these cases outside the redsostbss values (log stress from
0.8 to 3 kPa). For the present study 49 samples merasured and fitted with a fourth
grade polynomial curve. In 27 of the cases theutated points of the greatest curvatures
were outside the reasonable region, or were evgatine in some cases.

For the next step all of the measured stress-caimpacurves were numerically
fitted with a logistic function (1) and the paraewst, b, candm were determined. For
parameter, a logarithm of pressunein kPa units X= Logp and for a parametef
compaction in millimetre units was used.

c

r=at 1+ exp(b(x —m)) (1)

The parameters @ andc of the logistic curve describe the extent of theve in
the direction of the compaction axis, withdetermining the distance of the inflection
point of the curve from the compaction axis, anel ultiplication ofbc determining
the slope of the curve at the inflection point. Taénts of the logistic curve where its
third derivate is zero determined the two pointg®imaximum curvature. The values
of the pressurg and the logistic functiory; at the point of the graph’s maximum
curvature can be calculated according to formuteuid (3) respectively:

627



Logp. = m +—— (2)
Y.=a+-—— (3)

The measured experimental stress-compaction depeiedewere fitted with
logistic curves with a precision of’Rhat ranged from 0.97 to 0.99. The points of the
maximum curvature were calculated according todiiermineda, b, candm values
without any visual interpretation of curves. Thegents of maximum curvatures as
distinctive analytically determined parametershaf theasured soil samples were also
applied towards the analysis of the experimentathasured rut depths of the same soils.

Two longitude values measured in centimetres walexted for the comparison of
rut depths using logistic curve parameters thasisted of the values of logistic function
Y. at the point of its maximum curvature at the tdlpaond subsoil layers. Two other
logistic curve based parameters were also chosene innits of longitude multiplied by
pressure$ = (Yepo)/2 and cnmkPa units were used in calculations). These were &t
the topsoil and subsoil layers. The latter unipiigportional to the workA = Fs or
A = paV) done by the wheel in creating the ruts. On tihesstcompaction graph this
work is determined by the area between the log@tiwe, the pressure axis and the
perpendicular line from the pressure axis to thmtpof maximum curvature on the
logistic curve. In order to simplify the calculatg this area was approximated by a
triangle, and the logistic curve in the actual iméé was replaced by a straight line. The
area of this triangle is used as the parameten@irig.3.

For the above described method the point of greaw@vature was calculated
according the logistic curve parameters. This i&s applied towards the determination
of precompression stress. From the stress compactiove, the point of greatest
curvature is identified and at that point the taride the stress-strain curve was drawn.
The bisector was plotted between the tangent ahdriaontal line. Next, the virgin
compression line (the straight portion of the stv&tsain curve) was drawn. The point of
intersection between the bisector and the virgimmpession line determined the
precompression stress value.

Microsoft Excel and the free software environmentRRCore Team, 2015) were
used for the statistical analysis. Teestwas used to compare the difference between
the precompression values.

RESULTS AND DISCUSSION

The measured rut depth values from the field aedptiecompression values are
illustrated in Table.

After the initial passes of the main test vehible inean rut depths were similar for
all of the tested sites, and ranged from 2.5-7.3Laryer differences in depth occurred
after repeated passages and averaged from 6.3 @D dm. The calculated nominal
ground pressure values for the vehicles were 3#4f&Pthe 7 t truck, and 323 kPa for
the 23t vehicle. The 23t vehicle produced remalgkaeep ruts after first passage
despite the fact that the nominal ground pressunidettze inflation pressures of the tires
were similar to the main test vehicle. This caratigbuted to the higher wheel load of
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the second test vehicle. According to Arvidsson &ll&r (2007) tire inflation pressure
has a significant influence on soil stresses, dsasan the contact area and the topsaoil,
i.e. up to depths of 10 cm, wheel load plays adadde in subsoil stresses. As the first
axle load of the 23 t vehicle was more than twasrthan that of the other test vehicle,
it also sank more. Therefore, for further modellirighe relationship between rut depth
and precompression stress the results from Savewva been left out. This finding
illustrates the importance of the bearing capaaiitthe subsoil layer.

Table 2. Measured rut depth values after 1 pass and 10qass#the calculated precompression
values

Rut depth, cm Soil _ Precompression
Site sampling stress, kl?g
1 pass 10 passes depth, Repetitions
Mean Max Mean Max cm 1. 2.
Sirvaku 4.4 8.0 - - 0 13 20
30 63 -
Kesa 3.0 3.3 8.4 11.0 0 14 20
40 50 45
Kaimil 3.3 6.0 7.3 10.0 0 13 18
30 63 79
Kaimill 25 6.3 6.3 12.3 0 18 8
30 126 79
Saverna 15.6 21.2 - - 0 13 13
40 79 -
Laeval 4.3 8.0 195 33.0 0 20 25
35 178 199
Laevall 6.7 10.0 20.0 24.0 0 10 8
35 158 141
lImatsalu 7.3 18.0 134 28.0 0 20 18
20 32 56

The comparison of precompression stress valuestfiersubsoil and topsoil layers
of all of the experiment sites indicate that statidly, the precompression stress was
significantly (P < 0.05) higher for the subsail layer. The precagspion values for the
topsoil layer are similar to all of the other maasusoil and landuse types. The low
variability of the precompression values of thestuiplayer can be associated with the
high moisture content of the soils. It is appatéat if the majority of the soil pores are
filled with water which is almost incompressibléen the soil texture and organic
material content will not have a significant infhee on the bearing capacity of the soil.
For the subsoil layer the differences in precongiogsstress are higher and statistically
significant @ < 0.05). The highest values were found in soilthwiery high clay
contents, i.e. the soil of Laeval. For the deepgells the moisture content is lower and
the properties of the soil particles have someaiérfte on resistance to the stresses. The
initial bearing capacity, however, decreases wipeated passes, especially for soils
with higher clay contents and peat soils. The lavpeecompression values for both
layers of peat soil were found at the limatsale.sit
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The results from the experiments indicate that oisinsoil the precompression
value cannot be used as a predictor of rut degth.cbntact stress of the test vehicles
exceeded the precompression stress values ofdteel teoils by a huge margin, but the
sinkage after the first pass was not large. As mass rut depths depend on different
soils, the precompression stress values of thelse(Bd= 0.002) is less of a factor. The
highest correlation (R= 0.402) between the precompression stress dafithsoil layer
and average rut depth occurred after ten passethiB@eason only the first parts of the
logistic curves and linear model were used in feifey analysis. The following analysis
was applied to the linear model, where a lineareddpnce between the two variables
was assumed and afterwards analysed. Ploedficient of determinatiowas used as
a tool to evaluate the proposed dependenciesglr2Rhe results show the dependence
of the maximal and average rut depths after tamerpasses calculated according to the
value of the logistic curve on its point of maximenorvature Yc).

A comparison of the Rvalues of the topsoil and subsoil layers from Big.
indicates, that in every fourth case, the resuktsgaiite similar. In the graph that uses
the subsoil data, the’?Ralues for the average and maximal rut depths afte pass are
about 30% higher than those of the topsoil datanflGent ratio is also observable
between Rvalues describing ruts depths after 10 passes,therdifference is less than
7% for average and 3% for maximal ruts depths.Aieest value of the Rvas 0.767
for the maximal rut depths after one pass. TheaRie for average rut depths after ten
passes had the smallest values. In both instarfce9R. Equations for the trend lines
in Fig. 2A and B are also rather similar. A compari of the results presented in Fig. 2
allows us to conclude, that the calculated val@iésgistic functions at the points of their
maximal curvature from the topsoil- or subsoil dai@y be used to predict one pass rut
depths and the maximal depths after ten passeseugithl success.

The results of the analysis based on the area@stthss-compaction graph are
presented in Fig. 3.

Analysis, which was made on the basis of areasgawdifferent result based on the
topsoil and subsoil data (Fig. 3A and B). Due ®ldrgem values of the subsoils, there
was a difference of ten times between the scakbefarea on the stress-compaction
graph and that of the topsoil data. The differennebe results of average rut depths
after one pass @ 0.221 or 0.270) are not as striking, althoughhie case of the
maximal rut depths of topsoil, the data showedlaevaf R = 0.444 as opposed to the
subsoil data which showed®R 0.135 — a difference of more than three timdse T
significant difference is observable in the ins@ntaverage rut depths after ten passes:
here the topsoil based data gives onk/=R.087 while the subsoil data shows
R?=0.746, or approximately, an 8.5 times differeritee corresponding Ror the
maximal values of the rut depths differ by about times. Comparison of the?Ralues
that are presented in Fig. 2 and Fig. 3 allowgHerconclusion that in order to predict
the rut depths after ten passes (either averageagmum) an area parameter from
subsoil should be used.
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CONCLUSIONS

The precompression stress of topsoil at high mastontent in Estonia is more
affected by water content than by other soil progsr In the subsoil layer the
precompression stress is more dependent on thepgikrties, but the initial high
bearing capacity can decrease after repeated pasdeteep ruts can form, such as is
the case with soils with high clay contents. Thiglg reveals that precompression stress
cannot by itself be used as a threshold valuetierakine extent of sinkage.

Fitting experimental data to the stress-compadaji@phs in order to determine the
point of the maximum curvature led to the prefeeen€ the logistic curves. It was
possible to calculate the points of maximum cumaanalytically. The analysis allows
to conclude that the calculated values of logifstitctions at the points of their maximal
curvature from the top- or subsoil data are equagims of predicting the average rut
depths after one pass and the maximal depthsteftgrasses. For calculating rut depths
for ten passes (average or maximal depths) suttatzilshould be used with calculation
based on the area on stress-compaction graph.

Nominal contact pressure is not the best indidatodetermining vehicle sinkage.
The results of this study indicate that the beadapacity properties of the subsoil are
more of a factor in rut depth formation than thestil properties are. Further
investigation is needed to describe the relatignbltween precompression stress, and
other characteristics of the stress-strain curamd,rut depth induced by vehicles with
different weights.
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