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Risk Assessment of the Agricultural Pollution with Nitrates in Latvia
Lauksaimniecibas izraisita nitratu piesarnojuma riska analize Latvija

Viesturs Jansons, Kaspars Abramenko, Laima Bérzina
Department of Environmental Engineering and Water Management, LLU
LLU Vides un tidenssaimniecibas katedra
e-mail: Viesturs.Jansons@Ilu.lv
Regina Timbare
Centre for Agrochemical Research
Agrokimisko pétijumu centrs
e-mail: Regina. Timbare@apcentrs.lv

Abstract. The legislation of the EU and Latvia obligate the control and mitigation of the environmental impact of
the agriculture (nitrate pollution). The article summarises the main results arising from long-term measurements
of nutrient concentrations within agricultural run-off monitoring programme. The assessment of the long time
data series (1994-2007), obtained from the non point source agricultural run-off monitoring programme, has
shown that nitrate nitrogen concentrations depend on the scale of monitoring system (drainage plot, drainage
field, small catchment) and intensity of agricultural production system. The available long-term data series and
use of the probability curves allow the assessment of the variations of nitrate concentration on the scale of the
plot, drainage field and small catchments. The article provides the estimation of risk exceeding the threshold
limits (11.3 mg L** NO,-N) of the nitrates concentrations. High risk to reach nitrates concentrations over the
limits has been found (about 30% of samples) in the field drainage of B&rze monitoring site. With regard to the
small catchments’ scale nitrates concentrations over limits could be expected (15% of samples) in the Bérze
catchment with high intensity of agriculture. To some degree the presented study and interpretation of nitrate
data may be used for designation of water quality standards and designation of nitrate vulnerable zones.

Key words: agriculture, nitrates, pollution risk.

Introduction

Most of the human activities may have a
significant impact on the environment. For agriculture
the pollution risk is related to accumulation of
persistent contaminants and to leaching of nutrients
to the groundwater and surface water (European
Environment Agency, 2005; Executive Summary
..., 2003). At the moment HELCOM is working
extensively to control the environmental impact of
agricultural sector in the Baltic Sea coastal states
(HELCOM Baltic ..., 2007). Intensive farming
production systems result in the nutrient pollution
of inland waters. According to the PLC assessments
agriculture by far is the polluter number one for
the Baltic Sea basin (The Baltic Marine ..., 2003;
Executive Summary ..., 2003) and the main source
of nitrogen implication as the basic nutrient in the
development of algal blooms, whether in fresh,
estuarine, coastal or marine waters.

Certainly the share of agricultural contribution
to the non-point source pollution varies widely
due to a complex impact of land use, cropping
system, soil type, climate, topography, hydrology,
animal density and nutrient management techniques
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(Position Statement ..., 2000). However, it is
clearly set out that in the natural water ecosystems
nutrient pollution always is presented to some
extent and could be determined by the background
concentrations. In other words, water quality is a net
result of both natural and anthropogenic factors due
to the different origin of the nutrients. Most often,
we are not being able to see visually poor run-off
quality in the tile drains, drainage channels, and
small streams. However, it is clearly set out by many
authors (Vagstad et al., 2001a; 2001b; Haygarht,
Jarvis, 2002; Guidelines for the Monitoring ...,
2004; Kyllmar et al., 2006) that water leaching from
the soil transports large amount of the nutrients (N;
P; K and microelements) that can contribute to the
nutrient enrichment of the surface water ecosystems
and eutrophication.

Both the EU Nitrates Directive (ND) and Water
Framework Directive (WFD) require that Latvia
like all the Member States control the impact of
agriculture on the surface and ground waters (Jansons
et al., 2005). When assessing the results of water
monitoring, it should be considered whether all the
territory of Latvia or only part of it, with the highest
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impact of agriculture measured in terms of high nitrate
content (>50 mg L*) or eutrophication phenomena,
should be designated as nitrate vulnerable zones
(NVZs). In addition, the risk that in the near future
freshwater bodies or marine waters may contain more
than 50 mg L nitrates (11.3 mg L™ NO,-N) become
euthropic, if actions in agriculture are not taken, also
is a relevant aspect for designation of the NVZs. Due
to the lack of monitoring data the first designation
of vulnerable zones in Latvia was performed using
GIS Multi-Criteria decision-making analysis. The
risk assessment was based on the data on soil and
groundwater media, run-off, potential erosion risk,
agricultural activities, such as agricultural land and
arable land use, animal density, soil drainage, and
application of fertilizers (Jansons et al., 2005). Factor
weights have been computed according to the results
of expert evaluation. The resulting impact data layer
yields a map for the potential agricultural risk areas
in Latvia. Finally, part of the territory in the central
part of country, in the Lielupe river basin or Dobele,
Jelgava, Bauska and Riga administrative regions,
with the most intensive agricultural production
and highest pollution risk today, was designated as
NVZs. The designation of NVZs should be revised
every four years; unless not the whole territory of the
country is designated as NVZ.

In conformity with the EU and national legislation
(LR MK noteikumi Nr. 531, 2001) Water monitoring
and Action Programme should be implemented in
Latvia for water quality assessment and nutrient
pollution control. The environmental conditions of
the Baltic Sea, and particularly the Gulf of Riga, are
still a matter of great concern. The results from the
Gulf of Riga project showed that eutrophication still
prevail with a moderately high primary production.
The results have also showed that the Gulf of Riga
is basically nitrogen limited (Stalnacke et al., 1999;
Vagstad et al., 2000).

The considerable amount of the nitrogen
concentration data and information necessary to carry
outrisk assessments is already accumulated during the
implementation of the agricultural run-off monitoring
programme in Latvia University of Agriculture.
However, the study also shows that the agricultural
contribution to the nutrient loads is extremely variable
over time and space (between catchments). Therefore
nutrient concentrations usually vary considerably
from year to year and interannually (Haygarht, Jarvis,
2002; US Geological Survey, 1999; Stalnacke, 1996).
That large amount of data and information is far from
being fully and adequately used. There is need to
develop capacities to interpret data and to carry out
risk assessments to be able to conduct a detailed
evaluation of nitrogen concentrations, and making it
more easy to draw conclusions on the vulnerability of
agricultural territories.

Materials and Methods

HELCOM recognizes (HELCOM Baltic ..., 2007)
that countries should apply harmonised principles
and methods for quantifying non point losses
throughout the Baltic Sea catchment area in order
to obtain comparable and reliable estimates on the
waterborne inputs from both point sources and non-
point sources entering into the Baltic Sea. The similar
task is proposed and attempts on harmonisation have
been made in different EU documents and research
papers (Implementation of Council Directive ...,
2002; Guidelines for the Monitoring ..., 2004; Ital,
2005). Agricultural run-off monitoring network in
Latvia was established with the assistance of the
Nordic countries (Sweden, Norway) using the same
monitoring methods and technologies (Jansons, 1998;
Vagstad, 2001a; Lauksaimniecibas notecu ..., 2003;
Deelstra et al., 2004).

The inland water bodies receive nitrogen and
phosphorus emissions which are a net result of both
diffuse and point source pollution. In the assessment
of non-point agricultural pollution, it is crucial to be
able to control nutrient emissions and exclude other
loads, i.e., from point sources: large livestock farms
and wastewater from households. Therefore, an
agricultural non-point source monitoring programme
(Jansons, 1998) in Latvia was implemented in 3
small agricultural catchments (B&rze, Mellupite
and Vienziemite streams) with ordinary agricultural
practice and in 3 drainage fields within these
catchments (Fig. 1). A description of monitoring sites
is presented in Table 1.

The soils at the monitoring sites are imperfectly
to poorly drained. Therefore most of the agricultural
land in the small catchments is drained with tile drains
(depth 1.1-1.3 m, and internal spacing between drains
10-32 m). Tile drainage in drainage fields has surface
run-off inlets, which may result in direct inflow of
eroded soil particles during flood periods. Due to the
presence of a calcareous material soil pH is rather
high (pH,,,=6.7-7.9). The status of major plant
nutrients ranges from good (B&rze site: Co=1.2%,
N=0.15%, P, . =10.5 mg 100 g*) to moderately
good (Mellupite —site: Coi=1.2%,  N=0.08%,
P, ned—3-3 mg 100 g™).

Due to the specific water balance conditions of
humid climate (Jansons, 1998; Vagstad et al., 2000;
Deelstra et al., 2005; Ital, 2005; Kyllmar et al., 2006),
the assessment of the nutrient leakage in Latvia has
been implemented in 3 geographical scales/levels
(Fig. 2):
— firstly, soil, plant, nutrient, and water relationships

could be studied on the plot level. In such
experiments data of the nutrient leaching from
farmland with both different application rates and
times of mineral or organic fertilizers for various
crops and soil management might be studied,;

LLU Raksti 22 (317), 2009;1-11



V. Jansons et al.

Risk Assessment of the Agricultural Pollution with Nitrates in Latvia

Baltic Sea

Lithuania

Monitoring stations (small catchments, drainage
fields) for monitoring of the diffuse pollution

Fig. 1. Agricultural run-off monitoring stations and points (LLU data).

Drainage field

Drainage plots

Fig. 2. Scales of the agricultural run-off monitoring in Latvia (LLU data).

— secondly, nutrient losses from arable land could
be measured on a field level. Field scale run-
off represents an integrated effect of farming
practice, crop rotation, application of fertilizers,
etc. on the water quality;

— the third level is a small catchment (watershed)
scale. The climate and agricultural practices
influence the nutrient transport in a stream. There
are no point sources in the catchments. The
integrated influence on run-off of variations in
farming practices, erosion, soil, and topography
within the drainage basin might be studied in a
better way than in the field scale.

The measurements (Table 1) in Beérze, Vienziemite
and Mellupite catchments were based on fixed
measurement structures, i.e., Crump, V-shape and
combined profile weirs and automatic data loggers,
and sampling equipment for continuous water
level registration and automatic water sampling.
Collection of the composite water samples were
based on a flow proportional sampling procedure.
One flow-proportional composite sample consists

LLU Raksti 22 (317), 2009;1-11

of a large number of sub-samples gathered during
a period of one month. Logger triggered sampling
frequency was 10-15 sub-samples per day. Tipping
buckets with magnetic switches are installed in the
cellar of a monitoring station and have been used for
drainage plot discharge recording and water sampling.
The measurements in the Beérze and Vienziemite
catchments were started in 1994, while in 1995 they
were started in the Mellupite catchment.

The Bérze catchment is characterised by relatively
intensive crop production as compared to the present
average conditions in Latvia. The landscape is
flat lowland and 98% of the catchment soils are
cultivated. Due to natural high soil fertility, winter
wheat, sugar beets and winter rape have become the
main crops in the Bérze catchment. The share of
arable crops increased up to 80-90% during 1997-
2007. Farmers use modern equipment, and rather
intensive technology for the Baltic conditions, e.g.,
an average fertilizer application amounting to 100 kg
N ha?! year?, but in few fields the use of fertilizers
reached 300 kg N ha year in 2007.
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Table 1

Description of the agricultural run-off monitoring sites in Latvia

Site, level of Measurement Area, % Soil Intensity of
monitoring methods ha cultivated (WRB 2006) agriculture,
arable land, %
Berze
Small Data logger, 368 98 Haplic Intensive grain
catchment automatic sampling Cambisol farming, arable land
(Calcric) 80-90% within the
Drainage field Data logger, 77 100 Silty clay loam catchment.
automatic sampling
Mellupite
Small Data logger, 960 69 Stagnic Moderately
catchment automatic sampling Luvisol intensive farming
representing the
Drainage field Data logger, 12 100 Loam and average situation in
automatic sampling clay loam Latvia, arable land
60-70% within the
Drainage plots  Data logger, 0.12 100 catchment.
(15 plots) automatic sampling
Vienziemite
Small Data logger, 592 78 Haplic Low input farming,
catchment manual sampling Cambisol arable land 4-5%
(Chromic) within the
Drainage field Recorder, 67 100 Sandy loam catchment.

manual sampling

The landscape in Vienziemite catchment is
rather hilly for the Baltic conditions. Soil, slopes,
and market conditions are less favourable for
agriculture, and only two farms in the catchment
are producing something for the market. Almost
no fertilizers (only 4-5 kg N ha' year') were
applied in the catchment. During the measurement
period 1994-2007 most of the farmland was
abandoned land or low productivity grassland. The
Vienziemite catchment is a typical example of low
input agricultural land use, and can be used as a
reference site for diffuse pollution.

The Mellupite catchment represents the average
farming conditions and could be considered typical
for the present agriculture in Latvia. Several large
farms are using intensive agricultural technology,
whereas a few farms are producing only for self-
consumption with low fertilization rates and without
pesticides. During the period of 1994-2007 the use
of the fertilizers and pesticide increased slowly, the
average use of mineral fertilizers changed from 10
to 70 kg N ha? year®. The highest application rates
in farms with intensive technology reached 155 kg N
ha! year? in 2007.

Nitrogen analyses of water samples (N, NO,-N,
NH -N) were carried out according to the standard
methods (LVS 340:2001, LVS 339:2001, LVS ISO
7150/1-1984). Laboratory analyses with the standard

methods were combined with measurements of
nitrate concentrations with the multiparameter sonde
YSI 6920-C-M. Sonde monitors several water quality
parameters simultaneously at the user-selectable
intervals. In order to provide an accurate assessment
of the short term changes, in response to the changes
in precipitation and discharge, the measurements
with sonde were started in autumn 2006. Nitrate
sensor application range is 0-200 mg L™ for NO,-N,
resolution (0.001-1 mg L* for NO,-N) depends on
the measurement range, and sensor accuracy is £10%
of reading. The analyses of the soil mineral nitrogen
were carried out in the “Centre for Agrochemical
Research” with standard methods (LVS EN ISO/IEC
17025).

Results
Nitrate Concentrations

Small catchment and drainage field scale.
Generally, during dry periods in summer drainage
and sometimes run-off in the catchment scale was
not observed. Composite water samples in drainage
and catchments’ scales were analysed once a month.
Total number of analysed (1994-2007) water
samples depended on site, and both in drainage and
catchments’ scale ranged between 120 and 170.

The highest average nitrate concentrations were
observed in B@érze monitoring station (Table 2).

LLU Raksti 22 (317), 2009; 1-11
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Table 2
Nitrate concentration in the run-off of field drainage and small catchment,
1994-2007 (LLU data)
Monitoring Number of NO,-N concentrations, mg L* Ccv,
site samples average minimal maximal %
Small catchment scale
Mellupite 151 2.71 0.01 14.30 87
Bérze 156 7.31 0.01 20.90 66
Vienziemite 172 0.84 0.01 4.09 89
Field drainage scale
Mellupite 121 6.57 0.13 16.60 42
Bérze 144 10,70 1.30 97.30 87
Vienziemite 164 0.81 0.02 5.70 99
NOsz - N mg It
25,00
Small catchments
20,00 %o
(]
[ ] (]
° [ ]
15,00 D) A
. . . .,
11,3mg I* NOz-N. ° °
[ ]
10,00
Berze (o)
5,00 7 Mellupite (A)
0’00 Vienziemite(m)
1 Drainage fields
NOz-Nmg |
40,00 :
30,00 .
20,00 . . .
Berze (o)
11,3mg It NO,-N
10,00 7 Srere Mellupite (4)
0,00 N A ; RO R ienziemite (m)

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Fig. 3. Nitrate concentrations in small catchments and drainage fields, 1994-2007 (LLU data).

Nutrient concentrations in all monitoring sites varied
throughout the year, largely in response to the changes
in precipitation, ground water level and flow rate. The
coefficient of the variation ranged from 42% to 99%.
In the autumn of 2006, after dry and hot summer, the
highest nitrate values were measured. With regard
to the Nitrate Directive, it should be noted that the
threshold values of nitrate (11.3 mg L) established
by directive was often exceeded.

LLU Raksti 22 (317), 2009; 1-11

Nitrogen concentrations in drainage run-off from
fields with intensive farming were higher than in the
catchment scale in Bérze and Mellupite monitoring
sites. These monitoring sites both catchments’ and
field scale nitrate concentrations show up ward trend
(Fig. 3). In Vienziemtte site the variation of nitrate
content between the field and catchment scale in
not high, and concentrations are close to natural
background values. There, with low input agriculture,
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Table 3
Nitrate concentration in the run-off from drainage plots, 1994-2007 (LLU data)

Number of NO3—N concentrations, mg L Standard cV,

Fertilization samples  average  minimal maximal deviation %

Without fertilizers 52 9.37 3.65 23.96 3.81 41

Normal fertilization 49 10.02 3.00 30.10 4.96 50
rate

High fertilization 48 10.67 231 23.76 426 40
rate

Solid manure 48 11.11 3.80 39.97 6.59 59

Slurry 48 11.44 5.00 27.00 491 43

long term water quality data does not show nitrate
upward trend.

Drainage plot scale. Due to the limited size of
one plot (0.12 ha), and therefore relatively small total
length of drainage pipes collecting water flow, the
duration of run-off period, total discharge and number
of collected samples was smaller than in the field and
catchments’ level. Plot drainage discharge most often
occur during spring and autumn flood periods. Plots
have no structures for surface run-off inflow, i.e., the
impact of water erosion on water quality is excluded.
Therefore, it is not surprising that nitrate content
variation that ranged from 41% to 59% (Table 3) was
lower than in drainage field and catchments’ scale.

Discussion

Evaluation of the nitrate pollution risk. The
contribution of agriculture to the non-point source
pollution varies widely as a complex function of land
use, cropping system, soil type, climate, topography,
hydrology, animal density, and nutrient management
techniques (Position statement ..., 2000). Moreover,
long term data series of nutrient values (1994-2007)
reflect the variation in water quality in both spatial
and temporal terms, e.g., from year to year and
interannually. Probability analysis that is a common
method in hydrologic studies could be used to
describe the water quality, e.g., the likelihood of an
event where an event is defined as occurrence of a
specified value of the random variable (McCuen,
1998; Ward, Robinson, 2000; Gordon et al., 2004).
A number of different probability functions can be
used to represent a random variable (water sample),
and to determine the probability of occurrence.
A probability curve is presented as a cumulative
distribution function. Gamma frequency curve was
recommended by Sudars et al. (2005) to evaluate risk
of the water pollution in agricultural point source
monitoring catchments. Small catchments’ run-off
quality described with the probability curves for the
nitrate values are presented in Figure 4. Comparison

of all water samples, tested with these reference
values, showed that approximately 85% of the Berze
catchments samples (Fig. 4) and over 70% of the field
drainage samples had values below the threshold
level.

In the Mellupite site only few water samples
from both catchment and drainage field values had
exceeded threshold limits of the directive. In the
Vienziemite site high nitrate pollution risk was not
observed.

Both winter (October to March) and the
concentrations in early spring, measured just before
the significant algal growth started in water bodies,
should be estimated as an important factor contributing
eutrophication phenomena of surface water bodies
(Guidelines for the Monitoring ..., 2004). Moreover,
the relatively large proportion of N loss during the
winter period indicates that a considerable part
of diffuse pollution has been generated through
infiltration into the frozen or partly frozen soils.
Therefore the assessment of winter concentrations of
nitrates in the drainage (Fig. 5) and small catchments’
run-off has high importance considering control of
the nutrient leakage.

The average nitrate concentration has a tendency
to increase in the plots with higher fertilization rate
and with animal manure applications, e.g., nitrate
concentration in run-off from non fertilized plots
was lower by 2.1 mg L™ than from plots with slurry
application. Difference of the mean values is small.
In that context, it can be mentioned that the nitrate
trends have not statistical significance for the given
number of samples and confidence level 0=0.05.
Therefore, our risk analysis is based on the preposition
that concentrations of nitrates in the discharge from
plot drainage represent one sample population.

Extremes of the nitrate concentrations. Monthly
sampling frequency is insufficient to cope with the
high variability of nutrient concentrations. Especially
for the smaller catchments and field drainage run-
off, the monitoring results suggest the necessity to
consider hourly water quality measurements for better

LLU Raksti 22 (317), 2009;1-11
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Fig. 4. Probability curves for the nitrate values in the small catchments’ run- off.

Fig. 5. Probability curves for NO,-N winter concentration in the drainage field run-off (LLU data).

interpretation of hydrological processes and their
possible effects on nutrient loss. Nitrate monitoring
with sonde at the user-selectable short time intervals
started in autumn 2006. Surprisingly high nitrate
values in Bérze drainage field run-off were found
in November 2006, when drainage run-off appeared
after dry summer-autumn period (Fig. 6). Nitrate

LLU Raksti 22 (317), 2009; 1-11

concentration (41.6 mg L' in 21 November 2006)
found in the water sample analysed in laboratory,
proved the accuracy of measurement results with
sonde.

About 40% of the Bérze drainage water samples
(Fig. 4) and over 5% of the Mellupite field drainage
samples had values higher than the threshold level
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Fig. 6. Nitrate run-off extremes in B&rze drainage field run-off, sonde measurement intervals — 15 minutes,
November 8-21, 2006 (LLU data).

Table 4
Values of the nitrate concentrations from Gamma probability curves (LLU data)
NO,-N, mg L™ (winter concentrations/annual concentrations)
Monitoring Probability, %
site/scale 1 5 10 25 50 75 90
Berze
Drainage field 45.7/36.0 29.7/23.2  23.0/18.2 15.0/12.3  9.0/7.9 6.5/6.0 4.7/4.4
Small catchment ~ 24.4/22.7  18.2/16.4 15.3/13.7 11.2/9.8 7.6/6.2 4.8/34  3.1/1.6
Mellupite
Drainage plots 27.9/25.8  21.2/20.4 18.1/17.7 13.713.7  9.9/9.9 7.0/6.8  5.8/5.5
Drainage field 13.3/14.5 11.0/11.6  9.9/10.3 8.2/8.3 6.5/6.3 52/46 4.1/33
Small catchment ~ 10.6/11.2 7.8/7.5 6.6/6.0 4.7/3.8 3.172.1 1.9/09  1.2/0.4
Vienziemite
Drainage field 3.6/3.8 2.5/2.5 2.0/1.9 1.3/1.2 0.8/0.6 0.4/0.2  0.1/0.1
Small catchment 3.8/3.6 2.612.4 2.1/1.9 1.4/1.2 0.8/0.6 0.4/0.3  0.2/0.2

set by ND. Due to the climate in Latvia the cycles of
drying and wetting may have a significant effect on the
rate of mineralization, and freezing and thawing of the
soil may stimulate elevated soil nitrate concentration
upon thawing. The nitrate anion is highly soluble
in water, and therefore subject to movement in any
water leaving the soil by drainage down the profile
and run-off from the soil surface. Most of run-off and
erosion events take place during winter conditions.
Both winter and annual concentration values obtained
from probability curves are presented in Table 4.
Generally, except part of Mellupite drainage field
data, winter data show higher pollution risk than full

year data set. The problem, with regards to mitigation
of nitrate leakage, is that farmers have not wide
variation of actions needed to achieve the agreed
environmental objectives during winter and spring
flood period when the highest concentrations and
nutrient loads take place.

Risk of the nitrate run-off extremes. As it was
shown in Figure 6, the nitrate concentration may be
extremely high. VSIA “Centre for Agrochemical
Research” in several fields of Jaunb&rze municipality
has analysed mineral nitrogen. Data of the soil
mineral nitrogen, presented in Table 5, provide the
information on soil leakage potential in the autumn of

LLU Raksti 22 (317), 2009; 1-11



V. Jansons et al. Risk Assessment of the Agricultural Pollution with Nitrates in Latvia

Table 5
Content of the soil mineral nitrogen, autumn 2006-spring 2007,
data of of the Centre for Agrochemical Research

Content of the mineral nitrogen, mg kg™ dry soil

Field S"‘lcflyer’ autumn 2006 spring 2007
NO N NH,-N NO,-N NH,-N
0-30 214 6.6 2.6 4.1
Silaraji 30-60 6.8 33 6.1 3.1
60-90 1.3 2.7 8.2 2.7
0-30 16.6 4.1 7.1 2.9
Klaipini 30-60 33 33 5.7 3.1
60-90 0.9 34 5.1 2.6
0-30 114 3.9 34 3.5
Pukes 30-60 1.7 3.1 3.1 3.2
60-90 1.3 2.6 24 2.7
0-30 14 4.1 3.5 3.2
Vaverites 30-60 9.6 34 5.5 34
60-90 1.9 3 4.9 3
0-30 34 3.7 5.9 3.7
Kapas 30-60 18.9 3.7 7.9 3.3
60-90 7.1 3.2 11.3 3.1

Fig. 7. Soil cracks in Bérze drainage field on June 19, 2006 (LLU data).

2006 resulting in high concentrations when drainage  accumulated in soil during summer and early autumn
run-off started in November. Run-off transported  due to the dry and hot weather conditions. In addition,
considerable amount of the nitrogen that was  soil has many cracks and macropores (Fig. 7).
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This nitrate leaking risk depends upon a number

of factors, such as the climatic, hydrological, and
soil conditions. In the case of drainage run-off, for
example in Bérze site, vulnerability to pollution by
nitrates (and other soluble contaminants) is greatest
when:

temperature and moisture regimes in summer
promote the nitrate accumulation and probability
of high soil nitrate levels;

the composition of the unsaturated zone
(including top soil) is coarse and/or has macro
pores and cracks;

intensive precipitation produce fast drainage
discharge with high rate, when the period of
hydrological activity started in autumn.

Conclusions

1.

Long term water monitoring data (1994-2007)
from agricultural run-off monitoring sites
indicates that most important nitrate leaching
risk factor is intensity of farming (share of arable
land and land use).

Monitoring data in several geographical scales
(plot, field and catchment) shows that the highest
nitrate values exceeding 11.3 mg L* NO,-N
belong to run-off from drainage plots. Retention
of nitrates decreased nitrate concentrations in
field and small catchments’ scale.

The results of risk assessment shows that the
highest impact of agriculture measured in terms
of high nitrate content was observed in the
territory designated as nitrate vulnerable zones
(Bérze monitoring station).

The real time measurements with nitrate sensor
shows that concentration peaks are observed
relating to high flow conditions and high content
of the mineral nitrogen in soil. The risk of nitrate
pollution is greatest when levels of available
nitrate in the soil profile (especially in the soil
surface) are high, and coincide with other
circumstances which add to the vulnerability
of underlying or adjacent waters to diffuse
pollution.

Extreme weather conditions in summer and
winter, due to the climate change in the future,
might increase the nutrient concentration in
agricultural run-off and role of diffuse pollution.
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Anotacija

ES un LR piepemtie likumdoSanas akti prasa kontrolét un ierobezot lauksaimniecibas izcelsmes nitratu
piesarnojumaietekmiuzfidens vidi. Raksta apskatiti ilggadiga (1994-2007) izkliedéta (difuza) lauksaimniecibas
piesarnojuma monitoringa rezultati, kas liecina, ka nitratu slapekla koncentracijas ir atkarigas no monitoringa
sisteémas limena (izméginajumu laucini, drenu lauks, mazais sateces baseins) un lauksaimnieciskas razo$anas
intensitates. Izmantojot ilggadigas datu rindas un nitratu piesarnojumu raksturojosas teorétiskas ilguma Iiknes,
paraditas nitratu savienojumu koncentraciju atskiribas izméginajumu laucigu, drenu lauku un mazo sateces
baseinu ITmenos. Novértéts nitratu koncentracijas robezlieluma (11.3 mg L* NO,-N) parsnieg8anas risks.
Augsts robezvertibas parsniegSanas risks pastav notecs no drenu lauka (30% gadijumu B&rzes monitoringa
stacija). Mazo sateces baseinu Itmeni nitratu robezvertiba visbiezak (15% gadijumu) tiek parsniegta Berzes
monitoringa stacija platibas ar intensivu lauksaimniecibu. P&tfjumu rezultatus var izmantot idens kvalitates
standartu pamatoSanai lauksaimnieciba izmantojamas platibas un Tpasi jutigo teritoriju noteikSanai.
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Abstract. Several cases of human infection with toxocara are registered every year in Latvia. Humans are
being infected by T. canis and T. cati. Epizootical situation was investigated, analysing data from 1 January
1999 to 31 December 2007 of the Public Health Agency. Sand samples of 49 sandboxes of children playgrounds
were examined to assess the environmental infestation and possible human infection risk sources. The infection
intensity (II) and infection extensity (IE) were established in home and stray dogs and cats as well as IE in
foxes. The extensity of Toxocara infection (IE) in dogs was 23.03%, in cats IE was 45.10%, but in foxes
— 48.0%, as well as both IE and II were higher in stray animals than in home animals. Besides, IE and II
were higher in young animals (up to one year) compared to older ones. A very high IE (18.4%) was found in

sandboxes of children playgrounds.

Key words: Toxocarosis, T. canis, T. cati, risk, human.

Introduction

Nowadays dogs and cats are not rarity at our
homes. Humans have domesticated these animals and
have taught them to be docile and to do various tasks,
at the same time creating a risk to contact different
parasitizes common to animals and human. Literature
analysis shows that in many countries 3-80% of dogs
are infected with Toxocara canis and surroundings
are contaminated with Toxocara eggs (Straume,
2004; Axo6aeB, 1998; Overgauw, 1997; Greene,
1990; Eckert, 1992). Toxocara eggs can resist frost,
moisture, sharp pH change, and can survive in the
soil from one to two years. If the dogs or animals of
other species, or humans (non-specific host) swallow
embrionised parasite eggs, the larvae hatch in the
small intestine within one or two days, and then they
migrate through the blood stream, liver, lungs, other
organs, and tissues causing various lesions.

In puppies, a typical migratory course of T. canis
is from the lungs to the trachea through the mouth
and finally larvae establish themselves in the small
intestine were they sexually mature within 10 days.
Eggs appear in the puppy faeces in three to four weeks
following infection. Infection in young puppies may
be responsible for pneumonia, dyspnoea, salivation,
weight loss, abdominal distension, dull coat,
sometimes vomiting, dermatitis, intestinal torsion, or
rupture (Straume, 2004; Eckert, 1992; Akbaes, 1998).
In most dogs older than six months and in non-specific
hosts, including humans, somatic tissue migration of
larvae takes place, when they pass through the lungs
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to the heart, then through the systemic circulation to
various tissues (muscles, kidneys, eyes, brain etc.),
and finally they encapsulate retaining vitality for
several years (in humans up to 9-10 years). In older
dogs, matured parasites usually are found in small
number. During the perinatal period, the immunity of
the bitch is partly suppressed, and substantial numbers
of eggs may be passed in faeces. In pregnant bitches,
somatic T. canis larvae reactivate on the 40th-42nd
day of pregnancy, presumably due to the presence
of prolactine and migrate to the placenta where they
establish a prenatal infection; or a transmammary
transmission occurs when puppies are infected via
the milk of the bitch till the 35th day after birth
(lactogenic infection). Bitches may infect puppies at
the prenatal stage several litters in succession because
larvae may remain in the bitch body for several years,
and a repeated infection is not necessary (Straume,
2004; Overgauw, 1997; Axbaes, 1998; Greene, 1990;
Eckert, 1992). In contrast, a prenatal infection does
not occur in cats. Toxocara infection more often
occurs when cats ingest meat or organs of infected
non-specific host, e.g., rodents.

In humans, Toxocara larvae during somatic
migration may cause lesions in internal organs
resulting in Visceral larva migrans syndrome: fever,
cough, difficulty in breathing, anaemia, eosinophilia,
hepatomegaly, weakness, CNS disturbances etc;
ocular tissue lesions resulting in Ocular larva
migrans syndrome: impaired vision, pain, strabismus,
occasionally endophthalmitis with a secondary
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retinal detachment, uveitis, eyeball abscess etc. The
invasion more often occurs as inapparent Covert
toxocarosis (Anane, 2006; Kwon, 2006; Zavadska,
2004; Overgauw, 1997; Greene, 1990; Glicman,
Scanz, 1987).

Toxocarosis in animals is usually diagnosed by
coprological floatation (Fuelleborn, etc.) methods
but more rarely diagnosed by immunological
methods (ELISA, etc.); whereas in human, diagnosis
is based mainly on serological and haematological
examinations. In cases of ocular and inapparent
toxocarosis, eosinophilia is less expressed, and
antibody titre are rather low (AxOaeB, 1998;
Overgauw, 1997; Eckert, 1992).

The control of toxocarosis is based on preventive
measures and treatment by administering fenbendazol,
menbendazol, febentel, ivermectin, levomisol,
pyrantel, piperazine, and others at the same time
treating symptomatically (Zavadska, 2004; Straume,
2004; Macpherson, 2000; Keidans, 1998; Greene,
1990; Eckert, 1992). Ocular larva migrans cases
are treated surgically and by local administration of
corticosteroids (Zavadska, 2004).

The epizootical situation and toxocarosis
distribution should be found out to control and
prevent this infection successfully.

Hypothesis: stray animals and foxes are risk
factors for human infection of toxocarosis.

The aim of the research was to find out the risk
of Toxocara infection in humans, and to evaluate the
epizootical situation in Latvia.

The following tasks were set:

— to investigate the epizootical situation of human
toxocarosis in Latvia;

— to determine the distribution of toxocarosis in
cats and dogs;

— to assess the infection level in foxes as a risk
factor of toxocarosis;

—  to determine risk factors of human toxocarosis.

Materials and Methods

The present investigation of epizootical situation
of Toxocarainfection in Latvia was based on statistical
data obtained from the Public Health Agency
about human infection with toxocarosis during the
period of time from January 1999 to 31 December
2007.

Sand samples of 49 sandboxes of children
playgrounds were examined to assess the
environmental infestation by Toxocara eggs and
larvae.

The nature of Toxocara infection of dogs and
cats depending on the animal age, sex and lifestyle
was determinated by coprological examination of
standardised Fuelleborn technique (Ax6aes, 2006;

LLU Raksti 22 (317), 2009; 12-17

Keidans, Kriiklite, 2000). Faecal samples of 521 dogs
and 93 cats were examined during the investigation.

Helminthological necropsies of 48 wild foxes
were performed according to K. Skryabin technique
(Axbaes, 2006; Keidans, Kriklite, 2000). Foxes were
acquired from hunters.

The nature of Toxocara infection of dogs and cats
was determined depending on the animal age, sex and
lifestyle. The risk of human infection was assessed by
statistical methods.

The infection intensity (II) was calculated by the
formula:

I =X£S,(imX,,,..X, ) @)
where  X+S — the number of parasites or eggs in
one sample.

The infection extensity (IE) was calculated by the
formula

E = (X(infcctcd) / X (cxamincd) ' 100 : (2)

Parasitological examination was carried out in
the parasitology laboratory of the Institute of Food
and Environmental Hygiene of Latvia University of
Agriculture.

All data analyses were performed using the
statistical methods (Arhipova, Balina, 2000).

Results

The statistical data of the Public Health Agency
show evidence that people were Toxocara infected
from January 1999 to 31 December 2007 (Table 1).

The data given in Table 1 suggest that the number
of Toxocara infected people fluctuated reaching the
highest number of 149 cases in 2002 and the lowest
number — 9 cases in 2006. In 2007 the number of
infected people was 10, i.e., 0.44 of cases per 100,000
inhabitants that is 85.1% less than in 2002.

There were 498 people infected by toxocarosis
from 1999 to 2003, including 355 (71.3%) in the
cities and 143 (28.7%) in the country. Most of
infected people amounting to 329 (66.1%) were in
Riga (Epidemiologiskie bileteni, 1999-2003).

When establishing Toxocara infection in dogs
and cats, animal lifestyle, age, and sex were taken
into consideration.

Samples of dog and cat faeces were coprologically
examined. The extensity of Toxocara infection (IE)
(Fig. 1) in dogs was 23.03%, in cats IE — 45.10%, and
in foxes — 48.0%.

As to the extensity of Toxocara infection (IE)
according to dogs and cats lifestyle, we found out that
intensity of T. canis infection in stray dogs (35.7%)
was significantly higher (p<0.05) than in home dogs
13.05%.
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Table 1

Number of Toxocara infected people from 1999 to 2007

Year Number of infected people Number of infected people per
100,000 inhabitants

1999 41 no data

2000 77 3.16

2001 104 4.4

2002 149 6.35

2003 127 5.45

2004 66 2.85

2005 100 4.34

2006 9 0.35

2007 10 0.44
average (2000-2007)

Total 642 27.34

Fig. 1. Extensity of Toxocara infection (IE) in dogs and cats by their lifestyle, and in foxes.

As to cats lifestyle, we found out that intensity
of T. cati infection in stray cats was 56.9% that is
significantly higher (p<0.05) than in home cats
(17.80%), consequently creating a higher risk for
people to get Toxocara infected.

Analysing the intensity of Toxocara infection (II)
according to dogs and cats lifestyle, Figure 2 shows
that II is significantly higher (p<0.05) in stray cats
(the mean 6+0.7 eggs per drop) and in stray dogs
(the mean 8+2.0 eggs per drop) compared to home
animals. The lowest II is in home dogs. Comparing 11
in home dogs and home cats, the data show evidence
that II in home dogs is significantly lower (p<0.05)
than in home cats.

The data of Table 2 demonstrate that intensity
(p>0.05) and extensity (p>0.05) in male dogs and
bitches do not differ significantly.
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Investigations carried out in male and female cats
show that IE was 47.6% in male cats and 37.5% in
female cats meaning that the contact with male cats is
more risky (Table 2).

Coprological examinations presented in Table
3 show that extensity of the infection is the highest
in dogs up to one year of age — 82%, also II is the
highest in this group 6+2.0 (eggs per drop) that
might be associated with prenatal or/and lactogenic
infection of puppies. The same situation is seen in
cats (Table 3): coprological examinations show that
the highest IE and II are observed in younger cats up
to one year of age: 58.3% and 7+1.2 (eggs per drop)
respectively.

Alongside coprological examinations, samples of
49 sand boxes of children playgrounds were examined
for the presence of eggs or larvae of Toxocara. Nine
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Infection intensity

Number of eggs in a drop

Stray dogs

Home dogs

Stray cats Home cats

Fig. 2. Intensity of Toxocara infection (II) in dogs and cats by their lifestyle.

Table 2
Intensity of Toxocara infection (II) in dogs and cats by their sex
Number of Number Infection
Sex examined Ofil_lfGCted extensity, % intensity, number of eggs
samples animals per drop +standard error
Male dogs 39 6 153 3+0.8
Bitches 40 5 12.5 2+1.1
Male cats 21 10 47.6 4+1.2
Female cats 24 9 37.5 3+0.8
Table 3
Intensity and extensity of Toxocara infection (II) in dogs and cats by their age
Number Number Infection
Age, of examined of infected . ; :
. extensity, intensity, number of eggs per
years samples animals o, drop standard error
Dogs (0-1) 67 55 82.0 6+2.0
Dogs (1-3) 21 16 76.1 3+0.4
Dogs (older) 18 8 44.4 2+0.9
Cats (0-1) 48 28 58.3 7+1.2
Cats (1-3) 15 14 31.1 5+0.8

sand boxes were Toxocara infected with extensity of
the infection 18.4%.

Figure 3 presents the most important sources
of Toxocara infection risk in humans. The highest
contamination of environment comes from stray
cats (40% of cases), and a little less from stray dogs
(25%). Sand boxes may be the source of infection in
13% of cases.

Discussion
An increased tendency of human morbidity
by toxocarosis in Latvia was seen up to the year
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2002, after that it decreased, while in 2007 it
increased again. The information of Public Health
Agency shows that in 1999 toxocarosis was
diagnosed for 41 persons, but in 2002 — already
for 149 persons. The number of diseased people
per 100,000 inhabitants increased more than three
times in these years (Epidemiologiskie bileteni,
1999-2007).

This investigation assessed several risk sources
of human toxocarosis. The risk of Toxacara infection
is greater when contacting with cats than dogs.
Considering that Toxocara eggs stick to the animal
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Fig. 3. Risk of toxocarosis.

hair (Buijs et al., 1994), it is important to wash hands
after the contact with animals.

Habluetzel etal. (2003) established that IE (64.7%)
in hunting dogs in Italy was higher than in other
home dogs. The fact that hunting dogs have a contact
with contaminated environment in the forests might
explain this phenomenon. The present investigation
revealed that IE 35.7% of stray dogs is significantly
higher than IE 13.5% in home dogs. It might be
explained by the weather conditions as in Latvia
winters are colder than in Italy; therefore a survival
ability of parasite eggs and larvae is reduced.

As T. cati infection was established in home cats,
it means that a cat litter box is a significant risk factor.
The cat litter box should be cleaned every day, and
protective gloves should be used.

Literature sources present data that most of
morbidity cases by toxocarosis in children are
from one to four years of age (Ferreira et al., 2007,
Zavadska, 2004; Buijs et al., 1994; Feldman, Parker,
1992; Glicman et al., 1987). According to the data of
Public Health Agency about one third of Toxocara
infected people were children at the age up to seven
years. A high-ranking extensity of infection in sand
boxes of children playgrounds is an infection risk for
children.

Education of people about =zoonosis and
antiparasitic treatment of pets as well as good co-
operation between animal owners and veterinarians
would decrease the risk of Toxocara infection both in
humans and domestic animals.

Conclusions

1. Human toxocarosis in Latvia has affected people
of all ages, especially children.

2. Infection intensity and extensity is higher in stray
dogs and cats, and most of cases are animals up
to one year of age.
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3. Foxes are a risk factor for domestic animals
and humans because foxes contaminate the
environment.

4. Risk of Toxocara infection to humans is greater
by contacting with cats than dogs.

5. Risk of Toxocara infection to humans is greater
by contacting with stray dogs and stray cats.

6. There is arisk for children to become toxocarosis
infected in the sand playgrounds and playing
with young pets.

7. Toxocara infected foxes may contaminate
the forest environment causing a risk to
people to become ill picking berries and
mushrooms in forests and consuming without
washing them.
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Latvija katru gadu tiek registréti saslims$anas gadijumi ar toksokarozi. Cilvékam $o slimibu ierosina Toxocara
gints nematodes T. canis un T. cati. Toksokarozes invazijas epizootisko situaciju pétijam, analiz&jot Sabiedribas
Veselibas agenttras datus laika posma no 1999. gada 1. janvara lidz 2007. gada 31. decembrim. Lai novértétu
toksakarozes iesp&jamos invazijas avotus, apsekojam b&rnu sp&lu laukumus, némam smil$u paraugus 49 smilsu
kastes. Noteicam toksokarozes II (invazijas intensitati) un IE (invazijas ekstensitati) majas un klainojosiem
suniem un kakiem, ka arT IE lapsam. Suniem IE bija 23.03%, kakiem — 45.10%, lapsam — 48.0%, turklat gan
IE, gan II augstaka bija klainojosiem dzivniekiem, salidzinot ar majas dzivniekiem. ArT jauniem dzivniekiem
(I1dz gada vecumam) IE un II bija augstaka neka vecakiem. Loti augsta IE (18.4%) bija b&rnu rotalu laukumu
smilSu kastes.
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Genétiski modificeta(GM) rapsa audzeSanas ekonomiskie aspekti Latvija
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Abstract. Growing of GM cultivated plants can be economically profitable for the following reasons: opportunity
to gain more harvest due to the resistance to conventional diseases and pests characteristic to cultivated plants
as well as opportunity to decrease costs for the use of plant protection means. Although presently there are
no commercially available diseases resistant GM cultivated plants, yet only cultivated plants that are resistant
to particular pests and mainly tolerant to common herbicides. Gene flow among GM herbicide tolerant plants
can have important organising, economic and legal impacts on farmers due to considerably high additional
costs for growing GM rapeseed crop. Farmers may incur the following costs: informational costs to avoid
dissemination of GM products in sowings of other farms; costs of elimination of distribution of GM plants
during their pre-processing, storage and transportation; costs for marking GM products on their presence in
the corresponding item; costs of laboratory sampling and analyses; additional expenses for personnel training;
expenses of maintenance of the state supervising departments; and expenses for insurance of sowings of GM
cultivated plants. Growing of GM cultivated plants becomes profitable in a set territory if the net income gained
by the planter of GM cultivated plants per unit of area exceeds the net income per unit of area in the case of
growing conventional cultivated plants.

Key words: GM rapeseed crops, economic arguments.

Introduction

The rapid development of biotechnology
offers new technologies for growing cultivated
plants, and one of them is growing GM cultivated
plants (Mesean, Angevin, 2006). Various genetic
modifications of plants are capable to raise quality
and productivity of plants, to enable technologies for
processing cultivated plants, and to eliminate noxious
organisms. However, together with the positive
gains, by decreasing expenses required for growing
plants of genetically modified sowings, growing of
such plants causes problems as well. An uncontrolled
dissemination of genes is observed from some
genetically modified cultivated plants, thus breaking
the competitiveness of the natural plant community
as well as depleting the eco-system by growing
congenial cultivated plants in huge areas. The genes
are disseminated by the pollinators-insects and the
wind if the cultivated plant has kindred wild plants
in nature (Beckie et al., 2003). According to the data
obtained by Canadian researchers (Knispel et al.,
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2007), in the Western part of Canada, an uncontrolled
dissemination of the rape genes tolerant to herbicides
(HT) was observed everywhere but the HT rape
populations were most widely met at the sides of
roads and railways. It is to be particularly noted that
hazardousness of this process is stated as in nature
the rape generation is found with multiple tolerance
against three groups of herbicides — glyphosphate,
glyphosinate as well as against the herbicides of
the imidasolinon group. Within two years of the
research, it is found that the maternal plants with one
HT feature give descendants with the above multiple
tolerance. According to the opinion of Canadian
researchers, the process is practically unmanageable,
and dissemination cannot be forecasted. Therefore,
it causes a risk for the conventional and biological
agriculture. On certain conditions, the uncontrolled
dissemination of genes might affect the apicultural
and biological managements, and the decrease
of seed farming in Latvia (Turka, 2007; Turka,
Ruza, 2007).
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On the one hand growing of cultivated plants in
the conditions of Latvia is connected with a possible
decrease of operating costs; while on the other hand
the farm before making a decision on growing GM
cultivated plants has to elicit the requirements for
the activities to be carried out set by the laws and
regulations in order to decrease the possibility of
spontaneous dissemination of GM cultivated plants.
The fulfilment of requirements set by the laws and
regulations will be followed by certain expenses
within the period of soil cultivation before sowing,
in the phase of growing the cultivated plants as well
as in harvesting, primary processing and sales of the
grown produce.

The hypothesis of the research. The cultivated
plants obtained by the gene engineering with their
main feature to be tolerant only to herbicides of
the general effect, is not only a gain for agriculture,
but they can also generate certain management,
monitoring and ecologic problems. Growing GM
winter and summer rape in Latvia may possibly
cause economic losses to the neighbourhood
farms.

The aim of the research is to obtain more detailed
information on the profitability or losses of growing
GM rape in the regions of Latvia by carrying out
analysis of the economic conditions and evaluation
at the micro level.

Materials and Methods

The costs for growing conventional and GM rape
are estimated during the research.

To clarify profitability of growing GM cultivated
plants or non-profitability in the conditions of
Latvia, the most important economic aspects
to be encountered by the potential growers of
GM cultivated plants will be further discussed.
Calculatation has been done by the authors
using information by Certificate Enterprise of
Association of Biological farms and Ministry of
Agriculture of Latvia. The general condition of the
economic profitability for growing GM cultivated
plants can be shown by means of the following
inequality:

(XTRN,,, : PL,,) = (XTRN,, . :PL.,,, (1)

where

2 TRN,, — total net income in the case of
growing GM cultivated plants;

2TRN,,, — total net income in the case of
growing  conventional  cultivated
plants;
PL,, — the area for growing GM cultivated
plants;
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PL,,, — the area for growing conventional
(genetically unmodified) cultivated
plants.

The economic condition for growing GM
cultivated plants taking into account the inequality
1 can be defined in the following way: growing
GM cultivated plants in a definite territory becomes
favourable if the net income obtained by the grower
of GM cultivated plants per one unit of area does not
exceed the net income per one unit of area in the case
of growing the conventional cultivated plants.

In the case of growing GM cultivated plants, the
total net income per one unit of area

YTRNM = TR, -2TC,):PL,,, (2)

where

YTRNM — total net income per one unit of
area in the case of growing GM
cultivated plants;

2 TR, — total income obtained from
the whole sowing area of GM
cultivated plants;

>TC_,, —total costs for growing, harvesting,
primary processing and marketing

of GM cultivated plants;
PL_, — the growing area for GM

GM X
cultivated plants.

GM

It is important to include differences in income
and costs compared to the conventional cultivated
plants in the economic justification for growing GM
cultivated plants. Therefore, peculiarities of costs
and incomes in growing GM cultivated plants will be
further described.

In the event of growing GM cultivated
plants, it is important to identify all the costs
which can considerably differ from the costs of
growing conventional cultivated plants. The total
costs can be shown by means of the following
equation:

E)

where

TC,,, — COsts for growing, harvesting, primary
processing and marketing GM cultivated
plants;

— costs for the seeds, fertilizers, plant
protection measures of GM cultivated
plants;

oM — service costs for growing GM cultivated
plants;
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C oM — general costs for growing GM cultivated
V' plants;

—additional costs for growing GM cultivated
plants related to observing requirements
set by the laws and regulations.

To estimate costs for the seeds, fertilizers and
plant protection measures of growing GM rape per
one unit of area, the following equation is used:

Q)

where
COMR — specific expenses for the seeds,
SMA fertilizers and plant protection measures
of growing rape;
— the amount of seeds of GM cultivated
plants per ha;

—the price for the seeds of GM cultivated
plants;

GMR
S

GMR
PS

— the amount of fertilizers required
per one unit of area for growing GM
cultivated plants;

COMR — the costs required for plant protection
AAL measures in growing GM cultivated
plants;

— the area for growing GM cultivated
plants.

It is important to note that the comparison of the
costs for the seeds, fertilizers and plant protection
measures of GM cultivated plants and genetically
unmodified cultivated plants can make the following
differences:

a) the price of GM cultivated plants can be on
20-30% higher compared to the seeds of the
conventional cultivated plants. It means that
the seed prices are raised due to growing of
GM cultivated plants which are expensive;

b) for sowings grown in similar agro-climatic
conditions, the amount of used fertilizers
will not change. Wherewith, there are no
differences in relation to fertilizer costs
between GM and conventional cultivated
plants;

c) the specific expenses per one unit of area,
for plant protection measures in growing
GM cultivated plants decreases compared to
the expenses for plant protection measures
in growing conventional cultivated plants.

It means that growing expenses per ha for growing
GM cultivated plants decrease due to the new
properties to resist definite diseases, pests obtained

20

through modification and capability to bear treatment
by herbicides.

Certain differences also exist in services compared
to the services and their costs required for growing
GM cultivated plants and conventional cultivated
plants as well. These differences are included in the
following equation:

(9

where
oM .costs for growing, harvestmg and
P primary processing of GM cultivated
plants;

— service costs for the treatment of
soil before sowing and sowing of GM
cultivated plants;

— decrease of the service costs required
for plant protection;

— service costs for harvesting and pre-
treatment of seeds of GM cultivated
plants;

— service costs for the machinery
needed for growing, transportation and
primary processing of GM cultivated
plants as well as for washing the
machinery.

As it is evident, in equation 5 two deltas are
included — one with a positive sign, while the other
with a negative one. It gives a chance to get a clearer
idea of the cost comparison result for the services
used in the production of GM cultivated plants and
the conventional ones. The positive delta increases
service costs for growing GM rape- machinery used
in growing, transporting the seeds and harvest as well
as primary processing of GM cultivated plants and
cleaning agricultural machinery. But the negative
delta decreases the service costs used for plant
protection measures of GM cultivated plants.

The total costs in growing GM cultivated plants
are equalled to the total costs for growing genetically
unmodified cultivated plants, excluding the costs
related to the fulfilment of activities set by the
corresponding laws and regulations for the growers
of GM cultivated plants to decrease an uncontrolled
dissemination of GM cultivated plants.

The most important cost increase in the event of
growing GM rape in the territory of Latvia compared
to the genetically unmodified cultivation of rape is
related to the activities which are to be carried out by
the growers of GM rape to decrease the threat of the
surrounding environment and other subjects of the
economic management as a result of the dissemination
ofuncontrolled genetically modified cultivated plants.
Within the framework of the research, these costs are
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defined as extra costs in relation to implementation of
the requirements set by the laws and regulations.

In estimating the above costs, the following
equation is offered:

YCp=2Ca +XC s (6

where
>.C,, — total additional costs in the event of
growing GM cultivated plants;

— additional costs arising in relation to the

b fulfilment of requirements set by the laws
and regulations for a farm which grows
GM cultivated plants;

— additional costs for the state institutions

X which arise in relation to fulfilment of
the requirements set by the laws and
regulations.

Additional extra costs which arise in a farm growing
GM cultivated plants to fulfil requirements set by the
laws and regulations for eliminating dissemination of
uncontrolled genetically modified cultivated plants
are estimated taking into account the following
equation:

where

— additional costs related to the fulfilment
of the requirements set by the laws and
regulations for a farm growing GM
cultivated plants;

— dissemination of additional information
on cost coordination for the possible
growing of GM cultivated plants;

— costs for packaging and marking of the
harvest of GM cultivated plants;

coM — costs for the laboratory analyses to
LA . . .
control an uncontrolled dissemination of
GM cultivated plants;

— additional costs for processing
documentation reflecting growing,
harvesting, primary processing and

preparation of GM cultivated plants for
sales;

—additional training costs for farms desiring
to grow GM cultivated plants;

oM~ additional costs of the state institutions
related to the fulfilment of supervision
and control process set by the laws
and regulations on the fulfilment of the
requirements set by the laws and regulations
on growing GM cultivated plants;
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— insurance costs for sowings of GM
cultivated plants;

— the lost income from the area which is
used to establish the buffer belt around
the fields where GM cultivated plants are
grown;

am — other costs related to the fulfilment of
! other requirements not given here for a
farm which grows GM cultivated plants.

Determining additional costs, the grower of
GM cultivated plants has to take into account the
necessity for packaging and marking GM cultivated
plants. Mutually agreeing, the grower can attribute
these costs to the wholesaler of GM cultivated plants.
But in such case, the grower of GM cultivated plants
has to consider upon a lower sales price. It means that
with the decrease of the sales revenues, the grower
of genetically modified plants will have to decrease
packaging and marking costs of the grown harvest.

The question remains open on attributing the
additional costs in full amount to the grower of GM
cultivated plants. According to the principle of the
economic fairness and the principle “the polluter

> (D)

pays”, all additional costs should be attributed to the
farm which desires to grow the GM rape including
the additional costs of the state institutions to control
the fulfilment of requirements set by the respective
laws and regulations. It means that the grower of
GM cultivated plants in his expenses should include
all additional costs arising on the farms which do
not grow GM cultivated plants, if the farm where
GM cultivated plants are grown has worsened the
management conditions, and the nonconformity of
the grown harvest with the requirements for obtaining
the highest sales revenues causing GM plant threat
and/or allowing an uncontrolled dissemination of
uncontrolled GM cultivated plants.

The fulfilment of requirements set by the laws
and regulations on growing GM cultivated plants
and manufacturing food products using the GM raw
material is attributed to additional costs. Presently it
is impossible to determine the amount of these costs
in Latvia as there is no experience accumulated in
this country. Though other EU countries deal with
GM products and certain experience is accumulated
which enables to estimate additional costs related
to the presence of GM products in the process of
manufacturing.

The condition of the economic profitability for
GM cultivated plants based on sales revenues and

21



J. Vanags, I. Turka

Economic Aspects of Growing Genetically Modified (GM) Rapeseed in Latvia

costs per one unit of area or the amount unit of the
harvest was described above. Attributing incomes
and expenses to the growing area of GM cultivated
plants or the weight of harvest is related to the fact
that the harvest is affected by both the internal factors
depending on the farm and the external factors not
depending on the farm, for instance, the climatic
conditions.

In the formation of sales revenues in farms
growing GM cultivated plants, the most essential
factor is the sales price of the grown harvest and
the following aspects are to be taken into account in
creating it:

a) potentially low price — the forecasted sales
price of the harvest for GM cultivated plants
can be at least 10-15% lower than the sales
price for the conventional cultivated plants
and the experience of farms growing GM
cultivated plants in other countries give
evidence of that;

b) the use opportunities — the sales price of the
harvest for GM cultivated plants to a great
extent depends on the use opportunities set
for the final output;

c) the impact on the environment — the impact
of the respective GM cultivated plant on the
environment, health of animals and people;

d) to a certain extent the sales price is affected
by the regulations set in the EU countries
for marking GM cultivated plants.

The sales revenues of the farm selling the harvest
of GM cultivated plants can be expressed by the
following equation:

TR, = (Qg, xP)x K _x K xK_ xK_, ®)

where
TR, —income from the harvest of GM cultivated
plants;

Q — the amount of sold GM cultivated
plants;

P — sales price for GM cultivated plants;

K., — the correction coefficient for sales price
which depends on the type of using GM
cultivated plants set for manufacturing a
definite output;

K, — the correction coefficient for sales
price which depends on the impact of
cultivated plants of a definite modification
on the environment, animal and human
health;

K, — the correction coefficient for sales
price related to the fulfilment of the
marking requirements for GM cultivated
plants;
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K, — the correction coefficient for sales
price related to other factors affecting
dissemination of GM cultivated plants.

Results

According to equation 8, the economic content
is not unequivocal. Separate factors can reduce sales
revenues from the harvest of GM cultivated plants,
while the others can increase them. In addition, it is to
be taken into account that the society and scientists are
uncertain of the effect of GM cultivated plants on the
diversity of species and the sustainable development
of the environment. It means that the law makers and
the potential growers of these cultivated plants have
to observe in their activities not only the principle “the
polluter pays” but also the precautionary principle in
eliminating the threat of an uncontrolled spread of
GM cultivated plants.

The comparatively poor experience of the
society on the use of GM cultivated plants and
their output shall be considered when evaluating
the potential income in selling the harvest of
GM cultivated plants. The researches related to
improving properties of cultivated plants and in
the sphere of using GM products can essentially
affect both costs for growing GM cultivated plants
and sales revenues. The following subjects of the
economic activities in the countryside are included
in the evaluation of the potential direct losses as
a result of an uncontrolled dissemination of GM
cultivated plants:

a) the potential losses, primarily, are attributed
to the biological farms growing the cultivated
plants threatened by the uncontrolled
dissemination of GM cultivated plants;

b) the potential losses attributed to the centres
of seed farming and research which augment
high-rate quality seed material in their
territory and provide the needed seed material
for cultivated plants of the mustard family in
cooperation with the neighbourhood farms;

c) the potential losses are attributed to any
agricultural farm where cultivated plants
endangered by anuncontrolled dissemination
of GM cultivated plants are grown;

d) the potential losses attributed to the farms
dealing with apiculture;

e) the potential losses attributed to the farms
and enterprises dealing with rural tourism
and providing health rehabilitation services
as well.

The lost part due to the dissemination of GM
cultivated plants is set for the endangered objects
by means of the expertise method. The opinion of
specialists on the amount of losses for the subjects of
the threat is shown in Table 1.
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Table 1

Experts’ view on the amount of losses

Subjects of risk Endangered branch

Amount of losses

Organic farming,

Organic farms . .
& certification, support

Not less than 7-10% of the gained income

Branch of seeds

Seeds cultivation farms ..
cultivation

Essential losses, evento 100%, if seeds of biologically
endangered cultivated plants are grown

Farms growing rape seed  Growing of rape seed

Not less than 25-30% of the gained income

Apiculture farms Apiculture

Not less than 50-70% of the gained income

Farms of rural tourism
and health improvement

Rural tourism, medical
services

Not less than 7-10% of the gained income

The amount of potential losses depicted in the
table is estimated considering information available
by the specialists on the properties obtained by GM
cultivated plants and their impact on the environment,
animal and human health in the vegetation period
and in the form of a ready product. The amount of
potential losses will be adjusted if supplementary and
more complete information on the properties of GM
cultivated plants and their environmental impact is
at the disposal of the society. In addition, the actual
opportunities are to be considered to receive new lines
of GM cultivated plants which might have different
impact on other cultivated plants, environment,
animal and human health.

Potential Losses to the Bological Farms

During recent years biological agriculture is
rapidly developing. The number of biological farms
certified in 2007 as well as the farms standing as
candidates for receiving the certificates and the area
of the agricultural land for these farms are considered
when estimating the number of the endangered farms
and the area for the agricultural land of these farms.
Therefore, the number of the endangered farms
exceeds 4.8 thousand and their land — over 16.4
thousand ha. Even presently more than 3 thousand
biological farms deal with cultivation of plant-growing
produce and more than 150 farms are engaged in the
biological apiculture. Many farms cultivate nectar
plants, develop growing of herbal teas, and field plant
teas, develop environmental and health services in all
the regions (Vanags, 2007).

The state programme for developing biological
agriculture forthe period from2007t02013 isdirected
towards improving the qualitative properties of the
produced product and increasing the value added for
the produce in the system of biological agriculture.
The programme envisages enhancing the material
and technical basis of the farms, to favour the
vertical and horizontal development of cooperation
for processing the products and delivering them to
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the consumer. The support rendered by the LAP is
envisaged for implementing the set assignments.
It is envisaged to develop special programmes of
training, show farms, and to develop the biological
seed farming.

In Latvia, suitable conditions are created for
manufacturing biological produce with a high value
added. It is an important natural priority of Latvia in
the global cross-country competition which enables
Latvia to enter the world by own exclusive biological
produce with a high value added. The above mentioned
gives evidence that 10% of the income included in the
estimation of the potential losses are considered to be
the minimum potential losses which might arise as a
result of an uncontrolled dissemination of genetically
modified organisms both for individual farmers and
the country on the whole, and it is forecasted that
the specific weights of losses can increase up to 15-
20% in the near years. The results of the estimated
potential losses for the biological farms in the regions
of Latvia are shown in Table 2.

Only the certified biological farms and their
agricultural lands are used in the loss estimation
included in the table. It ensures precision of the
obtained results and increases its application in
making decisions. The total estimated sum of the
potential losses exceeds LVL 2 million. The highest
amount of losses is attributed to Vidzeme region —
LVL 487 thousand or 24.3% where the largest arcas
are biologically managed. In accordance with the
increase in prices for the agricultural produce, in 2007
the average income per ha in the regions is fluctuating
from LVL 90 in Latgale region to LVL 170 in Riga
region, where better opportunities to grow vegetables
and to sell the manufactured biological produce
for a higher price are possible. Wherewith, in Riga
region, the potential losses for the biological farms
reach LVL 360 thousand and make 16.8% of the total
losses of the biological farms in the country. Similar
potential losses are possible in Zemgale region —
LVL 340 thousand. Although, in Latgale region the
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Table 2

Potential losses of organic farms in case of uncontrolled distribution of GMO

Calculation of losses, year 2007

Region UAA of organic average income, potential losses =10%,
farms, ha LVL hat thousand LVL

Vidzeme 44 264 110 486.9
Kurzeme 32452 140 4543

Latgale 44 595 90 401.4
Zemgale 22 462 150 336.9

Pieriga 21227 170 360.9
Total/the country 165 000 132 2040.4

Table 3

Potential losses for rapeseed growing farms

Calculation of losses, year 2007

Region area of average income, lost part, potential losses,
rapeseed, ha LVL ha' % thousand LVL
Vidzeme 14 600 700 30 3066
Kurzeme 13 800 900 20 2484
Latgale 9800 500 30 1470
Zemgale 43 700 900 5 1967
Pieriga 9300 700 10 651
Total/the country 91200 - - 9638

land for the biological farms 2 times exceeds the area
of the biological farms in Zemgale region.

Potential Losses for the Farms Growing the
Rape

Due to the favourable market conjuncture, the
country support, and the constant increase of the
purchase price, the area of rape sowings rapidly
increases. In the period from 2000, they have
increased more than ten times. This increase is
stipulated by widening of the rape usage-in food as
well as for the renewable energy resource in bio-fuel
and utilization of the rape shoots in fodder. The rape
areas are directly subjected to the hazardous impact
of genetically modified organisms in the event of
uncontrolled dissemination. For the growers of the
rape, the potential losses are estimated considering the
region where the rape is grown and the opportunities
to grow the genetically modified rape in this region.
For every region, an individual loss coefficient is
used.

The information on the results of estimation is
shown in Table 3.

The estimation of the potential losses in Table 3 is
based on the assumption that in the event of invasion
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of genetically modified organisms, the usage of the
rape seeds in food will essentially decrease. Therefore,
the rape seeds with the presence of the GMO, will
be sold for the production of bio-fuel which will
decrease the sales price of the produce. In addition,
the rape cakes with the biological contamination will
not be applicable in fodder. Therefore, it is assumed
that the real threat inflicted by GM cultivated plants
can decrease income for the rape growers at least by
30%. Wherewith, the region is considered where the
farm of the potential rape grower is located.

As it is evident from the figures given in Table 3,
the total losses exceed LVL 9.6 million. The highest
losses are attributed to Vidzeme region-slightly over
LVL 3 million or 33.8%. Considerably high losses
are possible to be encountered in Kurzeme region
as well — LVL 2.5 million or 24.1%. While in Riga
region the potential losses for the farms growing the
rape make only LVL 600 thousand, growers of the
rape orientate themselves, mainly, to manufacturing
bio-fuel, except Limbazi district.

Due to the agro-climatic conditions in Latgale
region, the rape seed grown in the biological and
conventional systems of farms can be used in food
production; while sowing of the rape is mainly done
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for agro-technical purposes — as one of the cultivated
plants in the crop rotation. Therefore, in this region,
rape sowings are not widely spread and total potential
losses make only LVL 1.5 million or 15.9% of the
total losses for the farms growing rape seeds.

Potential Losses for the Apiculture Farms

The favourable climatic conditions and the
established traditions favour a rapid increase of bee
families in the countryside of Latvia. In accordance
with the information provided by the association of
bee growers, the beehives are found in small amounts
almost in every farmstead of Latvian countryside.
The urban population and households of the city
outskirts like bees as well.

Within the recent year, the number of the beehive
families has increased from 43 to 62 thousand families
in the beginning of 2007. Over 150 biological farms
dealwithapiculturewhichsetevenhigherrequirements
for quality of the manufactured produce. In the event
of genetically modified organisms, in exceeding the
permissible level of contamination, serious problems
might appear with sales of the manufactured produce
at prices acceptable to apiarists. Consulting the
apiculture specialists, it is assumed that the sales price
for honey with the presence of GMO will decrease on
a half, at least. The estimation results of the potential
losses are shown in Table 4.

As it is evident from the results of estimation for
the potential losses, the forecasted amount of losses
for apiculture farms nearly reach LVL 2.5 million, out
of which the majority — LVL 726 thousand or 29.5%
refer to Kurzeme region and LVL 583 thousand or
23.7% to Vidzeme region. Considerably lower losses
are possible to incur in Riga region — LVL 400
thousand. In Latgale region relatively low losses can
be observed as well — LVL 370 thousand or 15% of
all the losses for the apicultural farms. It is related to
considerably tiny number of bees per one unit of the
agricultural land area.

Evaluating the losses incurred upon the bee
farms, it is to be considered that the bees act as
active vectors of GM organisms in the environment.
Therefore, the forecasted losses may increase
taking into account the damage incurred upon the
environment.

Potential Losses for the Facilities of Rural
Tourism and Medical Services in the
Countryside

Rural tourism as a new alternative branch has
come into the countryside of Latvia in line with its
successful developing. The rural entrepreneurs are
gradually acquiring the aspect of the countryside,
the aspect of the people’s desire to relax in simple
farmsteads, closer to the untouched natural
environment. As it is seen by the foreign experience,
the fans of rural tourism find GM cultivated plants
in the rural environment to be unacceptable and
interfering factors. Therewith, they refuse from
such type of recreation. Particularly, foreign tourists
find the comparatively untouched nature and the
expressive non-industrial rural landscape with
country estates as a positive and favouring factor for
rural tourism. The potential losses as a result of an
uncontrolled dissemination of GMO set by specialists
are presented in Table 5.

In the estimations, according to the evaluation
done by the specialists, a comparatively small part
of the losses is presented — 10% of the present level
which is evaluated as comparatively low but with a
pronounced increase in the recent years. The total
potential losses nearly reach LVL 520 thousand. The
facilities operating in the branch of the rural tourism
calculate that in the future the real potential losses
might be higher as the number of the objects of rural
tourism is increasing with every year and the public
requirements for the quality and security set to the
environment are increasing as well, particularly in the
places of recreation and health rehabilitation.

Table 4

Potential losses for apiculture farms

Calculation of losses, year 2007

Region number of beehives average income, potential losses =50%,
of bees LVL per swarm of bees thousand LVL
Vidzeme 14 600 80 583.3
Kurzeme 14 500 100 725.6
Latgale 12 300 60 370.0
Zemgale 10 600 70 372.8
Pieriga 10 200 80 404.9
Total/the country 62 200 - 2456.6
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Table 5
Potential losses for rural tourism and health rehabilitation enterprises
Calculation of losses, year 2007
Region number of endangered average income, potential losses =10%,
enterprises thousand LVL year thousand LVL
Vidzeme 63 20 126.0
Kurzeme 44 25 110.0
Latgale 29 15 43.5
Zemgale 28 20 56.0
Pieriga 73 25 182.5
Total/the country 237 - 518.0
Table 6

Calculation of potential losses for seed farming

Calculation of losses, year 2007

Region number of farms average income, potential losses =10%,
thousand LVL year? thousand LVL

Vidzeme 35 50.0 175.0
Kurzeme 45 100.0 450.0
Latgale 12 40.0 48.0

Zemgale 28 100.0 280.0
Pieriga 52 100.0 520.0
Total/the country 172 - 1473.0

Moreover, it is to be considered that the rural
tourism is rapidly developing, increasing and
stabilising incomes, and diversifying the assortment
of the offered services. An absolute leader in
the development of rural tourism is Riga region.
Therefore, in this region, the highest potential losses
are found as well - LVL 182.5 thousand or 35% of the
total forecasted losses for the threatened facilities in
the countryside. Riga, Vidzeme and Kurzeme regions
comprise 80% of the potential losses in the event of
uncontrolled dissemination of GMO.

Potential Losses for the Seed Farming
Agricultural Farms
The potential losses for the seed farming
agricultural farms as a result of an uncontrolled
dissemination of GM organisms can be considered
from several aspects:
- the farm grows seeds from biologically
endangered cultivated plants. Then the amount
of losses might amount up to 100%;
— the farm grows seeds from biologically secure
cultivated plants. Then the losses might be at
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minimum — up to 10% which are attributed to the
behaviour of the consumer in the market.

It is to be noted that in the recent years, the branch
of seed farming is on the decline due to the wide offer
of seeds from other countries. However, it is argued
and also topical if the seeds of the offered cultivated
plants are suitable to the agro-climatic conditions of
Latvia. By the gain of efficiency in growing cultivated
plants, higher requirements will be set to the seed
material which will enhance the demand for the seeds
of the most suitable varieties of cultivated plants for
the local conditions. It will favour the increase of
competitiveness of the farms not only at the local but
also at the cross-country scale.

At the same time it is to be noted that part of the
farmers use self-grown rape seeds. The seed growing
for the biological farms is developed. In small
amounts, vegetable seeds are grown in “Kurzemes
s€klas” (Seeds of Kurzeme) Ltd and other farms.

The approximate losses which might arise for
the seed farming agricultural farms as a result of an
uncontrolled dissemination of GMO are shown in
Table 6.
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Itis to be noted that in the estimation, seed farming
agricultural farms of different sizes and different
specialisation and other seed farming centres are
presented as, for instance, Stende GSI, Priekuli LSI,
Pire DIS, Latgale LZC, training and research farms
and agencies of Latvia University of Agriculture,
etc.. The total estimated potential losses nearly reach
LVL 1.5 million, of which the majority — LVL 520
thousand or 35% — are attributed to Riga region. The
comparatively high potential losses are forecasted
for Kurzeme region — LVL 450 thousand or 30.5%
of the total losses for the seed farming agricultural
farms in the country. Comparatively low potential
losses are forecasted for Latgale region — only LVL
48 thousand or 3.25%.

The greatest part of the seed farming is located in
all the regions of Latvia to a greater of smaller extent,
and the farms are trying to reduce the operating costs.
Although, the lowest possible losses are estimated
in Latgale region, this is exactly the region which is
evaluated as the region with higher natural priorities
used for widening the cultivated crops within the
system of the biological agriculture as well as
widening of rural tourism and health services.

Summary of the Potential Losses

The estimated potential losses for various
subjects of economic activities in the countryside are
summarised in Table 7.

As it is evident from figures shown in Table 7, the
total potential losses in the event of an uncontrolled
dissemination of GM cultivated plants slightly exceed
LVL 12 million. The highest potential losses are
attributed to the rape growers, the apiculture branch
and biological agriculture — LVL 9.6 million, LVL
2.5 million and LVL 1.5 million respectively.

According to the breakdown of regions, more
than one third of the potential losses are attributed
to Vidzeme and Kurzeme regions each. For both the

regions, the total potential losses exceed 51% of the
total potential losses in the country in the event of an
uncontrolled dissemination of GM cultivated plants.
It can be explained by the fact that these regions
concentrate the highest peculiar weight of all the
endangered subjects of the economic activities in the
countryside.

A relatively small part — LVL 2.3 million for
losses are attributed to Latgale region. Although, one
of the most favourable conditions to develop growing
of cultivated plants in the system of the biological
agriculture exactly exists in this region. In this
evaluation it is to be considered that in Latgale region,
a considerably lower economic activity is observed.
Therefore, in this region the potential losses make a
considerably higher peculiar weight in the balance of
the subjects of the respective economic activities than
in other regions of Latvia.

The estimated structure figures of the potential
losses in the event of an uncontrolled dissemination
of GM cultivated plants are depicted in Table 8.

The figures presented in the table give evidence
that the potential losses for the farms growing the rape
make 72.4% of the total forecasted sum of losses.

Comparing the specific weight of the forecasted
losses presented in Table 8, it can be concluded that
the estimated losses for the biological agriculture are
divided considerably evenly in the regional section,
and are fluctuating within the limits of 6%, the highest
specific weight in Vidzeme region is 27.5%, but the
lowest specific weight in Riga region is 13.4%, and in
Latgale region — 14.5%.

Evaluating the potential losses in the biological
farms, it is found that the highest specific weight
of the potential losses is attributed to Vidzeme and
Kurzeme regions — 23.9% and 22.3%, respectively.
It is connected with the intensive development of
biological agriculture in these regions. Evaluating
the potential losses for the farms growing the rape,

Table 7
Summarization of potential losses in regions
Distribution of potential losses, thousand LVL
Regions organic rapeseed . rural total in
seed growers  apiculture . .
farms growers tourism regions
Vidzeme 486.9 3066 175.0 583.3 126.0 4437.2
Kurzeme 4543 2484 450.0 725.6 110.0 4223.9
Latgale 401.4 1470 48.0 370.0 43.5 23329
Zemgale 336.9 1967 280.0 372.8 56.0 3012.7
Pieriga 360.9 651 520.0 404.9 182.5 2119.3
Total/the 2040.4 9638 1473.0 2456.6 518.0 12 196.4
country
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Table 8

Regional structure of potential losses

Structural division of potential losses, % total in
Regions i .

g organic rapeseed seed apiculture rur_al regions
farms growers growers tourism

Vidzeme 23.86 31.81 11.88 23.74 24.32 27.52
Kurzeme 22.27 25.77 30.55 29.54 21.24 26.19
Latgale 19.67 15.25 3.26 15.06 8.40 14.47
Zemgale 16.51 20.41 19.01 15.18 10.81 18.68
Pieriga 17.69 6.75 35.30 16.48 35.23 13.14
Total/the 100.00 100.00 100.00 100.00  100.00 100.00
country

it is found that the dominant position in this index
belongs to Vidzeme region with 31.8%, while the
lowest specific weight in Riga region is 6.8%, and in
Latgale region — 15.3%.

The estimated potential losses for the seed
growers in the event of an uncontrolled dissemination
of GMO in the regions fluctuate from 3 to 35%. The
highest relative amount of the potential losses is
attributed to Riga and Kurzeme regions — 30.6%.
To a lesser extent, in the event of threatening seed
growing, Latgale region can suffer — only 3.3% of
the total losses for the seed farming agricultural
farms.

Comparing the potential losses for the apiculture
branch, it is found that to a great extent, its relative
distribution correlates with the potential losses for the
biological farms. The highest comparative amount —
29.5% is attributed to Kurzeme region where in recent
years, a particularly rapid tendency of increasing bee
families can be observed. In Vidzeme region, the
potential losses inflicted upon the bee growers equal
to 23.7%, and this region is located comparatively
near Kurzeme region.

The agricultural enterprises which deal with rural
tourism and provide health rehabilitation services,
to a greater extent, can be endangered in Riga and
Vidzeme regions. Thirty-five per cent of all the
potential losses inflicted upon the rural tourism are
attributed to the enterprises of rural tourism located
in Riga region. The lowest losses are attributed to
Zemgale and Latgale regions — 10.8% and 8.4%
respectively of the total potential losses in this sphere
of activities.

Conclusions

The results of estimating the potential losses give
opportunity to make the following most important
decisions:
the potential losses for various subjects of
the economic activities in the countryside are
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estimated using the available information sources
and involving specialists. Having considered
the uncertainty of the situation on the further
development of GM cultivated plants and their
impact on the environment, the actual amount of
losses for agricultural farms and the environment
may be considerably higher;

the highest relative losses are attributed to
Vidzeme region — 27.6% and Kurzeme region
—26.2%. For these regions the forecasted losses
exceed 50% of all the potential losses for the
biological farms in the country which might arise
as a result of an uncontrolled dissemination of
GM products;

comparatively high potential losses are possible
for the apiculturists. In Vidzeme and Kurzeme
regions — from LVL 0.6 to LVL 0.73 million. It
is to be noted that in these regions, the specific
weight of the indirect costs is comparatively
high in the event of the threat which cannot be
unequivocally transformed in the terms of money
in relation to the development of tourism and
health services in the countryside environment;
specialists are forecasting increase of the potential
losses for different growers of cultivated plants
in all the regions as in Latvia a tendency is
observed that the number of manufacturers of the
biological produce is rapidly increasing as well
as the market prices for the biological products
are increasing every year with the annual rate
of the increase exceeding 7-10%. It increases
the competitiveness in growing the biological
produce and increases the potential losses as a
result of dissemination of GM cultivated plants;
in eliminating the potential losses as a result of
an uncontrolled dissemination of GM cultivated
plants, potential losses related to the impact of
GMO on the environment, animal and human
health are not included. For estimating these
losses, the needed information and certainty
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Anotacija

GM kultiiraugu audzesana Latvijas apstaklos no vienas puses saistita ar iesp&jamo razoSanas pasizmaksas
samazinasanos uz tieso izmaksu rékina, bet no otras puses, lauku saimniecibai, pirms lémuma pienemsanas par
GM kultiiraugu audzeésanu, janoskaidro normativajos aktos noteiktas prasibas par veicamajiem pasakumiem, lai
samazinatu GM kultiiraugu patvaligas izplatisanas iesp&jas. So normativajos aktos noteikto prasibu izpilde bis
saistita ar zinamam izmaksam pirmssgjas perioda, kultiraugu audzesanas stadija, ka ar1 izaudz&tas produkcijas
novaksana, pirmapstrade un realizacijas laika. Ge€nu inzenierijas cela iegttie kultiiraugi, kuru galvena iezime
ir tikai tolerance pret vispargjas iedarbibas herbicidiem, ir ne tikai ieguvums lauksaimnieciba, bet tie var radit
ari zinamas parvaldes, kontroles un ekologiskas problémas. GM ziemas un vasaras rapSa audzé$ana Latvija
iesp&jams radis kaiminos esosam saimniecibam ekonomiskus zaud&jumus. legtt detalizétaku informaciju par
GM rapsa audzes$anas izdevigumu vai zaudéjumiem Latvijas regionos, veicot ekonomisko apstaklu analizi un
izverteSanu mikrolimeni. Petijumu gaita tiek aprékinatas konvencionala un GM rapSa audzeéSanas izmaksas.
Lai precizétu GM kultiiraugu audzesanas izdevigumu, jeb neizdevigumu Latvijas apstaklos, petijuma atklati
nozimigakie ekonomiskie aspekti, ar kuriem jarekinas potencialajiem GM kultiiraugu audzetajiem.
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Abstract. Free biological zone is a definite part of the state territory where possible growing of GM cultivated
plants become economically unprofitable after the fulfilment of state norms and/or cause real threat of
worsening (losses) of natural circumstances for other farming subjects as well as for sustainable development
of environment, and for animals and human health. The necessity of forming the free zones can be economically
based. Farms in the free biological zones would be state protected from threat of GM agricultural cultivated
plants which could be caused by genetically modified pollution. It would increase trust in the processors of the
produced agricultural production — the producers of foodstuffs — to suppliers creating certitude in no presence of
genetically modified organisms in the obtained raw materials of agricultural character. Producers and consumers
of foodstuffs are ready to pay higher price for this assurance. The identified subjects of potential losses in case
of growing GM cultivated plants are biological farms, rapeseed crop growing farms, seed farmers for rapeseed
crop or some other member of mustard family, and apiculture farms. Mathematical and demonstrative graphic

models are elaborated for the economic basis of the free zones.

Key words: GM rapeseed crops, free zones.

Introduction

For Latvian manufacturers of farm produce
when they meet with global challenges, the new EU
approaches to the reforms related to manufacturing of
the farm produce, and with the increase of the global
pressure of competitiveness, the growth of GM
cultivated plants is becoming urgent in the territory
of Latvia.

The biologically free zones were established (BZ)
to solve the problems arisen in the world. Initially,
they appeared in Canada and the USA but somewhat
later in the European countries as well as where the
GM corn was raised (Angevin, 2006). The reason
for establishing free zones is the existing uncertainty
about the effect of biologically modified cultivated
plants and organisms on the sustainable development
of environment and human health within a longer
period of time.

The primary task of the free zones is to protect
the environment from uncontrolled dissemination
of GM cultivated plants. Farms operating in the free
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biological zones are kept nationally protected from the
threat inflicted by GM agricultural crops (Hirzinger,
Monrad, 2006). It increases confidence from the part
of the agricultural processors-food manufacturers
towards the suppliers generating conviction that the
purchased agricultural raw material is without the
presence of genetically modified organisms. For
this conviction, the food processors and the final
consumers willingly pay more. Thus, mutually
favourable pre-conditions are created for economic
activities which enhance appearing of free zones.
Tourists give preference to territories where GM
crops are not grown as well.

The free biological zone can be defined in the
following way: “The free biological zone — a definite
part of the state territory where the possible growing
of GM cultivated plants becomes economically
unfavourable in fulfilling the requirements set
by the laws and regulations and/or it can create
a real threat of worsening (losing) of the natural
conditions of manufacturing to other subjects of
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the economic activities as well as to the sustainable
environmental development, to  health of animals
and humans.”

Effectively and purposefully cooperating with state
institutions, municipalities can develop a flexible
approach in establishing free zones incorporating
territories where growing GM plants can incur
losses to subjects of the economic activities in the
countryside and can make harm to the sustainable
development of the environment (Sondergaard et
al., 2006). The state has to forecast the opportunity
of establishing such a zone at the national and cross-
border level as well.

The hypothesis of the research. An accidental
and uncontrollable GM dissemination can inflict
losses to separate types of economic management
and their concurrent coexistence with GM
cultivated plants is impossible if their isolated
existence is not ensured, i.e., free zones are not
established.

The aim of the research is to develop methods
for estimation of the economic justification for
establishing free zones from GM cultivated
plants.

Methods
When dealing with growing cultivated plants,

harvesting, transportation and technologies of
primary processing and costs in diverse systems of
manufacturing agricultural produce, we pass to the
subject of the research and the data are processed
applying corresponding statistical and descriptive
methods. As a result, different estimation indices are
obtained to attain the aim of the research and to fulfil
the assignments. Conclusions are made by analysing
the results of estimations. Proposals are moved
forward on the basis of the conclusions applying
synthesis, logical and historical approaches and other
applicable methods for justification of free zones in
their development phase.

Developing the economic justification for
establishing free zones, several assumptions and
restrictions are imposed. The most significant are as
follows:

1) it is assumed that the growers of GM cultivated
plants will comply with laws and regulations
set by the legislation and will fulfil all the
requirements in relation to the protective zones,
establishing the buffer zone at the sides of the
fields and in relation to cleaning machinery,
etc.;

2) the growers of GM cultivated plants will be
capable to come on terms with owners of the
near farms on distribution of field crops taking
into account the requirements for crop rotation;
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3) the growers of GM cultivated plants will
provide sowings of GM cultivated plants and
their economic activities against the threat of
uncontrolled dissemination of GM cultivated
plants and the biologic contamination of the
soil;

4) the growers of GM cultivated plants will
cover losses inflicted upon the conventional
and biologic farms by growing, harvesting
and/or storing and transporting GM
cultivated plants;

5) in the economic justification, the potential losses
and/or additional payments are included which
can arise to other subjects of the economic
activities in the countryside;

6) in the economic justification, the potential
additional incomes are included which may
arise when growing GM cultivated plants and
the potential additional expenditures which are
related to fulfilment of the requirements set by
laws and regulations in relation to eliminating
the uncontrolled dissemination of GM cultivated
plants and to threat insurance of the economic
activities.

Evaluating the restrictions and assumptions
incorporated in establishing free zones, it is to be
taken into account that they are constantly occurring
in the rapidly changing political, economic, social,
scientific and technological environment. Therefore,
information updating is required (Enabling the
Coexistence .., 2005).

In the conditions of Latvia, growing of GM
cultivated plants is connected with the possible
decrease of the production cost due to the direct
costs on the one hand but before making a
decision to grow GM cultivated plants, the farm
has to elicit the requirements set by laws and
regulations for the activities to be carried in order
to reduce possibilities of lawless and inevitable
dissemination of GM cultivated plants on the
other hand. Fulfilment of the requirements set by
laws and regulations will be related with certain
costs in the period of cultivating the soil before
sowing, the phase of growing cultivated plants as
well as within harvesting of the grown produce,
primary processing and marketing. In comparing
and estimating costs, a definite technology of crop
management, harvesting and primary processing and
its close relation with the technology of growing,
harvesting and primary processing of grains of the
corresponding GM cultivated plants are to be taken
into account. Thus, the cost elements of growing,
harvesting and primary processing of cultivated
plants will be found which will decrease or increase
the costs.
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Results

To clarify profitability of growing GM cultivated
plants or non-profitability in the conditions of Latvia,
the mostimportanteconomic aspects to be encountered
by the potential growers of GM cultivated plants will
be further discussed. The general condition of the
economic profitability for growing GM cultivated
plants can be shown by means of the following
inequality:

(CTRN,, : PL, )= QCTRN. ., :PL .., (1)

where

2 TRN,, — total net income in the case of
growing GM cultivated plants;

2 TRN, , —totalnetincome in the case of growing
conventional cultivated plants;

PL,, — the area for growing GM cultivated

plants;

PL, ., — the area for growing conventional
(genetically unmodified) cultivated

plants.

The economic condition for growing GM
cultivated plants taking into account the inequality
1 can be defined in the following way: “Growing
GM cultivated plants in a definite territory becomes
favourable if the net income obtained by the grower
of GM cultivated plants per one unit of area does not
exceed the net income per one unit of area in the case
of growing the conventional cultivated plants.”

In the case of growing GM cultivated plants, the
total net income per one unit of area:

YTRNM = =(YTR,, -YTC,):PL.,, (2

where
YTRNM

A%

— total net income per one unit of
area in the case of growing GM
cultivated plants;

>TR_,, — total income obtained from the

GM

whole sowing area of GM cultivated

plants;
>TC,, — total costs for growing,
harvesting, primary processing
and marketing of GM cultivated

plants;
PL,, —the growing area for GM cultivated

plants.

It is important to include differences in income
and costs compared to the conventional cultivated
plants in the economic justification for growing
GM cultivated plants. Therefore, peculiarities of
costs and incomes in growing GM cultivated plants
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will be further described. In the event of growing
GM cultivated plants, it is important to identify all
the costs which can considerably differ from the
costs of growing conventional cultivated plants. The
total costs can be shown by means of the following
equation:

., )

where

— costs for growing, harvesting, primary
processing and marketing GM cultivated
plants;

— costs for the seeds, fertilizers, plant
protection measures of GM cultivated
plants;

C M — service costs for growing GM cultivated
! plants;

— general costs for growing GM cultivated
plants;

—additional costs for growing GM cultivated
plants related to observing requirements
set by the laws and regulations.

To estimate costs for the seeds, fertilizers
and plant protection measures of growing GM
rape per one unit of area, the following equation
is used:

CvA = Q)

where
— specific expenses for the seeds,
Cgua fertilizers and plant protection measures
of growing rape;
— the amount of seeds of GM cultivated
plants per ha;

— the price for the seeds of GM cultivated
plants;

— the amount of fertilizers required
per one unit of area for growing GM
cultivated plants;

— the costs required for plant protection
measures in growing GM cultivated
plants;

— the area for growing GM cultivated
plants.

It is important to note that the comparison of the
costs for the seeds, fertilizers and plant protection
measures of GM cultivated plants and genetically
unmodified cultivated plants can make the following
differences:
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a) the price of GM cultivated plants can be on
20-30% higher compared to the seeds of the
conventional cultivated plants. It means that
the seed prices are raised due to growing of
GM cultivated plants which are expensive;

b) for sowings grown in similar agro-climatic
conditions, the amount of used fertilizers
will not change. Wherewith, there are no
differences in relation to fertilizer costs
between GM and conventional cultivated
plants;

c) the specific expenses per one unit of area,
for plant protection measures in growing
GM cultivated plants decreases compared to
the expenses for plant protection measures
in growing conventional cultivated plants.

It means that the costs for growing GM cultivated
plants decrease per ha for the reason of the new
properties obtained by means of modification to resist
definite diseases, pests and ability to bear treatment
by herbicides. Certain differences exist in services
as well if comparing services and their costs needed
for growing GM cultivated plants and conventional
ones. These differences are shown in the following
equation:

CyM= (5
where

— service costs needed for growing,
harvesting and primary processing of
GM cultivated plants;

— service costs for cultivation of the soil
before sowing of GM cultivated plants
and sowing;

GM
CP

— decrease of service costs for plant
protection measures;

— service costs for harvesting and
primary processing of GM cultivated
plants;

—service costs for the machinery needed
for growing, transportation and primary
processing of GM cultivated plants as
well as for washing the machinery.

As it is evident,
in equation 5 two
deltas are included

—one withapositive
sign, while the other with a negative one. It gives a

chance to get a clearer idea of the cost comparison
result for the services used in the production of GM
cultivated plants and the conventional ones. The
positive delta increases service costs for growing
GM rape — machinery used in growing, transporting
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the seeds and harvest as well as primary processing
of GM cultivated plants and cleaning agricultural
machinery. But the negative delta decreases the
service costs used for plant protection measures
of GM cultivated plants. In the research, the
general costs for growing GM cultivated plants are
equalised to the general costs for growing genetically
unmodified cultivated plants except the costs related
to the fulfilment of the activities set by the laws and
regulations for the growers of GM cultivated plants to
reduce dissemination of uncontrolled GM cultivated
plants.

The most important cost increase in the event of
growing GM rape in the territory of Latvia compared
to the genetically unmodified cultivation of rape is
related to the activities which are to be carried out by
the growers of GM rape to decrease the threat of the
surrounding environment and other subjects of the
economic management as a result of the dissemination
ofuncontrolled genetically modified cultivated plants.
Within the framework of the research, these costs are
defined as extra costs in relation to implementation
of the requirements set by the laws and regulations.
To state the above costs, the following equation is
offered:

2Cp=X X (6)

where
ZCPP

— total extra costs in the event of growing
GM cultivated plants;

3 — extra costs for a farm growing GM
cultivated plants which arise in relation
to the fulfilment of requirements set by
laws and regulations;

5 — extra costs of the state institutions
which arise in relation to the fulfilment
of requirements set by the laws and
regulations.

Extra costs which arise in a farm growing GM
cultivated plants to fulfil requirements set by the
laws and regulations for eliminating dissemination of
uncontrolled genetically modified cultivated plants
are estimated taking into account the following
equation:

. (D

where
— extra costs related to the fulfilment
of requirements set by the laws and
regulations for growing GM cultivated
plants on the farm;
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— extra costs to coordinate growing
costs for the prospective growing of GM
cultivated plants;

— the packaging and marking costs for the
harvest of GM cultivated plants;

— costs for the laboratory analyses to
control the uncontrolled dissemination of
GM cultivated plants;

—extra costs for processing documentation
reflecting growing, harvesting, primary
processing and preparation of GM
cultivated plants for sale;

— extra costs for training of the personnel
of farms which desire to grow GM
cultivated plants;

— extra costs of the state institutions
related to the fulfilment of the supervisory
and control process set by the laws and
regulations to fulfil the requirements set
by the laws and regulations for growing
GM cultivated plants;

— insurance costs for sowings of GM
cultivated plants;

GM
CVI

— the lost income from the area which
is used for establishing the buffer zone
around the fields where GM cultivated
plants are grown;

— other costs related to the fulfilment
of other requirements set by the laws
and regulations for farms growing GM
cultivated plants.

In estimating extra costs, the grower of GM
cultivated plants has to take into account the packaging
and marking costs of GM cultivated plants. Mutually
agreeing, the grower can attribute these costs to the
wholesale dealer of GM cultivated plants. But in
such case, the grower of GM cultivated plants has to
consider a lower sales price. It means that it will be
necessary for the grower of GM cultivated plants to
pay for packaging and marking of the harvest due to
the decrease of the sales revenues. In the formation
of sales revenues in farms growing GM cultivated
plants, the most essential factor is the sales price of
the grown harvest and the following aspects are to be
taken into account in creating it:

a) potentially low price — the forecasted sales
price of the harvest for GM cultivated plants
can be at least 10-15% lower than the sales
price for the conventional cultivated plants
and the experience of farms growing GM
cultivated plants in other countries give
evidence of that;

b) the use opportunities — the sales price of the
harvest for GM cultivated plants to a great
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extent depends on the use opportunities set
for the final output;

c) the impact on the environment — the impact
of the respective GM cultivated plant on the
environment, health of animals and people;

d) to a certain extent the sales price is affected
by the regulations set in the EU countries
for marking GM cultivated plants.

The sales revenues of the farm when selling
the grown harvest of GM cultivated plants can be
expressed by the following equation:

TR, = Qg X P) XK, xK, xK K, (8)

where

TR, —income from the harvest of GM cultivated
plants;

Q — the amount of sold GM cultivated
plants;

P — sales price for GM cultivated plants;

K, — the correction coefficient for the sales
price which depends on the type of using
GM cultivated plants in manufacturing a
definite final output;

K, — the correction coefficient for the sales
price which depends on the impact of a
certain modification of cultivated plants
on the environment, health of animals and
people;

K, — the correction coefficient of the sales
price related to the fulfilment of the
requirements for marking GM cultivated
plants;

K, — the correction coefficient of the sales
price related to other factors affecting
dissemination of GM cultivated plants.

According to equation 8, the economic content is
not unequivocal. Separate factors can reduce sales
revenues from the harvest of GM cultivated plants,
while the others can increase them. In addition, it is to
be taken into account that the society and scientists are
uncertain of the effect of GM cultivated plants on the
diversity of species and the sustainable development
of the environment. It means that the law makers and
the potential growers of these cultivated plants have
to observe in their activities not only the principle “the
polluter pays” but also the precautionary principle in
eliminating the threat of an uncontrolled spread of
GM cultivated plants (Dzeroski et al., 2006).

The scientific research in improving properties
of cultivated plants and the sphere of using GM
products can drastically affect both growing costs of
GM cultural plants and sales revenues. Being in such
uncertainty conditions in relation to the prospective
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growing of GM cultivated plants in the territory of
Latvia, in creating free zones in Latvia; it is more
useful to use the economic methods. It means that
additional requirements for eliminating the threat of
anuncontrolled dissemination of GM cultivated plants
should be forecasted in the laws and regulations, and
their implementation for the prospective grower being
in the free zone, will increase operating costs, thus
growing GM cultivated plants in this territory will
become unfavourable compared to other alternatives
available for the use of natural resources.

The definition of free zones offers the opportunity
to apply the following basic principles:

a) the principle of the economic profitability.
It means that in the free zones additional
requirements are set for -eliminating
the uncontrolled dissemination of GM
cultivated plants which increase operating
costs for the prospective grower of GM
cultivated plants;
the principle of the
administrative ban. This
principle envisages the
opportunity that the state
can set the ban in definite
territories to grow GM

b)

cultivated plants taking into account the
prospective threat and the prospective losses
for other subjects of the economic activities
in the countryside.

Every of the above principles have certain
priorities and drawbacks. Their comparison is
depicted in Table 1.

The positive and negative aspects for evaluating
the principles of establishing the free zone shown
in Table 1 may help the state institutions to take a
decision on the tactical ways which are directed to
eliminating an uncontrolled dissemination of GM
cultivated plants and maintaining of the natural
advantages of the state in growing cultivated plants
which are used for manufacturing foodstuffs and
non-food products with a high value added.

Developing the economic justification for
establishing economically free zones, the applied
mathematical model can be expressed by the equation
system in the following way:

)

(10)

Table 1

Comparison of the Free zones (FZ) forming principles

Principle of o
P Positive aspects

Negative aspects

forming FZ
— inaddition to the determination of preventive enterprises
for diminishing threats of illegal dissemination of GM
— based on the principle cultivated plants it can be also eliminated by the EU
Princinles of alternative costs and norms regarding the issue;
pes rational behaviour of - determining preventive enterprises, it is necessary to
of economic .
. market members; calculate their sales costs;
profitability . . . .
— profitability of preventive enterprises can be influenced
— diminishes threats of by different agro climate circumstances in the regions
illegal growing of GM of the state;
cultivated plants; — effectively working farms can gain sufficient
profitability sufficient profitability by growing GM
cultivated plants also in Free zones.
. . — based on legal consciousness, moral and material
— economic  calculations o .
. responsibility of the market members in case of
on possible costs of

Principle of

. . reventive enterprises are
administrative P P

not necessary;

prohibition
- principle of rational
behaviour and alternative
costs.

inobservance of the prohibition that would not be an
obstacle in particular cases to grow GM cultivated
plants also in the free zones if it was economically
profitable;

state institutions need additional resources to ensure the
implementation of the prohibition;

prohibition to grow GM cultivated plants in the free
zones can be in conflict with the EU norms with all the
following consequences.
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where
YTR,, — total income for farms where GM
cultivated plants are grown;
>TC,.  — total costs for growing GM cultivated
plants;
— the total area for GM cultivated
plants;

GM

YPL

GM

— extra costs for the grower of GM
cultivated plants in relation to the
preventive measures set by the laws and
regulations for eliminating the threat of
dissemination of GM cultivated plants;

— extra costs for the society (the state,
other subjects of the economic activities
and households) which arise if GM
cultivated plants are grown in the
country;

TR, — total income from a farm growing a
conventional cultivated plant as the

alternative to the GM cultivated plant;

TC,,, —totalcostswhen growingaconventional
cultivated plant as an alternative to the

GM cultivated plant;

PL, ., —the area for the conventional cultivated
plant grown as an alternative to the GM
cultivated plant;

R, — weight of the harvest for the
conventional cultivated plant grown
as an alternative to the GM cultivated
plant;

R, —weight of the harvest for GM cultivated

GM
plants.

The economic content of inequalities 9 and 10
shows that as a result of growing GM cultivated
plants in the territory of the free zone, the obtained
net income on a weight unit of the area and the grown
harvest will be lower than the net income of the
respective conventional cultivated plant per a weigh
unit of the grown area and the harvest. Thus, the
possibility of the grown harvest to change upon the
effect of the agro-climatic conditions and other outer
factors is included in the developed mathematical
model.

From the point of view of the sustainable
development of the society and the environment,
it can be concluded that growing GM cultivated
plants can be favourable for the state and society
only in the case if the specific income (income per
one unit of area) of growing GM cultivated plants
is higher than the direct and indirect costs arising
for the grower himself as well as for the near farms
and other subjects of the society in carrying out the
preventive and corrective measures to eliminate
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and/or decrease dissemination of uncontrolled GM
cultivated plants, and to decrease the threat of the
biological contamination. In addition, in this case
it is assumed that the principle of the free choice
is observed. It means that the farms which choose
to grow GM cultivated plants will not cause any
burden for the economic environment and extra
costs for farms which will operate according to the
technologies of the conventional and biological
agriculture, or will recompense the arisen extra costs
and the inflicted losses as a result of an uncontrolled
dissemination of GM cultivated plants.

Growing GM cultivated plants causes losses
to other subjects of the economic activities in
the countryside and causes extra costs for state
institutions in whose competency is to carry out
preventive measures at the state level to eliminate
and/or to decrease an uncontrolled dissemination
of GM cultivated plants. The content of extra costs
for other economic subjects in the countryside and
state institutions can be revealed by the following
mathematical equation:

=2EC, +2EC, +YEZ  ,+3EC,, (11)

where

— additional costs for the society in the
event of growing GM cultivated plants;

Y EC,_ — additional costs for biological farms
related to the preventive measures to
decrease and/or to eliminate threat
which might be caused by the growers
of GM cultivated plants;

2 EC,, — additional costs for conventional
farms related to the preventive measures
which might be caused by the preventive
measures to decrease and/or to eliminate
the threat which might be caused by the

growers of GM cultivated plants;

> EZ ., —additional losses in the form of the lost

- income for other countryside businesses
which provide services related to
tourism, relaxation, health rehabilitation
and similar businesses which raise their
competitiveness through the advantages

of the natural environment of Latvia;

YEC,, — total expenses of the state institutions
related to the preventive measures to
decrease and/or to eliminate threat
which might be caused by the growers

of GM cultivated plants.

VI

The global practice witnesses that the preventive
measures (measures directed to elimination of
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threats and/or their decrease) are economically more
favourable, cost less than the corrective measures-
measures related to starting of threats and elimination
of the caused results (Frank, 2004). The results of
the economic justification for the free zones have to
give the reply to the question whether the potential
gain of the society giving access to growing GM
cultural plants in the territory of Latvia will be higher
and will be able to compensate the extra costs to the
manufacturers of GM cultivated plants themselves
and will no harm the biological and conventional
farms.

The graphical model developed for the economic
justification of establishing free zones is envisaged
for the comparison of operating costs in the case
of growing GM cultivated plants and conventional
cultivated plants. Besides, the graphical model gives
the opportunity to estimate the minimum area for the
farms so as the harvest income covers the expenses.
To get a fuller insight of the graphical model used
in the economic justification for establishing
economically free zones, initially the model used in
estimating costs and incomes for the conventional
cultivated plants in relation to the sown area which
can be used in developing the economic justification
for establishing free zones is shown. The graphical
model is shown in Figure 1.

By using the graphical model shown in Figure 1,
it is possible to state the profitability of growing the
conventional cultivated plants as the alternative to
the GM cultivated plants and its connection with the
sowing area. For the purpose of the model, the total
costs of growing, harvesting, primary processing and
sales of the respective cultivated plants are divided in
the following parts:

YTC,p, = YFCppn+ IVC,oih s (12)

Tc — total costs for growing, harvesting,

KA primary processing and sales of the

respective  conventional  cultivated
plants;

YFC, ., — fixed costs for growing, harvesting,
primary processing and sales of the

conventional cultivated plants;

KK

>VC, ., — variable costs for growing, harvesting,
primary processing and sales of the

conventional cultivated plants.

KKA

Within the framework of developing the economic
justification of the free zones, the variable costs are
defined in the following way: the variable costs in
growing, harvesting, primary processing and sales of
the conventional cultivated plant are the costs which
are variable if the sowing area of the respective
cultivated plant is increased on one hectare. The
variable costs contain the following costs:

—  sowing costs;

— costs related to fertilizers and plant protection
measures;

— service costs needed for growing, harvesting,
primary processing and sales of the respective
cultivated plant if the farm does not perform this
work themselves;

— other similar costs directly related to
manufacturing a definite agricultural produce.

The fixed costs unlike the variable costs do not
vary if the sowing area of the respective cultivated
plant is increased within the limits of the available
resources.

Fig. 1. The model of economic basis for conventional rapeseed crop growing.
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The following costs are included in the group of
the fixed costs:

— depreciation expenses for the fixed assets on the
farm;

— farm management expenses;

— other similar expenses related to the operation of
all the farms in manufacturing different types of
agricultural produce.

In the evaluation of expenses and incomes for
growing the conventional cultivated plants, the
applicable model is described by the following lines
and points:

a) the fixed costs are shown by the lower
horizontal line and the respective symbol
as they are not variable if the sowing area
changes;

b) the variable costs included in the total costs
are shown by a rising line which starts at the
point FCO;

c) the line describing the income starts by
a negative value as the field income, if
the cultivated plants are not grown and
other economic activities are not carried
out, will be negative, i.e., losses will be
incurred;

d) the point PL, describes the minimum area
at which the incomes can cover the fixed
costs;

e) the point PL describes the minimum area
which provides such sales income which
can cover the variable and fixed costs;

f) Dby increasing the sowing area which is larger
than PL it becomes profitable to grow the
respective cultivated plant.

Evaluating the expenses and incomes for growing
the conventional cultivated plants, the applicable
graphical model gives the opportunity to determine
the minimum area for growing the respective
cultivated plant at which the farm can cover all the
operating costs and can start operating with profit.
The graphical model used for the development of the
economic justification of the free zones is given in
Figure 2.

The indices of the economic profitability for
growing the conventional cultivated plant as the
alternative to the GM cultivated plant are shown by
a broken line. The graphical model for the economic
justification of establishing free zones shown in
Figure 2, gives the opportunity to state different
significantindices which canbe laterused in evaluating
the economic profitability for growing GM cultivated
plants compared to the alternative conventional
cultivated plants. Wherewith, economically grounded
information is obtained on the preventive measures to
be carried out and of the required extra costs so as
growing GM cultivated plants will not be profitable
in the established free zones. The most significant
elements of the model shown in Figure 2 are as
follows:

a) the increase of the fixed costs
ATC,,,. It is related to the additional
resources used for implementing the

Fig. 2. The determination model of economic basis for forming of the Free zones.

38

LLU Raksti 22 (317), 2009; 30-42



J. Vanags, I. Turka

Economic Arguments for Establishing Free Zones from GM Rape in Latvia

preventive measures set by the laws and
regulations;

b) due to the properties obtained as a result
of modification of cultivated plants, the
variable costs for GM cultivated plants will
decrease. In the graphical model, it is shown
by the diverse directions of the lines for the
total costs of growing GM cultivated plants-
the line of the total costs for growing GM
cultivated plants is not parallel but slightly
more sloping compared to the line for the
total costs of the conventional cultivated
plants;

c) the economic condition for establishing the
free zone is related to a higher increase of
extra costs compared to the decrease in costs
which can be obtained applying the new
properties of the modified cultivated plant;

d) by increase of the total costs, the area
increases which is needed to cover the fixed
costs to PLS™ . It means that in the case of
growing GM cultivated plants, a larger area
shall be sown in order to cover only the
variable costs and, wherewith, all the costs.
In other words, a larger area is needed to
make growing of GM cultivated plants more
profitable;

e) to cover all the operating costs in the event
of growing GM cultivated plants, the
minimum area corresponds to PL™,, which
in the event of establishing free zones will
be larger than the area PL***, which is
needed for covering costs needed to grow
conventional cultivated plants;

f) the model shows that growing GM cultivated
plants in the free zones can become
more profitable than growing alternative
conventional  cultivated plants  only
in huge areas.

The described method for the economic
justification of establishing free zones is applicable
when it is needed to protect a territory from the threat
inflicted by GM cultivated plants which can cause
fundamental threat to other subjects of the economic
activities. It is useful to do such estimations after
developing the respective laws and regulations, and
taking into account properties of the cultivated plant.

It is possible to comparatively evaluate districts
and regions of Latvia to find more or less endangered
territories in the country. Such approach can decrease
time for developing the economic justification for the
free zones and for taking management decisions in
relation to the opportunities of growing GM in one of
the regions of the country. Different indices related to
the threat of disseminating GM cultivated plants are
used for the evaluation of the regions. These indices
are shown in Table 2.

As shown by the information provided in Table
2, the selected absolute and comparative indices are
mutually linked. However all the indices are linked
with fundamental threat for other manufacturers of
the agricultural produce in the countryside.

To combine the indices shown in Table 2 for the
evaluation of the most endangered regions, at first,
the regions are ranked in growing order according to
every index. As a result, 10 charts are obtained with
the absolute index and the rank for the respective
index. Every of the evaluation criteria shown in
Table 2 get a definite weight to use the obtained rank
indices for evaluating the threat. The weight values
are shown in Table 3.

As it is shown by the information depicted in
the table a variable weight is set to evaluate more
precisely the potential threat and the possible losses
in the event of the threat for the indices used in
evaluating districts. The highest weight in the group
of the absolute indices is assigned to the land for the
biological farming — 0.4 or 40% of the absolute value

Table 2

Indicators used in the regional evaluation

Absolute indicators

Comparative indicators

Number of organic farms in region

Proportion of organic farms in total number of farms
in a region

Utilised agricultural areas of organic farms

Proportion of utilised agricultural areas of organic farms
in total usable UAA in a region

Endangered areas in biological farms

Proportion of endangered area in total area of utilised
agricultural areas of organic farms

Areas of rapeseed crop in all farms

Proportion of areas of rapeseed crop in all farms in total
usable UAA in a region;

Number of beehive of bees in all the farms of
aregion

Number of beehive of bees in all farms per 1000 ha of
usable UAA.

LLU Raksti 22 (317), 2009; 30-42

39



J. Vanags, I. Turka

Economic Arguments for Establishing Free Zones from GM Rape in Latvia

Table 3
Weight of indicators used in evaluation of regions
Absolute indicators Comparative indicators
Contents of indicator Weight Contents of indicator Weight
Number of organic farms in a region 0.15 Proportion of organic farms in the total 0.1
number of farms in a region
. . . Proportion of utilised agricultural areas of
]E;trlrgzed agricultural areas of organic 0.4 organic farms in the total usable UAA in a 0.45
region
Proportion of endangered area in the total
Endangered areas in organic farms 0.1 area of utilised agricultural areas of organic 0.1
farms
. Proportion of areas of rapeseed crop in all
Areas of rapeseed crop in all farms 0.1 farms in the total usable UAA in a region 0.05
Number of beehives of bees in all the 0.25 Number of beehives of bees in all farms per 03
farms of a region ' 1000 ha of usable UAA. '
Total 1.00 Total 1.00

of all the indices effect. It is related to a greater threat

for dissemination of GM cultivated plants to the

biological farms with a larger area of management.

The smallest weight in this group of indices is left for

the endangered areas of the biological farms and rape

sowings in all the farms. Such weight is set taking
into account the following aspects:

— comparatively small area of the endangered
biological farms which deal with the endangered
cultivated plant;

— the existing differences in the agro-climatic
conditions between the districts growing rape;

— the existing differences between the districts in
using the grown rapeseeds for manufacturing a
definite final output.

In the group of the comparative indices, the
highest value is assigned to the specific weight of
the agricultural land available for the biological
farms from the total used district of agricultural land
— 0.45. The weight for this index can be explained
by the increase of threat in districts where both the
absolutely and relatively larger areas are managed by
the biological farms. The lowest value in this group is
set for the specific weight of the biological farms of
the total number of the farms in the district — 0.1, for
the specific weight of the rapeseed sowing area from
all the farms of the total agricultural lands — 0.05, and
the specific weight of the endangered area from all
the agricultural land available for the biological farms
— 0.1. For the assigned rate weight, the following
explanation is given:

— the variable size of the biological farms in the
districts which are considered as an indirect
factor intensifying the threat;
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— the specific weight of rape sowings in several
districts is not considered to be an essential
argument intensifying the threat and the potential

losses as comparatively good alternative
opportunities exist to sell the rape with the
presence of GMO;

— comparatively small peculiar weight of the
endangered areas on the biological farms
is considered to be an insignificant threat
intensifying factor.

Using the above indices and the weight of their
impact on the endangered subjects in the countryside,
every district gets definite points which are used for
comparative evaluation of the districts in relation
to the dissemination threat of GM cultivated plants.
The application of the described method enabled to
evaluate every district in a definite territorial region
and country on the whole. The districts were grouped
into the following 3 parts: districts with a strong
threat/essential losses can arise for the subjects of the
economic activities, districts with a medium threat,
and districts with a low level of threat.

As it is seen in Table 4, the group of the
endangered districts to a great extent includes
districts which have received the evaluation starting
from 34.8 points for Preili district to 42.4 points
for Cé&sis district. The difference in points does not
form full 8 points or 19% of the value of the highest
result. None of Kurzeme districts is included in
the group of the most endangered districts. In the
group of less endangered districts, all 8 districts
are included where the threat is evaluated from
9.3 points for Jelgava district in Zemgale region
to 21.4 points for Tukums district in Riga region.
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Table 4

Indicators for the evaluation of common regional risk

Evaluation of regional risk

Most endangered regions

Region Points Region Points
Aizkraukle 37.95 Cesis 42.4
Aluksne 30.70 Limbazi 42.1
Balvi 30.25 Madona 38.5
Bauska 12.50 Aizkraukle 38.0
Cesis 42.35 Valka 37.9
Daugavpils 30.05 Preili 34.8
Dobele 12.30 Talsi 32.8
Gulbene 25.35 Liepaja 31.6
Jelgava 9.25 Aluksne 30.7
Jekabpils 26.20 Balvi 30.3
Kraslavas 28.50 Daugavpils 30.1
Kuldiga 28.35 Saldus 29.9
Liepaja 31.55 Kraslava 28.5
Limbazi 42.05 Kuldiga 28.4
Ludza 18.25 Ventspils 28.0
Madona 38.50 Jekabpils 26.2
Ogre 15.95 Valmiera 26.2
Preili 34.80 Gulbene 25.4
Rézekne 21.15 Tukums 21.4
Riga 10.60 Rézekne 21.2
Saldus 29.85 Ludza 18.3
Talsi 32.80 Ogre 16.0
Tukums 21.40 Bauska 12.5
Valka 37.90 Dobele 12.3
Valmiera 26.20 Riga 10.6
Ventspils 27.95 Jelgava 9.3

It is important to note that the districts of Bauska, 3. When starting to grow GM rape, the prospective

Dobele and Jelgava find themselves in a very similar
situation which points to the high competitiveness
of the districts for an intensive manufacturing of the
agricultural produce with wide prospects to use the
scale effect.

Conclusions

1.

The evaluation of the threat level for the
districts can provide valuable information to the
concerned persons on establishing free zones
and developing the economic justification for a
definite territory of the country.

The information and conclusions can be useful for
making government decisions in the respective
state institutions.

LLU Raksti 22 (317), 2009; 30-42

free zones are to be established in the Districts of
Cesis, Limbazi, Madona, Aizkraukle, Valka, and
Preili.
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Anotacija

Briva biologiska zona ir noteikta valsts teritorijas dala, kura iesp&jama GM kultiiraugu audzeSana klust
ekonomiski neizdeviga, izpildot valsts normativajos aktos noteiktas prasibas un/vai var radit realus razosanas
dabisko apstaklu pasliktinasanas (zaud&umu) draudus citiem saimnieciskas darbibas subjektiem, ka arl
apkartgjas vides ilgtsp&jigai attistibai, dzivnieku un cilvéku veselibai. Brivo zonu izveidoSanas nepiecieSamibu
var ekonomiski pamatot. Brivajas biologiskajas zonas stradajosas lauku saimniecibas biitu valstiski aizsargati
no GM lauksaimniecibas kultliraugu apdraud&juma, ko var izraisit genétiski modificétais piesarnojums. Tas
palielinatu sarazoto lauksaimniecibas produktu parstradataju — partikas precu razotaju uzticibu piegadatajiem,
radot parliecibu, ka iepirktajam lauksaimniecibas rakstura izejvielam nav konstat€jama genétiski modificéto
organismu klatbiitne. Par So parliecibu partikas produktu razotaji un gala produktu paterétaji labprat maksa
lielaku cenu. Identificétie potencialo zaudgjumu subjekti GM kultiraugu audz&$anas gadijuma ir biologiskas
lauku saimniecibas, lauku saimniecibas, kuras tiek audzets rapsis, seklkopibas lauku saimniecibas, kuras audze
rapsi vai citu krustziezu s€klu,saimniecibas, kuras audze bites. Izstradati matematiskie un uzskatami grafiskie
modeli brivo zonu ekonomiska pamatojuma izstradei.
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e-mail: dina@lvaei.lv; ligita@lvaei.lv

Abstract. The population welfare level remarkably changed after 1990 when Latvia experienced dramatic
economic changes. These changes affected the structure of food expenditure and consumption satisfying not
only quantitative, but also qualitative food needs of inhabitants. The aim of this study was to analyse the trends
of food consumption patterns and nutritive value of diet in Latvian households over the past decade. The study
results showed that Latvian food consumption pattern had significantly changed over the last decade. At present
food, transport, housing, water, electricity and gas constitute the largest categories of household expenditure.
Furthermore, Latvian population constantly allocate more money for education, recreation, and culture. However,
despite the fact that the share of food expenditure (expressed in % of total household expenditure) annually
decreases, Latvia is still among those European Union member states which households spend relatively high share
of their disposable income for purchasing food. A positive correlation was concluded between food consumption
and income. For instance, consumption of cereal, oil and fat products tend to decline, whereas consumption of
beverages, meat and fish appears to rise with the increase of income. Regardless some positive qualitative changes
in the dietary pattern of Latvian population, the general situation is unsatisfactory due to high share of animal

origin fat, sugar, and low share of plant origin calories in the nutritive value of Latvian population.
Key words: food consumption, expenditure, nutrition, household.

Introduction

Food consumption and nutrition are important
factors in the promotion and maintenance of good
health throughout the entire life course. Therefore
these factors have been broadly investigated
by different organizations, like World Health
Organization (WHO) (WHO, 2006; 2003; 1999),
United States Department of Agriculture (USDA)
(USDA, 2007) and researchers (Friedl et al., 2006;
Schenkel et al., 2005; Wu, 2004).

Many studies show close relationship between
the consumption and income, which can be directly
related with expenditure. It has been proved that
economic development is normally accompanied
by improvements in a country’s food supply and
the gradual elimination of dietary deficiencies,
thus improving the overall nutritional status of the
country’s population (WHO, 2003).

Some authors point out that economic development
also brings quantitative and qualitative changes in the
diet. These changes include shifts in the structure of
the diet towards a higher energy density diet with a
greater role for fat and added sugars in foods, greater

! Here and further “food” — food and non-alcoholic beverages.
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saturated fat intake (mostly from animal sources),
reduced intakes of complex carbohydrates and dietary
fiber, and reduced fruit and vegetable intakes (Elsner,
Hartman, 1998; Frazao et al., 2007).

At the beginning of the 1990s, radical changes
in Latvia’s economics occurred. K. Elsner and
M. Hartman point out that due to these changes
most families bought food' products solely to
satisfy their quantitative food needs. At the end of
the 1990s, within the improvements in economic
situation, the diversification of these expenses begun
— the assortment of food purchased expanded, and
nutrition value of the consumed products expanded
and improved (Elsner, Hartman, 1998).

Therefore Latvia is a good example where broad
research studies in the field of food consumption
considering development of inhabitant’s welfare level
could be carried out. However, only few research
studies about food consumption patterns in Latvia
can be found (LVAEI, 2007; Pirksts et al., 2007)

Such evaluation of current situation encouraged
carrying out thisresearch and the following hypothesis
was highlighted: income level is an important factor
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affecting food consumption pattern and nutritive

value of consumed food and its trends.

The aim of this study was to analyze the trends of
food consumption patterns and nutritive value of diet
in Latvian households over the past decade. The main
objectives were:

—  to characterize food expenditure in the budget of
Latvian households and its main trends;

— to describe trends of Latvian households food
consumption, and to examine the possible
development trends over the next several years;

— to evaluate trends of consumed food nutritional
value.

Materials and Methods

Data output to meet the objectives of this study
were obtained from Central Statistical Bureau of
Latvia (CSB) (Central Statistical Bureau of Latvia,
2007) as well as from the Household Budget Survey
(HBS) (Central Statistical Bureau of Latvia, 2006).

Data grouping and analysis methods were used to
describe food expenditure in the budget of Latvian
households, and to identify its main trends.

Quintile groups were used to characterise the
food consumption and expenditure in households
of different levels. In Household Budget Survey
households are divided into quintiles according to their
disposable income per household member. Quintile
groups are formed by arranging all households in
ascending sequence by income per one household
member and dividing them afterwards in five equal
groups. Each quintile represents 20%, or one fifth,
of all households, where Quintile 1— the poorest
households, Quintile 5 — the richest households.

A squared correlation coefficient (R?) was
calculated to estimate the main tendencies of a
household’s consumption of staple food groups
(cereal products, meat products, dairy products and
fat) in the past decade. If the R? is greater than 0.8
then there is a marked tendency towards a growth or
decrease in consumption of certain food groups.

Statistical data analysis equalising the dynamic
rows with analytical equalising methods, resulting
in a straight or regular curved trend line, thus best
reflecting the data analysis were performed in order
to establish permanent connections. The calculations
were done with the least square method, and the
results were expressed as the trend lines.

Other important characteristics calculated in order
to compare quantity and price that households with
different income levels (Quintile 1 and Quintile 5)
have paid for purchasing the same products were the
ratio of product quantity (1) and ratio of price (2):

Q. (M

)
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where
y —ratio of product quantity;

Q, —quantity of consumed products in households
representing Quintile 5, kg;

Q, —quantity of consumed products in households
representing Quintile 1, kg;

y= P @

where
y —ratio of price;
P, — purchase price of consumed products in
households representing Quintile 5, LVL;

P, — purchase price of consumed products in
households representing Quintile 1, LVL.

In order to forecast the food consumption in Latvia
for the period of next seven years (2007 to 2013) the
following methods and materials were used: food
consumption dynamics in Latvia from 1990 to 2006;
consumptionregularities (consumption of various foods
depending on income — the Engel curve); forecasts
of other European countries’ food consumption, and
also the analysis of consumption forecasts done by
international institutions.

The calculations of nutritional or nutritive value
were done using the norms of chemical content of
different food products by Souci and co-authors (Souci
etal., 1994).

The methods of analysis and synthesis as well as
induction and deduction methods were used to draw
conclusions.

Results and Discussion

Food Expenditure in the Budget of Latvian

Households and its Trends

According to the data of CSB, within the last
decade, the Latvia’ s household’s disposable income

has increased more than two times (from LVL 51.52

inyear 1996 to LVL 110.30 in year 2006) due to rapid

economic development and employment growth

(Central Statistical Bureau of Latvia, 2007). As a

result of this structure of households’ consumption

expenditure has changed and since year 1996

consumption expenditure per one household member

has increased by 70%.

In 2006, the largest categories of household
expenditure were:

— food, with the average monthly household
expenditure of LVL 43.69 per household
member, representing 28% of the total household
expenditure on goods and services;
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— transport, with the average monthly household
expenditure of LVL 20.27, representing 13% of
the total household expenditure on goods and
Sservices;

— housing, water, electricity, gas and other fuels,
with the average monthly household expenditure
of LVL 19, representing 12% of the total household
expenditure on goods and services.

Two general tendencies related to the increase of

a household’s income level can be observed in Latvia

and also in other developing and developed countries.

Firstly, although household’s food expenditure
annually increases, its percentual share of total
household expenditure decreases (Table 1). This
trend is consistent with Engel’s Law, a phenomenon
first observed by Ernst Engel, who found that, as
income increases, food spending also increases, but
the proportion of income devoted to food declines

(Merella, 2006). Here it should be noted that the

percentage of consumption expenditure on food is one

of the internationally comparable material of welfare
indicators. Austrian and American researchers (Friedl
et al., 2006; Frazao et al., 2007) stressed that in
low-income countries food expenditure forms the vast
majority of total household budget (up to 50%) while
in high-income countries, for example, Organisation
for Economic Co-operation and Development
(OECD) countries, expenditure for food is small
(about 15% of total household budget) as more money

is allocated to education, recreation and culture, and
for purchasing nonexpendable goods.

Despite that in Latvia the food expenditure share
annually decreases (since 1996 food expenditure
share of total household expenditure has decreased
for 22.8 points or 55.2%), Latvia is still among those
European Union member states whose households
spend relatively high share of their disposable income
for purchasing food (Latvia is on the sixth place).
Higher share is only in Slovakia, Poland, Lithuania,
and Rumania (USDA, 2007).

Secondly, the trend toward consuming more food
away from home was observed due to spending less
time for preparing meal at home (Fig. 1). A similar
result is given by Irish researchers estimating Irish
household’s expenditure (Keelan et al., 2005).

Nevertheless, the proportion of income spent
on food in Latvian households varies, depending
on their income level. For instance, in 2006, a
household member in the lowest income quintile
(Quintile 1) spent for food 35% of total consumption
expenditures per month, while in the highest income
quintile (Quintile 5) — only 20%. However, assessing
the structure of household’s budget, we can conclude
that the welfare level of all households rises with
the decrease of the annual share of consumption
expenditure on food.

Figure 2 shows that the expenditure for meat and
meat products, milk, cheese and eggs, vegetables,

Table 1
The structure of household’s consumption expenditure in Latvia (% of total expenditure),
between 1996 and 2006
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Food and beverages 509 46.8 41.0 382 36.5 36.4 352 324 306 310 28.1
Transport 60 70 67 74 75 94 97 10.7 119 11.6 13.1
Housing, water, electricity, 143 150 166 173 163 143 13.0 127 126 120 122
gas and other fuels

Clothing and footwear 57 57 69 65 65 64 68 75 72 78 1.7
Recreation and culture 41 46 55 56 62 62 65 66 62 67 15
Communication 14 20 31 42 52 53 59 60 66 6.1 6.1
Hotels, cafes and restaurants 24 26 24 22 24 49 56 49 53 56 59
Furnishings and household 25 30 40 49 48 43 44 54 51 55 58
equipment

Miscellancous goods and 31 37 40 43 41 43 48 50 52 51 52
services

Health 37 38 34 37 40 39 32 36 39 39 37
Alcoholic beverages and 51 50 54 48 55 31 34 36 35 33 33
tobacco

Education 08 08 1.0 09 10 15 15 16 18 15 14
Total 100 100 100 100 100 100 100 100 100 100 100
LLU Raksti 22 (317), 2009; 43-52 45



D. Popluga, L. Melece

Trends in Food Expenditure, Consumption and Nutrition in Latvia

19% 7
18% 1
17% 7

16% 1
15%

15% 7
14% 7

18%

17%

13%
2003

2004

2005

Fig. 1. The average share of food expenditures spent for food out of home in
Latvia between 2003 and 2005 (%).

Fig. 2. The structure of food expenditure (% of total food expenditure), 2006.

bread and cereals has dominated in Latvian food
consumption.

According to American researchers, staple food
products, such as cereals, fats and oils, fruits and
vegetables, account for a larger share of the total food
budget in low-income countries than in higher income
countries, while meat and dairy budget shares are
greater for high-income countries (Martin, 1999).

Trends of Latvian Food Consumption

The food consumption structure and its trends in
Latvia are analyzed on the basis of HBS assuming
that average household’s consumption reflects per
capita consumption.

Figure 3 presents the main trends of staple food
consumption per capita between 1997 and 2006 in
Latvia. The product groups the consumption of which

46

has the sharpest decrease are bread and cereal products
(R*=0.80), and fats (R*=0.83), whereas consumption
of meat and its products have increased (R*=0.98).

Total meat consumption has increased by 31%
since 1997. In general consumption of pork, poultry,
sausages, smoked meat and semi-manufactured meat
products has increased, while consumption of beef —
decreased.

Bread and cereal consumption has decreased by
20% largely due to decline of wheat and rye bread
consumption. Certain regularities have been found
analyzing bread and cereal products’ consumption in
Latvia’s households with different income level where
bread and cereal product consumption is conversely
to inhabitants’ income (Fig. 4). For instance, in
households with low income (Quintile 1 and 2) the
consumption of bread and cereal products is bigger
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Fig. 3. The consumption of staple food groups in Latvian households between 1997 and 2006 (kg).
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Fig. 4. The consumption of bread and cereal products (kg) in comparison with
a household’s disposable income (LVL) in quintile groups, 2005.

than in households with higher income (Quintile 4
and 5).

The consumption of milk and dairy products
also shows a decline after the year 2003. It is
interesting that health concerns have led to the
downturn in consumption of some dairy products,
particularly whole milk, while consumption of
cheese, yoghurt and fermented dairy products has
increased.
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Higher consumer awareness of the nutritional
benefits of a low-fat diet and a positive trend in
the substitution of vegetable oils for animal fats in
household diets has influenced decreasing of overall
fat consumption. However, higher consumption
of animal fats and margarine was observed only in
households with low income (Quintile 1 and 2).

The consumption of fruits and berries has increased,
largely driven by consumer health and nutritional
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Fig. 5. The consumption of staple food groups in Latvian households between 1997 and 2006, (kg).

concerns. Since 1990 fruit and berries consumption has
increased by 23% (Fig. 5).

Since 2002 the consumption of vegetables has
decreased, and the study results show that members
of Latvian households do not follow the World
Health Organization (WHO) recommendations,
which suggest an intake of more than 400 grams of
vegetables (in addition to potatoes) and fruits per
day. According to the WHO, only 60% of Latvian
population report that they consume vegetables,
excluding potatoes, (raw or cooked) daily (six
to seven days per week). Besides in households
with higher income level (Quintile 4 and 5) the
consumption of frozen vegetables and those having
low energy content (e.g., tomatoes, cucumbers) as
well as semi-processed vegetables has increased
(WHO, 1999).

The average consumption of fish and fish products,
sugar, honey, chocolate, and other confectionery has
not changed significantly. Some differences could
be observed in the consumption structure between
households with different income level. For example,
households with higher income tend to consume
more fresh and smoked fish, chocolates, honey, and
ice-cream, while households with low income — cured
fish, sugar, and jam.

Assessing the consumption of staple food products
in households with the different income level it could
be observed that better secured household diet is more
diverse than diet of poorly secured households. The
better-secured households consume by 69.5% more
products (total number of analyzed products — n=95)
than the poorest households. Therefore, the main
factor affecting the diversity of consumed food is the
income level of a household.

The ratio of product quantity and the ratio of price
were other important characteristics calculated for
comparing quantity and price that households with
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different income levels (Quintile 1 and Quintile 5)
have paid for purchasing the same products. Logically,
that households with higher income tend to purchase
more diverse products — totally 70% of all analyzed
products (n=84); and better secured households tend
to purchase more expensive foodstuffs than poorly
secured households. Yet, at the same time, households
with low income have paid more than households
with higher income for purchasing such products as

beef, honey, mandarins, bean coffee, etc. (Table 2).

In the authors’ opinion this could be explained by

the fact that consumers from the poorest households

prefer shops closer to their place of residence instead
of visiting supermarkets where the particular products
cost cheaper than in small shops.

M. Schenkel with co-authors specifies that the
rapid increase in purchasing power for food has been
the most important (but not the only one) contributor
to shifts in food consumption patterns (Schenkel et al.,
2005). Also J. L. Martin reports that rising incomes
and their impact on levels of food consumption has
been one of the most important determinants in
explaining shifts in global food demand and trade
(Martin, 1999). At present in Latvia the income level
of population exactly explains food consumptions
trends in Latvia.

The forecast results of Latvian food consumption
pattern for the planned seven year period (from
2007 to 2013) show the following food consumption
tendencies within the household’s income growth:

— consumption of bread and cereal products will
decrease;

— consumption of meat and meat products on the
whole will increase;

— regarding milk and dairy products, only the
consumption of whole milk will decrease, whereas
the consumption of other milk products will either
rise or will remain at the same level (Fig. 6).
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Table 2

The ratio of product quantity and ratio of price for certain food products between
Quintile 5 and Quintile 1 in Latvia, 2006

Quintile 5/Quintile 1

Food products - ; X -
ratio of product quantity ratio of price

Beef 2.7 0.8
Semi-finished meat products 1.7 0.9
Mandarins 33 0.9
Coffee (bean) 2.9 0.9
Honey 4.0 0.9
Garlic 1.3 0.9
Semi-finished products 2.7 0.9

10 Ty =739Ln(x) + 89.05 T 355

100 T T 350
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2807 4
T 340
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—®— Bread and cereal products —&— Meat and meat products
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Fig. 6. Expected consumption of main foodstuffs (kg or L), forecast for 2007-2013.

In summary, food consumption trends of Latvian
households tend to follow some worldwide tendencies
(WHO, 2003; Wu, 2004) in terms of consumption of
food and individual food items:

—  food consumption budget falls as income rises;

— the budget shares of cereal, oil and fat products
tend to decline as income increases;

— consumption of beverages, meat and fish appears
to rise as income increases.

Nutritive Value of Consumed Food and its
Trends

The economic development is normally
accompanied by improvements in a country’s
food supply and the gradual elimination of dietary
deficiencies, thus improving the overall nutritional
status of the country’s population (WHO, 2003).
However, study results showed that in respect of
food consumption, in the quantitative terms, Latvia is
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getting closer to the developed country’s level, while
qualitative changes in diet are still unsatisfactory.

Food consumption expressed in kilocalories
(kcal) per capita per day is a key variable used for
measuring and evaluating the global and regional
food situation. Analysis of CSB data shows that
dietary energy measured in kcal per capita per day
has been fluctuating over the last few years, while
globally it is steadily increasing. Average daily calorie
consumption in Latvia in 2006 was 2570 kcal, which is
9%, or roughly 257 calories, below Latvian dieticians
recommended calorie intake level (2827 kcal day™)
(Table 3).

At the same time data shows that a relatively low
proportion of food is derived from animal origin, but
the tendency is positive, as annually this proportion
increases. For instance, in 2002, daily calories
consumed from animal products contributed 34%
to total calorie intake, but in 2006 the consumption
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Table 3
The nutritional value (kcal or g day™!) and origin of consumed food in Latvia, 2003-2006
2002 2003 2004 2005 2006
Energy, kcal day™
Total 2663 2665 2611 2675 2570
Plant origin 1768 1730 1666 1712 1611
Animal origin 895 935 945 963 959
Carbohydrates, g day™!
Total 345 336 322 331 312
Plant origin 331 322 308 317 298
Animal origin 14 14 14 14 14
Fats, g day™!
Total 116 117 117 119 116
Plant origin 46 44 43 44 42
Animal origin 70 73 73 75 75
—&— Average in Latvia —— Plant origin —&— Animal origin
00 y= -0.586)2(2 +3.80x+84.9
07 @ B - e
80
T 707 y=349Ln(x)+52.74
60 R'=092 4. s —— g
5o A& y =-2.35Ln(x) + 36.13
40 - =
. B - ‘ ol R O.82mwﬂ
2002 2003 2004 2005 2006

Fig. 7. Daily amount of protein taken with food in Latvia (g), 2002-2006.

of animal products amounted to a share of 37%. A

similar increase can be observed for the protein

intakes derived from animal products, although

absolute protein intake has declined (Fig. 7).

Possible reasons, which have led to increase in
the share of animal origin calories and thus to decline
in the share of vegetable calories since 2002, are as
follows:

— changes in relative prices between plant and
animal products, particularly animal fat — speck,
margarine, etc.;

— decrease in the consumption of bread and
cereals.

However, according to K. Elsner and M. Hartman

(Elsner, Hartman, 1998), in the OECD countries

opposite tendency has been observed, which shows
absolute fall in meat products consumption since
1980s, and it has been forecasted that this trend will
continue in the future, as health consciousness is
increasing.

The results of the study show that in the diet of
Latvia’s inhabitants 45.4% of total daily calories
come from carbohydrates, 13.9% — from protein, and
40.7% — from fat. These indicators are inadequate to
meet internationally recommended daily intake of
energy and other macronutrients. WHO (WHO, 2003)
stressed that, in general, the share of nutrients varies
according to individual needs (age, gender, etc.), but
the preferable average structure of macronutrients in
the diet is the following*:

2 http://www.healthydiningfinder.com/site/diners/getmore/healthylifestyles/calories.htm
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—  45% to 65% of total daily calories should come
from carbohydrates;

—  10% to 35% — from protein; and

—  20% to 35% — from fat.

WHO specifies that a diet, adequate to meet
physiological requirements, containing sufficient
amounts of fruit and vegetables and limited amounts
of saturated fats and simple sugars combined with
regular physical activity, is a cornerstone of good
health (WHO, 20006).

Summarizing the results of the study, adverse
changes in Latvian household dietary pattern can be
observed, which include shifts in the structure of the
diet towards:

— a higher energy density diet with a greater role
for fat and added sugars in foods, and greater
saturated fat intake (mostly from animal origin);

— reduced intakes of complex carbohydrates;

— reduced vegetable intakes.

Assessing the study results we can partly agree to
M. Schenkel and co-authors (Schenkel et al., 2005)
which argue that dietary changes are compounded
by lifestyle changes. As the main consequences of
unbalanced diet are sustained and acute increase in
overweightand obesity of Latvia’s citizens. According
to WHO? data, among the population older than 15
years of age, 9.5% of the men and 17% of the women
are clinically obese, while 41% of the men and 33%
of the women are pre-obese. In all, 50% of the adult
population is overweight. Moreover, the nutritional
deficiencies are responsible for 1.2% of the disease
burden in the Latvia’s mortality group.

Conclusions

The structure of households’ consumption
expenditure has changed as a result of rapid economic
development and employment growth. However,
the share for food decreases annually; nevertheless
the average share for food remains high comparing
with other countries, and is one of the highest in all
European Union member states.

Over the last decade Latvia food consumption
pattern has changed significantly, particularly after
accession to the European Union thus experiencing a
similar tendency with other developed countries.

In general, there is a positive correlation between
food consumption and income. For instance, the
consumption of cereal, oil and fat products tend to
decline, whereas consumption of beverages, meat and
fish appears to rise as income increases. There are
remarkable differences in food consumption (diversity
and price of products, quantity of high nutrition value
products, etc.) between the households with different

3 http://www.euro.who.int/Document/E82865LV.pdf
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income level; therefore income can be defined as the
main factor influencing consumption.

Despite some positive qualitative changes in the
dietary pattern of Latvian households, for example,
increasing share of animal protein in the diet, the
general situation is unsatisfactory due to high share
of animal origin fat and sugar and low share of
plant origin calories in nutritive value of Latvian
population.

Formore detailed estimation of trends and forecasts
of Latvia food consumption and nutrition value it
could be necessary to assess other consumption-
influenced factors than income level, for instance,
age, gender, education, socio-economical status, etc.

References

1. Central Statistical Bureau of Latvia. (2007)
Statistical Yearbook of Latvia 2007. Riga: Central
Statistical Bureau of Latvia, 564 pp.

2. Central Statistical Bureau of Latvia. (2006)
Household Budget in 2005: Statistical Bulletin.
Riga: Central Statistical Bureau of Latvia,
125 pp.

3. Elsner, K., Hartman, M. (1998) Convergence
of Food Consumption Patterns Between
Eastern and Western Europe. Discussion
Paper No. 13: http://ageconsearch.umn.edu/
bitstream/14875/1/dp980013.pdf — Accessed on
29.08.2008.

4. Frazao, E., Andrews, M., Smallwood, D.,
Prell, M. (2007) Can Food Stamps Do More
to Improve Food Choices? An Economic
Perspective-Food Spending Patterns of Low-
Income Households: Will Increasing Purchasing
Power Result in Healthier Food Choices?
Economic Information Bulletin, No.(EIB-29-4),
8 pp.

5. Friedl, B., Omann, I., Pack, A. (2006) Socio-
economic Drivers of (Non-) Sustainable Food
Consumption. An Analysis for Austria: http:/
www.seri.at/documentupload/isee friedl-
omann-pack paper final.pdf — Accessed on
29.08.2008.

6. Keelan, C., Newman, C., Henchion, M. (2005)
A Tobit Model of Quick-Service Expenditure
in Ireland: Parametric vs. Semi-parametric
Estimation: http://www.tcd.ie/Economics/
TEP/2005 papers/TEP17.doc — Accessed on
29.08.2008.

7. LVAEIL (2007) Partikas produktu patérina
izpéte, analize un perspektivu noteiksana
Latvijas Republikas teritorija. Riga: LVAEI,
60 Ipp.

51



D. Popluga, L. Melece Trends in Food Expenditure, Consumption and Nutrition in Latvia

8. Martin,J.L.(1999) The Myth ofthe Consumption- Tables.  Stuttgart, Scientific ~ Publishers,
oriented Economy and the Rise of the Desiring 608 pp.
Subject. Theory and Society, Vol. 28, No. 3, 13. USDA(2007)Food CPI, Prices and Expenditures:
425-453. Expenditures on Food, by Selected Countries,
9. Merella, V. (2006) Engel’s Law and 2006: http://www.ers.usda.gov/briefing/
Commodity Differentiation: http://www. cpifoodandexpenditures/data/2006table97.htm —
eco.uc3m.es/temp/agenda/Vicenzo%20 Accessed on 30.08.2008.
Merella%2027-09-06.pdf — Accessed on 14. WHO (2006) The Second WHO European
30.08.2008. Action Plan for Food and Nutrition Policy 2007-
10. Pirksts, V., Golovéenko, A., Sproge, 1. (2007) 2012: http://www.euro.who.int/Document/NUT/
Galveno partikas produktu vajadziba un tas action_plan leaflet final ENG.pdf — Accessed
nodroSinajuma ekonomisko problemu izpéte on 30.08.2008.
un risindgjumi iedzivotaju gimenés ar dazadu 15. WHO (2003) Diet, Nutrition and the Prevention
ienakumu limeni. LZP Ekonomikas un juridiskas of Chronic Diseases. WHO Technical Report
zindatnes galvenie pétijumu virzieni 2006. gada, Series, 916, 160 pp.
Nr.12, 108.-116. 16. WHO (1999) Nutrition and Lifestyle in the Baltic
11. Schenkel, M., Sturam, D., Occari, F. (2005) Republics: http://www.euro.who.int/Document/
Between Transition and Enlargement: The E67884.pdf — Accessed on 29.08.2008.
Composition of Consumption in European 17. Wu, Y. (2004) Understanding International Food
Households. Transition Studies Review, Vol. 12, Consumption Patterns: http://www.biz.uwa.edu.
No. 1, 58-73. au/home/research/discussionworking papers/
12. Souci, S.W., Fachmann, W., Kraut, H. economics/2004?7f=150995 — Accessed on
(1994) Food Composition and Nutrition 28.08.2008.
Anotacija

P&c 1990. gada, kad notika biitiskas izmainas Latvijas ekonomika, mainijas iedzivotaju labklajibas limenis, kas
ieviesa izmainas partikas izdevumu un patérina struktiira, apmierinot ne tikai kvantitativas, bet ar1 kvalitativas
vajadzibas péc partikas. Raksta merkis bija analizét galvenas partikas izdevumu, patSrina un uzturvertibas
tendences Latvijas majsaimniecibas pédejo 10 gadu laika. Galvenie p&tijuma rezultati lava secinat, ka iedzivotaju
izdevumu struktiira ped&jo gadu laika ir mainijusies. Lielakas izdevumu grupas ir izdevumi partikai, transportam
un izdevumi majoklim, turklat Latvijas iedzivotaji arvien vairak naudas lidzeklu atvél izglitibai, atpiitai un
kulttirai. Tomér, neskatoties uz to, ka izdevumu Tpatsvars partikai katru gadu samazinas, tas joprojam ir viens no
augstakajiem Eiropas Savieniba. Vispar¢jas partikas patérina tendences lauj salidzinat Latviju ar citam attistitam
valstim, kur novérojamas Iidzigas tendences. Secinats, ka pastav pozitiva korelacija starp partikas paterinu un
ienakumiem. Pieméram, palielinoties iedzivotaju ienakumu limenim, graudaugu, ellas un taukvielu produktu
patérin$ samazinas, bet galas, zivju un bezalkoholisko dz€rienu (sulu, mineraliidens, avotu @idens) patérins
palielinas. Neskatoties uz dazam pozitivam izmainam Latvijas majsaimniecibu patérétas partikas uzturveértibas
struktira, pieméram, dzivnieku izcelsmes olbaltumvielu Tpatsvara palielinasanos uztura, kopgja situacija ir
neapmierino$a, jo organismam nepiecieSama energija lielakoties tiek nodro$inata ar dzivnieku izcelsmes taukiem
un saldumiem, bet ievérojami mazak ar augu izcelsmes produktiem.
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Abstract. The goal of simulation experiments with different input weather parameters is determining the
farming strategies under conditions of nature inaccuracy due to global climate changes. The final goal would
be suggesting most efficient farmer strategies subject to the given statistical uncertainty interval constraints.
The application and analysis of decision-making theory methods in order to choose a farming strategy were
performed to complete the set goal. It was illustrated that the choice of the optimal strategy depends on the
farmer’s subjective pessimism degree under conditions of no information on probabilities of the state of nature.
The paper presents some results of the efficiency analysis of farming agricultural operations based on a specially
developed discrete stochastic simulation model featuring the concept of agricultural function. The agricultural
function value on a particular day of operation determines the expected crop gathered on the respective area.
The atmospheric effect is modelled as random changes to agricultural function start time and duration of
favourable period for performing an agricultural operation. According to the model farmer’s strategies are
described by two main parameters: agricultural operation start time and duration of the operation. The aim of
the paper is to obtain quantitative estimation of a farmer’s choice of agricultural operation strategy efficiency
under unanticipated fluctuations of weather conditions.

Key words: risk, farming, strategy, optimisation, simulation.

Introduction

Climate changes affect durations of agricultural
operations. Instability of weather parameters
leads to lower accuracy of weather forecasts. As a
consequence, there should be more emphasis put on
the methodology of quantitative estimation of the
expected crop depending both on the operation’s start
time as well as its intensity.

The traditional methodical approach for an
estimation of influence of variable weather conditions
on the crop lies in the adjustment of sufficiently
accurate model parameters.

Most of the crop models known to the authors
are based on the use of several groups of input
parameters (Hoogenboom et al., 1992; Boote et
al., 1998; Jamieson et al., 1998; Dadhwal et al.,
2003; Jones et al., 2003; McMaster et al., 2003;
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Shaffer et al., 2004). One group of such variables
represents weather factors, such as predictable
marginal changes in the air and soil temperature,
expected magnitude of solar radiation, deposits,
and humidity, etc. Other groups of adjustable
model parameters reflect both properties of soil
as well as conventional farming practices for the
given region.

The two approaches for crop estimation under
uncertainty of weather conditions are portrayed in
Figure 1.

Quantitative estimation of nature parameters on
crop statistics is of special interest. For that purpose,
the approach suggests creating special generators
of random fluctuations of input parameters of crop
models (Jones et al., 2003) which would simulate
volatile weather parameters.
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Fig. 1. Conventional approach to crop volume estimation (upper pane). The lower pane represents crop
volume estimation using agricultural functions.

The conventional approach uses planting models.
For example, Daisy is a Soil-Plant-Atmosphere
system model (Willows, Connell, 2003) designed to
simulate water balance, heat balance, solute balance,
and crop production in agro-ecosystems subjected to
various management strategies.

Should a crop model be realistic enough, such
method can be used for the analysis of crop sensitivity
to changes in nature parameters, and for choosing
an optimal farming strategy. For the time being,
however, such research has not been known to the
authors of the present paper.

Recently there has been presented another
methodical approach for finding an optimal farming
strategy under conditions of uncertainty (Merkurjevs
et al.,, 2002; Merkuryev et al., 2005; 2006). It is
based on the introduction of agricultural functions.
Agricultural function (agrifunction) in its simple
form stands for the dependence of crop volume
on agricultural operation time. It reflects farming
experience in cultivation a specific crop in specific
conditions (Merkuryev et al., 2006).

Following this approach any deviation in weather
conditions affecting the crop will be reflected in
space of parameters of agricultural function. This
space has an essentially smaller number of variables,
such as the parameters defining the function shape.
The aggregate farming experience for various crops
allows defining the typical agricultural function shape
along a time scale, which is a trapezoid of unequal
lateral sides and slightly oblique top which is mostly
considered constant; this is the maximum efficiency
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area the farmer would be willing to achieve. It should
be noted that the change of weather conditions might
drastically affect duration of the efficiency spot and
its start time.

Thus, in the considered aggregated approach, the
variety of randomly variable parameters of weather
conditions is reflected as change of a small number
of essential function parameters. Such an approach
allows quantitative estimation of influence of random
fluctuations in functions’ basic parameters both on an
average crop, and on the histogram of crop distribution
which gives essentially more information for decision-
making when deciding for a best strategy.

Therefore the present paper concentrates on the
analysis of farmer’s decision-making when choosing
the best strategy under conditions of weather
uncertainty.

Agricultural Function-based Crop Model

Performing an agricultural operation too early
would adversely affect the crop. Similarly, performed
too late, would also reduce the expected crop; thus,
agricultural function AF is trapezoid-shaped. Such
‘altered’ trapezoids are described in detail in the
papers (Merkurjevs et al., 2002; 2005).

The present paper delimits itself to methodological
assessment of the problem in focus; and therefore let
us consider methodology of choice of an optimal
strategy for a trapezoid-shaped agricultural function.
Generally speaking, additional constraints can be
imposed on the shape and duration of the agricultural
function so that it is positive, convex, and limited

LLU Raksti 22 (317), 2009; 53-64



J. Merkurjevs et al.

Simulation-based Choice of Optimal Farming Strategies under Risks of Nature

both in duration and amplitude. There
are also other restrictions on the shape
of agricultural function AF which
it is determined both by the specific crop species and
the agricultural operation.

Let us introduce the following variables:

Taf - agricultural function start time which for
conventional purposes is assumed Taf=10,
though in reality this time is determined
basing long-time repeating observations
under comparable weather conditions
characteristic of locality.

Ts  —agricultural operation start time determined
by the farmer basing on the weather forecasts
and own experience which is the basic
element of a farmer’s strategy

dFR — duration of the agricultural operation which
mainly depends on a farmer’s readiness and
technological limitations.

AF start time uncertainty is modelled as the sum of
Taf value (constant under the current conditions) and
random variable u,. In a similar manner, uncertainty
in AF duration dAF is modelled by the sum of fixed
value dAF (dAF=2 for the subsequent calculations)
and randomly distributed value u, stochastically
independent of u,.

CF=

Model Description

Let us measure agricultural operation efficiency
relative to the value of crop obtained. Let us also
observe that financials associated with the operations
— cost structure of agricultural operations and crop
revenue depend on factors lying beyond the scope of
this paper, thus limiting the task to estimation of the
crop volume in non-monetary terms.

Letus next consider the methodology of efficiency
estimation understood as the crop volume CF

(Fig. 2):

)

Trapezoid agricultural function allows depicting
the main features of harvesting and may be put as a
simply calculable mathematical formula:

AF(T+u,, durAF, t) =
(UnitStep[t-Taf+d1 AF] - UnitStep[t-Taf])/
(d1AF)x(t-Taf+d1AF) + (UnitStep[t-Taf] -

UnitStep[t-Taf-d2AF]) + (UnitStep[t-Taf-d2AF]
-UnitStep[t-Taf-d2AF-d3AF]) /
(d3AF)x(Taftd2AF+d3AF-t). 2)

The parameters of the expression will be
considered in more detail below. At this point let us
just observe that UnitStep(x) represents a unit step
function, which equals zero at x<0 and equals one
at x>=0, where x represents the argument of the
function.

Should farmer activity be regular over time, the
function is represented as:

FR(t, Ts, dFR)=(UnitStep(t-Ts) -

UnitStep(t-Ts-dFR))/dFR. 3)

Thus, the average intensity of farmer operations

is inversely proportional to the duration dFR of his
agricultural operation.

Agricultural operation start time Ts is determined
by the farmer. In simulation experiments the deviation
of optimal time durations d2AF and agricultural
function start time Taf varied significantly.

Methodology of Research
Uncertainty in agricultural function start time
is modelled through time scale shifts of 1, 2, 3, etc.

The AgriFunction

AF(Taf+u1, dAF+uz, pa, t) —>

The model of efficiency CF

of agricultural operation CF
cF = [ AF () * FR(t)dt S
-1 OFFRM) vt

The farmer s
parameters

5

T FR(durFRTs,t)

Model of Farmer Activities

Setting Ts value
for AgriOperation

Farmer starts the Agri -
Operationattime Ts

Ts

Setting dFR for
AgriOperation

Pl FR(dFR,Ts, t)

dFR

dFR - the duration of farmer activities

Fig. 2. Structural scheme of estimating expected yield volume CF depending on the states of nature Taf,
wTaf and farmer strategies dFR, Ts. The figure presents yielding CF crop volume by integration of
agricultural function AF product and farmer strategy model FR over the whole time interval of
operation dFR with the start time Ts.
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number of days. This shift however remains unknown
to the farmer, and therefore the state of nature is
modelled in this manner.

According to the conventional terminology, risks
arise when probabilities of approach specific states
of nature are known in advance. However, under
circumstances when the states of nature remain
unknown to the farmer, we have an uncertainty
context.

Uncertainty of agricultural duration start time
Taf is modelled as randomly distributed value ul
such as: (-wTaf)<=ul<=(+wTaf). The beginning of
agricultural function now is unified distributed within
the flexible interval (Taf-wTaf)<=Taf<=(Taf+wTaf).
Thus, the higher value of wTaf, the less definite is the
beginning of agricultural function Taf.

For instance, if Taf=10 and wTaf=+/-1 day,
the real start of AF might be equally expected at
any moment of the time interval Taf€[9, 11] with
duration of 2 days with the average value of Taf=10.
In case of Taf=9 and wTaf=+/-3 days, the start of AF
might eventually fall equally expected at any moment
of Taf €[6, 12] which is 6 long.

The variables of simulation experiment comprise
two groups of parameters: the first group is parameters
of the states of nature Taf, wTaf, wdAF, where the
notions stand for:

Taf — agricultural function start time on the
calendar scale

wTaf — uncertainty of the date
wdAF — variability of agrifunction duration.

The second group includes farming strategy
parameters Ts, dFR also determined in the calendar
time units, where the notions stand for:

Ts — operation calendar start time and
dFR — duration of completing operation AF.

Criteria and Choice of Optimal Strategy

Thus, the influence of farming strategies Xi (TSI,
dFRi) parameters on the average crop volume MCF
with diverse combinations of parameters (Tafi, wTafi,
wdAFi) states of nature Sj has been researched.

The higher the average value MCFij=MCF(Xi,S))
the more efficient Xi strategy at the given state of
nature Sj. On conditions of probability risk P(S/)>0
the probabilities of states of nature j=1,..., Ns are
known in advance. This information is used in order to
pick the optimal strategy using probability-weighted
criteria of efficiency. On uncertainty conditions we
do not know anything on probability of either state
of nature S;.

However, even on uncertainty conditions it might
be assumed that if the probability of either state of
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nature is very low, such condition would not be
considered as a state of nature S. On contrary, should
probabilities of other states of nature be high enough,
these would be considered as a state of nature S, since
any analysis of hardly probable states would not be
satisfactory even for a pessimistic farmer.

Consequently, even on conditions of complete
uncertainty there is a probability proportion
comprising variety of states of nature S, namely, all
states of nature are approximately equally probable at
a rational level, i.e.,

P(S1)~ P(S2)~...~ P(Sj)~...~ P(S,), P($/)>0;

j=1,...,Ns.
Let us form the XS matrix, where rows Xi
correspond to farmer strategies with specific

combinations of parameters (dFR, Ts) and columns S/
featuring states of nature with respective combinations
of parameters (Taf, wTaf). Thus, if possible farmer
strategy is arranged in the rows and parameters of
the nature arranged in columns, the intersection of i
row and jth column will contain the average value of
crop MCFjj, obtained through the application of i
strategy at /" state of nature.

So, now we have a standard initial matrix ready
for application of some techniques of decision-
making theory and the theory of operations research
(De Groot, 1971). A part of the resulting matrix is
presented in a contour graph in Figure 3. The shaded
shapes correspond to greater crop values. Along the
X-axis there is plotted farming strategies, the Y-axis
reflects states of nature.

As it follows from the graph, the farming strategies
lead to approximately equal results with no evidence
of a clearly better strategy for all states of nature.

The same is also illustrated in Figure 4. This
graph illustrates resulting effect of three strategies
at various states of nature. The peak efficiency shifts
from one farming strategy to another even at light
changes in the states of nature. Choosing an optimal
strategy becomes even more challenging.

The choice of the best farming strategy basically
depends on farmer preferences which can be
mathematically expressed by means of a suitable
optimality criterion.

Optimal
Criterion

Let us consider what kind of strategies will be
considered optimal if the farmer adheres to Laplace
optimality criterion.

The Laplace criterion (Fig. 5) applies all the
available information on the XS strategy-state of
nature matrix and explicitly uses probabilities of states

Choice Algorithm: Laplace
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of nature which are assumed being equal P(Sj)=1/Ns,
j=1,..., Ns.

At the same time, the criterion Laplace criterion
assumes application of probability theory in order to
deal with uncertainty. This implies that for each state
of nature S;j in S, the farmer as the decision maker
should assess the probability of P(S/) that Sj state will
occur.

The Laplace criterion relies on the Principle
of Insufficient Reason which states that if no
probabilities had been assigned by the farmer (who
is assumed to be rational and capable of handling
basic probability theory), it follows that there was
insufficient reason for the farmer to evaluate that
any state Sj was more or less likely to occur than
any other state.
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Fig. 3. The right-hand side graph shows 3D visualization of XS matrix. Axes X and Y correspond to farming
strategy and the state of nature. The Z-scale corresponds to the average crop values MCFjj, i.e., elements of
XS matrix. It might be noted that all strategies are equally efficient, there is no clear leader.
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Fig. 4. The left-hand side graph shows dependence of crop volume MCF (Y-scale) on the states of nature
(X-scale) for several well-performing strategies. There is no clear leader strategy for all conditions of nature.
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Fig. 5. The graph presents two strategies considered optimal in accordance with the Laplace criterion.
The Y-scale features agricultural operation start time Ts. The bubble sizes are proportional to farming
operation durations dFR. The X-scale denotes the ordinal number of the strategy which grows in value
as the criterion diminishes; consequently, the strategies with lower ordinal numbers are better performing
(at 5% significance level).

So, it is considered that a rational farmer would be
capable of assigning probability distributions P(Sj).
Since it is not the case, all the states of nature Sj
must be considered equally probable. Therefore, the
probability P(Sj) for each Sj must equal 1/Ns, where
Ns is the number of states of nature in S.

It is a fairly straightforward logic which tries to
compensate for the lack of empirical knowledge on
real distribution of probabilities through the principle
of insufficient reason.

Thus, the Laplace criterion does not rely on any
additional information on distribution of probabilities
of states of nature, but it integrates this information
through “rational” assumptions basing on the
principle of the insufficient reason.

The optimisation algorithm might be formalised
as follows:

1) assign the probability P(Sj)=1/Ns for each state
of nature Sj in S, for j=1,..., Ns;

2) for each i* row of matrix MCFij, it is necessary
to calculate the efficiency measure of i strategy
for all states of nature E (Xi):ZjP(Sj)XMCFij;

3) choose an action yielding the maximum E
(X;), i.e., choose strategy Xopt, for which
max E(X)).

It would be worthwhile to consider strengths and
weaknesses of the Laplace criterion. By assuming
uniform distribution of states of nature S, under this
criterion it is assumed that all the elements MCFij
of the strategy-state of nature matrix XS have equal
weights of 1/Ns.
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There is a chance for improper use of the
Laplace criterion which lies in the fact that the
states of nature are not equally probable in most
cases.

The weakness of the principle of insufficient
reason lies in an implicit assumption that
all decision makers who had not assigned a
probability distribution to S had not done so
because there is no reason to assume states of
nature equally probable. However, in the real
world human eventually deviate from the idealised
decision maker: in a practical real world situation
they will be unable to quantitatively estimate
probabilities.

Since the farmer cannot assess probabilities,
all states of nature are assumed equally probable.
Thus, absence or ignorance of the reasons is
enough to assume equal distribution of nature states
probabilities.

Let us consider different farmers’ expectations.
An overly optimistic would be the maximax
criterion (Fig. 6) when one expects a good
situation and the obtained crop will be the
highest.

The maximax rule recommends to accept such a
strategy, for which the condition max [max;j (MCFij)]
holds. Obviously, the maximax strategy is the most
efficient at two equally probable states of nature, and
as the number of states grows its average efficiency
drops in direct proportion to the number of states of
nature.
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Fig. 6. The graph shows six strategies optimal according to the maximax criterion.

Fig. 7. The graph features six strategies considered optimal in accordance with the Wald criterion
at 5% significance level.

Optimal  Choice Wald
Criterion

The Wald (or maximin) criterion (Fig. 7), which
might be considered as a criterion of an extreme
degree of pessimism would be the next criterion to
consider. According to the Wald criterion, the least
risky strategy is chosen, allowing no playing around
with the nature.

Technically, this means that the farmer cannot
end up in a situation worse than the one chosen as
per the Wald criterion. This fundamental property

of the criterion makes it attractive for cautious

Algorithm:
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decision makers and is applied in situations allowing

zero riskiness. However, in practical situations

excessive pessimism of the criterion might appear
unprofitable.

The step sequence for the Wald criterion-based
optimisation would be as follows:

1) for each strategy (rows in strategy-state of nature
XS matrix) determine the minimum possible
crop value. This represents the worst possible
outcome for the given strategy. Should this
strategy be pursued, no worse result at any state
of nature would be possible;
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Fig. 8. The left-hand side of the graph portrays six strategies considered optimal as per the
Wald criterion, whereas the right-hand side presents strategies optimal according to the Hurwicz criterion.
The optimism coefficient “a” will be on the X-scale. The significance level equals 5% of criterion value
for the best-performing strategy.

2) the crop volume for the given strategy will not
lie below the minimum possible. The highest
crop has to be chosen from among low-yield
outcomes for each of the farming strategies. In
order to arrive at such a solution one additional
column is needed, the one that would contain
the minimum values across rows. The maximum
element in this column would represent the
required solution.

The maximin/Wald criterion cannot be considered

a rational approach for many cases as it ignores

most of the information available in the strategy-

state of nature matrix. The solution is searched only
among cells of XS matrix that have extreme values.

Information contained in other cells of XS matrix is

absolutely ignored.

Optimal Choice Algorithm: Hurwicz

Criterion

The Hurwicz criterion (Fig. 8) is trying to
arrive at a rational compromise between the two
above mentioned criteria of extreme optimism and
pessimism. Instead of taking either side, the Hurwicz
criterion assigns certain weight to the optimism/
pessimism expectations.

The  calculable
follows:

expression  reads  as

H (Xi)=ax(maximum of “i” row)+(1 - a) x
(minimum of “i”’ row).
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Introducing the weight of a in this context
means that a complete maximax optimism
of maximax (a=1) is replaced by an altered
optimism level decreased through the optimism
coefficient a, with a belonging to the interval of
0<a<l. Thus, for a=1, there is complete optimism
prevailing (turning to maximax), whereas a=0
would result in a risk-averse maximin. Under these
notions, risk-averseness degree of the decision-
maker would be expressed as (1-a). Now, the
weighted average of H for each strategy Xi
might be calculated as presented in the following

paragraph.

The  step-by-step  application  algorithm
of the  Hurwicz  criterion  would be
as follows:

1) choosing coefficient of optimism degree (risk-
averseness) value a;

2) weighted average H (Xi) is calculated for each
strategy Xi;

3) choose the strategy with the maximum Hurwicz
weighted average H (Xi) with the given
coefficient of a.

A critical analysis of the Hurwicz criterion reveals
that the choice of a has no sufficient logic argument,
or is simply trivial (usually, within the interval of 0.3-
0.5). Besides that, the optimal strategy is searched
only across extreme elements of the XS matrix, and
information contained in other cells of the XS matrix
is not considered.
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Optimal Choice
Criterion

The Savage Criterion yields results such as to
minimize possible regrets arising from making
a non-optimal decision. Strictly speaking, a
regret is a subjective emotional condition, whose
proper estimation is a rather problematic issue.
Nevertheless, it is possible to assume that regret is
measurable for all the elements of the strategy-state
of nature matrix.

The regret R, is defined as a possible loss of
a part of a crop when Xi strategy is chosen at a S
state of nature (De Groot, 1971). Possible loss is a
deviation between the highest crop attainable in a
state of nature Sj and the actual result following from
choosing the Xi strategy. This can be formalised as
follows:

Algorithm: Savage

R, =MCFijj -(maximum j-th column of XS matrix),

where

R — regret for row i and column j of regrets
K .
matrix R={Rj}.

It should be noted that losses of opportunities
are defined as negative numbers. The best
outcome would be zero (absence of regrets), and
the higher the absolute value of R, ., the higher is
total regret.

The algorithm of application is presented below:

1) transform XS matrix consisting of average crop
values MCFij, into regrets matrix R={Ri;} using
the expression Ri7=MCFij-maxi (MCFij);

2) apply minimax rule to the R matrix.

A closer look at the Savage criterion reveals that
regretlinearly depends onthe magnitude ofthe possible
loss, whereas it is not the only one and not always a
possible way of assessing regret (De Groot, 1971).
Nevertheless, the Savage criterion is considered to
be a better criterion compared to maximax, maximin
or, probably, Hurwicz since the Savage criterion
relies on more information among available on the
problem. However, the Savage criterion is not able to
take advantage of all the available information and it
does not provide the ultimate solution to the problem
of choosing the best farming strategy.

Let us compare the results obtained through using
different criteria for the best-performing strategies at
5% level of significance (Figures 9 and 10).

Let us take a higher significance level by shifting
the mark to <=0.05% of maximum value of the
corresponding criterion. The lower number of optimal
strategies available at the new significance level
illustrates sensitivity of the criteria to the empirical
set of data. For example, sensitivity of maximax and
Savage criteria has not changed, whereas the number
of the best-performing strategies for other criteria has
decreased more than twice (Figures 11 and 12).

Comparing the results we might arrive at a
conclusion that the optimal farming strategy is the
one with parameters of dFR=1, Ts=11. The start time

Farmef's strategies at 5% tolerance level

-

Savage 5%

Wald 5%

Fig. 9. The number and parameters of farming strategies found for maximax, Laplace, Wald, and
Savage criteria with the significance level of 5% of corresponding criterion’s maximum value.
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Fig. 10. The number and parameters of farming strategies found for the Hurwicz criterion with the
significance level of 5% of corresponding criterion’s maximum value.

Fig. 11. The number and parameters of farming strategies found for maximax, Laplace, Wald, and Savage
criteria within the significance interval of 0.05% of corresponding criterion’s maximum value.

of this strategy is one day later than beginning of the
agricultural function Taf=10.

We might arrive at an interesting general
conclusion. In order to achieve the maximum average
efficiency under climate uncertainty simulated in the
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present work, the operations must be performed with
a slight delay (one day in the case studied) from the
expected start of agricultural function. Once started,
the operations must be completed with least time
costs (one day in the case studied).
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Fig. 12. The number and parameters of farmer strategies found for the Hurwicz criterion within the
significance interval of 0.05% of corresponding criterion’s maximum value.

Conclusions

The paper presents a simulation-based
methodology of quantitative estimation and choice
of optimal farming strategy on conditions of nature
uncertainty.

Uncertainty of nature states is modelled as
alterations in values of respective parameters of the
trapezoid agricultural function. In the context of the
research, a farming strategy is defined by two major
parameters, namely, the time to start performing
agricultural operation and its duration. In the current
paper, the average crop values are presented in the
form of a farming strategies—state nature matrix
which had undergone application of several methods
of decision-making theory.

Some sets of optimal farming strategies have
been assessed using various optimality criteria. The
resulting sets of optimal farming strategies based on
the maximax, Laplace, Wald, Hurwicz, and Savage
criteria are compared in the paper.
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Anotacija

Imitacijas eksperimentu ar dazadiem laika apstaklu parametriem mérkis ir zemkopja stratégiju novertéSana
nenoteiktos meteorologiskas situacijas apstaklos, ko izraisa globalas klimatiskas izmainas. Gala uzdevums
ir efektivako lauksaimnieka strat€giju izvéles modeléSana ievadito laika apstak]u nenoteiktibas parametru
robezas. Izvirzita mérka sasnieg8anai tika izmantotas lauksaimnieka optimalo strat€giju Iémumu pienemsanas
teoretiskas metodes. Par petijumu pamatu tika izmantoti razas kvantitativie raditaji dazadam lauksaimnieka
strat€gijam ar dazadam laika apstaklu fluktacijam, kas iegiitas, balstoties uz agrofunkciju koncepciju. Ilustrativi
paradits, ka optimalo stratégiju izvele informacijas triakuma d&] attieciba uz iesp&jamo meteorologisko situaciju
perspektiva liela méra ir atkariga no lauksaimnieka pesimisma pakapes. Lauksaimnicka stratégijas galvenokart
ir atkarigas no diviem nozimigakajiem parametriem — no agrooperacijas sakuma laika un tas izpildes perioda
ilguma. Lauksaimnicka optimalo stratégiju aprékini tika veikti kritérijiem maximax, Laplace, Wald, Hurwicz
un Savage.
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Management System
Prasibas Latvijas lauksaimniecibas riska vadibas sistémas attistibai
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Abstract. In conformity with Paragraph 5, Subparagraph 131 of the European Community guidelines regarding
the state aid for the agricultural and forestry sectors for the years 2007-2013 each European Union Member State
shall introduce the agricultural risk management system by the year 2010. Under Article 12, Paragraph 1 of the
law “On Agriculture and Rural Development” agricultural risk management assures the efficient system for the
compensation for losses caused by agricultural production risks. The goal of the concept of Latvian agricultural
risk management policy is to develop the agricultural risk management system which in future would envisage
specific actions performed by both the state and farmers under the emergency situations. The article deals
with the analysis of the experience of the EU member states concerning the introduction of agricultural risk
management systems as well as the research on the possible variants for introduction of risk management
system in Latvia. The variant is to be supported as the agricultural risk management policy concept envisages
supporting the payments of insurance premium and the establishment of compensation fund. This solution is
characterised by the ensured state basic responsibility and participation using the compensation fund, the funds
which consist of the state and farmers’ annual payments. The systems analysis has been performed for this
variant regarding the information system introduction in order to find out the information system integration

possibilities necessary for the risk management policy implementation.
Key words: agricultural risk management system, information system, systems analysis.

Introduction

Since 1998, the elements of producers’ risk
management system have become an integral part
of the practical structure of Latvian agricultural
state policy. Initially they were the instruments of
compensation for losses caused by market crisis,
and they were in a form of market intervention and
compensation payments. Later they were followed by
the promotion of preventive elimination (lessening)
of possible risks and losses through the purchase of
production insurance policy in a form of subsidies,
thus hoping for the development of production
insurance system. In addition to the above mentioned
measures, since 2002 the Cabinet of Ministers has
repeatedly granted funds from the national budget
for the compensation for losses caused by adverse
weather conditions. Since the accession of Latvia to
the European Union Common Agricultural Policy,
combating of losses caused by possible market
crisis has become the competence of the Common
policy instruments. In conformity with Paragraph
5, Subparagraph 131 of the European Community
guidelines regarding the state aid for the agricultural
and forestry sectors for the years 2007-2013 each
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European Union Member State must introduce the
agricultural risk management system by the year
2010.

During the last years — since 2004, the government
has implemented into practice and institutionally
strengthened the risk management policy with three
main state participation measures paid to the farmers
for the compensation for losses caused by risks. They
envisage:

1) the subsidisation of the purchase of insurance
policies as a possible regular state aid to every
concerned producer;

2) the compensatory payments from the funds of
national budget, guaranteed by the state, under
the epizootic conditions of certain animals. Such
funds are envisaged for emergency cases;

3) the compensatory payments for losses caused by
adverse weather conditions, natural calamities
and animal diseases and similar reasons. These
compensatory payments are disbursed in
conformity with certain political decisions.

Annually the co-financing of the purchase of
insurance policies is included in the state subsidisation
programmes for agriculture. While the financial
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resources for the compensatory payments in case
of losses are not really planned. In case of losses
the Ministry of Agriculture considers the farmers’
applications, and makes decisions on the granting of
funds, redistributing the existing budgetary resources
or demanding additional financing from the national
budget. Therefore the present approach has several
considerable disadvantages:

a) public expenditure cannot be forecasted, and it
is unbalanced within a period of time;

b) the system does not motivate farmers to perform
the risk management activities on their farms,
and thus lessen the risks and potentially possible
losses;

c) the system does not solve the problem of
prevention and lessening of losses — it only
diminishes the consequences, and their financial
manifestation;

d) the system distorts the competitiveness in the
market of risks and compensatory measures for
losses, hindering the development of privately
financed service — the insurance of agricultural
risks;

e) it does not precisely define the principles of
co-operation between the state and farmers, the
limits of the responsibilities of parties, their
obligations, and accountability;

f) the present system is more based on the political
decisions, and it cannot be considered as durable
and sustainable policy, which is observed by
producers, when working out the strategy of
their business development.

The result of the above mentioned disadvantages
is a situation when both the political management
of the sector and the authorised representatives of
agricultural sector, being aware of the threat the
situation causes, have agreed on the necessity to
develop new Agricultural risk management policy
(Firere, 2008).

The aim of the article is to find out the development
tendencies and the principles for introduction of
Latvian agricultural risk management system. In
order to achieve the aim, the following objectives are
set:

— to analyse the experience of the EU member
states regarding the introduction of agricultural
risk management system;

— to analyse the possible variants of risk
management system to be introduced in
Latvia;

— toanalyse the variants of the concept of Latvian
agricultural risk management policy;

— to perform the systems analysis regarding the
information system introduction necessary
for the implementation of risk management
policy.
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Latvian Agricultural Risk Management
Policy

Risk management is based on the identification
and assessment of risks (Arhipova, Arhipovs, 2005;
Riski lauksaimnieciba ..., 2005), studying their
possible influence on the farm, and choosing one of
four strategies:

1) to leave the risk zone — to reprofile the farm by
choosing specialisation with less risk;

2) to perform no particular activities regarding the
risk lessening — the farmer takes upon himself
all the consequences that might occur in case of
such risk;

3) to take risk lessening measures — choosing safe
farming, undertaking the preventive measures —
vaccination of livestock, spraying of cultivated
plants, establishment of rational rotation of
crops, and other measures;

4) to transfer risks or hand them over to the third
party — insurers, funds, and other financial
institutions.

Under the present conditions the farmers do not
observe the risk management principles concerning
the issues related to the agricultural risk management.
In most cases the farmers prefer not to transfer the
risk to the insurers, considering that these risks had
been taken by the state. Such point of view exists
irrespective the fact that there had been no agreements
signed regarding the transfer of risk to the state, and
there had been no binding payments made, which
contradicts to the normal practice. Although after
several years of work, the Ministry of Agriculture
provided for hope in spring of 2008 that from May,
the fund of agricultural risk insurance in Latvia might
start functioning; the introduction of the system is
delayed. Besides, the insurance system has become
more complex at the stage of inter-ministerial
harmonization, and thus it is less attractive for the
farmers (Firere, 2008). According to Aivars Lapins the
deputy state secretary of the Ministry of Agriculture,
the rules for the operation of agricultural risk insurance
fund, most probably, would be submitted to the
government in July. Risk Management Fund will be
introduced within the Agricultural Risk Management
System. It will deal with the problems related to
the agricultural production risks, and it will consist
of the state and farmers’ payments. Thus there will
be savings accumulated, and only in clearly defined
cases there would be compensatory payments made
from the Fund. The State Treasury will be the holder
of the finances of the fund, but Rural Support Service
will administer the payments made in the fund and
the compensatory payments made from the fund. The
payments in the fund will be made annually by both
the farmers and the state (Par lauksaimniecibas risku
..., 2008).
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Latvian Agricultural policy regarding risk
management issues is defined only partially. There
is a procedure worked out, how farmers can apply
for receiving subsidies to cover partially insurance
premium. But the terms for receiving insurance
compensatory payments are provided in the insurance
contract. Thus there had been a stable system
established which is legally grounded and provides
for the liabilities, obligations and rights of all parties
involved.

However, the procedure for the compensation of
losses is not developed. There are no main elements:
a) applicant’s definition;

b) the definition for the losses to be compensated;
c) the terms and volume for the compensation for
losses;

d) the form
submission;

e) the procedure for the consideration of application
and prevention of losses;

f) decision-making and granting of financing.

Thus the present system is more grounded
on the political decisions, which are based on the
experts’ evaluations regarding the topicality and
importance of separate cases as well as the validity
of applications concerning losses, instead of figures.
As aresult in some cases the received compensatory
payments do not correspond to the volume of
losses, and are unreasonably small or too large.
Although, within the framework of present policy,
the state uses two instruments (direct compensations
and subsidisation of insurance premium) for the
compensation for agricultural losses, they are not
mutually balanced. Farmers prefer not to insure
their risks at the insurance joint-stock companies,
relying on the state that would cover their losses
in case of any risks (Pamatojuma izstrade ...,
2006).

Under Article 12, Paragraph 1 of the law “On
Agriculture and Rural Development”, agricultural
risk management assures the efficient system for
the compensation for losses caused by agricultural
production risks (Lauksaimniecibas un lauku ...,
2004). The Ministry of Agriculture has started to
develop the agricultural risk management system.
By participating in the insurance system a farmer
would have a guarantee that he would receive the
compensatory payments for the losses. The state
would also benefit from the system, because it would
clearly determine the criteria according to which the
farmers could be granted the compensatory payments.
Thus the state would not need to compensate single
losses. The Ministry of Agriculture plans to submit
to the government the conceptual project of the
agricultural risk management system by September
1, 2008 (Krastina, Klints, 2008).

and procedure of application
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Each European Union Member State shall
introduce the agricultural risk management system
by the year 2010. The necessity for the insurance
of agricultural risks is provided not only by the EU
rules, but also forced by situation, when every year
the farms are exposed to the danger of cataclysms.
The research was performed on the experience in
other countries in order to develop the agricultural
risk management system (Iesp&jas un risinajumi ...,
2005).

The Experience of the EU Member
States Regarding the Introduction of

Agricultural Risk Management System

The EU member states have developed different
systems that are used to manage the agricultural
risks. On the whole the systems could be grouped
according to the degree the state is involved in the
risk management.

In Greece, the agricultural risks are mainly
managed by active state participation. The
state involves farmers in the insurance system,
administrates it and guarantees the covering of losses.
Thus the activities of private sector are limited and
are related to the products and risks the state does
not cover, or it provides additional covering for the
insurance offered by the state.

Spain has rich experience regarding agricultural
insurance. Within the agricultural insurance system
in Spain there are no risks divided, which should
be insured in the private sector, from the risks,
which are the objects of the aid for the national
agricultural policy. All insured agricultural
risks are covered, using the private sector, but
the state provides the subsidisation of all types
of insurance policies. Spain and Portugal have
established the co-operation between the private
insurance and state, where the state dominates.
The state provides both subsidisation of premium
and reinsurance. Private insurance companies are
involved in the system, administrating programmes
and partially taking upon them risks and covering
losses.

Italy, France, Austria, Germany and the
Netherlands have the agricultural insurance systems,
which are mostly private. However, there are also
differences among these countries, and they are related
to the amount of premium subsidised. For example,
in Italy the state is involved in the agricultural risk
management and the covering of losses with the
compensation system the subsidisation of insurance
premium as well as the private insurance companies
are also involved. The state partially participates in
the agricultural risk insurance system, subsidising the
premium in certain regions, which are particularly
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exposed to the danger of disasters and adverse
weather conditions.

In the Netherlands, the participation of state in the
agricultural risk management is relatively limited.
In relation to the covering of losses the Ministry of
Agriculture and farmers have agreed on the system,
within which there is a co-operation among the
farmers, the Ministry and credit institutions. Within
this system the state can receive capital from a
private bank for financing or co-financing of actual
losses. In Germany, like in the Netherlands, there
is a voluntary, private insurance system, which is
based on the offer provided by insurers, instead of the
governmental agencies (Risk Management Tools ...,
2001).

In Latvia there had been several attempts to
encourage the farmers to insure their planted
fields against the losses caused by adverse weather
conditions. However, the farmers do not prefer
insurance. Already for several years the farmers
blame the insurers that they are not interested in this
type of business — it does not provide them profit.
In their turn, the insurers think that the farmers are
not interested themselves in the solution of their own
problems (Krastina, Klints, 2008).

The Concept of Latvian Agricultural Risk

Management System
Since 2004, the state has implemented into practice

and institutionally strengthened the risk management

policy with three main state participation measures
paid to the farmers for the compensation for losses
caused by risks. They envisage:

1) the partial subsidisation of the purchase of
insurance policies from the private insurance
companies as a possible regular state aid to
every concerned producer;

2) the compensatory payments from the funds of
national budget, guaranteed by the state, under
the epizootic conditions of certain animals. Such
funds are envisaged for emergency cases;

3) the compensatory payments for losses caused by
adverse weather conditions, natural calamities
and animal diseases and similar reasons.
These compensatory payments are disbursed
in conformity with separate decisions, if it is
admitted that a natural calamity has taken place
in the country.

This concept is based on the basic principles
that the state responsibility and co-responsibility
should be related only to the risks caused by adverse
weather conditions, epizootic conditions, and natural
calamities. According to the spheres and types of
risks, the levels of state responsibility, the forms
of their implementation within the framework of
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agricultural risk management policy are grouped as

follows:

a) the state basic responsibility in case of large
volume risks — natural calamities, emergencies,
infectious diseases of animals or plants under the
state monitoring and epizootic cases;

b) the state co-responsibility in case of average
volume risks — adverse weather conditions;

c) farmer’s responsibility in case of the rest of risks
(spheres for which the state is neither responsible
nor co-responsible).

The aim of the concept is to develop the
agricultural risk management system, which would
provide for specific activities of both the state and
farmers in case of emergency in future. The developed
solution variants are based on a single goal and basic
principles, but the difference between the variants
exists at the level of institutional ensuring by means
of which the problem is being solved (Par koncepciju
...,2007). In order to evaluate the possible variants of
risk management system introduction, it is necessary
to define clearly the state participation in particular
cases. When introducing any of offered variants, it,
like any other type of state aid, will be submitted for
the approval of the European Commission.

The concept offers the variants of solution.

The Concept of Latvian Agricultural Risk
Management System: Variant 1 —only the
payments of private insurance premium

are supported

The aid is granted for covering insurance policy
purchase costs to insure cultivated plants and animals
used for the production of agricultural products. The
aidcoversupto 50% ofthe costs of insurance premium.
The aid can be increased up to 80% of the costs of
insurance premium, if the insurance policy indicates
that it covers only the losses caused by adverse
weather conditions, which should be considered as
natural calamities (frost, hail, ice, rain or drought,
which destroy more than 30% of the average annual
production of one farm, taking into consideration the
production of three previous years).

This variant also offers an opportunity for the
organizations or enterprises founded by farmers to
establish, on the basis of their own initiative, private
funds for compensating for losses caused to farmers.
According to the premium calculations performed
by the private fund and conditions set by this fund,
the state covers 50% of the insurance premium costs,
but not more than the price of a single unit (area ha
or cattle unit) provided by the laws and regulations.
The private fund accumulates these financial means
and, in case of emergency, decides on the granting
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of compensatory payments to the farmers for the

losses.

The aid payments are administrated by Rural
Support Service (hereinafter — RSS) in conformity
with the laws and regulations on the state aid for the
agricultural development. On the basis of farmers’
applications (in case of a fund — on the request
of each fund (data aggregation)), RSS settles the
accounts with the insurance companies within 30
workdays after it has received the application (in case
of a fund, the accounts are settled with the holders of
the fund within 30 workdays after RSS has received
the application).

The financing for ensuring of payments is
envisaged in conformity with the laws and regulations
on the state aid for the agricultural development. The
state aid for the agricultural development may not be
less than 2.5% of the total expenditure of annual base
budget.

Every year, within the framework of measures,
the financing in the amount of LVL 200 000 is used,
and the last evaluation of data shows that year by
year the farmers have become more and more active
concerning the purchase of insurance policies. Thus
there is no need for additional financing of insurance
premium payment aid from the budget.

In case of a private fund, the co-financing for
the insurance premium payments is envisaged in
conformity with the laws and regulations on the state
aid for the agricultural development on the basis of
experience gathered during previous years (every
year there are regulations worked out on the state aid
for the agricultural development and the procedure
for granting such aid. During the last three years,
LVL 100 000-200 000 have been allocated for the
partial aid of insurance premium). The total financing
for these measures is determined in compliance with
Article 5, Paragraph 3 of the law “On Agriculture
and Rural Development” providing that the state
aid for agricultural development is 2.5% of the total
expenditures of the annual base budget, which are
covered from grants from general revenues, deducting
the contributions to the budget of the European Union.
Additional financing for the implementation of this
variant will not be requested — it will be implemented
within the financial resources of the national budget
sub-programme 21.01.00 “Subsidies for the Producers
of Agricultural Products”.

The benefits from the introduction of the
solution:

a) the commensurability of the payments of state
finance with the benefit from the functioning of
programme;

b) the involvement of private insurance companies
in the system in order to facilitate the offer of
additional services;
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c) lessening of market distortion;

d) the compensatory payment granted to the policy
holder is proportional to the caused losses;

e) there is no need for changing the present
administration system;

f) there is a possibility to provide regular state
aid to every concerned producer of agricultural
products regarding the purchase of insurance
policy.

The problems related to the introduction of the
solution:

a) insurance joint-stock companies do not offer the
variety of insurance opportunities corresponding
to the farmers’ needs;

b) the provisions, offered by insurance companies,
are not attractive enough, because their aim is
gaining profit and providing for all expenses,
related to risks, in the cost of policy;

c) lack of the initiative of non-governmental
organizations concerning the establishment of
funds;

d) problems in relation to the attraction of financing
for maintaining of operational activities of
private funds.

In order to implement the offered variant, it
is necessary to evaluate the laws and regulations,
providing for the procedure of the establishment of
private funds and the principles of their functioning.
When preparing the draft regulatory enactment on
the state aid for agriculture in 2008 and the procedure
of its granting, there should be regulations provided
for the covering of insurance premium costs in the
private funds.

The Concept of Latvian Agricultural
Risk Management System: Variant 2
— payments of insurance premium are
supported and the establishment of

compensation funds

The essence of the solution regarding the
compensation fund is characterised by the fact that,
in order to prevent the co-responsibility risks, the
state uses the compensation fund, the financing of
which consists of annual payments made in the fund
by subjects — both the state and farmers.

A farmer and the state make determined,
equal payments in the compensation fund. These
payments accumulate, and in clearly defined cases
the compensatory payments are made from the fund.
The basic principles of the compensation fund are as
follows:

1) risks to be insured: drought (heat), incessant rain,
frost and black frost, storm;

2) insurance against the farmer’s not obtained
harvest;
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3) the minimum area to be insured is 1 ha; if the
farmer participates in the fund, all the territory of
the farm is insured;

4) the payment to be made in the fund is determined
on the basis of risk occurrence probability;

5) in case of risk occurrence, the compensatory
payments are granted only to those farmers, who
have made payments in the fund on voluntary
basis;

6) the compensatory payments from the fund
are granted only if there are the respective
meteorological data on the deviation of weather
from the norm, and the adverse weather
conditions have caused damage to the area of
cultivated plants (including those of fruit-trees
and bushes as well as forage crops) of at least
30% of the total area of the respective crop in
a particular region (the region is considered to
be RSS regional offices), but the compensatory
payments are calculated for each farm
individually;

7) the compensatory payments are calculated
and granted for the actual losses. If there is
insufficient financing in the fund, the amount
of compensatory payments are determined
according to the financial resources available
in the fund or by scaling down the amount of
compensatory payments;

8) there should be at 10% reserve left in the fund
from the payments in the fund; the rest of the
fund resources are available for the compensatory
payments;

9) the deadline for the introduction of compensation
fund is the year 2008.

The State Treasury which ensures the liquidity
and profitability of the fund is the holder of the
finances of the fund, but the payments made in the
fund and the compensatory payments made from the
fund are administrated by RSS in conformity with the
procedure provided by the laws and regulations. The
payments in the fund are made by both farmers and
the state on an annual basis.

The payments in the fund are made on the basis of
the application submitted by the applicant for the aid
onreceiving the aid regarding the single area payment.
When the applicant receives the aid payment, RSS
deducts from it the payment in the compensation
fund (specially established non-budgetary account),
if the applicant has agreed to make such payments
and to participate in the fund. When the applications
from the national budget sub-programme 21.01.00
“Subsidies for the Producers of Agricultural Products”
had been aggregated, part of the state co-financing is
being transferred to the compensation fund. This part
is proportional to the payments made in the fund by
farmers.
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Then all the payments made in the fund are
directed to the holder of the financial resources of
the fund, which ensures the management of financial
resources and maintaining of financial rate of return
and liquidity.

When, in conformity with the laws and
regulations, emergency occurs (EC Regulation No.
1857/2006, Article 2, Paragraph 8), the applicant for
the aid submits an application to RSS on the losses
caused to his farm, and the report of inspection issued
by the parish consultant. On the basis of submitted
application and the report of inspection issued by the
parish consultant, RSS performs inspection on their
farms for a part of applicants, calculates the caused
losses, submits the application for the financing to
the holder of the compensation fund and settles the
accounts with the applicants for the aid.

Since the state participation in the fund is a state
aid and the financial resources will be taken from the
national budget sub-programme 21.01.00 “Subsidies
for the Producers of Agricultural Products”, the fund
is a subject to the provisions defined in Sub-paragraph
4.5 of the Regulations No. 78 “Regulations on the
State Aid for Agriculture in 2007 and Procedure for
the State Aid Granting”, issued by the Cabinet of
Ministers on January 23, 2007 that Rural Support
Service performs selective inspection of at least 5%
of decisions made regarding every case.

In case of a local risk (for instance, hail, etc.,
or infectious diseases) RSS compulsory performs
inspection regarding each application.

In order to ensure the functioning of such fund,
it is necessary to plan about LVL 1,000,000 as the
financing from the national budget for the first year of
the functioning of fund. This financing would ensure
the functioning of the administrative institution and
the execution of its functions in conformity with the
procedure provided by the laws and regulations. In
future, the current administrative costs of fund are
covered from the payments made in the fund.

The part of state co-financing for the ensuring
of payments in the fund is envisaged annually in
compliance with the laws and regulations on the state
aid for agricultural development. The total financing
for these measures is determined in compliance with
Article 5, Paragraph 3 of the law “On Agriculture
and Rural Development” providing the state aid for
agricultural development in the amount of 2.5% of the
total expenditures of the annual base budget, which are
covered from grants from general revenues, deducting
the contributions to the budget of the European Union.
Additional financing for the implementation of this
variant will not be requested — it will be implemented
within the financial resources of the national budget
sub-programme 21.01.00 “Subsidies for the Producers
of Agricultural Products”.
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The benefits from the introduction of solution:

a) clearly defined institutional structure of risk
management system, which determines the co-
operation principles of all concerned parties,
their obligations and responsibility;

b) in case of emergency there is a possibility of
immediate decision making and use of necessary
financial resources for the compensatory
payments;

c) the farmers are involved in the solution of
problems, and the psychological factors play
a significant role: if one participates with his/
her payment in the fund, s/he is granted a
compensatory payment in case the risk occurs;

d) the regulations are clearly defined, therefore
political decisions are not necessary in case the
risk occurs.

The problems related to the introduction of the
solution:

a) the establishment of the fund and ensuring of its
efficient functioning may take several years;

b) the functioning of the fund is based on the
principle of voluntary participation, which
may not be supported by farmers. Thus the
administrative costs of the fund may be higher
than the payments made in the fund;

c) in comparison to Variant 1, there is a need for
additional expenses regarding provision and
maintenance of the administrative capacity.

In order to implement the offered variant, it
is necessary to prepare proposals for the needed
amendments of the laws and regulations on the state
aid for agricultural development. It is necessary to
amend the law on RSS and the law “On Agriculture
and Rural Development”. It is necessary to work out
the regulations on the administration and monitoring
of the fund as well as the amount of payments to be
made in the fund.

The Concept of Latvian Agricultural Risk
Management System: Variant 3 — the
state aid is provided for the losses caused
by adverse weather conditions and for the

insurance premium payments

This variant offers to maintain the present system
of compensation for losses in case of emergency. If
adverse weather conditions have caused significant
losses to the agricultural producers, and emergency
occurs at the state level, then, on the basis of
informative report submitted to the government, the
decision is made on granting compensatory payments
for the partial covering of losses.

The report contains data on the meteorological
deviation of weather from the norm as well as
the data analysis on the actual caused losses and
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their comparison to the period of time of previous

three years. The evaluation and determination of

compensatory payments shall be performed in
conformity with the provisions of the European

Commission Regulation (EC) No. 1857/2006 on

the application of Articles 87 and 88 of the Treaty

in relation to the small and medium enterprises
involved in the production of agricultural products,
and the amendments to the Regulation (EC)

No.70/2001.

The aid payments are administrated by RSS in
conformity with the laws and regulations on the state
aid for agricultural development. The compensatory
payments are granted only to the farmers, who have
declared their farming area at RSS for the single
area payment, and registered their animals at the
Agricultural Data Centre.

Within the framework of this variant it is not
possible to forecast the amount of necessary financing,
because it can vary depending on the locality of
emergency and the volume of caused losses. On the
basis of informative report approved and the decision
made by the government, the proposals for the
amendments to the law “On the National Budget” and
the allocation of the necessary additional financing
to the national budget sub-programme 21.01.00
“Subsidies for the Producers of Agricultural Products”
for the compensatory payments for losses.

In order to ensure the conformity with the
provisions of the European Commission Regulation
(EC) No. 1857/2006 on the application of Articles
87 and 88 of the Treaty in relation to the small and
medium enterprises involved in the production of
agricultural products, and with the amendments to
the Regulation (EC) No.70/2001, there is a need
for additional financing for the establishment and
maintaining of agricultural production accounting
data base.

There is no need for additional financing to cover
the administrative costs, because it is ensured from
the existing budgetary funds.

The benefits from the introduction of the
solution:

1) clearly defined provisions for the compensations
guaranteed by the state;

2) the present system is preserved, and there is no
need for additional financing to establish new
administrative institutions.

The problems related to the introduction of the
solution:

a) itisimpossible to forecast the financial resources,
and they are unbalanced;

b) the system distorts the competitiveness in the
market, hindering the development of privately
financed service — the insurance of agricultural
risks;
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c) the system is more based on the political
decisions, and it cannot be considered as durable
and sustainable policy, which is observed by
producers, when working out the strategy of
their business development.

In order to implement this variant, presently it is
not necessary to make any amendments to the laws
and regulations in force. The developed solution
variants have one common goal and basic principles.
The difference between the variants is the institutional
ensuring.

The Comparative Analysis of the Possible
Variants of Risk Management System to
be Introduced

Variant 1 envisages the state aid only to the
payments of private insurance premium. This variant
also allows for the establishment of private funds
by the farmers’ non-governmental organizations
in order to compensate the losses caused to the
farmers. The benefit for the state, when ensuring
the implementation of purposeful risk management
policy, is defining of political responsibility, ensuring
and managing the transition from the present system
to the privately financed risk management system.
There is no compensation guaranteed to the farmers
from the state for the losses, except the risks within
the state basic responsibility. This variant does not
distort the private insurance market.

Variant 2 envisages the aid for the payments
of insurance premium and the establishment of
compensation fund. This solution is characteristic
by the fact that the state basic responsibility and co-
responsibility are ensured, using the compensation
fund, the financing of which consists of annual
payments made in the fund by both the state and
farmers. The benefit for the state, when ensuring
the implementation of purposeful risk management
policy, is defining of political responsibility.

Variant 3 envisages the state aid for the
compensation for the losses caused by adverse
weather conditions as well as aid for the payments of
insurance premium. This variant offers to maintain
the present system of compensation for losses in
case of emergency. If adverse weather conditions
have caused significant losses to the agricultural
producers, and emergency occurs at the state level,
then, on the basis of informative report submitted
to the government, the decision is made on granting
compensatory payments for the partial covering of
losses.

On November 22, 2007, the Cabinet of Ministers
of the Republic of Latvia issued Regulations No. 729
“On the Concept of Agricultural Risk Management
Policy in Latvia”, which provides for the support
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of Variant 2, included in the summary of concept.
These regulations also provide that by September
1, 2008, the Ministry of Agriculture should develop
and the Minister for Agriculture should submit to
the government, in compliance with the procedure,
the draft regulations on the agricultural risk fund
administration and monitoring as well as the amount
of payments that should be made in the fund.

The Systems Analysis of Agricultural Risk

Management System Introduction

In the digital era the progress of information
technologies provide not only opportunities, but also
cause the necessity for simple and efficient means,
how to ensure the receiving, processing, storage
and exchange of information. Internet gradually,
yet more and more becomes one of the main means
for the provision and receiving of information and
services. The era of technologies has changed the
lifestyle and working habits of people, the way
the farmers carry out their business and the way
the governments serve their electorate. As a result,
e-government has emerged towards which are
moving the governments of almost all countries.
The introduction of e-government is considered by
the government not only at the state level, but also
by the management level of enterprises for meeting
their needs. Recently the electronic government or
e-government has become an often mentioned concept
both in Latvian society, in mass media and during the
governmental discussions. E-government means the
inclusion and application of IT for more efficient and
modern ensuring of the functioning of the state, local
governments and the enterprises related to them as
well as for the establishment of mutual links between
the population and organizations. E-government is a
form in which the state and local government can use
the new technologies for their advantage in order to
ensure more comfortable availability of information
and services for the population and enterprises, to
improve the quality of rendered services and provide
more opportunities to participate in the government
(Celvedis e-parvaldg, 2006).

In Latvia, the decision on the implementation of
Variant 2 of the introduction of risk management
system concept has been made — the aid for
the payments of insurance premium and the
establishment of compensation fund. The second
variant of introduction envisages the establishment
of compensation fund. We will view this variant in
relation to the information technologies or the system.
Designing of models is one of the forms to describe
a system. Nowadays, when designing models, the
visual modelling language UML (Unified Modelling
Language) is used. UML is a special instrument by
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means of which several diagrams are designed that
help describe the essence of the system. On the basis of
requirements set by a client and the developed subject
metamodel, it is possible to work out the requirements
of information system and its general description. The
general description of HACCP (Hazard Analysis and
Critical Control Point) information system and the
requirements set for it as well as the development of
risk management system technologies in the private
forestry was incorporated within the framework of
the sub-project “Latvian Agricultural Information
Technologies System” of the co-operation project
“Latvian Agricultural Risk and Crisis Management
Systems” (Lauksaimniecibas un partikas ..., 2007).

All the information obtained from the diagrams
will be used to help preparing the documentation for
the information system as well as for the development
of information system itself. The system is described,
grouping three types of diagrams: the diagrams of
classes, activities, and the possibilities to use the
system, because they are most often used within the
process of diagram modelling.

The diagram of classes shows classes (Fig. 1),
interfaces and their interaction. When modelling the
object-oriented systems, the diagrams of classes are
used more often, because they show the systems static
model. The static model, firstly, is the identification
and defining of the basic concepts of system under the
research. Secondly, it is the identification of relations
that might exist between these concepts. It is called
a static model, as it does not describe dynamics, and
changes, which take place within the system. On the

whole, the systems static model can be considered as
the main, because, while designing such model, the
view on the system to be modelled is formed.

The subjects — a farmer and the state — make
determined, equal payments, supplementing the
compensation fund. The compensation fund is
necessary for the prevention of several risks, or the
compensation fund insures against the following risks:
drought, incessant rain, frost and black frost, storm
as well as insures against the farmer’s not obtained
harvest. The compensation fund is supported by the
State Treasury, but it is administrated by RSS.

The diagram of activities (Fig. 2) describes the
dynamics, or the sequence of activities, which should
be performed in order to achieve certain goal. This
diagram is important, as it shows specific activities,
which should be carried out in a particular case. The
reference point could be the beginning of a year, but
there could be also a different reference point. At
the reference point there are payments made in the
compensation fund by both a farmer and the state.
When the fund is established or supplemented, it
is administrated by Rural Support Service, but the
State Treasury ensures the liquidity and profitability
of the fund. If during the year or accounting period
a risk occurs, and the farmer has losses, he is paid
the compensatory payment. If during the year or
accounting period no risk occurs, the process of
the fund supplementation is repeated from the
beginning.

The diagram of use (Fig. 3) opportunities
describes the functioning of system from the external

Fig. 1. The diagram of systems classes.
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agents’ view that are called the actors within the
process of modelling, but, in fact, they are the users
of the system. The diagram is important, since it
shows the functionality of the system. It shows the
functions performed by the described system or
the object.

Risk management systems could consist of three
sub-systems: Farmers’ Register, System of Payment
Calculation, and Compensation Fund.

Farmers’ Register is necessary for the registration
of all farmers who would like to establish and
supplement the compensation fund with the aim of
self-insurance against several risks and losses. This

system could be implemented as a data base, where
all data about the farmers would be stored.

The System of Payment Calculation could help
calculate the amount of payments to be made in the
compensation fund, as the payment to be made in the
fund is determined on the basis of risk occurrence
probability, taking into consideration the average
income from the particular crop during the last three
years.

The system, called Compensation Fund, could
store all the information regarding the fund, its value
as well as it could register all participants’ payments
and compensatory payments.

Fig. 2. The diagram of systems activities.
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Fig. 3. The diagram of the possibilities to use the system.

Conclusions

The present situation in Latvia does not provide
an opportunity for the population and entrepreneurs
to aggregate the information in the entirety at the
administrative institutions, since the information
is transferred from one institution to another. The
introduction of agricultural risk management system
would provide benefit not only for its user-client
who would receive qualitative service, necessary just
for him. The administration would also benefit as
e-management is an instrument for the fundamental
modernisation of management: the new processes
and services are oriented towards the end-user;
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the existing services and solutions are revised and
adjusted to the new situation or eliminated at all.

The introduction of agricultural and forestry risk
management information system will ensure efficient
system for the compensation for losses caused by
agricultural production risks. It will help determine
the actions of both the state and farmers in case of
emergency.
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Atsaucoties uz Eiropas Kopienas pamatnostadném attieciba uz valsts atbalstu lauksaimniecibas un
mezsaimniecibas nozaré 2007.—2013. gada 5. punkta 131. apakSpunktu, katrai Eiropas Savienibas dalibvalstij
lidz 2010. gadam ir jaievieS lauksaimniecibas risku vadibas sistema. Saskapa ar Lauksaimniecibas un
lauku attistibas likuma 12. panta 1. punktu ,, .. lauksaimniecibas risku vadiba nodrosina efektivu sistému
lauksaimniecibas razosanas risku radito zaud&jumu kompensésanai”. Latvijas lauksaimniecibas risku vadibas
politikas koncepcijas mérkis ir izstradat lauksaimniecibas risku vadibas sistému, kas nakotné paredz&tu noteiktu
rictbu gan no valsts, gan no lauksaimnieku puses arkartas situacijas gadijumos. Raksta analizéta ES valstu
pieredze lauksaimniecibas riska vadibas sistému ievieSana, ka ari pétiti risku vadibas sist€mas iesp&jamie
ievieSanas varianti Latvija. Lauksaimniecibas risku vadibas politikas koncepcijas atbalstams risinajuma variants
paredz atbalstu apdrosinasanas prémiju maksajumiem un kompensacijas fonda izveidei. So risinajumu raksturo
tas, ka tiek nodrosinata valsts pamatatbildiba un Iidzdaliba, izmantojot kompensaciju fondu, kura lidzeklus
veido ikgadgjas valsts un lauksaimnieku iemaksas. Sim risinajuma variantam ir veikta informacijas sistémas
ievieSanas sist€émanalize, lai noskaidrotu riska vadibas politikas TstenoSanai nepiecieSamas informacijas
sistémas integréSanas iespgjas.
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Abstract. Agriculture is subject to the impact of natural risks, which results in annual losses suffered by
agricultural producers. The State, at its own expense, compensates agricultural producers for losses, with the
subsidies amounting to LVL 2.1 million on average. Since 2000, the insurance scheme for insuring risks in
crop farming sector established by the Ministry of Agriculture has provided for subsidizing persons involved in
growing of crops, in the amount of 50% of the insurance premium payments. The necessity of the involvement
of the State in the agricultural risks (systematic risk) management has been historically proven in EU Member
States and other counties. In the European Union, cereal crop risk management is effected on two levels:
governmental emergency funds (ad hoc) and private insurance. The experience of the EU and other countries
shows that the public and private partnerships are possible on both levels and in different proportions as far
as compensated losses are concerned. Procedures and requirements for the formation of emergency funds are
set and defined on the European Union level. This paper is based on monographs of agricultural risk insurance
specialists and EU documents on agricultural risk insurance, such as Commission Regulations, the research
summarizing the experience of Latvia and other countries. These publications do not contain methodological
or other solutions for agricultural risks and their insurance. An important factor of the relevancy of the theme is
the necessity of a special original model for the crop risk insurance service, defining the methods for calculating
coverage, premiums and compensations by using average crop indicators in Latvia’s countryside, when a

systematic database of statistics of crop loss is not available.

Key words: crop risk, insurance service model.

Introduction

Agriculture is subjected to the impact of natural
risks resulting in annual losses suffered by agricultural
producers. The State, at its own expense, compensates
agricultural producers for losses by means of the
subsidies amounting to LVL 2.1 million on average.
Since 2000 the insurance scheme for insuring risks in
the crop-farming sector established by the Ministry of
Agriculture has provided for the subsidy of persons
involved in growing of crops in the amount of 50%
of the insurance premium payments. However, there
is no express demand for cereal crop insurance
services, since losses are compensated for from the
state funds without any obligation or financial input
on the farmers’ part. Moreover, there is no supply of
cereal crop insurance services on the part of insurance
companies.

According to the theory of insurance, agricultural
risks typical of climatic conditions (systematic
risks) are ranged in the group of risks between pure
and speculative risks, which are difficult to insure.
The essence of risk and individual attitude to risk
have been defined by the following authors of risk
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management theory (Williams, Smith, Young, 1998;
Jaunzems, Vasermanis, 2001; Graudina, 2002, 2003;
Rejda, 2003; Willet, 1951; Tversky, Kahneman,
1992; 3y6er, 2001; Machina, Schmeidler, 1992).
The necessity of the State involvement in the
systematic risk management has been historically
proven in the EU member states and other countries.
In the European Union, cereal crop risk
management is effected on two levels: governmental
emergency funds (ad hoc) and private insurance.
The experience of the EU and other countries shows
that public and private partnerships are possible on
both levels and in different proportions as far as
compensated losses are concerned. Procedures and
requirements for the formation of emergency funds
are set and defined on the European Union level.
This paper is based on monographs of agricultural
risk insurance specialists and the EU documents on
agricultural risk insurance, such as Commission
Regulations (EC) No. 1/2004, and No. 1857/2006
and amendments to the Commission Regulation
(EC) No. 70/2001 as well as on the research
summarizing the experience of other countries
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(Ray, 1998; Meuwissen, Huirne, Hardaker, Black,
Hanf, Skees, 1999; Williams, Smith, Young, 1998;
Skipper, 1998; Harrington, Niehaus, 2003; Rejda,
2003; Graudina, Jansons, 2006; Manitoba Crop
Insurance..., 2005). The results of extensive research
regarding agricultural risks and possibilities for their
management have been recently published in Latvia
(Pelane, 2001; gl,(eptere, 2003; Ercmane, 2003, 2004;
Arhipova, Arhipovs, 2005; Merkurjevs, Bardacenko,
Arhipova, Rudusa, 2004; Rivza, gpogis, 2005;
Turka, Mihejeva, Bankina, Bimsteina, 2005; Spogis,
Radzele, Jance, 2005; Bardacenko, Merkurjevs,
Rudusa, Solomenikova, 2005; gpogis, Dobele, 2005;
Rivza, Rivza, Santere, 2007; RuZa, Solomenikova,
Merkurjevs, 2007). However, these publications do
not contain methodological or other solutions for
agricultural risks and their insurance.

An important factor of the relevancy of the theme
is the necessity of a special original model for the
crop risk insurance service, defining the methods for
calculating coverage, premiums and compensations by
using average crop indicators in Latvia’s agriculture,
when a systematic database of statistics of crop loss
is not available.

Novelty of research: model of insurance service
for the needs of Latvia cereal crop insurance
development when a systematic database of statistics
of crop loss is not available.

The research methods envisaged for solving the
set tasks: the monographic descriptive method as well
as the methods of analysis and synthesis are widely
used in the paper to study the problem elements and
synthesize coherencies; scientific induction method
is used for summarizing individual facts in general
statements and coherencies; deduction method is used
for theoretical explanations and logical synthesis of
the empirical study; the dynamic analysis method,
data grouping method, constructive calculation
method and statistical-graphical method are used
for the analysis of statistical data; in the event that
statistically significant data regarding the insurance
product creation process are not available, actuarial
mathematics elements are applied, using the insurance
premium calculation method of the US Federal Crop
Insurance Corporation (FCIC):

1) the size of the insurance coverage in cereal crop
insurance is calculated:

> (D

where (Ray, 1998; Manitoba crop insurance ..., 2005)

Crop,,, — the average cereal crop yield in
20002004 in the country, according to
categories, t ha;
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Price — the assumed average cereal price
LVL 66.90 t! in the country in total
and according to categories; it is
constant in all examples offered
LVL;

2) theexpected value is calculated using the folloving
formula (Pettere, Voronova, 2004; Skipper,
1998):

EV:Z:pixi > (2

where
4gi99,

p, — probability of the occurrance of event

x, —amount of losses; in cereal crop insurance
X, — probability of any possible yield loss p;;

3) actuary insurance premium should completely
cover the potential loss (Pettere, Voronova, 2004;
Skipper, 1998):

P=2, 3)

where
P — insurance premium;

Z — potential loss;

4) loss arrays x; are created separately for each
category and calculated using the formula (Ray,
1998):

; “)

where
x, — potential loss;

5) the indicators of cereal crop yield loss calculated
for every unit characterising risks are used when
calculating the probability of the occurrence of
yield loss p, (Ray, 1998):

Probability p; = NIIT ; ©)

where

NIUSS — 1s the number of events when loss X,
occurs;

N — is the number of units characterising
insured risks in all categories;

6) to calculate the actuarial premium per hectare for

Category 1, we use the criterion of statistical
indicator of “expected value”:
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7) assuming that loss records are precise, we can
calculate the actuary calculation using the
following equation (Ray, 1998; Manitoba crop
insurance..., 2005):

Results and Discussion

Insurance Market in Latvia between 1992
and 2006. In the mid 1990’s, further stabilization
of Latvia’s insurance market was promoted due to
the implementation of the European Union legal
framework, thus improving the supervision and
legislation system of the insurance market. In 1994,
life insurance commercial activities were separated
from non-life insurance commercial activities.

Article 12 of the Law *““On Insurance Companies
and Supervision” sets forth which types of insurance
in Latvia issue 19 sector licences (ApdrosinaSanas
sabiedribu ..., 1998).

Cereal crop insurance product/service is included
in the subdivision of movable property insurance
of property insurance (Fig. 1). Agricultural risks,
particularly grain cultivation risks, are a specific
phenomenon in the group of risks. In the aggregate of
risks, grain cultivation risks are placed between the
“pure” risks, i.e., completely independent, mutually
uncorrelated risks, such as those related to property
insurance, vehicle insurance, health insurance and
“speculative”, i.e., systematic, dependent, mutually
correlated risks, such as risks characteristic of the
market of contracts on future financial transactions
(Pettere, Voronova, 2004; Crop insurance ...,
2009).

Several objects of potential loss with risks
pertaining thereto are characteristic of agricultural
sector — risks typical of insurance object of loss of
a private person: injuries, diseases, death, risks
typical of property insurance object: fire, storm,
flood, theft, burglary (Ipasuma apdro$inasanas ...,
2005; Homeowners Insurance, 2009). Risks typical

of insurance object of loss of yield
(crop yield and livestock): natural
risks, damage by third persons,
plant diseases (Lauksaimniecibas risku ..., 2002).
Risks typical of insurance object of loss of price:
fluctuations of sales prices, fluctuations of purchase
prices. Risks typical
of insurance object
of institutional
(political) loss: legislative changes in the country,
legislative changes in the EU (priorities in agricultural
policy).

Risks typical of insurance object of financial
loss: changes in credit interest rates, loan or credit
management, financial solvency (JakuSonoka, 2005;
Risk Management Tools ..., 2001; Income Insurance
.y 1999).

The author of the paper analyses specific grain
cultivation insurance risks.

Experience of cereal crop insurance in other
countries and in Latvia. In the European Union,
cereal crop risk management is effected on two levels:
public/governmental — special funds compensating
for loss (ad hoc payments) with the average annual
amount of compensations paid being EUR 904.3
million. The risks most often compensated for are:
drought, frost and flood. Private insurance where the
risks most often compensated for are as follows: hail
and fire, with the average total amount of compensations
paid being EUR 1061.0 million: insurance premiums
are subsidised by the State.

Every EU country has risk management systems
of governmental level as well as risk management
systems of private insurance, which are established
in each country depending on economic or historical
traditions of agricultural risk insurance, such insurance
against hail or fire risks, and compensation for loss is
defined by the law.

1. In Ttaly, Spain, Austria, Portugal, Greece
and Sweden, the government does not compensate for
loss from special public funds if a relevant insurance
service is available for the risk having caused the loss.
In other EU countries, including Latvia, the law does
not provide for restrictions regarding compensation

;<6)‘

-(7)‘

Fig. 1. Place of cereal crop insurance product/service in the package of non-life insurance services.

LLU Raksti 22 (317), 2009; 77-88

79



A. Graudina

Insurance Problems and Prospects in Latvian Agriculture

for loss.The largest compensations for loss from
special public funds are in France (1996-2005),
with compensations from public funds amounting to
EUR 155.6 million per year. Only EUR 5.0 million
comes from private insurance as compensation for
loss in grain cultivation. In Spain (2000-2005),
EUR 3.7 million on average come from public funds
as compensations per year, and EUR 388.3 million
on average come from private insurance, where the
State subsidises 41% of insurance premiums. In
Latvia (2000-2005), annual compensations for loss
in grain cultivation coming from special public funds
amount to EUR 3.2 million on average. The amount
of compensations for loss in private insurance is
not specified. The government of Latvia subsidises
50% of insurance premiums (Agricultural Insurance
Schemes, 2006; Risk Management Tools ..., 2001;
Meuwissen et al., 1999).

2. When the government is involved in support
of private insurance services, private insurance offers
coverage not only for hail and fire risks, but also for
other agricultural risks related to climatic factors.
Spanish private insurance, in close cooperation
with the government of Spain and farmer’s union,
offers insurance coverage for virtually any possible
agricultural risk related to climate. In Austria, France,
Italy and Luxembourg, private insurance of grain
cultivation, in collaboration with the government,
offers insurance coverage not only for hail risk, but
also for other climatic risks with the exception of
drought risk.

In Bulgaria, Poland, the Czech Republic,
Hungary, Portugal, Slovakia, Slovenia, and Sweden,
private insurance offers insurance of hail risk in
grain cultivation as well as insurance coverage of
other risks depending on the insurance policy. In
Belgium, Germany, the Netherlands and England,
private insurance offers insurance of hail risk. The
governments are not involved in subsidisation of
insurance premiums (Agricultural Insurance Schemes,
2006; Risk Management Tools ..., 2001).

3. Insurance premium rates in the EU market
range from 1% in England to 6-8% in Spain, Portugal
and Italy. The main factors affecting rate range in
the EU: risk frequency in time and space, insured
risks (hail, drought) and their number in one policy,
crop sensitivity to natural risks, deductible amount,
number of insured households,

4.  Deductible amount in insurance in the EU
market ranges from 0% to 40% or more. Factors
affecting the deductible amount: the bigger risk
frequency in time and space, the higher deductible %,
may appear as an individual approach to each separate
farming household —the higher the deductible amount,
the lower the insurance premium, new insurance
product — bigger deductible amount (Agricultural
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Insurance Schemes, 2006; Risk Management Tools
..., 2001).

On 25 April 2002, on behalf of the European
Community, the Kyoto Protocol to the United
Nations Framework Convention on Climate Change
and the joint fulfilment of commitments there under
the Council Decision (2002/358/EC) was passed
concerning the approval. This attention should be
brought to the so-called “green box’’, which describes
the United Nations guidelines regarding subsidies for
agriculture (Padomes 2002. gada 25. aprila 1émums
(2002/358/EK) ..., 2006).

In the “Communication from the Commission
to the Council on risk and crisis management in
agriculture’’, European Community Commission
(2005) suggests that the potential of three options
should be assessed, from the point of view of
individually or jointly, completely or partially
replacing Community and Member States’ ad
hoc emergency measures (Komisijas pazinojums
Padomei ..., 2005): Option 1: Insurance against
natural disasters — financial participation in
farmers’ premium payments. Insurance provides an
alternative to public ex-post compensation payments
for losses caused by natural disasters at the EU and
national or regional level. Option 2: Mutual fund
support. Mutual funds represent a way of sharing
risk among groups of producers who want to take
their own responsibility for risk management.
Option 3: Providing basic coverage against income
crises. A more general coverage against crises that
result in severe income losses would allow existing
safety net provisions to be further simplified and
improves the balance between different agricultural
sectors.

Apart from the aforementioned three options, the
EU offers creating a public emergency fund in grain
cultivation for the compensation of crop loss and fixed
assets of agricultural production, where in addition to
classical systematic risks also unfavourable weather
conditions are the defined losses. For example, risks
of frost, hail, ice, rain or drought are set equal to
natural disasters as soon as the scope of damage has
reached a specified threshold of normal production.

Commission Regulation (EC) No. 1857/2006 of
15 December 2006 on the application of Articles 87
and 88 of the EC Treaty to State aid for small and
medium-sized enterprises active in the production of
agricultural products and amending Regulation (EC)
No 70/2001. The Regulation allows Member-States
to award different kind of State aid without prior
permission of the Commission (Komisijas Regula
(EK) Nr. 1857/2006 ..., 2007). The Community
guidelines for state aid in the agriculture and forestry
sector 2007 to 2013 (2006/C 319/01) (Kopienas
pamatnostadnes ..., 2000).
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The information defines the level of State
responsibility in the agricultural sector on the whole,
including primary producers:

1) Section V of the document discusses issues
related to risk and crisis management;

2) the common minimum threshold of damages is
30% of normal production for all areas; farmers
always cover part of the losses; therefore, when
creating a service, deductible amount should be
applied;

3) compensation is not applicable if there is no
insurance.

The management of demand and supply of
agricultural risk insurance service in grain cultivation
in Latvia, similar to other world and the EU
countries, is effected on two levels. Public insurance
— compensation for loss related to agricultural risks
from the national budget, with total compensations
paid in the period between 2000 and 2005 amounting
to LVL 12.3 million (Table 1). The risks most
often compensated for are: drought, frost and flood
(Koncepcija “Parlauksaimniecibas ...”,2006). Private
insurance — where aid for agricultural risk insurance in
the form of subsidies has been determined every year
since 2000 (Table 2). The Cabinet defines the annual
amount of state aid for each supported programme of
agricultural subsidies within a month from the date
of passing the annual law on the national budget. The
Minister for Agriculture sets forth the procedure for

receiving such aid (Lauksaimniecibas un lauku ...,
2004).

During these years, the State has compensated
the farmers for 50-70% of the amount of premium
determined by the insurance company. For example,
premiums for crops have ranged from LVL 5 to LVL
10 hal. The regulations on subsidies have not been
changed essentially during these years. In 2005,
the aid for farmers was set forth under the Cabinet
Regulations No. 70 *““Regulations on State Aid for
Agriculture in 2005 and the Procedure of Allocation’’
which were issued pursuant to Parts 4 and 6, Section 5
of'the Law “On Agriculture and Rural Development’’
(Noteikumi par valsts atbalstu ..., 2005).

The concept “On Agricultural Risk Management
Policy in Latvia’ developed by the Ministry of
Agriculture in 2007 offers the following solutions:
variant 1: Aid only for private insurance premium
payments, variant2: Aid for private insurance premium
payments and establishment of compensation funds,
variant 3: State aid for loss caused by unfavourable
climatic conditions and for insurance premium
payments (Koncepcija ““Par lauksaimniecibas risku
...77,2007).

These solutions reflect the potential administrative
models; however, in order to create an actuarially
reasonable insurance fund, it is necessary to define
the following irrespective of the administrative
model — the object of insurance and insurable

Table 1
Compensations for loss caused by climatic fluctuations
paid from the state funds in Latvia between 2000 and 2005, LVL
Ref. - Compensations for loss caused 5 5001 2002 2003 2004 2005  Total
No. by climatic fluctuations
1  Loss caused by frost 0.63 0.63
2 Loss caused by floods 0.09 0.09
3 Loss caused by dryness 5.90 5.90
4 Loss caused by excessive rainfall 5.00 5.00
5  Damage due to frost 0.22 0.22
6  Loss of livestock due to midge bites 0.44 0.44
and loss caused by floods
Total: 0.63  0.093 5.90 5.00 0.22 0.44 12.28
Table 2

Number of households—recipients of insurance premium subsidies in grain cultivation and
livestock breeding in Latvia between 2002 and 2005 (units)

Ref. _ Numberof 2002 2003 2004 2005
No. recipients of subsidies
1  Grain cultivation 41 2 0 no data
2 Livestock breeding no data no data no data 138
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risks, insurance coverage and deductible, method
of premium calculation if historical data are not
available, loss record keeping system and method of
claim calculation.

Model of insurance service for cereal crop yield.
The choice of administration of the insurance scheme
determines the nature of insurance, for instance,
personal insurance, state insurance — public sector,
combined insurance — private and public sectors.

The combined model of administrative insurance
is the optimum choice for systematic risk management
from both a theoretical and practical point of view.
Communication between participants of the insurance
scheme is formed (Fig. 2) (Collin, Hansson, 2000).

Insurance legal base determines the nature of
insurance: optional personal insurance, mandatory
service of optional insurance (such as OCTA -
Mandatory insurance of civil liability of vehicle
owners in Latvian insurance market), mandatory
state level insurance, and mandatory municipal
insurance.

Risk management capacity is affected by the
number of units characterising risk — the bigger
the number of units characterising risk (farming
households), the bigger risk management capacity.

The following steps to be taken to ensure the
biggest possible risk management capacity: to set
forth by the law mandatory crop insurance service,
to set administratively a long-term insurance contract
for cereal crop insurance service, for example, for 5
years.

The risks affecting the potential loss of cereal
crop yield: risks caused by natural disasters: drought,
hot wind, excessive humidity, storms, frost, flood,
earthquake, and landslide, other risks: plant diseases
and pests, damage caused by animals, risks related to
damage by third persons. The elements describing the
administration of cereal crop insurance: property right
to the land under crop (the owner’s property, joint
property or leased land is managed); classification of
areas under cereal crop according to their productivity,
flow data of cereal crop productivity in years: in
households, in regions or in the whole country. The
minimum period for summarizing data is five years;

setting of economically sound insurance coverage;
setting of insurance rate pursuant to the size of the
loss ratio if actual loss indicators are available; if
actual loss indicators are not available, the rate can
be calculated pursuant to the indicators of cereal crop
productivity, alignment methods for the potential
consequences of moral hazards and asymmetrical
market, such as deductible; cereal crop insurance
compensation.

Setting stages of the insurance service, the basic
administration element of cereal crop insurance:

1) insurance coverage assessment;

2) insurance rate calculation and insurance premium
determination;

3) loss identification and compensation (Blends,
1995; Skipper, 1998).

Calculations of cereal crop insurance service are
based on the data regarding the average cereal crop
productivity in the country in total between 2000
and 2004. The data are classified into three relevant
categories.

Category | characterises areas of the country
with the lowest average cereal crop yield during
the last five years against the total cereal crop yield
indicator in the whole country (1.68 t ha'). Category
1 represents 467 80 households with the total area of
151 724 ha.

Category 2 characterises areas of the country with
the medium-sized average cereal crop yield during
the last five years against the total cereal crop yield
indicator in the whole country (2.20 t ha!). Category
2 represents 4 735 households with the total area of
210 024 ha.

Category 3 characterises areas of the country with
the highest average cereal crop yield during the last
five years against the total cereal crop yield indicator in
the whole country (3.16 t ha'). Category 3 represents
220 households with the total area of 74 900 ha
(Lauku saimniecibas Latvija ..., 2005). In insurance,
property insurance coverage and potential loss scope
are defined before the occurrence of the insured risk.
In case of cereal crop insurance, the potential loss
and insurance coverage can be established only at the
time of harvesting.

Fig. 2. Communication between the public and private sectors in creation of insurance schemes.
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To reduce the impact of adverse selection and
moral hazard on the insurance market, we will use
the classical insurance mechanism for alignment of
adverse selection and moral hazard: deductible where
the amount of deduction is fixed, coinsurance where
a set percentage is fixed. The size of the insurance
coverage in cereal crop insurance is calculated
depending on the indicators of the average cereal
crop yield in a year, during a period of at least five
years, unless significant loss of cereal crop yield
has occurred within these five years (formula 1).
Insurance coverage amount for instance, if insurance
coverage is 100%, borders of categories differ by
LVL 99.34 ha'l; if insurance coverage is 90%, borders
of categories differ by LVL 89.41 ha; if insurance
coverage is 80%, borders of categories differ by LVL
79.41 ha (Table 3) (Lauku saimniecibas Latvija ...,
2001, 2002, 2004, 2005).

The statistical equation of “’expected value’’
formula (2), on which the insurance premium
calculation is based, can be simplified according to
the classical insurance theory stating that the actuary
insurance premium should completely cover the
potential loss formula (3).

We will use the formula (4) for estimation of
the premium, calculating insurance compensations
paid (potential loss) x,and probability p,, with which
such losses may occur. Loss arrays x; are created
separately for each category and calculated using
the formula (4).

To calculate potential loss x; we calculate the
average yield in the regions for the period of five

years, observing the classification of the regions
into categories, apply the calculated average yield
to the relevant insurance coverage of 80%, 90% and
100%, observing the classification of the regions into
categories (Table 4) (Lauku saimniecibas Latvija
..., 2001, 2002, 2004, 2005; Graudina, Jansons
2006; Ray, 1998). We calculate the average yield
loss of each year, observing the classification of
the regions into categories and coverage types. For
example, flow data of the average yield of Category
1 for units characterising risks and the average cereal
crop yield with the insurance coverage of 80% are
1.34 t hat. We define the units characterising risks
(regions) where the average cereal crop yield is lower
than the set cereal crop yield, i.e., lower than 1.34 t
hal. The average level of cereal crop yield of units
characterising risks of Category 1 is lower than the
set cereal crop yield level, i.e., 1.34 t halin nine
regions. Pursuant to these indicators, we establish the
average scope of loss of the average cereal crop yield
of Category 1, if the level of loss is below the average
indicator for the loss 1.34 t ha® (Table 4) (Lauku
saimniecibas Latvija ..., 2001, 2002, 2004, 2005;
Graudina, Jansons, 2006; Ray, 1998). We calculate
the potential average cereal crop loss x, for insurance
coverage of 80%, 90% and 100%, according to
categories (Table 4) (Lauku saimniecibas Latvija ...,
2001, 2002, 2004, 2005; Graudina, Jansons, 2006;
Ray, 1998).

The lowest cereal crop losses are for the units
characterising risks of Category 3 with the insurance
coverage of 80%. The highest cereal crop losses are

Table 3
Insurance coverage amount by categories if insurance coverage is 80%, 90%, and 100%
Category Average crop Insurance Insurance Insurance
Ref. yield, coverage 80%, coverage 90%, coverage 100%,
No tha? LVL ha' LVL ha? LVL ha?
1 1.68 89.65 100.85 112.06
2 2.20 117.13 132.22 146.91
3 3.16 169.12 190.26 211.40
Table 4

Average dynamic cereal crop yield loss by categories for all units characterizing risks in Latvia
between 2000 and 2004 with the insurance coverage of 80%, 90%, and 100% (t ha™)

Average

80% Crop 90% Crop 100%
Category crop Crop loss
. coverage loss coverage loss coverage
yield
Category 1 1.68 1.64 0.024 1.51 0.055 1.68 0.104
Category 2 2.20 1.75 0.007 1.98 0.042 2.20 0.142
Category 3 3.16 2.53 0.000 2.84 0.010 3.16 0.113
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for the units characterising risks of Category 2 with
insurance coverage of 100%. We create a joint base
of indicators of the average dynamic cereal crop yield
loss according to categories for all units characterising
risks with the insurance coverage of 80%, 90%,
100% (t ha') (Table 4) (Lauku saimniecibas Latvija
..., 2001, 2002, 2004, 2005; Graudina, Jansons, 2006;
Ray, 1998).

The indicators of cereal crop yield loss calculated
for every unit characterising risks (Table 4) (Lauku
saimniecibas Latvija ..., 2001, 2002, 2004, 2005;
Graudina, Jansons, 2006; Ray, 1998) are used when
calculating the probability of the occurrence of yield
loss p, (formula 5).

For each category we calculate the average
loss from the probability of loss. To determine the
average arithmetic value for the yield every year, the
annual assessment of probability of loss should be
made, for instance: value 0.1385 is the assessment of
probability where in 13.85% of cases a loss of 0.024
tha? occurs.

Loss for Category 1 (the first group of households)
with the average cereal crop yield of 1.68 t hatis 0.024
t hal. To calculate the actuarial premium per hectare

for Category 1, we use the criterion of statistical
indicator of “expected value’’ (formula 6). It means
that the actuarial premium of cereal crop yield for
Category 1 with the insurance coverage of 80% is
LVL 0.22 ha (Table 5) (Lauku saimniecibas Latvija
..., 2001, 2002, 2004, 2005; Graudina, Jansons, 2006;
Ray, 1998). For the actuarial cereal crop insurance
premium according to categories with the insurance
coverage of 80%, 90%, 100% calculated for three
categories.

Applying the insurance coverage of 80%, 90%
and 100% for the calculations of cereal crop insurance
premiums, we obtain the following results: cereal
crop insurance premium with the insurance coverage
of 80% for Category 1 is LVL 0.233 ha, and cereal
crop insurance premium with the insurance coverage
of 100% is LVL 2.783 ha?. The amount of loss
according to categories (Fig. 3) (Lauku saimniecibas
Latvija ..., 2001, 2002, 2004, 2005; Graudipa,
Jansons, 2006; Ray, 1998) varies depending on
the insurance coverage and average indicators of
cereal crop yield. We may conclude that Category
2 is the category most exposed to risk, i.e., farming
households with medium-sized areas under cereal

Table 5

Actuarial cereal crop insurance premium, LVL ha’', by categories
with the insurance coverage of 80%, 90%, and 100%

Actuarial cereal crop
insurance premium,
LVL ha, with insurance

Insurance coverage
according to

Actuarial cereal crop
insurance premium,
LVL ha?, with insurance

Actuarial cereal crop
insurance premium,
LVL ha, with insurance

categories coverage of 80% coverage of 90% coverage of 100%
Category 1 0.223 0.849 2.783
Category 2 0.026 0.868 6.222
Category 3 0.000 0.134 3.779
Actuarial cereal
crop insurance 0.201 0.843 3.104

premium, LVL ha*

Fig. 3. Average cereal crop yield loss in LVL by categories in Latvia
between 2000 and 2004 with the insurance coverage of 80%, 90%, and 100%.
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Table 6

Average indicators of compensation for cereal crop yield loss in
Latvia between 2000 and 2004, LVL ha™!

Insurance coverage

according to categories 80% coverage

Insurance compensation

90% coverage 100% coverage

Category 1 8.69 10.09 11.20
Category 2 11.77 13.21 14.69
Category 3 16.93 19.03 21.14
Average insurance 12.46 14.11 15.68

compensation for yield loss

crop and medium-sized cereal crop productivity, as
cereal crop productivity is affected not only by climate
conditions, but also intellectual, social, economic,
disposition, professional, commercial, financial,
crediting, investment and other risks. Potentially,
it is a group

of producers

who would be

most willing to purchase insurance. If the insurance
coverage of cereal crop of the cereal producers of this
category is 90%, the actuarial cereal crop insurance
premium is LVL 0.868 ha® (Table 5) (Lauku
saimniecibas Latvija ..., 2001, 2002, 2004, 2005;
Graudina, Jansons, 2006; Ray, 1998). The result is
dramatically different if the insurance coverage is
100%. In this case, the actuarial insurance premium
for Category 2 is LVL 6.222 ha. When creating
an insurance service, it is necessary to offer such a
service with various amount of insurance coverage:
100%, 95%, 90%, 85%, 80% depending on the level of
cereal crop yield. Pursuant to the calculated example,
the most profitable insurance coverage is 90%, where
the actuarial insurance premium for cereal crop is:

— Category 1: LVL 0.849 hal;

— Category 2: LVL 0.868 ha;

— Category 3: LVL 0.134 ha.

The dramatic differences of the calculated
insurance premiums according to categories can be
mainly explained by the fact that 10% of crop loss
occurs much rarer in households with high cereal crop
productivity than in households where the average
cereal crop productivity is lower.

The actuarial insurance premium for cereal crop of
Category 3 with the coverage of 100% is 3.779 which
is 28 times bigger (Table 5) (Lauku saimniecibas
Latvija .., 2001, 2002, 2004, 2005; Graudina,
Jansons, 2006; Ray, 1998) than the actuarial insurance
premium for cereal crop with the insurance coverage
of 90%.

The most difficult task is to determine the actual
loss, as there exist many factors affecting yield
loss in nature that are not discussed and analysed
in the present paper. Assuming that loss records
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are precise, we can calculate the actual calculation
using the following equation (formula 7). Let us
assume that the actual cereal crop yield is by 10%
smaller than the average cereal crop yield in all
categories with the insurance coverage of 80% is

In this case the scope of compensation for
cereal crop yield loss within Category 1 is equal
to LVL 8.69 ha?, if insurance coverage is 80%
(Table 6) (Lauku saimniecibas Latvija ..., 2001,
2002, 2004, 2005; Graudina, Jansons, 2006; Ray,
1998).

Conclusions

1. Latvia’s insurance market 1is developing
pursuant to EU legislation and according to
historical experience and regularities of EU
Member States and other countries. The general
development trends of the insurance market
are positive — the insurance market size is
increasing.

2. In the European Union, cereal crop risk
management is effected on two levels:
governmental emergency funds (ad hoc) and
private insurance. The experience of the EU and
other countries shows that the public and private
partnerships is possible on both levels and in
different proportions as far as compensated
losses are concerned.

3. In Latvia, risk management related to cereal
crop yield is effected on two levels: on public
level by compensating for loss from the national
budget and subsidizing insurance premiums and
on the level of the so far underdeveloped private
insurance.

4. Mathematical model of crop insurance service
has been developed establishing:

1) method of calculating the insurance
coverage;
2) method of calculating the insurance
premium;
85



A. Graudina

Insurance Problems and Prospects in Latvian Agriculture

3) method of calculating the insurance
compensation in a situation in Latvia’s
countryside when a systematic database of
statistics of crop loss is not available.

The amount of loss according to categories varies
depending on the insurance coverage and average
indicators of cereal crop yield. The optimum level
of deductible is 10%, with the insurance coverage
of 90%, where the actuarial insurance premium for
cereal crop is:

1) Category 1: LVL 0.849 ha';

2) Category 2: LVL 0.868 ha';

3) Category 3: LVL 0.134 ha.

The actuarial insurance premium for cereal crop
of Category 3 with the coverage of 100% is 3.779,
which is 28 times bigger than the actuarial insurance
premium for cereal crop with the insurance coverage
of 90%. Representatives of Category 2 are most
exposed to risk. This is a group of producers, who
would be most willing to purchase insurance. If
the insurance coverage of cereal crop of the cereal
producers of this category is 90%, the actuarial cereal
crop insurance premium is 0.868 LVL ha™. The result
is dramatically different if the insurance coverage is
100%. In this case, the actuarial insurance premium
for Category 2 is 6.222 LVL ha™.
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Anotacija

Lauksaimnieciska razosana paklauta dabas risku iectekmei, ka rezultata katru gadu lauksaimniecibas produkcijas
razotaji cie$ zaud€jumus. Valsts no saviem lidzekliem lauksaimniecibas produkcijas razotajiem subsidijas
atlidzina zaudgjumus vid&ji gada 2.1 milj. latu apmeéra. Kops 2000. gada valsts Zemkopibas ministrijas
iedibinatas augkopibas nozaru riska apdrosinasanas sh&mas ietvaros subsidé personas, kuras nodarbojas ar
kultGiraugu audzésanu, 50% apméra no apdrosinasanas prémijas izmaksam. Tacu nav izteikta pieprasijuma
pec graudaugu apdrosinasanas pakalpojuma, jo zaud&jumi tieck kompenséti no valsts lidzekliem bez jebkadam
saistibam un iemaksam no zemnicku puses un nav ari graudaugu s€jumu apdroSinasanas pakalpojuma
piedavajuma no apdroSinasanas sabiedribu puses. Lauksaimnieciskas razoSanas (sistematisko) risku vadiba
valsts I1dzdalibas nepieciesamiba vesturiski apstiprinajusies gan ES dalibvalstis, gan arT citas valstis. Eiropas
Savieniba graudaugu razas risku vadiba notiek divos Iimenos: valdibas arkartas fondi (ad hoc) un privata
apdrosinasana. ES un citu valstu pieredze rada, ka valsts un privata sadarbiba iespgjama abos Itmenos un dazadas
proporcijas attieciba uz atlidzinatiem zaudgjumiem. Eiropas Savienibas ITmen1 ir noteiktas konsekvences un
izteiktas prasibas valdibas arkartas fondu veidoSanai.

Lauksaimniecibas risku apdrosinaSanas problému risindjumus piedava Eiropas Komisijas regulas. [zmantoti
arT Latvijas un citu valstu ped&jo gadu lauksaimniecibas risku vadibas pieredzes pétijumu publicéto materialu
rezultati. Tacu Sajas publikacijas nav atrodami lauksaimniecibas risku un to apdroSinasanas metodiskie vai
citadi risinajumi. P&tljuma aktualitate saistita ar to, ka nav pieejama razas zaudgjumu sistematiska statistikas
datu baze, lidz ar to ir izveidots nepiecieSamais jaunais modelis razas risku apdro$inasanas pakalpojumam.
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Hordein Diversity in Spring Barley Genotypes
Related to Crude Protein Content
Hordeina daudzveidibas izvértéjums
vasaras mieZu genotipiem saistiba ar kopproteina saturu graudos

Mara Bleidere, I1ze Grunte
State Stende Cereal Breeding Institute
Valsts Stendes Graudaugu selekcijas institiits
email: Maara.Bleidere@stendeselekcija.lv

Abstract. The aim of the study was to assess the diversity of hordein banding patterns in different spring
barley genotypes (covered, hulless, two-row, and six-row) and to identify the relation of hordein patterns
and hordein polypeptide bands with total protein content. The study was carried out at the State Stende
Cereal Breeding Institute from 2004 to 2006. On the basis of sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), 5 D hordein, 16 C hordein, and 28 B hordein banding patterns were detected.
In total, 26 hordein polypeptide bands were recognized. Cluster analysis based on hordein patterns classified
spring barley genotypes into three groups, and two of them significantly differed in crude protein content.
Association was found between definite hordein patterns and crude protein content. There were found five
covered varieties with identical hordein banding patterns but with varied crude protein content (111.9 to 154.3
g kg1). The patterns for these genotypes were distinctly different in the intensity and density of the color of
hordein polypeptide bands, especially in C hordein. Among all the genotypes screened, 10 hordein polypeptide

bands revealed significance in identifying of genotypes with definite crude protein.
Key words: Hordeum vulgare, electrophoresis, hordein diversity, crude protein.

Introduction

The research on new resources of variability
and a better knowledge of genetic diversity existing
within the available material is of particular interest
in different types of barley.

Usually about 40% of the total nitrogen of mature
grain is present in the storage protein fraction, termed
hordein (Shewry, 1995). In barley, this alcohols-
soluble protein, or prolamin, is of poor nutritional
quality, notably deficient in the essential amino acid
lysine, and is responsible for the poor quality of the
whole grain when used as a diet for monogastric
animals (Molina-Cano et al., 2000).

Hordein can be classified into three groups of
polypeptides called B, C, and D hordeins based on
their electrophoretic mobility (Shewry, Tatham,
1990). The B and C fractions account for 70-80%
and 10-12%, respectively, of the total hordein, while
the D fractions are a minor component (about 5%).
Each group of hordein is synthesized from a family
of structural genes. These different hordeins differ
in molecular weight and amino acid composition
(Shewry, 1995). The major B hordeins and C
hordeins are encoded by the multigenic loci Hor2
and Horl, respectively, both located on the short arm
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of chromosome 5. The D hordein is characterized by
high glycine, proline and glutamine content. Their
synthesis is encoded by the Hor3 locus located on
the long arm of chromosome 5 (Shewry, Tatham,
1990).

The regulation of grain storage protein synthesis is
available for study because these proteins are generally
specific to endosperm tissues, the expression of their
genes is developmentally regulated, and the proteins
have been extensively characterized. Hordeins are
largely tolerant to mutations and are selected neutrally.
Hordeins show high intergenotypic variation and
have been used as a genetic marker (Shewry, 1995).

Any complete study of protein will require
methods for protein separation. Diversity in the
hordein family has made the analysis of these fractions
very useful in evolutionary studies (Yin et al., 2003),
for variety identification, and for analyzing the
genetic diversity in collections (Shewry et al., 1978).
Among biochemical techniques, sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) is a system which is most widely used for
separating proteins and for studying the biochemistry
and genetics of hordein to describe genetic structure
of crop germplazm. This diversity can be explained
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through differences within the B and C hordeins
that occur between varieties, as well as grain protein
levels and environments (Molina-Cano et al., 2001).
SDS-PAGE of hordein has been used to characterize
covered barley varieties from Brazil (Echart-Almeida,
Cavali-Molina, 2000), Tibet (Yin et al., 2003),
United Kingdom (Shewry et al., 1978), Yugoslavia
(Radovic, Vapa, 1996), and Lithuania (Leistrumaite,
Paplauskiene, 2007). Hordein polymorphism in
relation to agromorphological traits was also analyzed
for hulless barley collection (Atanassov et al., 2001).
In these studies several hordein patterns have been
fractionated.

Great effort has been made to clarify the
relationship between hordein fractions and malting
quality (Shewry et al., 1980; Riggs et al., 1983).
Peltonen et al. (1994) studied the effect of B, C,
and D hordeins on malting quality of northern
European barleys and found that the B fraction
had some effect on malting quality through
changing adjusting diastatic power. Molina-Cano
et al. (2000) suggested that both B hordeins and
B-glucans were relevant to water uptake. The B and
C hordeins have been shown to be associated also
with milling energy where increase in C hordein
along with a decrease in B-glucan corresponded to
a decrease in milling energy, which characterizes
such a trait as grain hardness (Molina-Cano et al.,
1995).

In the present study, SDS-PAGE analyses of
hordein polypeptide patterns were used to analyze
genetic diversity of the material of different origin
characterized with a wide range of variability in crude

protein content. The aim of the study is to assess the
diversity of hordein banding patterns in the different
spring barley genotypes and to identify the relation of
hordein patterns and hordein polypeptide bands with
total protein content.

Materials and Methods

There were chosen 52 barley genotypes that
represent a broad range of germplazm (two-row, six-
row, covered, and hulless) of different origin. Thirty-
eight genotypes of covered spring barley, from which
28 with two-row and 10 with six-row ear types, and
15 hulless genotypes were used in this study. Only
two-row hulless genotypes were included in this
investigation (Table 1).

The barley genotypes were grown at the State
Stende Cereal Breeding Institute from 2004 to 2006.
The soil at the site was sod-podzolic sandy loam,
humus content — 12-15 mg kg?, soil pH — 6.0-6.7,
pre-crop — potatoes, content of available phosphorus
P,0,-201-215 mg kg*, and available potassium K,O
—124-147 mg kg*. Plot size was 2 m?, two replicates,
seeding rate — 400 germinated seeds per m?. The plots
were fertilized with N P, K. + S, kg ha™.

Crude protein content (N X 6.25) was determined
by the Kjeldahl method (LVS 277/Latvian State
Standard). According to results of the previous
investigation, all types of barley genotypes included
in this study cover a wide range of variation in
crude protein content (Bleidere, Grunte, 2008).
Analysis of variance suggested that crude protein in
this material was more strongly (p<0.01) affected

Table 1

Spring barley genotypes used in the study

Barley type n Country of origin: No. of genotype
Latvia: (1)’Abava’, (2)’Ansis’, (3)’Balga’, (4)’Gate’, (5)’Idumeja’,
(6)’Klinta’, (7)’Kristaps’, (8)’Linga’,(9)’Malva’, (10)’Rasa’,(11)’Ruja’,
Two-row (12)’Sencis’; Australi'fi: (13)’Qrimmet’; Austria: (14)’Austrian .early’,
covere d’ 27 (15)’Landsorte Aus Tirol’; Chile: (16)’379°; Denmark: (17)’Lysimax’;
Germany: (18)’Annabell’, (19)’Danuta’, (20)’Hanka’, (21)’Justina’,
(22)’Polygena’; Great Britain: (23)’Century’, (24)’Cork’; Hungary:
(25)’Hatvani 45/25’; Portugal: (26)’Lechtaler’; Sweden: (27)’Primus II’
Latvia: (28)’Druvis’; Bolivia: (29)’Valluno’; Denmark: (30)’Colsess
Six-row, 10 IV’, (31)’July’; FIR Macedonia: (32)’IV/192’; Mexico: (33)’Puebla’,
covered (34)’Zoapila’; Nepal: (35)’B90A’, (36)’RNB-367’; North Korea:
(37)’Chosen’
Latvia: (38)’L 302’; Canada: (39)’CD Candle’, (40)’Gainer’,
(41)’McGwire’; the Czech Republic: (42)’KM 2084’; Guatemala:
Two-row, 15 (43)°2474°, (44)’Clho 7799’; Italy: (45)’Orzo Nudo di Altamura’; Japan:
hulless (46)’Sumire Mochi’, (47)’Wanubet’; Lithuania: (48)’X-4’; Russia:

(49)’C.P.1. 22817’; Sweden: (50)’SW 1291°; Turkistan: (51)°10250’;
USA: (52)’Merlin’
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by the genotype (Bleidere, 2008). Three-year mean
values of crude protein are used in the results of this
investigation.

Hordein analysis for each genotype was done
from the grain harvest of 2006 in two replications.
Barley flour sample for each replication was obtained
by crushing grains from one single ear and sieving
them through a 0.5 mm sieve. Barley hordein was
extracted 1 h at 60 °C by shaking 0.5 g of barley
flour with 1.5 mL of extraction buffer 3 times (55%
(v/v) propan-2-ol, 2% (v/v) B-mercaptoethanol,
1% acetic-acid). After centrifugation (10’
at 14000 rpm), 90 puL of gel-loading buffer
(50 mM Tris x CI (pH 6.8); 100 mM dithiothreitol;
2% SDS; 0.1% bromophenol blue; 10% glycerol)
were added to 10 puL of supernatant. Hordeins
were separated by vertical sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE).
The stacking gel layer contained 5% of acrylamide,
but separating gels contained 10% of acrylamide.
The gels were run for 2 h at a 100 mA constant
current, then fixed in 50% methanol and 12% acetic
acid solution, stained with Coommassie Brilliant
Blue G-250, washed in 17% methanol and 3%
glycerol solution, and photographed by digital
imaging system DigiGenius (Syngene). Apparent
molecular weights of single polypeptide bands of B,
C, and D hordeins were studied by determining their
molecular weight (MW) in kilodaltons (kDa) by
GeneTools gel analysis software (Syngene) according
to marker proteins [-galaktosidase (MW 116.0
kDa), albumin (66.2 kDa), ovalbumin (45.0 kDa),
and lactate dehidrogenase (35.0 kDa) (Fermentas).
The varieties ‘Sulky’, ‘Atem’, ‘Nathalie’, and ‘Iris’
were used as checks that correspond to the patterns
of the D hordeins group. The variety ‘Igri’ was run
as a control in all gels.

The results of SDS-PAGE for D, C, and B
hordeins are shown in diagrammatic manner
(Leistrumaite and Paplauskiene, 2007). The hordein
banding patterns were determined by scoring
the presence and absence of all examined bands.
The bands were numbered according to their

electrophoretic mobility. The scores were given as
1 for the presence, and 0 for the absence of a band.
The presence and absence of bands were entered
in the binary data matrix. The crude protein and
SDS-PAGE data were analyzed for the comparison
of means for quantitative traits using t-test of two
samples assuming unequal variance. By elaborating
a pairwise similarity matrix using the presence
(1) or absence (0) of B, C, and D hordein banding
patterns, the dendrogram was constructed by
cluster analysis obtained from Euclideant distance
and clustered by Neighbor-joining method using
software STATISTICA. Coefficient of variation
(V%) was calculated to characterize the variation in
crude protein for genotypes belonging to a definite
hordein banding pattern.

Results and Discussion

Hordein polypeptides have been separated by
SDS-PAGE in three fractions which were D, C, and
B. Different analysis have indicated that C hordein
can be separated into polypeptides with molecular
weight ranging between 67 and 86 kDa, B hordein
— between 30 and 60 kDa, and D hordein — with
molecular weight of about 105 kDa (Shewry et al.,
1978; Heisel et al., 1986). Electrophoretic data
showed that in this study the molecular weight of
the analyzed polypeptides ranged from 35 to 94 kDa.
Molecular weight for D hordein polypeptides ranged
from 82 to 94 kDa, for C hordein polypeptides —
from 49 to 66 kDa, and for B hordein polypeptides
— from 35 to 46 kDa. Hordein fractions separated
from a range of varieties using SDS-PAGE showed
extensive variation in banding patterns within each
hordein groups.

There were 5 differentbanding patterns consisting
of 4 bands for D hordein group (Fig. 1). In other
studies it was found that the D hordein of European
barley varieties consists of single component of
polypeptide, but two or three components have
been reported in other varieties (Leistrumaite,
Paplauskiene, 2007).

Banding pattern
Band MW,
No. kDa
— N IS < w
o) A A A A
1 94
2 93
3 92
4 82

Fig. 1. Diagrammatic representation of SDS-PAGE patterns of D hordein in spring barley genotypes.
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Distribution of different types of barley genotypes
in each group of D banding patterns is presented in
Table 2. Only three six-row barley genotypes (29)
“Valluno’, (30) ‘Colsess IV’ and (35) ‘RNB-367’ had
banding pattern D1 consisting of a single band with
molecular weight of 82 kDa.

The D hordein pattern 2 formed from two
bands had one covered and three hulless two-row
varieties. Most of the varieties from different types
of barley belong to hordein banding pattern D3.
There were differences in crude protein content
between varieties characterized by different
banding patterns of D hordein. The lowest crude
protein content was for genotypes belonging to the
D hordein banding pattern 4 (131.6 g kg'; V%=4).
The highest average crude protein (160.9 g kg?)
was for genotypes with D5 hordein pattern. To
D1, D2, and D3 patterns belonged varieties with

a wide range of crude protein content, which was
indicated by the coefficient of variation — 13, 23,
and 14%, respectively. Covered two-row genotypes
had 4 bands of D hordein, six-row genotypes had
3 bands, but hulless genotypes — 4 bands of D
hordein.

The C hordein group had more polypeptide
bands and patterns than D hordeins had. There were
determined 16 banding patterns that totally consisted
of 11 bands in the C hordein group for different types
of barley (Fig. 2).

These 16 banding patterns were formed from 2 to
5 bands. In the C hordein group, 10 different bands
and 7 banding patterns were found for 27 covered
two-row varieties, 7 bands and 7 banding patterns
were found for 10 six-row barley genotypes, and
8 different bands and 7 banding patterns — for 15
hulless genotypes (Table 3). Majority of the varieties

Table 2

D hordein patterns in different types of barley genotypes in relation to crude protein content

) Barley genotypes, No. Crude
Banding . o
* covered hulless protein, V, %
pattern covered, two-row . ’ ’ 1
’ SIX-rowW two-row gkg
D1 - - 38;40; 48 154.4 13
D2 17 29; 30; 35 - 151.1 23
152;4;6,7;9; 10; 11; 12; A1 43 44
D3 14; 15; 16; 18; 19; 20; 21; 28;31; 34 195’4,1510";31"?;’ 135.8 14
22;23; 24, 25; 26; 27 T T
D4 3;5;8 - 42; 47 131.6 4
D5 13 32;33; 36; 37 46; 49 160.9 11
* banding pattern according to Fig. 1.
) S Banding pattern
z | 2
ElElg 89 5 83 v e 5 58 2 84 2 2 2 o2 9
c‘a S O @) o o o U LU O LU U O U U U U o
5 66
6 64
7 63
8 62
9 61
10 | 54
11 | 52
12 | 51
14 | 49

Fig. 2. Diagrammatic representation of SDS-PAGE patterns of C hordein in spring barley genotypes.
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from all types of barley were characterized by the C2
and C4 hordein patterns.

Within C hordein, the C2 and C4 hordein patterns
were diverse regarding the protein content which was
demonstrated by the coefficient of variation (11%
and 12%, respectively). Covered two-row genotypes
with a comparatively lower average crude protein
content (114.0 to 121.7 g kg?) belong to C11, C12,
and C13 hordein banding patterns. Other 7 six-row
barley varieties were characterized by different C
hordein banding patterns. Six of them had heightened
protein content (149.3 to 196.2 g kg?). C hordein
patterns C8 and C16 were specific only for particular
hulless genotypes. All hulless genotypes with hordein
patterns C5 and C16 had a comparatively high crude
protein content — with mean values of 166.2 and
164.4 g kg* (coefficient of variation — 3% and 5%,
respectively).

In total, in B hordein group, 28 hordein banding
patternswith 12 polypeptide bands were discriminated.
The tested covered two-row barley genotypes were
found to possess 12 hordein banding patterns formed
from 12 hordein polypeptide bands (Fig. 3, Table 4).

Nine varieties from this type of barley were
characterized by B3 hordein banding pattern. All

these varieties had low crude protein content (mean
value — 122.4 g kg%, coefficient of variation — 5%).
Five covered varieties belonging to B13 hordein
banding pattern were diverse regarding crude protein
content. The rest of covered varieties had different
B hordein banding patterns. For covered six-row and
hulless two-row genotypes there was a wide range
of diversity regarding B hordein banding patterns
that totally differed from each other and also from
the covered two-row ones. There were 10 hordein
banding patterns which consisted of 9 polypeptide
bands found within 15 hulless barley. Only B10
and B24 hordein banding patterns were the same
for two two-row and six-row varieties. This result
shows that barley varieties included in this study and
demonstrating a wide range of variability in crude
protein content had high polymorphism of B hordein
banding patterns.

The results of polymorphism of different barley
genotypes regarding hordein banding patterns are
summarized in a dendrogram (Fig. 4).

There were several genotypes with an identical
hordein banding pattern (linkage distance 0)
eliminating nine similarity groups from 2 to 5
varieties in each group. This was observed not only

Table 3

C hordein patterns in different types of barley genotypes related to crude protein content

) Barley genotypes, No. Crude
Banding .
pattern* covered, cc?vered, hulless, prOtET, V, %
two-row SIX-row two-row gkg
C1 - - 46 173.0 -
C2 1;6;13; 14; 17; 25 29;31; 34 47 49; 50 142.7 11
C3 - 32;35 - 150.7 12
3;8;9;11; 16; 18; 21;
C4 23:26: 27 - 40; 42 130.1 12
C5 15 - 38; 45; 48 166.2 3
C6 - 37 - 155.1 -
Cc7 - 36 - 196.2 -
C8 - - 39; 41 127.9 5
c9 24 - 52 123.4 8
C10 - 30 - 151.9 -
C11 2;4;12;20 - - 121.7 4
Cl12 5;19 - - 132.7 -
C13 22 28 - 114.3 3
Cl4 - 33 - 149.3 -
Cl5 7; 10 - - 120.2 4
Cl6 - - 43; 44; 51 164.4 5

*banding pattern according to Fig. 2.

LLU Raksti 22 (317), 2009; 89-99

93



M. Bleidere, I. Grunte Hordein Diversity in Spring Barley Genotypes Related to Crude Protein Content

£ ) Banding pattern
5 1248
5 =~ _ N I < "8) Ne) o~ 0 o - - o “ =
m an) an) [aa) an) 2] [aa) [aa) [aa) m m m m m m
15 46
16 45
17 44
— — — — — [ ] — — — — [ —
18 43
-_— . — — —
19 42
— — — — [ —_— —— — — —
20 41
21 40
22 39
23 38
24 37
25 36
26 35
-_— — .
v O o~ 0 [@) (=] — [ on <t e} \O o~ 0
— — — — — [\ (S [\ o o o [\ (S o
[aa) an) [aa) an) an) aa) aa) aa) an) an) an) aa) aa) an)
15 46
— [ ] [ ] —— —— — — —
16 45
—_— — — - . —
17 44
18 43
19 42
20 41
21 40 —_
2 | 39 B T
23 38
24 37
25 36
26 35

Fig. 3. Diagrammatic representation of SDS-PAGE patterns of B hordein in spring barley genotypes.

between the same types of barley but also between
different types of barley (two-row, six-row, and
hulless). For example, the covered barley variety (3)
‘Balga’ had the same hordein banding pattern as the
hulless line (42) ‘KM 2084°, six-row variety (28)
‘Druvis’ had the same hordein banding pattern as the
two-row variety (22) ‘Poligena’, and covered two-
row barley variety (1) ‘Abava’ had identical hordein
pattern with hulless genotype (50) ‘SW 1291°. In
general, these varieties exhibited also similar crude
protein content. Also G. Liu et al. (2000) in his study
could not distinctly separate spring and winter barley
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varieties, as well as 2-row and 6-row barley varieties
into two groups by using protein electrophoresis. The
hordein polymorphism described in hulless collection
was quite similar to that generally observed in
covered barley (Atanassov et al., 2001). The created
dendrogram allowed observing structuration of
diversity. Relatedness between several varieties was
found in hordein banding patterns.

Barley genotypes clustered on linkage distance
1.4 are genotypes which have similarity with one or
two of the hordein banding pattern groups (D, C, or
B). These genotypes are mainly of European origin,
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Table 4
B hordein patterns in different types of barley genotypes related to crude protein content
Banding Barley genotypes, No. Cru d e o
pattern* covered, covered, hulless, pmte'_?: V, %
two-row SIX-TOW two-row gkg

B1 14 - - 170.7 -
B2 - - 46 173.0 -
B3 4;7;9;10; 11; 12; 20; 23; 24 - - 122.4 5
B4 - - 45 164.1 -
BS - - 39 120.6 -
B6 1;13 - 41; 50 137.2 8
B7 6 - - 136.7 -
B8 - 35 - 159.3 -
B9 17 - - 111.6 -
B10 22 28 - 114.3 4
BI11 - 34 - 157.5 -
B12 5 - - 132.7 -
B13 16; 18; 21; 26; 27 - - 137.2 13
B14 - - 40 133.0 -
BI15 - 33 - 149.3 -
B16 - - 47,52 134.0 2
B17 - - 49 155.9 -
B18 - 29 - 144.8 -
B19 - 37 - 155.1 -
B20 2;3;19 - 42 123.7 6
B21 25 - - 165.7 -
B22 - 36 - 196.2 -
B23 8 - - 129.8 -
B24 15 31 - 161.4 8
B25 - 32 - 142.1 -
B26 - - 43; 44; 51 164.4 5
B27 - - 38; 48 165.1 3
B28 - 30 - 151.9 -

*banding pattern according to Fig. 3.

which indicates genetic similarity between them.
These genotypes originated two clusters according
to hordein banding patterns. Cluster I combined only
the covered two-row barley genotypes mainly with a
comparatively lower crude protein content (127.3 g
kg?). Cluster II grouped genotypes with a heightened
crude protein content (145.1 g kg?). According to
t-test, the difference of means between these two
clusters regarding crude protein was significant
(p<0.01). Cluster III grouped genotypes with unique
hordein banding patterns. These barley genotypes are
more distant as to the origin of material. To cluster III
mostly belong the hulless and six-row covered barley

LLU Raksti 22 (317), 2009; 89-99

genotypes included in this investigation and they
exhibited a heightened grain crude protein content.
Also for high lysine barley variety (17) ‘Lysimax’
the hordein banding pattern differed from other
genotypes.

Nevertheless, in cluster I there were found five
covered varieties with identical hordein patterns
(D3C3B13) but with different crude protein content.
When analyzing SDS-PAGE of hordein fractions
it was found that the patterns for these genotypes
distinctly differed in color intensity and density
of hordein polypeptide bands (Fig. 5). For barley
genotypes (16) 379°, (26) ‘Lechtaler’ and (27)
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Fig. 4. Dendrogram of 52 different types of barley obtained from Euclideant distance, based on hordein
banding patterns and clustered by the Neighbor-joining method.

Fig. 5. Spring barley genotypes similar in hordein banding patterns and differing in crude protein content: (1)
‘Primus II’; (2) ‘Lechtaler’; (3) <379’; (4) ‘Annabell’; (5) ‘Justina’; (6) ‘Igri’ (control variety).

‘Primus II’ which crude protein content according
to three-year average was 154.3, 147.8 and 154.1 g
kg, respectively, the bands were more dense and
more intensively colored than for the varieties (18)
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‘Annabell’ and (21) ‘Justina’ with a significantly
lower crude protein content (117.9 and 1199 g
kg™, respectively). This was found for all hordein
fractions but especially for C hordein. According to
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Table 5
Associations between crude protein content and single hordein polypeptide bands
Presence of band Absence of band
Band : : . Mean
number of crude protein, number of crude protein, difference!
genotypes gkg? genotypes g kgt
D hordein
1 7 160.9 45 137.0 23.9%%*
2 5 131.7 47 141.1 9.4%
3 37 136.3 15 149.9 13.5%
4 7 147.3 45 139.1 8.2
C hordein
5 21 128.5 31 148.2 19.7%%*
6 34 140.5 18 139.5 1.1
7 7 165.7 45 136.9 29.2%%*
8 144.9 48 139.8 52
9 2 175.6 50 138.8 36.8
10 5 146.7 47 139.5 7.2
11 40 140.4 12 139.7 0.7
12 48 142.1 4 117.2 24.9%%*
13 41 139.6 11 142.6 3.0
14 8 140.8 44 140.1 0.7
B hordein
15 16 151.7 36 135.1 16.6**
16 9 142.9 43 139.7 33
17 36 135.2 16 151.5 16.3%*
18 29 143.1 23 139.1 4.0
19 30 143.1 22 136.7 6.4
20 16 149.9 36 135.3 14.6%*
21 17 145.6 35 137.6 7.9
22 38 149.3 14 137.5 11.8
23 5 139.2 47 140.3 1.2
24 41 141.9 11 133.7 8.2%
25 5 141.5 47 140.1 1.4
26 10 145.5 42 139.0 6.6

L* #% _ mean difference significant at the 0.05 and 0.01 level respectively.

the literature, changes in total grain protein content
mainly determine the changes in hordein fraction
(Shewry, 1995). The accumulation of hordein
during grain development is genetically determined
and depends on hordein genes expression during
grain development stages (Kirkman et al., 1982),
which means that for these high-protein genotypes
heightened accumulation of grain nitrogen during
grain filling is determined genetically.

As indicated by Dailey et al. (1988), the main
differences in the increasing of the relative amount
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of hordein fractions are as visible changes in relative
bands’ intensity and loss of band sharpness in B
hordein region, and replacement of the C polypeptide
patterns with a single band. This changes the ratio of
hordein B to C, which negatively correlates with the
total protein content (Kirkman et al., 1982; Molina-
Cano et al., 2001). Therefore analyzing the hordein
profile types for different varieties grown under the
same growing conditions, also the density of bands
that could give information about differences in crude
protein content of a definite genotype is important
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to be considered for genotypes with similar hordein
banding patterns.

Summary of significance of protein subunits for
detecting associations between crude protein content
and single hordein polypeptide bands by comparison
of means using t-test is given in Table 5.

On the basis of combination of various banding
patterns, 26 hordein bands were recognized among
all the genotypes screened. There was great genotypic
variation in the bands of C and B polypeptides, which
was determined also in other studies. Shewry et al.
(1980) described 21 and 8 different bands of B and
C hordein, respectively, in the collection of 183
barley varieties and landraces, whereas Nielsen and
Johansen (1986) described 12 C hordein bands and
15 B hordein bands in the collection of 66 varieties
commonly grown in Denmark. In the study of Liu
et al. (2000), in total, 26 hordein polypeptide bands
were observed. The hordein banding patterns of each
genotype consisted of 7 to 14 bands. All the 26 bands
were polymorphic and, out of these, 10 exhibited
significant association with crude protein content in
the t-test. The mean value of crude protein increased
significantly at the presence of bands 1, 7, 12, 15,
20, and 24, and at the absence of bands 2, 3, 5, and
17. The present study revealed that these protein
polypeptide bands could be used in the screening
of barley breeding material according to the crude
protein content.

As the hordein electrophoresis is possible to be
performed also from a single seed, the information
about hordein polymorphism and variation of traits of
interest considered together would help the breeder
obtain useful information not only about genetic
diversity of material but also about variability of the
crude protein content of genotype already in the early
stage of breeding process when the amount of grain
is not sufficient for deep evaluation of grain quality.
The use of molecular markers to locate the genes
controlling quantitative traits, also crude protein,
has been considered important in the analysis of
such traits. The amount of information provided by
marker-based research will depend on the type and
number of markers and their linkage relationships.
The frequency of these markers based on protein
polypeptides for quantitative traits are not commonly
observed since these markers based on protein alleles
would tend to be simply inherited, whereas grain
quality traits such as crude protein are polygenic in
nature.

The results of the present study are encouraging
for locating the factors that influence expression of
crude protein. Hordein polymorphism and variation
of traits of interest considered together would
indisputably help the breeder to diversify the sources
of germplazm and optimize the choice of parents to be
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used in crossing programs. The breeders can be sure
that hordein profile will remain unchanged through
different environments. However, the conclusions
drawn in this study could be specific to the samples
investigated and the environment in which this trait
was recorded. It is because of existence of possible
variation of crude protein due to genotype and
environment interaction. This condition could change
associations between single hordein polypeptide band
and definite protein level found in this investigation.
It would be desirable to continue validation of the
obtained results in the next investigations including
more barley genotypes characterized with wider
variation in grain crude protein.

Conclusions

1. On the basis of SDS-PAGE, 5 D hordein, 16 C
hordein, and 28 B hordein banding patterns with
27 bands were discriminated.

2. Cluster analysis based on hordein banding
patterns classified three groups of genotypes.
Two of them significantly (p<0.01) differed in
mean crude protein content. Association was
found between definite hordein banding patterns
and crude protein content.

3. There were found five covered two-row varieties
with identical hordein patterns but with varied
crude protein content (111.9 to 154.3 gkg?). The
patterns of these genotypes distinctly differed in
the intensity of hordein polypeptide, especially
in C hordein.

4. On the basis of combination of various banding
patterns, 26 hordein polypeptide bands were
recognized among all the screened genotypes;
out of these, 10 exhibited significant association
with grain crude protein content. The present
investigation showed that association between
biochemical variation and crude protein content
could be used for screening of the breeding
material and for future exploitation in barley
improvement.
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Anotacija

P&tfjumu veica Valsts Stendes Graudaugu selekcijas instittita no 2004. [idz 2006. gadam. Izmantojot natrija
dodecilsulfata (SDS)-poliakrilamida gela elektroforgzi, novértgja rezerves proteina (D, C un B hordeina)
daudzveidibu 52 dazadas izcelsmes vasaras miezu genotipiem (divkansu, daudzkansu, pleksnpainajiem,
kailgraudu) saistiba ar kopproteina saturu graudos. PEtjjuma ieklautajiem genotipiem konstat&ja 26 hordeina
polipeptidu joslas, kas veidoja 5 D hordeina, 16 C hordeina un 28 B hordeina polipeptidu joslu profilus.
Atrastas biitiskas atSkirtbas pec kopproteina satura graudos starp noteiktiem D, C un B hordenu joslu profiliem.
Pamatojoties uz datiem par hordeina joslu profiliem, klasteru analizé genotipi sadalijas tris grupas. Starp divam
grupam konstatéta butiska atskirtba péc kopproteina satura graudos. Dalai no pétijuma ieklautajam skirném
konstatgts identisks hordeina joslu profils, bet atskirigs kopproteina saturs graudos. Hordeina polipeptidu joslas
$im Skirném atskiras p&c krasas intensitates un blivuma, 1pasi C hordeina. P&tijuma konstatéts, ka 6 hordeina
polipeptidu joslu klatbiitne un 4 hordeina polipeptidu joslu trikums biitiski ietekmé kopproteTna saturu graudos.
Dati par hordeina daudzveidibu ir izmantojami selekcijas izejmateriala genétiskas daudzveidibas novertésana,
ka arT selekcijas Itniju graudu kopproteina satura izvertésana selekcijas sakumposma.
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Abstract. The roughness and structural or compositional heterogeneity of wooden surface causes significant
differences in the contact angle. Wooden surface does not correspond to all mentioned prerequisites to gain
a stable value of the contact angle. Therefore during measurements one can observe exponential decrease in
the contact angle value until the drop fully soaks into the wood. Assuming that rapid contact angle changes
are consequences of hydrodynamic processes, a hypothesis can be advanced that the characteristic value of
the contact angle is the extrapolation of the linear period of contact angle changes in time to the moment of
drop forming. Modelling a drop with constant contact surface with wood and constant speed of the change in
the volume suggests that at the starting period the changes have to be close to linearly decreasing ones. Thus
it is assumed that characteristic value of the contact angle is the y-intercept of linear approximation of the
linear period of contact angle dynamics excluding nonlinear changes in the contact angle. A methodology is
developed to calculate the characteristic contact angle excluding the influence of nonlinear part that corresponds
to transition processes. It is assumed that nonlinear part of measurements is the part that does not fit into the one
standard deviation wide corridor around the linear approximation of all the set of measurements. The influence
of nonlinear part on the contact angle using different test liquids decreases in the following sequence (from
high to low): formamide>ethylene glycol>water=diiodomethane. To simplify the measurement procedure it is
proposed to start the measurements when nonlinear processes are finished. The measurements can be started
(influence of non-linear part has ended) the soonest in case of formamide on non-sanded wood transversally to
the fibre (after 4.4 s), and the latest in case of diiodomethane on sanded wood transversally to the fibre (after
40.0 s). Replacing linearly approximated values of the contact angle (6) with the corrected ones (8”), the surface
tension (c,) calculated after acid-base method increases by 1-2%, and in case of Owens-Wendt-Rabel and
Kaelble method — by 2-6%.

Key words: wood, contact angle, sessile drop, surface energy.

levads tas saistibas ar koksni, ko nodrosina labas adh&zijas

Misdienas bitiska ir koksnes resursu racionala
izmantoSana, tapéc praktiski visa kokapstrade ir
saistita ar [iTmju un parklajumu izmantoSanu. Koksnes
izstradajuma lietoSanas laika parklajumus nakas
atjaunot to samera 1sa kalposanas laika d&]. LTm&juma
vai parklajuma noturiba ir atkariga no Iimes vai
parklajuma kartinas uzklajuma vienm&riguma un no

100

izveidosanas.

Koksne ir porains, caurlaidigs, higroskopisks,
anizotrops, biologisks materials ar arkartgji lielu
kimisko dazadibu un fizikalo paSibu mainigumu.
Limg&juma vai parklajuma saistibu ar koksni nodrosina
loti daudzi mainigie lielumi, no kuriem galvenie ir:
a) lItmes vai parklajuma Tpasibas; b) koksnes Tpasibas;
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c) ekspluatacijas apstakli. Koksnes 1pasibu atskiribas
starp vienas sugas atseviSkiem kokiem ir pietiekami
nozimigas, lai visnotal izmainitu [Im&uma vai
parklajuma izturibu (Bowyer et al., 2003; Smith et
al., 2003; Dinwoodie, 2000; Yrones, 2001).

Lai pétitu un prognozétu koksnes (Gérardin et
al., 2007; Aydin, 2004; Gindl et al., 2004), ka ar1
sasmalcinatas koksnes vai tas Skiedras saturoSu
kompozitu (Qin, Holmbom, 2008; Gupta et al.,
2007; Garcia et al., 2006) virsmas slapinasanos ar
Skidrumiem, ped€jo desmit gadu laika tiek izmantoti
Skidruma un cietas virsmas veidota kontaktlenka
(saukta arT par malas lenki), ko veido pieskare piliena
kontiirai saskares punkta ar cietu virsmu, mérjjumi
(1. att.). Kontaktlenki galvenokart nosaka ar divam
metodeém: tiesi mérot lenki piliena konttiras pieskarei
ar goniometru (piliena metode) (Qin, Holmbom,
2008; Gupta et al., 2007; Aydin, 2004; Gindl et
al., 2004) vai merot svara izmainu paraugam, to
iegremdgjot un izvelkot no Skidruma (Vilhelmi
metode) (Gérardin et al., 2007; Garcia et al., 2006).
Ar piliena metodi var noteikt gan statisko, gan
dinamisko kontaktlenki. Statisko kontaktlenki méra
uz virsmas s@doSam, konstanta tilpuma pilienam.
Dinamiska kontaktlepka mériSanas laika s€dosa
piliena tilpumu palielina (augoSais) vai samazina
(dilstosais), vai arT laujot pilienam noripot pa slipu
virsmu un mérot kontaktlenki piliena prieksa un
aizmugure. Sedosa piliena un Vilhelm1 metodei katrai
ir savas priekSrocibas un trikumi. Kontaktlenka
mérjjums ar piliena metodi raksturo slapinasanos
loti mazam virsmas laukumam (2-10 mm?), tadel,
lai noskang&tu visu virsmu, nepiecieSams veikt daudz
mérfjumu. Savukart Vilhelmi metodes trikums ir
tas, ka kontaktlenka aprékinam izmanto slapinasanas
perimetru, kur§ virsmas raupjuma dg] ir lielaks par
geometrisko un izmainas parauga iegremdéSanas un
izcelSanas laika koksnes uzbriesanas dgl.

Neatkarigi no lietotas metodes stabilas
kontaktlenka vertibas iegliSanai nepiecieSams, lai
peétama objekta virsma bitu lidzena, homogena,
necaurlaidiga un kimiski inerta attieciba pret testa
Skidrumu. Koksnes virsmas raupjums un strukturala

vai sastava heterogenitate izraisa ieverojamas
kontaktlenka atSkiribas. Koksnes virsmai neistenojas
neviena no minétajam prasibam stabilas kontaklenka
vertibas iegiiSanai, tapéc mérjjumu laika novero
eksponencialu kontaktlenka vertibas samazinasanos,
11dz piliens pilniba iesiicas koksné.

Koksnes porainas struktiras dél uz koksnes
virsmas uzliktais piliens poras iesprosto gaisu, lidz ar
to piliena robezvirsma ar koksni ir mazaka par piliena
noklato. Iesprostota gaisa burbula robezvirsmas
ar skidruma pilienu virsmas spraigums atskiras no
koksnes un Skidruma robezvirsmas spraiguma, kas
izmaina kontaktlenki. Iesprostotais gaiss var izdalities
difuzijas cela caur Skidrumu vai caur koksni, kam
nepiecieSams laiks, kas atkarigs no koksnes un
Skidruma gazu caurlaidibas (Unsal et al., 2004,
2005). Skidruma iestiksanas koksné samazina piliena
tilpumu, un ta sekas ir kontaktlenka samazinasanas.

Pienemot, ka straujas kontaktlenka izmainas ir
hidrodinamisko procesu sekas, var izvirzit hipotézi,
ka koksni raksturojosa kontaktlenka vertiba ir lepka
izmainas laika lineara posma ekstrapolacija uz piliena
veidosanas sakuma momentu.

Materiali un metode
Materiali
Priedes (Pinus Sylvestris L)
kodolkoksnes paraugus (15 % 25 X 50) mm un
(20 x 100 x 100) mm (radiala, tangenciala un Skiedras
virziena) izzaggja no déliem bez koksnes vainam.
Paraugus kondiciongja 20 °C temperatiira un 50%
gaisa relativa mitruma lidz konstantai masai.
Kontaktlenka meriSanai par testa Skidrumiem
izmantoja dijodmetanu, etilénglikolu, formamidu un
demineraliz&tu tideni (skat. 1. tabulu).

Aparatiira un metode

Kontaktlenki noteica ar kontaktlepku mérisanas
iekartu  OCA20 (Dataphysics), kas aprikota ar
videokameru, elektronisko dozeSanas iekartu
E-MD un cetram 500 plL gazes ciesam S§lircEém
DS500/GT (Hamilton). Testa Skidruma padeves

1. att. Skidruma piliena uz cietas virsmas kontaktlenkis: 1 — pieskare piliena kontiirai tas perimetra,
2 — kontaktlenkis, 3 — piliena kontiira, 4 — piliena perimetra punkts, kura konstru€ta pieskare, 5 — cieta virsma.
Fig. 1. The contact angle of liquid drop on solid surface: 1 — tangent of drop profile on its perimeter,
2 — contact angle, 3 — drop profile, 4 — point on perimeter of drop where tangent is drawn, 5 — solid surface.
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1. tabula / Table 1

Kontaktlenka mériSanai izmantotie testa Skidrumi un piliena veidoSana
Test liquids and drop development used for contact angle measurement

Piliena Piliena
Testa Tiriba / Razotajs / tilpums / veidoSanas atrums /
Skidrums / Purity Producer \Volume of Speed of drop
Test liquid drop, formation,
uL uL st
Dijodmetans / 99+%, stabilizéts / ACROS organics 2.0 1.0
Diiodomethane 99+%, stabilised
Etilenglikols / 99+%, seviski tirs / ACROS organics 6.0 1.0
Ethylene glycol 99+%, extra pure
Formamids / 99.5+%, seviski tirs / ACROS organics 8.0 2.7
Formamide 99.5+%, extra pure
filtréts ar apgriezto LLU Kimijas
Attirits tdens / osmozi, demineraliz€ts katedras 10.0 2.0
Purified water attiriSanas sistema laboratorija /
TKA 0.2 uS/ Laboratory of the
reverse osmosis filtered, Department of
demineralised in purifying ~ Chemistry of LLU

system TKA 0.2 uS

atrums un piliena tilpums dots 1. tabula. Kontaktlenki
noteica péc videosignala apstrades ar Laplasa-Junga
piliena konttiras nogludinasanas un optimizacijas
metodi ar maksimalo atrumu, izmantojot dinamiskas
izsekoSanas rezimu rezultatu registréSanai. Rezultatu
tabula fiks€ja merjjuma numuru, kontaktlenki (gradi),
piliena augstumu (mm), piliena bazes diametru
(mm) un piliena vecumu (ms). Piliena augstuma un
bazes diametra mérogosanas koeficientu noteica péc
dozgSanas adatas att€la argja diametra (pikseli mm™),
izmantojot OCA20 m&rogosanas funkciju.
Kontaktlenka mérfjumus veica testa Skidruma
piliena profilam gan uz neapstradatas, gan uz virsmas,
kas slipéta ar smilSpapiru (graudu raupjums 400),
koksnes §kiedru virziena un tam perpendikulari.

Rezultati un diskusija

Ievada minétas koksnes TIpatnibas (raupjums,
heterogenitate, caurlaidiba un kimiska aktivitate)
nosaka mérfjumu rezultatu dinamisku nestabilitati.
Koksnes virsma atri izmainas apkartgjas vides ietekme
(Gardner, 1996), tapéc visi mérjjumi veikti ar vienu
un to paSu paraugu, kam puse no virsmas slipéta ar
smilSpapiru tiesi pirms mérjjumu veiksanas, lai to
salidzinatu ar novecojusos virsmu. Kontaktlenka
papildu nestabilitati me&rfjumu sakuma posma izraisa
parejas procesi, kas saistiti ar piliena veidosanos un
stabilizaciju. L1dz ar to janoskaidro, kada rakstura
Iikne butu sagaidama, ja parejas procesi netraucétu
mérjjumus. Kontaktlenka 6 izmainu gaidamais
raksturs modeléts, balstoties uz pienémumu, ka
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piliena forma ir lodes segments (2. att.), piliena bazes
radiuss (&) laika nemainas, un piliena tilpuma (V)
samazinasanas atrums ir konstants. Lodes segmenta
tilpumu aprékina péc formulas (1) (bponmreiin,
Cemengsies, 1967):

2
v =h3%+ha7n=%nh2(3r—h), (M

kur
V - lodes segmenta tilpums, uL;

a —piliena saskares virsmas ar koksni  radiuss,
mm;
r —lodes radiuss, mm;
h - piliena augstums, mm.
No izteiksmes (1) var ieglit sakaribu (2):
2 2
a“+h
r= : 2

2h

Kontaktlenkis 6 ir aprékinams péc formulas (3)
(bponmrreiin, Cemennses, 1967):

r—hj. (3)
r

3. attela redzams kontaktlenka 0 izmainas modelis
pilienam ar konstantu tilpuma samazinasanas atrumu.
Redzams, ka modeli pie lielakam lenku vérttbam

0= arccos(
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2. att. Piliena kontaktlenka izmainas modeléSana ar lodes segmenta $kérsgriezumu:
0 — kontaktlenkis, h — piliena augstums, r — lodes radiuss, a — piliena un parauga saskares virsmas radiuss.
Zimé&juma tekstiira: punkt&tais laukums — paraugs, tonétais laukums — piliens.
Fig. 2. Modelling of the contact angle of a drop by a segment section of a sphere:
0 — contact angle, h — height of the drop, r — radius of the sphere,
a — radius of drop and sample contact surface.
Pattern: dotted area — sample, shaded area — a drop.

140
120 \
> 100 \
o 80
60 \\
40 \
20 \
0
0 500 1000
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3. att. Kontaktlenka 0 izmainas dinamika laika, pienemot, ka piliena forma ir lodes segments ar
lineari dilstosu tilpumu un konstantu piliena robezvirsmu ar koksni.
Fig. 3. Dynamics of the contact angle 6 assuming that drop has the form of a segment of a sphere,
volume of a drop is lineary decreasing, and radius of drop and interface with wood is constant.

liknes dilsanas raksturs ir loti tuvs linearam. Tatad
kontaktlenka mérfjumu sakumposma ve€rojama
izteikti nelineara samazinaSanas nav saistama ar
linearu piliena tilpuma samazinasanos, tam iesticoties
koksne. To var uzskatit par parejas procesu ietekmi
(piliena formas iepemsSana, gaisa izspieSana no
koksnes poram u.c.), ka arT piliena izpleSanos pa
virsmu (4. att.), ko nenem véra modelis.
Pamatojoties uz ieprieks giito atzinu, kontaktlenka
0 vertibas noteikSana balstama uz grafika linearas

LLU Raksti 22 (317), 2009; 100-112

dalas linearas aproksimacijas 0, projekciju uz
kontaktlenka ass, kura, pretstata visa grafika linearai
aproksimacijai 0, , nepem véra parejas procesu
raksturojosas nelineari dilstosas dalas ietekmi
(5. att.).

Lai noteiktu, kura Iiknes posma vairs nav
novérojama butiska nelinearas dilstosas dalas
ietekme, kop&jais meérjjuma laiks tiek sadalits
10 vienados laika posmos, un pa posmiem tiek
veikta lineara aproksimacija (6. att.), sakot no laika
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4. att. Piliena robezvirsmas ar koksni diametra (BD) dinamika.
Fig. 4. Dynamics of base diameter (BD) of drop interface with wood.
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5. att. Kontaktlenka 6 dinamikas eksperimentalo datu lineara aproksimacija
visa laika diapazona (0, ) — partraukta taisne; datu lineara aproksimacija laika posma, kas neietver

nelinearo dalu (0,

’) — nepartraukta taisne.

Fig. 5. Linear approximation in the whole time range (0, ) of experimental data of contact angle 6 dynamics —
dashed line; linear approximation of time range excluding non-linear part (6, ”) — uninterrupted line.

momenta ,,0”. Tiek mekléts pirmais posms, kura
lineara aproksimacija neskérso visa grafika linearas
aproksimacijas (0, ) vienas standartnovirzes koridora
augs¢jo malu. Kad $is posms ir atrasts, tick veikta
jauna to datu dalas lineara aproksimacija (0, ), kura
sakas ar atrasto posmu un beidzas lidz ar mérfjuma
beigam. Sis linearas regresijas brivais loceklis ir
mekléta kontaktlenka 0’ raksturiga vértiba. Atkariba
no mérjjumu skaita un vélamas precizitates laiku var
sadalit vairak vai mazak posmos. Palielinot posmu
skaitu, var nonakt lidz parak mazam méerjjumu
skaitam posma, kas rada viena mérjjuma parak lielu
ietekmi uz posma linearo aproksimaciju.

Visa grafika linearas aproksimacijas
standartnovirzes koridors tiek noteikts, izdarot linearu

104

aproksimaciju x,, pec laika visa kontaktlenku Iiknes
garuma. Standartnovirzi s, nosaka pec pielagotas
standartnovirzes (Ennos, 2000) formulas (4):

Z(ei _elini)2

Sy = 1| S ()
6lin N -1
kur
0. — kontaktlenka mérijums laika momenta
i o.
0,,, — linearas aproksimacijas vertiba laika
momenta i, °;
N — mérijjumu skaits kontaktlenka dinamikas

grafika.
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6. att. Kontaktlenka 6 dinamikas (1) nelinearas dalas noteiksana ar linearo aproksimaciju

visa laika diapazona (0,

) (2), vienas standartnovirzes koridors ap linearo aproksimaciju (0, + s un 0, —s)

(3), laika posma 0-8 sekundes lineara aproksimacija (6, (0-8)) (4) un laika posma 8-16 sekundes lineara
aproksimacija (0, (8-16)) (5).
Fig. 6. Determinaton of nonlinear part of contact angle 6 dynamics (1) by linear approximation in the whole
time range (0, ) (2), one standard deviation wide corridor around the linear approximation
(0, s and 0, — s) (3), linear approximation of time range 0-8 seconds (0, (0-8)) (4), and linear
approximation of time range 8-16 seconds (0, (8-16)) (5).

Standartovirzes koridora augs$€jo malu veido
taisne 0, + s, bet apak3€jo malu — taisne 0, — s.

Atdalot kontaktlenku izmainas dinamikas Iknés
nelineari dilstoSo komponenti no linearas péc
ieprieks aprakstitas metodikas, rodas divas raksturigu
gadijumu kopas. Visbiezak novérojamais liknes
raksturs ir nelineari dilstosa Itkne sakuma dala, kas
turpinajuma pariet uz lineari dilstoSu. Tomér pastav
arT liknes, kuras atbilst piedavatajiem linearitates
krit€rijiem visa to garuma.

Nelinearas dalas beigas t (ped€ja nelineara
posma beigu moments) norada laika momentu,
péc kura merijjumos vairs nav biitiskas nelinearas
dalas ietekmes. Tatad to var izmantot mérfjumu
procediiras  vienkarSoSanai, nosakot nelinearas
komponentes ietekmes beigu momentu konkrétiem
testa Skidrumiem.

Apkopojot datus par dazadiem testa skidrumiem,
iegiiti dati par nelinearas dalas beigu momentu t unto
standartnovirzi s_ (2. tabula). Nelineara dala visatrak
beidzas formamidam gadijuma ar neslipétu paraugu
garenvirziena (4.4 s), bet visvélak — dijodmetanam
gadijuma ar slipétu koksni Skiedru virziena
(40.0 s). Lai vienkarSotu meérfjumu procediru,
neveicot mérjjumus nelinearas dalas posma, iesakam
sakt mérfjumus laika momenta t _, kas tiek aprekinats
péc formulas (5):

t, =t +3s,. (6))
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Tadgjadi merfjjumi tiktu sakti 3 standartnovirzu
attaluma no eksperimentali noteiktas t  vertibas,
nodro§inot 99.7% varbiitibu, ka nelineara dala ir
beigusies. Laika momenta t  p&c piliena novietosanas
uz koksnes parauga uzsaktie kontaktlenka mérfjumi
atbilst pirmas kartas regresijas vienadojumam
(6), un ta brivais loceklis b biis mekleta raksturiga
kontaktlenka vértiba:

(6)

2.tabulaapkopotaskontaktlenku 6 vidgjas vertibas,
kas ieglitas visa grafika linearas aproksimacijas
krustojuma ar vertikalo asi (projekcija uz 0 ass),
salidzinajuma ar raksturigo kontaktlenka vertibu
0’ — kontaktlenka vértibu grafika linearas dalas
aproksimacijas brivo locekli. Nelinearas dalas ietekme
0-0° dazadiem testa Skidrumiem (nosaukti dilstosa
seciba): formamidam — 16-21%, etilénglikolam —
7-16%, tdenim 1-4% un dijodmetanam 1-4%. Ta
ka pedgjiem diviem nosauktajiem testa Skidrumiem
nelinearas dalas ietekme ir neliela (Iidz 4%), tad to
varétu arTignorét un uzskatit, ka kontaktlenka izmaina
ir lineara visa mérjjumu diapazona.

Lai raksturotu kontaktlenku 6 un 0’ vértibu
noteikSanas metodes ietekmi uz koksnes virsmas
brivas energijas vertibam, tas aprékinatas ar divam
metodém: skabes—bazes metodi (Della Volpe et al.,
2004; Shalel-Levanon, Marmur, 2003; Gardner,
1996) un Owens, Wendt, Rabel un Kaelble (OWRK)
metodi (Gindl et al., 2001).
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2. tabula / Table 2
Kontaktlenka 0 eksperimentalie rezultati, ieteicamais mérijjumu uzsaksanas laiks un
nelinearas dalas ietekme (0-0°)
Experimental results of contact angle 6 measurement, suggested starting time of measurements,
and impact of the nonlinear part (6—0°)

Nelinearas dalas Ieteicamais
- beigas t_ merjumu
5 R N 1
Testa g (t, videja Ve.rtlba, t, uzs.aksanas
Skidrums / 5  standartnovirze s ) / laiks t _/
K Test E The end of nonlinear ~ Suggested 0 (<0.05)  0°(<0.05) 06’
liquid z partt starting time
qu g; (t, mean; t standard  of measure-
deviation s ), mentst
S S
Neslipéts, garenvirziena / Non-sanded, longitudinally
Udens / Water 10 8.2;4.1 20.5 80.1£8.0  77.9£9.3 2.2 (3%)
Etilénglikols / 7 34;1.5 7.9 33.5¢449  28.2+4.1 5.3 (16%)
Ethylene glycol
Dijodmetans / 6 7.8; 1.6 12.6 27.1+4.8  26.144.9 1.0 (4%)
Diiodomethane

Formamids / - - - - - -

Formamide
Neslipéts, skérsvirziena / Non-sanded, transversally

Udens / Water 9 3.8;3.7 14.9 109.4+6.6 108.5£7.7 0.9 (1%)
Etilenglikols / 6 7.9;4.7 22.0 472459  40.9+6.3 6.3 (7%)
Ethylene glycol
Dijodmetans / 5 4.6;5.0 19.6 46.1+43  45.0£5.2 1.1 (3%)
Diiodomethane
Formamids / 4 1.7;0.9 4.4 43.5¢11.1 34.648.5 9.0 (21%)
Formamide

Slipets (raupjums 400), garenvirziena / Sanded (grid 400), longitudinally
Udens / Water 9 11.2; 1.8 16.6 96.2+6.7 92.5+7.0 3.7 (4%)
Etilénglikols / 6 11.3;3.7 22.4 54.1£11.9  47.6x11.7 6.5 (12%)
Ethylene glycol
Dijodmetans / 6 6.8;7.7 29.9 59.3+11.2  58.9+11.6 0.4 (1%)
Diiodomethane
Formamids / 9 4.2;43 17.1 50.749.2 41.649.7 9.1 (18%)
Formamide

Slipéts (raupjums 400), skersvirziena / Sanded (grid 400), transversally
Udens / Water 9 8.4;6.9 29.1 122.5£12.4 121.2+12.7 1.3 (1%)
Etilénglikols / 8 11.8;4.8 26.2 70.6£16.8 63.9+184 5.9 (8%)
Ethylene glycol
Dijodmetans / 9 12.1;9.3 40.0 66.3+5.8 65.845.9 0.6 (1%)
Diiodomethane
Formamids / 9 6.9; 6.0 24.9 66.7+14.0  55.8+16.7 11.0 (16%)
Formamide
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3. tabula / Table 3
Testa Skidrumus raksturojoSo parametru ¢, ", 6 * un ¢ ® izmantotas
vertibas aprékiniem péc skabes—bazes metodes
Values of parameters 6,6, ", 6 * and ¢ ® used in calculations with acid—base method

Lw A B

Testa skidrums / oL o o c”
Test liquid mJ m- mJ m-? mJ m- mJ m-

Udens / Water 72.8 21.8 25.5 25.5
Etilénglikols / 48.0 29.0 1.92 47.0
Ethylene glycol
Dijodmetans / 50.0 50.0 0 0
Diiodomethane
Formamids / 58.0 33.0 3.25 48.1
Formamide

Skabes—bazes metodes gadijuma izmanto Junga—Good-Grifalko—Fovkes vienadojumu (7) (Gardner,
1996):

) (7
kur
o, — testa Skidruma virsmas briva energija, mJ m?;

o, " — testa Skidruma brivas energijas LifSica van der Valsa jeb dispersa komponente, mJ m?;

o,” - testa Skidruma brivas energijas skaba komponente, mJ m?;

0,® — testa Skidruma brivas energijas baziska komponente, mJ m?;

i — testa Skidruma indekss;

o, — koksnes brivas energijas LifSica van der Valsa jeb dispersa komponente, mJ m?;

o — koksnes brivas energijas Luisa skabes (elektronakceptora) komponente, mJ m?;
o°~ koksnes brivas energijas Luisa bazes (elektrondonora) komponente, mJ m™.

Savukart koksnei o,"¥, o un ¢ vertibas tiek iegiitas, risinot minimizacijas uzdevumu summai (8),
izmantojot Excel Solver programmattiru

®)

un testa Skidrumus raksturojoso parametru g, 0, ", ¢,* un ¢ ® izmantotas vértibas, kas noraditas 3. tabula. Tris
meklgjamo mainigo (¢,"", o* un ¢ °) vertibas var aprekinat, ja tiek minimizeta vismaz tiis vienadojumu (viens
vienadojums katram testa skidrumam) sisteéma. So prasibu var apmierinat dazadas kombinacijas, jo ir pieejami
eksperimentalie dati par Cetriem testa Skidrumiem.

OWRK metodes gadijuma koksnes virsmas brivas energijas o, vértibu nosaka atkariba no divam
komponenteém:
D P
Oowrk =05 +05 > )
kur
o,° — koksnes brivas energijas dispersa komponente, mJ m?;

o — koksnes brivas energijas polara komponente, mJ m>,
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Summgjot disperso un polaro komponenti, tiek  kur

noteikta arT testa Skidrumu briva virsmas energija o, : 0P — testa Skidruma brivas energijas dispersa

komponente, mJ m?;
b o o -
G, = GLD + GLP, (10) o, testa Skidruma 2brlvas energijas polara

komponente, mJ m=.
4. tabula / Table 4

Testa Skidrumus raksturojoso parametru o , 6 ° un ¢ ” izmantotas
vertibas aprékiniem péc OWRK metodes
Values of parameters ¢, GLD and GLP used in calculations with OWRK method

D P

Testa skidrums / oL c”, o,
Test liquid mJ m= mJ m-? mJ m-
Udens / Water 72.1 19.9 52.2
Etilenglikols / Ethylene glycol 48.0 29.0 19.0
Dijodmetans / Diiodomethane 50.0 47.4 2.6
Formamids / Formamide 56.9 235 334
5. tabula / Table 5
Virsmas spraigums ¢
Surface tension o
Testa skidruma lenkis ar / «
£ Contact angle with ~
=S P o o o S22
P / § g 5 § = % T o E £ S £ | g
S -2 -, T2 ££ 28 B B B B .
Sample ©% 52 %o 22 EE 3, < = % ~
N3 :§ § I%DEJ 5 2 g £ 58 S o o C%
@) = E‘ :% . S L | 6
%5 T 5 b
1 2 3. 4 5. 6 7. 8 9 10. 11.
0 80.1 335 27.1 - 454 073 1.87 47.71
Neslipéts
garenvirziena / 0.94
Non-sanded, (1%)
longitudinally
0 779 282 26.1 - 458 094 223 48.65
109.4 472 46.1 435 3642 130 0.00 3642
109.4 472 46.1 364 130 0.00 36.42
0 109.4 472 43.5 0.00 34.57 0.00 0.00
Neslipéets
Skersvirziend / 109.4 46.1 435 3642 491 0.00 36.42
Non-sanded, 1085 409 450 346 3701 187 000 3701 0S8
transversally (2%)
108.5 40.9 45.0 37.01 1.87 0.01 37.28
0 108.5 40.9 346  0.00 37.78 0.00 0.00
108.5 45.0 346 3701 6.68 0.00 37.01
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5. tabulas turpinajums / Table 5 continued

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.
962 541 593 507 2898 1.67 0.03 29.39
96.2  54.1 59.3 2898 1.67 0.03 29.39
0 96.2  54.1 50.7 39.68 037 0.00 39.68
Slipéts
garenvirziend / 96.2 59.3 50.7 2898 562 0.00 28.98
S’f‘nd?d’ 92.5 47.6 58.9 41.6 2921 239 0.12 30.30 0'060
longitudinally (2%)
92.5 47.6 58.9 29.21 239 0.12 30.30
0 92.5 476 41.6  55.08 0.001 0.00 55.08
92.5 58.9 41.6 2921 3.60 0.00 29.21
122.5  70.6 66.3 66.7 2496 0.55 0.00 24.96
122.5  70.6 66.3 2496 0.55 0.00 24.96
0 122.5 70.6 66.7 0.00 21.74 0.00 0.00
Slipéts
Skarsvirziend / 122.5 66.3 66.7 2496 288 0.00 24.96
Polished, 1212 639 658 558 2525 128 000 2525 @ 02
transversally (1%)
1212 63.9 65.8 2525 1.19 0.00 2525
0’ 1212 63.9 55.8 0.00 25.80 0.00 0.00
121.2 65.8 55.8 2525 562 0.00 2525
* vidgjas vertibas rékinatas bez rindam ar dijodmetanu
* mean values are calculated without diiodomethane
Testa  Skidrumu  raksturojoSo  parametru Ievietojot vienadojuma (12) eksperimentali
o, 6° un o izmantotds vértibas noraditas  iegfitas, ar katru testa Skidrumu izmé&ritas kontaktlenka
4. tabula. Koksnes virsmas brivas energijas  vertibas, tiek iegiti taisnei piedero$ie punkti, kas lauj

komponens$u atraSanai izmanto taisnes vienadojumu

(11) (Ferreira et al., 2007):

y=a-Xx+b,
kur

_l+cos6 o

2 ol

B

(9
X = LD,
o
P
a=4/Cg
D
b =40,
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(11)

(12)

(13)

(14)

(15)

noteikt koeficientus a un b taisnes vienadojuma (11),
un I1dz ar to meklgjamas ¢,° un o, vertibas aprékina
saskana ar vienadojumiem (14) un (15).

Izmantojot 2. tabula noraditas 0 un 0’ vertibas,
aprékinatas virsmas spraiguma vertibas péc skabes—
bazes (5. tabula) un OWRK (6. tabula) metodes.
Veicot aprékinus péc skabes—bazes metodes ar 3
izmantotajiem testa Skidrumiem gadijumos, kad netiek
izmantots dijodmetans, aprékinatas vértibas butiski
atSkiras no par€jam, kas ir izskaidrojams ar to, ka ar
vidgja geometriska vienadojumu aprékinatas virsmas
brivas energijas vertibas ir atkarigas no merijjumos
izveletajiem skidrumiem, un ticamas vertibas variegiit
tikai tad, ja izmanto polara un nepolara skidruma pari
(Gindl et al., 2001). No izmantotajiem Cetriem testa
Skidrumiem tikai dijodmetans ir nepolars (nav skabes
un bazes komponentes), tapéc arT aprékinatas vertibas
koksnes virsmas energijai bez nepolara dijodmetana
kontaktlenkiem ir nerealas, kas apstiprina empirisko
likumibu.
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6. tabula / Table 6
Virsmas spraigums ¢

Surface tension 6 ..

OWRK

Testa skidruma lenkis ar /

£ Contact angle with o =3
c. BT - . t ¢ E ¢
%= < = e ~ - 3
=F 32 -, Bz EZ 82 =2 = & 92
5 3 S = = 2 ~ o Q s 0 == - - x A e
7 ¥ 5: Bzs EE EE v v o £
—_— = A& =} o
5 2P EE% g2 E§ Tk
5 T 5 - o
Fé
. 0 80.1 335 27.1 - 4245 347 4592
&3 0.87
S (2%)
@2 S @
ELZ < 0’ 77.9 28.2 26.1 - 42.56 423 46.79
k]
Z
~ =
23
2 § 0 109.4 47.2 46.1 435 4394 637  50.31
=2
£ £ 2.41
f?; (5%)
B 2
%‘ g 0 108.5 40.9 45.0 34.6 5262 0.10 5272
i
- =
5 g 0 96.2 54.1 59.3 50.7 31.88  3.08 34095
5%
g5 1.73
52 (5%
273
:% 2 0’ 92.5 47.6 58.9 41.6 32.02 4.65 36.68
@ &
ey
5 2 0 122.5 70.6 66.3 66.7 36.31  0.09 3640
=2
% 5 2.33
IR 0
én e (6%)
g
2.2 0’ 121.2 63.9 65.8 55.8 38.73  0.01 38.73
72l
Lineari aproksimétas 0 vértibas aizvietojot ar Péc abam metodém ar identiskiem izejas datiem

korig€tajam 0’ vertibam, péc skabes—bazes metodes  ieghtas vertibas salidzinatas 7. attéla. Nebutiskas
aprekinatas virsmas spraiguma 6, vértibas palielinas  atSkiribas ~ vErojamas  neslipetiem  paraugiem
par 1-2%, bet OWRK metodes gadfjuma — par 2-6%.  garenvirziena un slip&tiem paraugiem Skérsvirziena,
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7. att. Koksnes virsmas energijas aprékinu péc skabes—bazes (AB) metodes un
Owens, Wendt, Rabel, Kaelble (OWRK) metodes rezultatu salidzinajums.

Lietotie apzim&jumi: NP — neslip&ts, P — slipéts, L — garenvirziena, T — Sk&rsvirziena.
Fig. 7. Comparison of the results of surface tension calculations using acid-base (AB)
and Owens, Wendt, Rabel, Kaelble (OWRK) methods.

Applied abbreviations: NP — non polished, P — polished, L — longitudinally, T — transversally.

turpreti péc OWRK metodes aprékinatais virsmas
spraigums neslipetiem paraugiem Skersvirziena ir
par 28% un 30% augstaks (attiecigi rékinot ar 6 un 6’
vértibam), bet slipétiem garenvirziena — par 16% un
18% augstaks, kas izskaidrojams ar atSkirigiem cietas
vielas virsmas un $kidruma mijiedarbibas modeliem,
uz ko balstas katra no metodém.

Secinajumi

1.

Modelgjot piliena, kam ir konstanta robezvirsma
ar koksni un konstants tilpuma izmainas atrums,
kontaktlenka dinamiku, secinats, ka mérjjumu
sakumposma izmainai jabiit tuvu lineari
dilstosai.

Lidz ar to ir pienemts, ka kontaktlenka raksturiga
vertiba ir kontaktlepka dinamikas linearas
dalas aproksimacijas brivais loceklis, izslédzot
nelinearas kontaktlenka izmainas.

Izstradata metodika raksturiga kontaktlenka
iegiiSanali, izslédzot nelinearas, parejas procesiem
raksturigas, dalas ietekmi. Par nelinearo
dalu piepem visas mérjjumu kopas linearas
aproksimacijas vienas standartnovirzes plata
koridora neietilpstoso dalu.

Nelinearas dalas ietekme uz kontaktlenki,
izmantojot dazadus testa Skidrumus, samazinas

seciba: formamids>etilénglikols>tidens=dijod-
metans.
Meérfjumu  procediiras  vienkarSoSanai tiek

piedavats uzsakt mérfjumus, kad nelinearie
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procesi ir beigusies. Visatrak mérjjumi uzsakami
formamidam gadijuma uz neslipetas koksnes
perpendikulari skiedram (péc 4.4 s), bet visvélak
— dijodmetanam gadijuma uz slip&tas koksnes
perpendikulari Skiedram (p&c 40.0 s).

Lineari aproksimé@tas 6 veértibas aizvietojot ar
raksturigam 0’ vertibam, p&c skabes—bazes
metodes aprékinatas virsmas spraiguma o
vértibas palielinas par 1-2%, bet OWRK
metodes gadijuma — par 2-6%. Lidz ar to
skabes—bazes metodes gadijuma korekcija ir
mazaka.
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publication or are regarded as inappropriate in some
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publication. The work shall not be published elsewhere
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including references, tables, figures, and footnotes.
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research in the same field; Materials and Methods
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review should be recognized in the Acknowledgements
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al., 2002; Naturalizing ..., 2007). In the list at the end of
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Senseman, S., Krutz, L., Hons, F. (2002) Soil carbon
and nitrogen mineralization as affected by atrazine and
glyphosphate. Biol. Fertil. Soils, 35, 35-40; a book —
Chard, T. (1995) An Introduction to Radioimmunoassay.
Amsterdam, Elsevier, 534 pp.; chapter from a book
— Carrey, E. A. (1989) Peptide mapping. In: Protein
Structure. Creighton, T. E. (ed.) Oxford, ILR Press,
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Tables and figures. Tables should be intelligible by
them, without reference to the text. Table headings should
be concise and should adequately represent the subject
matter and be part of the table. Footnotes to the tables
should be placed on the same page and designated by
superscripts !, 2, etc. Graphs, diagrams, drawings and
photographs are considered as figures. Both tables and
figures should be numbered with Arabic numerals in the
order of appearance in the text and typed on separate
pages at the end of the manuscript. Font size in tables
and figures — 10 points or smaller. Equations should be
written in MS Equation program or similar, graphs and
diagrams — in Excel, without toning in background, and
in black-and-white version.

Units of measurement and abbreviations. Use of the
International System of Units (SI) is required. In decimals,
use the decimal point, not the comma. In the text and
tables, use the minus exponential (e.g. g m?) instead
of a slash, and use Sl abbreviations. The conventional
designation of the authority of a binomial scientific name
of organism should be added the first time the name is
introduced in the main text.

Paper submission. Authors are encouraged to provide
the final version of accepted manuscripts as a hard copy
and electronically, e.g. by e-mail.

Scrupulous adherence to these instructions can speed up
publication.
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