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AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)

CEREAL VARIETY MIXTURES AND POPULATIONS FOR SUSTAINABLE 
AGRICULTURE: A  REVIEW

Indra Ločmele1,2, Linda Legzdiņa2, Zinta Gaile1, Arta Kronberga1,2

1Latvia University of Agriculture
2Institute of Agricultural Resources and Economics, Latvia
indra.locmele@llu.lv

Abstract
Modern varieties developed under conventional plant breeding programs do not always perform well under organic 
and low-input growing conditions. Therefore, organic farmers need varieties adapted to variable environmental 
conditions. This means emphasis on traits such as nutrient uptake and use efficiency, good weed suppression ability 
and disease resistance and can be achieved via extended genetic diversity within the varieties: variety mixtures and 
populations of self-pollinating crops.
The aim of the present study was to review published scientific literature about importance and research results on 
this topic. Scientific articles about the necessity of such studies and results of investigations performed in different 
countries have been studied. The main results show that variety mixtures have advantages in terms of disease control 
and yield stabilization and performance of mixtures may be affected by various factors – choice of components and 
its number, interactions between plants of components, manner of the mixing and growing technology. Depending on 
parental material, populations contain greater genetic diversity than variety mixtures. There are trends observed in the 
studies that yield of populations increased over generations and they are more stable than modern varieties, but there 
is no evidence that they would be significantly more productive.  
This research direction has recently become topical and is not sufficiently widely covered in the world agricultural 
science. The obtained results are inconsistent. 
Key words: variety mixtures, composite cross populations, genetic diversity.

Introduction
Genetically uniform varieties produced from 

simple crosses in barley (Hordeum vulgare L.), wheat 
(Triticum aestivum L.) and other self-pollinated 
crop species, give both high and stable yields, and 
such varieties dominate in commercial production 
(Soliman & Allard, 1991). However , these varieties 
are not high yielding by themselves. Such varieties 
can provide high yield under conventional growing 
conditions with applications of mineral fertilizers 
and pesticides, but do not have an ability to adapt 
to unstable environmental conditions, compete with 
weeds and effectively uptake nutrients from the soil if 
their amount is limited (Wolfe et al., 2008). 

Demand for agricultural products grown without 
chemically synthesized substances is increasing in 
the world (W olfe et al., 2008)  and human activities 
are now increasingly influencing changes in global 
climate, and availability of non-renewable resources 
is decreasing (Chakraborty & Newton, 201 1). 
Considering the above mention ed, it is necessary to 
understand which strategy is the most appropriate for 
the future of agricultural production (Østergård et al., 
2009). One of the factors in the changing environment 
for sustainable agriculture is that wider adaptation is 
needed, and that this can be achieved via extended 
genotypic diversity of plants within variety (Döring et 
al., 2011; Tooker & Frank, 2012). 

Increasing genetic diversity in crops can ensure 
yield stability and adaptability , reduce disease 
distribution and improve competitive ability with 

weeds and nutrient uptake efficiency (Döring et al., 
2011). Significant positive effect of the diversity level 
(pure line varieties – variety mixtures – composite 
cross populations) was shown on grain yield, yield 
stability and several other traits in winter wheat 
(Döring et al., 2015). One of the ways to increase 
genetic diversity of varieties is growing of variety 
mixtures (Lopez & Mundt, 2000). Another solution 
for increasing genetic diversity in varieties of self-
pollinating cereals is creation of composite cross 
populations, which include higher levels of diversity 
if compared to pure lines and mixtures and are able 
to develop itself in time by adapting to the respective 
environment (Wolfe et al., 2008).

European commission noted that genetic diversity 
in agriculture is associated with a wide range of 
environmental and economic benefits, which are 
essential for sustainable agricultural production 
and paid attent ion to practice  orientated activities 
including action on investigating agricultural genetic 
resources (European Commission. Report SWD 
(2013) 486 final). 

The aim of the present study was to summarize the 
results of research and potential benefits and drawbacks 
of the use of cereal variety mixtures and populations 
in the process of the agricultural production.

Materials and Methods
Monographic method has been used for this 

review. Scientific literature from different journals, 
monographs and PhD thesis has been used in it. 
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Literature includes information  about the necessity 
for such studies and information from investigations 
performed in Latvia, Poland, Scotland, England, 
Denmark, France, Canada, USA, Slovakia and China. 

Results and Discussion
Variety mixtures: yield and its stability

The impact of breeding on grain yield over 
the years was confirmed by the results of study on 
barley adaptation using 188 landraces, old genotypes 
and current modern varieties. It was concluded that  
landraces were generally better adapted to stress prone 
environments, while old and modern varieties to non-
stress environm ents, and current barley selection is 
leading to specifically adapted genotypes (Pswarayi et 
al., 2008).

One of the ways to increase adaptability to 
environmental stress factors is to use variety mixtures. 
It is a relatively  unexplored measure for maintaining 
and stabilizing yields for both organic and conventional 
producers (Kaut et al., 2008; Kiær , Skovgaard, & 
Østergård, 2012; Zhou et al., 2014). Yield of cereals is 
forming gradually during vegetation and depends not 
only on variety genotype but also on environmental 
conditions. It is not possible to predict what mixture 
component will provide advantage in the respective 
year and environment while sowing variety mixtures, 
but compensatio n mechanism can provide stability 
(Kaut et al., 2008). 

The results of the research confirm that growing 
variety mixtures may have several advantages over pure 
crops under both or ganic and conventional farming 
systems (Kaut et al., 2008). For example , field trials 
conducted in Canada show that spring wheat variety 
mixtures may provide greater stability with little or 
no reduction in yield. Unpredictable environmental 
variation factors are the main impediment in choosing 
the right variety or variety mixt ure. It is unclear how 
many varieties should be used to compose the mixtures. 
In the investiga tion mentioned before two-variety 
mixtures yielded more than three-variety mixtures 
at one or ganic location, but were not dif ferent at the 
other organic and conventional locations (Kaut et al., 
2008). Other investigation carried out for two years in 
Canada tested 16 three-variety spring barley mixtures 
in a range of possible combinations of three varieties 
in different proportions. Selected varieties had a range 
of morphologic al and phenological differences. All 
mixtures gave significantly higher yields than the 
lowest yielding pure stand variety while no mixture 
had higher yield than the highest yielding pure stand. 
Using two methods of analysis of yield stability two 
mixtures were identified as having superior yield 
stability (Juskiw, Helm, & Burnett, 2001). 

Essah and Stoskop (2002) in Canada studied 
two-variety mixtures performance of phenotypically 

contrasting barley varieties. The results of this 
study indicate a possible 13-14% yield advantage of 
mixtures compared to pure stands means, whereas the 
experiment carried out in Poland including two- and 
three-variety mixtures shows no evidence that variety 
mixtures would give higher yield if compared to pure 
stands on one site; however, on the other site 1-15% 
yield increase was found (T ratwal et al., 2007). In a 
Danish investigation, one of six tested two-variety 
mixtures out-yielded all of its component varieties 
in almost half of the 17 trial environments (Kiær, 
Skovgaard, & Østergård, 2012). The contrasting 
results show that yields of mixtures may be affected 
by various factors, also by the manner of mechanical 
seed handling during the mixing . In an investigation 
carried out in the UK three winter barley varieties 
were mixed in equal proportions but using techniques 
giving different patterns of plant spatial heterogeneity. 
Results show that mixtures mixed directly in the 
seeder hopper prior to sowing gave a yield advantage 
if compared to the average of individual components 
in two out of three years, while the mixture which was 
pre-mixed most homogeneously gave no significant 
yield advantage (Newton & Guy, 2009).

Mille et al. (2006) report that winter barley 
mixtures composed of four and two components 
performed better than average of individual pure 
line components and the best yielding pure stand 
variety was not the best contributor to the mixtures. 
They recommend that mixtures of two components 
should be screened to remove  unfavorable variety 
pairs and those mixtures that show complementarity 
should be selected in order to construct mixtures  
of four components. Furthermore, Mundt et al. (1994) 
in Oregon, USA, compared four barley varieties as 
pure stands and in 1 1 two-, three- and four -variety 
mixtures in all possible combinations. Generally, the 
mixtures did not increase yield relative to the mean 
of the pure stands; just one two-variety mixture 
consistently increased yield and other two-variety 
mixture had consistently lower yields than the mean 
of the pure stands. Also Zhou et al. (2014) in China 
investigated two and three-variety mixtures of spring 
wheat during four years and concluded that variety 
mixtures tend to increase and stabilize yields. Yield 
stability of three-variety mixtures exceeded that of 
the pure varieti es and consistently out-yielded the 
means of the respective components over dif ferent 
growing conditions. Similar results achieved Cowger 
and Weisz (2008) in North Carolina, USA, by testing 
two and three-variety mixtures of winter wheat. Yield 
stability of mixtures exceeded that of pure stands 
and average yield across environments significantly 
surpassed their respective components. Döring et al. 
(2015) showed that multi-component mixtures of 
winter wheat significantly out-yielded the mean of 

Indra Ločmele, Linda Legzdiņa,  
Zinta Gaile, Arta Kronberga
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the respective components across 12 environments  
by 3.6%.

Fang et al. (2014) in China evaluated grain yield 
and water use efficiency in mixtures consisting of 
an old landrace and a modern variety . They suggest 
that the use of a mixture of such varieties in a serious 
drought season will ensure greater availability of 
water after stem elongation stage, resulting in better 
water use efficiency and higher yields than in cultivars 
grown as a pure stand.

The experimental evidence of more stable yields 
of mixtures than the average of their pure stand 
component varieties may justify cultivation of variety 
mixtures in variable environments, such as organic 
farming systems. However , mixtures would be even 
more advantageous to farmers in general if in addition 
mixture yields were comparable  to the highest yields 
of the component varieties (Kiær, Skovgaard, & 
Østergård, 2012).

Variety mixtures: leaf diseases
The traits controlling diseases are particularly 

advantageous where zero or low use of synthetic 
pesticides is permitted such as in organic or low input 
systems, respectively (Newton et al., 2012; Kiær , 
Skovgaard, & Øster gård, 2012). In mixtures initially 
the attention was paid to advantages regarding to 
reduction of leaf disease infection, which can reach 
a level when usage of fungicides is economically 
unreasonable. It reduces also the risk that resistance 
genes can lose the efficiency (Mundt, 2002). 

Several studies revealed that variety mixtures may 
be used as added elements of functional diversity 
to reduce levels of fungal diseases and thus provide 
benefits to cereal production. For example, in Slovakian 
three year investigation, three-variety mixtures of 
winter wheat were tested and lower infection with 
brown rust (caused by Puccinia recondite), powdery 
mildew (caused by Blumeria graminis) and leaf spots 
but no dif ferences in respect to yellow rust (caused 
by Puucinia striiformis) in comparison with pure 
stands was found (Muchova & Fazekašova, 2010). 
Tratwal, Law, & Philpott (2007) concluded that winter 
barley two-variety mixtures combined with different 
fungicide treatments can reduce the powdery mildew 
occurrence compared to pure stands and can constitute 
an alternative way of growing winter barley, especially 
at low-input and organic agriculture. Newton and Guy 
(2009) who investigated three winter barley varieties 
mixed in equal proportions for three years, but in 
different ways to give different patterns of spatial 
heterogeneity, showed that most mixtures which were 
mixed directly in the seeder hopper prior to sowing 
significantly reduced rhynchosporium (caused by 
Rhynchosporium secalis), powdery mildew and net 
blotch (caused by Pyrenospora teres) if compared 

to the mean of the components, while the mixture 
which was pre-mixed most homogeneously, gave a 
significant reduction in net blotch in one year only. 
A five year investigation in the UK compared two, 
three and four -variety mixtures of winter barley in 
different levels of tillage. Rhynchosporium infection 
level was decreased in most mixtures in comparison to 
the pure stand mean in all years and tillage conditions. 
In addition, three and four -variety mixtures gave 
around 32% less disease than two-variety mixtures 
(Newton et al., 2012). Spring barley varieties with 
mildew resistance genes were used to compose 
three and four -variety mixtures in Scotland. Data 
from this study showed that reduction in powdery 
mildew infection was not significant compared with 
the component pure stand mean. There was a trend 
towards greater  reductions at low fertilizer level 
(Newton & Guy, 2011)including plot size, and its 
interaction with fertiliser level and barley germplasm 
on mixture efficacy in controlling powdery mildew 
were investigated. Two groups of cultivars, one from 
cultivars grown in the UK and the other from cultivars 
grown in Poland, along with all their respective three-
component mixtures, were grown in three field trials, 
one with 13.5 m2 plots, one with 0.4 m2 plots, and 
the third in inter mediate size plots, which included a 
mixture of all the cultivars in both groups in equal size 
treatments of structured spatial arrangements. Another 
trial utilised similar structured spatial arrangements to 
trial 3 was carried out using a combination of cultivars 
with appropriate matching virulence levels (trial 4. 
Mundt, Hayes, & Schon (1994) in Oregon, USA, 
investigated 11 possible mixtures of two susceptible 
and two moderately resistant advanced breeding lines 
of barley in equal proportions in the presence of scald 
and net blotch. The variety mixtures restricted leaf 
disease develop ment during three seasons by 12% 
on average. However, mixtures of susceptible and 
moderately resistant line reduced disease severity by 
20-32%.

Variety mixtures have been suggested as a means 
of controlling foliar diseases in cereals, but little 
information is available on how to choose components 
for use in the variety mixtures (Mille et al., 2006). 
Disease intensity strongly depends on a year (Tratwal, 
Law, & Philpott, 2007; Nemecek et al., 2011) and on 
the particular component varieties used in the mixture 
(Nemecek et al., 2011).  

Variety mixtures: weed suppression ability
Weed suppression ability is another necessary trait 

for obtaining stable yields with good quality under 
organic growing conditions as well as other farming 
systems that aim to limit the use of herbicides (Hoad, 
Topp, & Davies, 2008). In variety mixtures interaction 
between plants is related not only to competitiveness 

Indra Ločmele, Linda Legzdiņa,  
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with weeds but also between the crop plants that can 
reduce the ability to suppress weeds. There are no 
sufficient investigations made yet about plant traits 
according to which mixture components should be 
selected in order to positively interact with each other 
and also successfully compete  with weeds. It was 
approved that barley mixtures can be more effective 
in weed suppression than the varieties in pure sowings 
and the ef fect depends on the composition of the 
mixture (Didon & Rodríguez, 2006).

Kaut et al. (2008) tested two and three-variety 
mixtures and concluded that, although variety 
mixtures varied for grain yield, they did not suppress 
weeds better than their pure components. Only one 
from nine two–variety mixtures had low total weed 
biomass in plots indicating improved competitive 
ability. Kiær , Skovgaard, & Øster gård (2012) and 
Kaut et al. (2008) observed a tendency that mixtures 
of varieties with varying straw length have an actual 
advantage in terms of weed suppression. In addition , 
Kiær, Skovgaard, & Østergård (2012) noticed that 
mixing effects within the mixtures tended to be 
smaller, when the level of suppression of tall annual 
weeds by component varieties was more diverse 
indicating that the yield advantage of mixing varieties 
is lower if one component is particularly effective or 
particularly poor at suppressing these weeds. 

In connection with plant traits potentially related 
to competitive ability, Döring et al. (2015) found 
significantly higher leaf area index, straw height and 
head density but no dif ference in early ground cover 
in multi -variety mixtures compared to the mean of 
components while testing under two or ganic and two 
conventional sites.

Competition has lar ge negative effects on yield 
under or ganic management and thus both weed 
suppression and high yields must be considered 
when choosing variety mixture components taking 
into account that unpredictable year dependent 
environmental variation factors are the main 
impediment in choosing the right ones. If  variety 
mixtures are to be profitably employed by organic 
producers, they must be competitive enough to 
suppress weeds to the same degree as, or preferably 
more than pure stand (Kaut et al., 2008).

The topic about weed suppression ability is 
relatively new and there are not a lot of research results 
available on it. Research projects are going on, but 
results are not yet published (personal communication 
with weed researcher Mg.Sc. Dace Piliksere). 

Populations
Another solution besides mixtures for increasing 

genetic diversity in varieties of self–pollinating 
cereals is populations. They include higher levels of 
diversity if compared to pure lines and mixtures and 

are able to develop itself in time by adapting to the 
respective environment (Wolfe et al., 2008). 

Depending on the number of parents and the way 
of crossing several population types exist: simple 
populations obtained by crossing only two parents and 
more complex populations where a larger number of 
parents is used. Composite cross populations (CCP’s) 
consist of bulked dialell crosses among the definite 
group of parents (Brown, Caligari, & Campos, 2014).

The principle of CCP’s is to intercross in all 
combinations a number of varieties with different 
useful characteristics to generate a population. This 
is then exposed to natural selection at field sites 
to allow adaption. The objective is to generate a 
reservoir of genetic variation that can buf fer the crop 
against a wide range of environmental variations, 
more than would be possible in pedigree line varieties 
or in physical mixtures based on single genotypes 
(Döring et al., 2011). There are continuous changes 
in populations going on and no possibility to obtain 
and market constant seed mater ial (Brown, Caligari, 
& Campos, 2014). The diversity of the genotypes in 
the population changes over the time. Starting with 
the maximal degree of diversity of population there is 
a possibility that diversity will decrease over the time, 
because genotypes poorly suitable to the respective 
environmental conditions will decrease in frequency. If 
environmental variation is large, diversity will remain 
in the population  for a longer period of time because 
selection pressure is less severe on those genotypes 
performing best away from the environmental mean. 
Similarly, including genotypes with broader ecological 
tolerance will keep the diversity of genotypes longer 
in the population (Döring et al., 2011).

Harry Harlan began to make CCP’s from many 
diverse barley varieties originating from around the 
world in 1920. For example, composite cross II (CC II) 
was a population developed by Harlan in 1929 using 28 
varieties crossed in all possible combinations. These 
populations were planted and harvested each year 
under standard agronomic conditions over a period of 
50 years. No artificial selection was conducted, but the 
populations were exposed to multiple environmental 
stresses. Results from numerous studies on these 
populations show steady increases in grain yield, 
disease resistance and yield stability (Hagparast et al., 
2010).

In 2002, three CCP’ s were developed by The 
Organic Research Centre in the UK based on 20 
diverse winter wheat parents. All possible crosses of 
nine high yielding parents and of 12 parents selected 
for their milling potential were crossed to produce 
three CCP’s: (1) high yield, (2) quality and (3) yield-
quality and are extensively researched in a number of 
studies in different countries (Kassie, 2013; Döring et 
al., 2015). 
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The ef fects of natural selection on grain yield 
of barley CCP’s were investigated by Soliman and 
Allard (1991). They tested several generations of 
three populations created from a lar ge number of 
parent varieties (28, 30 and more) including the 
previously mentioned CC II. This population was 
compared to six commercial varieties and showed a 
marked yield increase over generations, perhaps as 
a result of increased adaptation. The average yield 
over six years of the most productive population 
was only 85% in comparison to the best yielding 
commercial variety, but CCP’s were in general more 
stable than commercial varieties. So these authors 
suggest if disease resistance and yield stability 
are two main objectives of a particular breeding 
program, the CCP approach is an efficient breeding  
method. On the other hand, if yield potential is a major 
goal, the CCP  approach, as demonstrated by this 
study, is unwarranted; however, the year of creation 
had to be taken into account. They recommend that 
individual pure lines derived from the later CCP 
generations would be evaluated as potential breeding 
material and developed to varie ties for low-yielding 
environments. 

Danquah and Barrett (2002) also investigated 
several generations of the CCP  mentioned above 
and developed from 30 parents. The study revealed 
that, on average , the control variety out-yielded the 
composite cross generations over the two year period 
in Cambridge environment. The highest yielding 
composite cross generation over the period of the 
experiment yielded only 78% of the control variety. 
It is inte resting to note that in one season three out 
of nine composite cross generations performed better 
than control. There was a long period of drought, 
which probably has af fected the control variety more 
than the composite cross populations. Kassie (2013) 
based on the study in a single location during four 
growing seasons reports that more recently created 
winter wheat CCP’s crated of nine, twelve and twenty 
parents showed similar yield potential as the pure line 
standard variety and no significant differences were 
observed between the generations of CCP’s in the grain 
yield potential and yield components. Furthermore, 
the standard variety had better ground shading ability 
(Kassie, 2013), which is one of the important traits 
of varieties for weed suppression (Hoad et al., 2008), 
than the CCP’s. Decrease in ground shading capacity 
of the CCP’s over the four generations was observed. 
Based on these results one cannot state that the 
CCP’s are the best varieties for the or ganic growing 
conditions (Kassie, 2013). On the other hand, Döring 
et al. (2015) found a significantly higher average early 
ground cover , leaf area index and straw height in 
CCP’s of the same origin in comparison to the mean 
of the parental varieties.

Within populations a major force is competition 
between different genotypes. These competition effects 
may limit what populations can achieve (Döring et al., 
2011). Kassie (2013) reported that CCP’s compared 
to pure line variety had lower number of spikelets 
per spike and lower spike compactness which likely 
influenced yield.

Soliman and Allard (1991) concluded that the 
CCP’s of fer an opportunity to produce varieties 
that do not show a lar ge genotype – environment 
interaction for yield because of the genetic diversity 
in the populati ons, but when they become more 
homogeneous, their stability is decreased. Yield 
advantage by 2.4% on average over 12 environments 
and higher yield stability for CCP’s in comparison to 
parental mean was shown (Döring  et  al., 2015).

Genotypically diverse populations are also 
known to better resist diseases, because they 
contain a greater range of genotypes having reduced 
susceptibility to pathogens; therefore, diseases will 
not spread that easily through the populations (Mundt, 
2002). Muona, Allard, & Webster (1982) analyzed 
genetically changes in resistance to scald disease, 
caused by Rhynchosporium secalis, which occurred in 
barley CC II over 45 generations. They reported that 
recombination which has occurred in population has 
given an increa se to numerous novel multiresistant 
genotypes. Maroof, Webster, & Allard (1983)  
tested the same CC II for reaction to three barley 
pathogens, Blumeria graminis, Pyrenophora teres and 
Rhynchosporium secalis. They concluded that many 
families carrying combinations of multiple resistances 
not observed among the parents were found in the 
later generations. On the other hand, Döring et al. 
(2015) did not find a significant advantage for winter 
wheat CCP’s for foliar disease infection with Septoria 
compared to the mean of parents scored during one 
season in four sites.

The key for the success of populations concerns 
the number and choice of parental genotypes for the 
establishment of CCP. There are two extremes – on 
the one hand, one could use only two dif ferent parent 
varieties, on the other – as many parents as physically 
possible to cross with each other (Döring et al., 2011). 
Strazdiņa et al. (2012) investigated barley populations 
originated from simple crosses and wheat populations 
from crosses between two or three parental varieties 
and concluded that yield of barley populations was in 
between the levels of parents and insignificant yield 
gain was obtained only in some cases and mostly under 
organic growing conditions. Some wheat populations 
showed a tendency to higher yield under conventional 
conditions; however, under organic conditions the 
yield of populations was between or less the range of 
parents. The authors explain these not very promising 
results by relatively low diversity of the investigated 
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populations than that of CCP’s researched in other 
studies. 

Some studies have been carried out to measure 
the necessity minimum number of parents to establish 
populations. Kovács (2008, cite d from Döring et al., 
2011) reported about experience with bread wheat 
using dif ferent number of parents and suggest that 
the necessary minimum for the establishment of a 
successful population is around seven parents, and the 
optimum is around 12 parents . Döring et al. (2015) 
suggest that establishing CCP’s from smaller sets of 
high-performing parent lines might optimize their 
yielding ability. 

The seeds of CCP’s cannot be marketed under the 
existing legal framework, and registration of such 
varieties is not possible due to non-compliance to the 
requirements of distinctness, uniformity and stability 
(DUS). However, a temporary experiment is being 
currently carried out in the EU allowing experimental 
marketing of wheat, barley , oat and maize CCP’ s 
created by crossing of five or more varieties in 
all possible combinations  ( Official Journal of the 
European Union. Directive 66/402/EEC).

Conclusions
1. Mixtures can easily reconstitute and they have 

an advantage of being legal under current 
legislation, whereas the trading of non-uniform 

crop populations is presently possible only due 
to the temporary experiment providing for certain 
derogations for the marketing of populations.

2. Most of the studies show that mixtures have 
advantages in terms of leaf disease control and 
yield stabilization in comparison to the average of 
components. In respect to grain yield, it might be 
essential to assess the combina tive ability of the 
components.

3. While creating mixtures, it is possible to generate 
much larger quantities of seed early on, whereas 
crop populations will need a phase of seed 
multiplication before they can be used on a farm. 
However, populations have the advantage of a 
much larger pool of genetic diversity. 

4. Advantage of populations can be the ability to 
adapt to specific growing environments and thus 
to be unique for each farm. Populations are more 
likely to be superior in extreme environments like 
drought or low nutrient availability. 

5. This research direction is not sufficiently covered 
in the world and reports on the results are 
inconsistent. Further studies about the possibilities 
to increase sustainability and competitive ability 
of the varieties by increasing the genetic diversity 
are needed. It is essential to understand what plant 
traits are most important in the mixtures, and 
additional research in this direction is required.  
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Abstract
Flax ( Linum usitatissimum L.) fibre and seeds are widely used to produce healthy and environmentally friendly 
products. It is known that the main factors that influence flax fibre’ and seeds’ yield  are genotype and growing 
conditions. The main task of the Latvian flax breeding program is to develop flax genotypes that are highly productive 
(both fibre and seeds) and well adaptable to changing environmental conditions. Goal of this study is to identify high 
yielding genotypes with good adaptation to local variable agro-ecological conditions. The agronomically important 
traits, such as yield of stem and seeds, total and technical plant height and fibre content were evaluated for 13 Latvian 
origin flax lines and standard variety ‘Vega 2’. The field trials have been carried out over the period from 2012 to 
2015 at the Agricultural Scientific Centre of Latgale. The regression, correlation, coefficient of variation and cluster 
analysis between yield and yield provided components were used for identification of high yielding genotypes with 
good adaptation. On the basis of cluster analysis the genotypes were classified in two groups by lower and higher 
yield of stem, fibre content, total plant height and technical plant height. The line ‘I18-1’ was identifying as genotype 
with the highest average yield of stem (751.25 g m-2) as well as highest yield against other genotypes in moisture and 
drought years. Most valuable by the average technical plant height was line ‘L26-1’ (73.05 cm).
Key words: flax, genetic resource, adaptation.

Introduction
Flax (Linum usitatissimum L.) is an important 

industrial crop with ancient farming history, but only 
in the last century breeding for fibre use (fibre flax) or 
seed use (linseed flax) has resulted in two plant types 
which dif fer considerably in morphology , anatomy , 
physiology and agronomic performance (Diederichsen 
& Ulrich, 2009). Compared to oilseed cultivars, fibre 
flax is typically taller, with less branching and lower 
seed production (Booth et al., 2004). The flax fibre is 
soft and flexible, and it is stronger than cotton or wool 
fibre. The flax fibre is used for manufacture of textiles, 
raw flax fibre is also used to make high quality paper 
and components for the motor industry (Berger, 1969; 
Bakry et al., 2014). Production of flax fibres left over 
huge number of by-products such as the cuticle, shiver 
and fibre fragments that currently increase interest in 
production microcrystalline cellulose from plants and 
their potential as value-added products ranging from 
biocomposites for medical devices to solidified liquid 
crystals (Akin, 2013).

Flax is highly self-pollinating, with outcrossing rates 
from 0.3 to 2% under normal circumstances (Booker 
et al., 2014). Taking into account the facultative 
cross-pollination, the development of genetically 
stable lines could take more than 15 years (Rashal 
& Stramkale, 1998). Major breeding objectives of 
Latvia’s flax breeding are to create early or mid-early 
ripening varieties of flax with the improved yield 
(seed or fibre) and oil content, high fibre quality, 
resistance to lodging diseases (Grauda, Stramkale, 
& Rashal, 2004). Flax requires abundant moisture 

and cool weather during the growing season (Ber ger, 
1969; Bakry et al., 2014). The cultivation techniques, 
weather and soil conditions as well as the flax stem 
processing (scratching, hackling) have a great impact 
on fibre quality (Grashchenko, 1963; Karpunin, 
1995; Polonetskaya, Panifedova, & Sakovich, 2001; 
Wretfors, 2005). Harvesting of flax on the early stage 
of yellow ripeness allows to obtain fibres of higher 
quality. Flax early sowing significantly increases fibre 
bundles and the number of elements of fibre in the 
bundles. Technical plant height is characterized by the 
most valuable part of stem from which the long fibre 
is obtained (Ivanovs & Stramkale, 2001). 

The ability to develop high yielding stable cultivars 
is a primary focus in most breeding programs and is 
ultimately more important than the identification of 
unstable cultivars. Understanding of the environmental 
responses of flax lines is fundamental to improving 
efficiency of flax production. Cluster analysis is 
widely used in agriculture to data processing for 
different crops as rapeseeds ( Rameeh, 2015), barley 
(Fotakian et al., 2014), as well as flax (Bakry et al., 
2014). Cluster analysis divides data into clusters. That 
is important to the strategy of classifying variability 
on a large number of varieties, or to reveal the genetic 
diversity among varieties and their response to the 
environmental conditions. In this way, cluster analysis 
is a suitable solution to group and select desirable 
genotypes. The correlation, regression analysis and 
coefficient of variation were used to determine yield 
stability and ecological plasticity in changeable 
environmental conditions (Mustăţea et al., 2009; 
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Kazmi & Rasul, 2012). Objectives of this study are 
evolution and investigation of Latvian fibre flax 
genetic resources’ diversity and identification of high 
yielding genotypes suitable for cultivation in local 
variable agro-ecological conditions.

Materials and Methods
Field experiments

The field trials were conducted over the period 
from 2012 to 2015 at the Agricultural Scientific Centre 
of Latga le. Experimental material for present study 
consisted of 13 fiber flax lines as well standard variety 
‘Vega 2’ was used. Plants were grown in random block 
plots 2 m2 with a distance between rows 10 cm, 1700 
flax seeds per 1 m2 were sown by hand with sowing 
depth 1.5-2 cm in three replications. Prior to that  
sowing seeds’ germination tests were performed for 
all used genotypes. Experimental plots were separated 
by one meter wide buf fer zones. Seeds were sown 
between 1st and 2nd decades of May.

Flax was grown in humi-podzo lic gley soil. The 
main agrochemical parameters of the arable soil layer 
were following: humus content – 6.5%, pH KCl – 6.4-
7.0, available P2O5 – 130-145 mg kg -1 and available 
K2O – 118-124 mg kg-1 soil (by results of State Plant 
Protection Service). Complex fertilizer NPK 16:16:16 
- 300 kg ha -1 was applied after first soil cultivation. 
For plants’ further development a surface fertilizer – 
ammonium nitrate 30 kg N ha-1 in “fir tree” phase was 
applied. Herbicides (‘Glins’ 10 g ha-1 and ‘Kemivets’ 
200 ml ha-1) were used to control weeds and insecticides 
(‘Fastac 50’ 0.4 l ha-1) sprayed against flax flea beetles 
as it is required by instruction. Tractor-drawn sprayer 
‘Pilmet 412’ was used.

Evaluated flax varieties and lines
’S29-1’, ‘S29-2’, ‘S37-1’, ‘S37-2’, ‘T36-1’, ‘T36-

2’, ‘T36-3’, ‘K9-1’, ‘K9-2’, ‘L26-1’, ‘I7-1’, ‘I7-2’, 
‘I18-1’ (Agricultural Scientific Centre of Latgale origin 
lines) and ‘Vega 2’(ST) (Lithuania origin variety). 
Agriculturally important traits were determined such 
as flax total plant height, technical plant height, fibre 
contents, yield of stems and seeds. The genotypes were 
determined in phenological stages in each plot. The 
total and technical plant heights, fibre content were 
determined using randomly selected most typical 20 
plants in each parcel area before the harvest. Plants 
were pulled manually at the stage of early yellow 
ripeness and then left on ground for air-drying for 5-8 
days. The seedpods were removed by ‘Eddi’ device. 
Seeds were cleaned with ‘MLN’ sample cleaner. The 
yield of seed was weighed and then re-calculated to 
weight by 100% purity and 12% humidity. The yields 
of stem and seed were determined in each harvested 
parcel area (according by Cabinet Regulation No. 
518/ 2012 Regulations for the Assessment of Value 
for Cultivation and Use of Plant Variety).

Meteorological conditions
Agro-meteorological conditions were determined 

by using ADCON – installed meteorological stations 
that were connected to the computer program Dacom 
Plant Plus. The facility provided information in direct 
nearby field trials. The amount of precipitation in 
2013 growing period was by 22% lower and in 2015 
by 6% lower in comparison to the long-term average 
of 31 1 mm (by 1. Fig.). However , precipitation in 
2012 was by 50% and in 2014 by 14% higher than the 
long-term average. According to the air temperatur e, 
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Materials and Methods
Field experiments
The field t rials were conducted o ver the period f rom 2012 to 2015 at  t he A gricultural S cientific Centre o f Latgale. 
Experimental material for present study consisted of 13 fiber flax lines as well standard variety ‘Vega 2’ was used. Plants 
were grown in random block plots 2 m2 with a distance between rows 10 cm, 1700 f lax seeds per 1 m2 were sown by 
hand with sowing depth 1.5-2 cm in three replications. Prior to that sowing seeds’ germination tests were performed for 
all used genotypes. Experimental plots were separated by one meter wide buffer zones. Seeds were sown between 1st and 
2nd decades of May.
Flax was grown in humi-podzolic gley soil. The main agrochemical parameters of the arable soil layer were following: 
humus content – 6.5%, pHKCl – 6.4-7.0, available P2O5 – 130-145 mg kg-1 and available K2O – 118-124 mg kg-1 soil (by 
results o f S tate P lant P rotection Service). Complex fertilizer NPK 16:16:16 - 300 kg ha -1 was applied a fter first soil 
cultivation. For plants’ further development a surface fertilizer – ammonium nitrate 30 kg N ha-1 in "fir tree" phase was 
applied. Herbicides (‘Glins’ 10 g ha-1 and ‘Kemivets’ 200 ml ha-1) were used to control weeds and insecticides (‘Fastac 
50’ 0.4 l ha-1) sprayed against flax flea beetles as it is required by instruction. Tractor-drawn sprayer ‘Pilmet 412’ was 
used.

Evaluated flax varieties and lines
’S29-1’, ‘S29-2’, ‘S37-1’, ‘S37-2’, ‘T36-1’, ‘T36-2’, ‘T36-3’, ‘K9-1’, ‘K9-2’, ‘L26-1’, ‘I7-1’, ‘I7-2’, ‘I18-1’ 
(Agricultural Scientific Centre of Latgale origin lines) and ‘Vega 2’(ST) (Lithuania origin variety). Agriculturally 
important traits were determined such as flax total plant height, technical plant height, fibre contents, yield of stems 
and seeds. The genotypes were determined in phenological stages in each plot. The total and technical plant heights, 
fibre content were determined using randomly selected most typical 20 plants in each parcel area before the harvest. 
Plants were pulled manually at the stage of early yellow ripeness and then left on ground for air-drying for 5-8 days. 
The seedpods were removed by ‘Eddi’ device. Seeds were cleaned with ‘MLN’ sample cleaner. The yield of seed was 
weighed and then re-calculated to weight b y 100% pu rity a nd 12% humidity. T he yields of stem a nd seed were 
determined i n eac h harvested p arcel ar ea ( according b y Cabinet Regulation N o. 518/  2012 R egulations for t he 
Assessment of Value for Cultivation and Use of Plant Variety).

Meteorological conditions

Figure 1. 2012 – 2015 sum of precipitation (mm) and average of air temperature (°C) value in vegetation period of flax.

Agro-meteorological co nditions were d etermined b y u sing ADCON – installed meteorological s tations t hat were
connected to the computer program Dacom Plant Plus. The facility provided information in direct nearby field trials. The 
amount of precipitation in 2013 growing period was by 22% lower and in 2015 by 6% lower in comparison to the long-
term average of 311 mm (by 1. Fig.). However, precipitation in 2012 was by 50% and in 2014 by 14% higher than the 
long-term average. According to the air temperature, four growing periods were warmer, than generally in long-term 
average. In 2012 average air temperature was 12.56 °C in 2013, it was 14.06 °C, in 2014 and 2015 it was 14.26 °C and 
13.26 °C respectively, while the long-term average result is 12.52 °C.
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four growing periods were warmer , than generally in 
long-term average. In 2012 average air temperature 
was 12.56 °C in 2013, it was 14.06 °C, in 2014 and 
2015 it was 14.26 °C and 13.26 °C respectively, while 
the long-term average result is 12.52 °C.

Data analysis
MS-Excel and SPSS software were used for 

data statistical analysis (Arhipova & Bāliņa, 2006). 
Data analysis tools provide descriptive statistics, 
coefficient of variation (CV), regression, correlation 
and cluster analysis . Correlation analysis finds out 
significant or insignificant relationships between 
precipitation and yield of stem and seeds for each 
genotype. Regression analysis finds out significant or 
insignificant relationships between total plant height 
and sum of precipitation using linear regression for 
each flax variety and lines by MS-Excel software. 
Coefficient of variation of yield of stem was displayed 
against average yield of stem identifying yield stability 

of genotypes. Cluster analysis was used to construct 
a distance matrix using the Euclidian coefficient and 
based on the Ward method. Cluster analyses included 
flax yield of stem, fibre contents, total plant height and 
technical plant height. Before computing the distance 
between varieties, our data were standardized as 
recommended by Ward (1963).

Results and Discussion
According to the data, the amount of precipitation 

during the growing season plays a major role in flax 
yield of stem (Fig. 2.).

The largest yield of stem increase was observed in 
2012. Evaluating the period in 2012 from germination 
until full flowering of flax, it was characterized by high 
moisture content (102 – 152 mm) from May to July 
that favorably increased flax stem growth. The drought 
in April 2012 did not have a significant negative 
impact on the germination and plant development. In 
2014, the lowest stem yield increase was obtained. 
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Data analysis
MS-Excel and SPSS software were used for data statistical analysis ( Arhipova & Bāliņa, 2006). Data analysis tools 
provide descriptive s tatistics, coefficient o f variation ( CV), regression, co rrelation a nd cluster a nalysis. C orrelation 
analysis finds out significant or insignificant relationships between precipitation and yield of stem and seeds for each 
genotype. Regression analysis finds out significant or insignificant relationships between total plant height and sum of 
precipitation using linear regression for each flax variety and lines by MS-Excel software. Coefficient of variation of 
yield of stem was displayed against average yield of stem identifying yield stability of genotypes. Cluster analysis was 
used to construct a distance matrix using the Euclidian coefficient and based on the Ward method. Cluster analyses 
included flax yield of stem, fibre contents, total plant height and technical plant height. Before computing the distance 
between varieties, our data were standardized as recommended by Ward (1963).

Results and Discussion
According to the data, the amount of precipitation during the growing season plays a major role in flax yield of stem 
(Fig. 2.).

Figure 2. 2012 – 2015 yield of stem (g m-2) of lines and variety of flax.

The largest yield of  stem increase was observed in 2012. Evaluating the period in 2012 from germination until full 
flowering o f flax, it was c haracterized b y h igh moisture c ontent (102 – 152 mm) from May to July that favorably 
increased flax stem growth. The drought in April 2012 did not have a significant negative impact on the germination and 
plant development. In 2014, the lowest stem yield increase was obtained. This year was characterized with a rapid drop 
of moisture from June to July (72.60 – 25.20 mm) and a rapid increase of moisture in August (124.80 mm) that created 
significant stress conditions for plants and stem development.

Figure 3. 2012 – 2015 yield of seeds (g m-2) of lines and variety of flax.
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Figure 2. 2012 – 2015 yield of stem (g m-2) of lines and variety of flax.

Data analysis
MS-Excel and SPSS software were used for data statistical analysis ( Arhipova & Bāliņa, 2006). Data analysis tools 
provide descriptive s tatistics, coefficient o f variation ( CV), regression, co rrelation a nd cluster a nalysis. C orrelation 
analysis finds out significant or insignificant relationships between precipitation and yield of stem and seeds for each 
genotype. Regression analysis finds out significant or insignificant relationships between total plant height and sum of 
precipitation using linear regression for each flax variety and lines by MS-Excel software. Coefficient of variation of 
yield of stem was displayed against average yield of stem identifying yield stability of genotypes. Cluster analysis was 
used to construct a distance matrix using the Euclidian coefficient and based on the Ward method. Cluster analyses 
included flax yield of stem, fibre contents, total plant height and technical plant height. Before computing the distance 
between varieties, our data were standardized as recommended by Ward (1963).

Results and Discussion
According to the data, the amount of precipitation during the growing season plays a major role in flax yield of stem 
(Fig. 2.).

Figure 2. 2012 – 2015 yield of stem (g m-2) of lines and variety of flax.

The largest yield of  stem increase was observed in 2012. Evaluating the period in 2012 from germination until full 
flowering o f flax, it was c haracterized b y h igh moisture c ontent (102 – 152 mm) from May to July that favorably 
increased flax stem growth. The drought in April 2012 did not have a significant negative impact on the germination and 
plant development. In 2014, the lowest stem yield increase was obtained. This year was characterized with a rapid drop 
of moisture from June to July (72.60 – 25.20 mm) and a rapid increase of moisture in August (124.80 mm) that created 
significant stress conditions for plants and stem development.
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	 Figure 3. 2012 – 2015 yield of seeds (g m-2) of lines and variety of flax.
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This year was characterized with a rapid drop of 
moisture from June to July (72.60 – 25.20 mm) and 
a rapid increase of moisture in August (124.80 mm) 
that created significant stress conditions for plants and 
stem development. 

In the 1 st and 2 nd decade of May , a high (91% 
from long- term  average) precipitation increase was 
observed and then a rapid drop in moisture (until 0 
mm) that significantly affected plant emergence and 
development of flax stem occurred. In 2014, the line 
‘S29-2’ (500 g m-2) had the highest yield that was by 
42% larger than the standard variety. According to the 
data, flax yield of stem could be majorly impacted 
by the amount of precipitation  during the growing 
season and higher yield of stem results from lines 
of flax can be obtained in moist and cool weather. 
Berger (1969); Mankowski, Pudełko, & Kołodziej, 
(2013); Bakry et al., (2014) also reported about 
similar results. Furthermore, by Nykter (2006) in 
order to obtain the best flax yield (fibre and seeds) the 
weather conditions should be stable from germination 
to the end of flowering. According to Bavec & Bavec, 
(2006), fibre flax belongs to hygrophytic plants with 
high transpiration coefficients between 400 and 780 
as well as drought has a negative influence on plants 
from emergence to the flowering stage. In our case, 
genotypes had presented similar effect. Although 
results characterized the 2013 as the driest year , the 
two lines ‘I18-1’ and ’K9-1’ exhibited higher yield 
of stem compar ed to 2014 and 2015 that had higher 
moisture content in vegetation period. These lines 
have the highest yield compare d to other genotypes 
in moist as well as drought years. The higher average 
yield of stem has the line ‘I18-1’ (751.25 g m-2) which 
is by 27% larger than the standard variety ‘Vega 2’.

Comparing the data to a yield of stem, significantly 
higher yield of seeds was obtained in 2015 (by  
Fig. 3.). The year is characterized by high moisture 
content in May (about 38% higher than the long-time 
average) that has a positive impact on the smooth  
and good seed germination and plant development.  
In 2015, higher yield of seed has the line ‘S29-2’ 
(247.9 g m-2) which is by 67% larger than the standard 
variety ‘Vega 2’. Furthermore, the 2013 has the lowest 
yield of seed, which is characterized as the driest midst 
of the four investigational years. During this year , a 
significant negative impact on seed germination had 
drought in the 1 st decade (0mm) of May . In 2013, 
higher yield of seed had the line ‘L26-1’ (114.2 g m-2) 
which was by 50% lar ger than the standard variety 
‘Vega 2’. Comparing all years the most productive 
by average yield of seed was the flax line of  
‘S29-2’ (165.85 g m-2) which was by 42% larger than 
the standard variety ‘Vega 2’.

Correlations are displayed between each flax 
variety and lines yield of seeds as well as stem and 
precipitations in Fig. 4. Positive relationships were 
found between the yield of stem and precipitation for all 
lines.  In the analysis, significant positive relationships 
between the yield of stem and sum of precipitation 
of line ‘S37-2’, where r = 0.95 by significance of 
p≤0.05were identified were identified. The effects are 
related to the sum of precipitation level. Considering 
the relationships between the yield of seed and sum 
of precipitation - they are comparatively less sought 
by high moisture quantity, and presented analysis had 
a positive but no significant effect. Higher positive 
correlation for the yield of seeds has the line ‘S29-1’  
(r = 0.73). Taking into account the productivity of 
yield rates and plasticity characteristics, the most 
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In the 1st and 2nd decade of May, a high (91% from long- term average) precipitation increase was observed and then a
rapid drop in moisture (until 0 mm) that significantly affected plant emergence and development of flax stem occurred.
In 2014, the line ‘S29-2’ (500 g m-2) had the highest yield that was by 42% larger than the standard variety. According 
to the data, flax yield of stem could be majorly impacted by the amount of precipitation during the growing season and 
higher yield of stem results from lines of flax can be obtained in moist and cool weather. Berger (1969); Mankowski, 
Pudełko, & Kołodziej, (2013); Bakry et al., (2014) also reported about similar results. Furthermore, by Nykter (2006) in 
order to obtain the best flax yield (fibre and seeds) the weather conditions should be stable from germination to the end 
of flowering. According to Bavec & Bavec, (2006), fibre flax belongs to hygrophytic plants with high transpiration 
coefficients between 400 and 780 as well as drought has a negative influence on plants from emergence to the flowering 
stage. In our case, genotypes had presented similar effect. Although results characterized the 2013 as the driest year, the 
two lines ‘I18-1’ and ’K9-1’ exhibited higher yield of stem compared to 2014 and 2015 that had higher moisture content 
in vegetation period. These lines have the highest yield compared to other genotypes in moist as well as drought years.
The higher average yield of stem has the line ‘I18-1’ (751.25 g m-2) which is by 27% larger than the standard variety 
‘Vega 2’.
Comparing the data to a yield of stem, significantly higher yield of seeds was obtained in 2015 (by Fig. 3.). The year is 
characterized by high moisture content in May (about 38% higher than the long-time average) that has a positive impact 
on the smooth and good seed germination and plant development. In 2015, higher yield of seed has the line ‘S29-2’ 
(247.9 g m-2) which is by 67% larger than the standard variety ‘Vega 2’. Furthermore, the 2013 has the lowest yield of 
seed, which is characterized as the driest midst of the four investigational years. During this year, a significant negative 
impact on seed germination had drought in the 1st decade (0mm) of May. In 2013, higher yield of seed had the line ‘L26-
1’ (114.2 g m-2) which was by 50% larger than the standard variety ‘Vega 2’. Comparing all years the most productive 
by average yield of seed was the flax line of ‘S29-2’ (165.85 g m-2) which was by 42% larger than the standard variety 
‘Vega 2’.

Figure 4. Correlation between yield of stem and sum of precipitation as well as between yield of seed and sum of 
precipitation for variety and lines of flax. (YS – yield of seeds; YST – yield of stem; r – correlation coefficient).

Correlations are displayed between each flax variety and lines yield of seeds as well as stem and precipitations in Fig. 4. 
Positive relationships were found between the yield of stem and precipitation for all lines.  I n the analysis, significant 
positive relationships between the yield of stem and sum of precipitation of line ‘S37-2’, where r = 0.95 by significance 
of p≤0.05were i dentified were i dentified. T he e ffects a re related to  th e s um o f p recipitation le vel. C onsidering the 
relationships between the yield of seed and sum of precipitation - they are comparatively less sought by high moisture 
quantity, and presented analysis had a positive but no significant effect. Higher positive correlation for the yield of seeds 
has the line ‘S29-1’ (r = 0.73). Taking into account the productivity of yield rates and plasticity characteristics, the most 
valuable lines for fiber flax breeding were lines ‘I18-1’ and ‘K9-1’. The line ‘S29-2’ that is more resistant to rapid changes 
precipitations during the growing season by the yield of stem and higher productivity of yield of seeds has good potential.
Results showed the regression line with positive relationship between the technical plant height and sum of precipitation 
during the growing season for all lines and variety (presented in Figure 5.). The results indicated that the technical plant 
of he ight increases a gainst precipitation level. Results ar e co nfirmed b y the r esults o f Polonetskaya, P anifedova, &  
Sakovich, (2001). In case, statistical significant positive correlation has one line ‘S29-1’ R2 = 0.96 and with r = 0.98 by 
significance of p≤0.05.
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valuable lines for fiber flax breeding were lines ‘I18-
1’ and ‘K9-1’. The line ‘S29-2’ that is more resistant 
to rapid changes precipitations during the growing 
season by the yield of stem and higher productivity of 
yield of seeds has good potential. 

Results showed the regression line with positive 
relationship between the technical plant height and 
sum of precipitation during the growing season for all 
lines and variety (presented in Figure 5.). The results 
indicated that the technical plant of height increases 
against precipitation level. Results are confirmed by 
the results of Polonetskaya, Panifedova, & Sakovich, 
(2001). In case, statistical significant positive 
correlation has one line ‘S29-1’ R2 = 0.96 and with r = 
0.98 by significance of p≤0.05. 

Evaluating the averages the highest technical plant 
height has the line ‘L26-1’ (73.05 cm) by 20% higher 
than the standard variety ‘Vega 2’. Grauda, Stramkale, 
& Rashal (2004) proved that the most important trait 
for the fibre flax breeding is the technical plant height. 
This study presented similar results that the genotype 
with higher average yield of stem as the line ‘I18-1’ 
does not provide the highest technical plant length  as 
the line ‘L26-1’. In addition, the genotypes displayed 
different correlation in relation to sum of precipitation 
and statistical significance level presented for the yield 
of stem (‘S37-2’) as well as the technical plant height 
(‘S29-1’). Result presents that yield formation was 
significantly influenced by the sum of precipitation 
and genotype.
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Figure 5. Relationships between technical plant height (cm) and sum of precipitation in four vegetation periods for 
each flax lines and variety. (2012 – 467.9 mm, 2013 – 243.1 mm, 2014 – 354.9 mm, 2015 – 293.5 mm).

Evaluating the averages the highest technical plant height has the line ‘L26-1’ (73.05 cm) by 20% higher than the standard 
variety ‘Vega 2’. Grauda, Stramkale, & Rashal (2004) proved that the most important trait for the fibre flax breeding is 
the technical plant height. This study presented similar results that the genotype with higher average yield of stem as the 
line ‘I18-1’ does not provide the highest technical plant length  as the line ‘L26-1’. In addition, the genotypes displayed 
different correlation in relation to sum of precipitation and statistical significance level presented for the yield of stem 
(‘S37-2’) as well as the technical plant height (‘S29-1’). Result presents that yield formation was significantly influenced 
by the sum of precipitation and genotype.

Figure 6. Coefficient of variation against average yield of stem for lines and variety of flax.

High yield stability usually refers to a genotype ability to perform consistently, whether at high or low yield levels by 
weather changes. In this case characterizing yield stability in a breeding program, an important criterion is heritability. 
According to Ortiz et al., (2001) coefficient of variation (CV) had the highest narrow-sense heritability (h2 = 0.522) and 
analyzing grain yield results suggested that it may be possible to select simultaneously for high and stable yield by 
selecting out yielders that exhibit low CV. In our study coefficients of variation were not significantly correlated with 
average yields (by Fig. 6.). Some genotypes showed better stability than others. According to results, the higher yield of 
stem and higher CV has the line ‘I18-1’from all genotypes. However, better potential has the lines ‘L26-1’, ‘K9-1’ or 
‘S29-1’ that show high average yield of stem and more stable yield level to changing environmental conditions.
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Figure 5. Relationships between technical plant height (cm) and sum of precipitation in four vegetation periods for 
each flax lines and variety. (2012 – 467.9 mm, 2013 – 243.1 mm, 2014 – 354.9 mm, 2015 – 293.5 mm).

Evaluating the averages the highest technical plant height has the line ‘L26-1’ (73.05 cm) by 20% higher than the standard 
variety ‘Vega 2’. Grauda, Stramkale, & Rashal (2004) proved that the most important trait for the fibre flax breeding is 
the technical plant height. This study presented similar results that the genotype with higher average yield of stem as the 
line ‘I18-1’ does not provide the highest technical plant length  as the line ‘L26-1’. In addition, the genotypes displayed 
different correlation in relation to sum of precipitation and statistical significance level presented for the yield of stem 
(‘S37-2’) as well as the technical plant height (‘S29-1’). Result presents that yield formation was significantly influenced 
by the sum of precipitation and genotype.

Figure 6. Coefficient of variation against average yield of stem for lines and variety of flax.

High yield stability usually refers to a genotype ability to perform consistently, whether at high or low yield levels by 
weather changes. In this case characterizing yield stability in a breeding program, an important criterion is heritability. 
According to Ortiz et al., (2001) coefficient of variation (CV) had the highest narrow-sense heritability (h2 = 0.522) and 
analyzing grain yield results suggested that it may be possible to select simultaneously for high and stable yield by 
selecting out yielders that exhibit low CV. In our study coefficients of variation were not significantly correlated with 
average yields (by Fig. 6.). Some genotypes showed better stability than others. According to results, the higher yield of 
stem and higher CV has the line ‘I18-1’from all genotypes. However, better potential has the lines ‘L26-1’, ‘K9-1’ or 
‘S29-1’ that show high average yield of stem and more stable yield level to changing environmental conditions.

y = 0.0778x + 33.654
R² = 0.96

50

55

60

65

70

75

80

85

200 250 300 350 400 450 500

Te
ch

ni
ca

lp
la

nt
 h

ei
gh

t, 
cm

Precipitation, mm
S29-1 S29-2 S37-1 S37-2 T36-1
T36-2 T36-3 K9-1 K9-2 L26-1
I7-1   I7-2   I18-1 ST Linear (S29-1)

S29-1

S29-2
S37-1

S37-2

T36-1

T36-2

T36-3

K9-1

K9-2
L26-1

I7-1

I7-2

I18-1

ST

20

25

30

35

40

45

50

500 550 600 650 700 750 800

C
oe

ffi
ci

en
t o

f v
ar

ia
tio

n,
 %

Average yield of stem, g m-2

Figure 6. Coefficient of variation against average yield of stem for lines and variety of flax.
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High yield stability usually refers to a genotype 
ability to perform consistently, whether at high or 
low yield levels by weather changes. In this case 
characterizing yield stability in a breeding program, 
an important criterion is heritability . According to 
Ortiz et al., (2001) coefficient of variation (CV) had 
the highest narrow-sense heritability (h2 = 0.522) 
and analyzing grain yield results suggested that it 
may be possible to select simultaneously for high 
and stable yield by selecting out yielders that exhibit 
low CV. In our study coefficients of variation were 
not significantly correlated with average yields (by 
Fig. 6.). Some genotypes showed better stability than 
others. According to results, the higher yield of stem 
and higher CV has the line ‘I18-1’from all genotypes. 
However, better potential has the lines ‘L26-1’, ‘K9-1’ 
or ‘S29-1’ that show high average yield of stem and 
more stable yield level to changing environmental 
conditions. 

The cluster analysis of 14 genotypes was based 
on yield of stem and yield component (by Fig. 7.). 
According to the results, the genotypes were diverged 
in two main groups. The first main group was divided 
in two sub-groups. First sub-group of yield of stem 
and yield component in comparison to second 
main sub-group is more productive and contains 9 
lines of flax (‘K9-1’, ‘I7-1’, ‘36-1’, ‘I7-2’, ‘S29-1’, 
‘L26-1’, ‘S29-2’, ‘S37-2’and ‘K9-2’) . Second sub-
group contains an independent line ‘I18-1’ that is 
characterized by the highest yield of stem and total 
plant height that is potentially different from other line 
after yield components and with largest distances 15. 
Dendrogram results indicated first main group with 

good potential for breeding program; consequently, it 
is a suitable group for producing fibre. Bakry et al., 
(2014) also found similar results: agronomic data of 
49 flax varieties were evaluated, using cluster analysis 
that revealed the existence of variations among 
varieties. Therefore, cluster analysis is a suitable 
solution to group and select desirable genotypes for 
well-grounded selection as well for classifying the 
high yield genotypes with high component characters.

Conclusions
Overall, the higher yield of stem for all evaluated 

flax genotypes was obtained in the moisture and 
cool environmental conditions and suggesting that 
water stress was a major factor that influenced yield 
variation. Results showed that high-yielding cultivars 
can differ in yield stability , and suggested that yield 
stability and high yield of stem are not mutually 
exclusive. According to the results, it could be put 
forward flax line ‘I18-1’ (yield of stem 751.25 g m-2) 
where higher yield of stem was obtained, but it was 
associated with low stability and specifically adapted 
to favorable environmental conditions. However, the 
line ‘S29-2’ (yield of stem 656.5 g m-2) that showed 
higher yield productivity and resistance to stress 
factors (as rapid precipitation change) has higher 
stability. Most valuable by the average technical plant 
height was the line ‘L26-1’ (73.05 cm). Determination 
of correlation, regression, coefficient of variation 
and cluster analysis has provided ef fective selection 
criteria for creating new ecological plastic fiber flax 
varieties.

Figure 7. Dendrogram for 14 flax genotypes. (1 and 2 main group; 1.1 and 1.2 sub-group).

The cluster analysis of 14 g enotypes was based on yield of stem and yield component (by Fig. 7.). According to the 
results, the genotypes were diverged in two main groups. The first main group was divided in two sub-groups. First sub-
group of yield of stem and yield component in comparison to second main sub-group is more productive and contains 9
lines of flax (‘K9-1’, ‘I7-1’, ‘36-1’, ‘I7-2’, ‘S29-1’, ‘L26-1’, ‘S29-2’, ‘S37-2’and ‘K9-2’) . Second sub-group contains 
an independent line ‘I18-1’ that is characterized by the highest yield of stem and total plant height that is potentially 
different from other line after yield components and with largest distances 15. Dendrogram results indicated first main 
group with good potential for breeding program; consequently, it is a suitable group for producing fibre. Bakry et al.,
(2014) also found similar results: agronomic data of 49 flax varieties were evaluated, using cluster analysis that revealed 
the existence of variations among varieties. Therefore, cluster analysis is a suitable solution to group and select desirable 
genotypes for well-grounded selection as well for classifying the high yield genotypes with high component characters.

Conclusions
Overall, the higher yield of stem for all evaluated flax genotypes was obtained in the moisture and cool environmental 
conditions and suggesting that water stress was a major factor that influenced yield variation. Results showed that high-
yielding cultivars can differ in yield stability, and suggested that yield stability and high yield of stem are not mutually 
exclusive. According to the results, it could be put forward flax line ‘I18-1’ (yield of stem 751.25 g m-2) where higher 
yield of stem was obtained, but it was associated with low stability and specifically adapted to favorable environmental 
conditions. However, the line ‘S29-2’ (yield of stem 656.5 g m-2) that showed higher yield productivity and resistance to 
stress factors (as rapid precipitation change) has higher stability. Most valuable by the average technical plant height was 
the line ‘L26-1’ (73.05 cm). Determination of correlation, regression, coefficient of variation and cluster analysis has 
provided effective selection criteria for creating new ecological plastic fiber flax varieties.
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FERTILISATION PLANNING AS EFFECTIVE TOOL FOR BALANCED ECONOMIC 
AND ENVIRONMENTAL BENEFITS IN CROP FARMING
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Abstract
Since the middle of the last century rapid intensification of agricultural production systems has resulted in dramatic 
increase in fertilizer consumption as fertilizer has been considered as one of the most important factors for increased 
yields. However, not all the nutrient ions in a fertilizer applied to soil are taken up by crops, t hus certain amount of 
the applied fertilizer is lost from agricultural fields leading to increases in nitrogen surplus, nitrogen losses to the 
environment and harmful impacts on biodiversity, air and water quality. This study aims to focus on crop fertilisation 
planning which is based on the knowledge of physical and chemical properties of soil and involves performing soil 
tests, designing a fertilisation plan and its practical implementation as well as calculating the balance of N, and to 
evaluate crop fertilisation planning as a tool for achieving balanced economic and environmental benefits in crop 
farming, which play an important role in efficient farming. In this study, the authors have analysed current situation in 
Latvia regarding requirements for fertilization planning in crop farms and have assessed potential costs and benefits 
from fertilisation planning. The research finds out that total cost of introducing of fertilisation planning ranges from 
34 to 22 EUR ha-1, however, fertilisation planning is a neutral measure where costs are compensated by savings from 
N inputs which ranges from 10 to 40 kg N ha-1.Fertilisation planning generates environmental benefits, i.e. – reduces 
direct N2O emissions from agricultural soils by 47 – 187 kg CO2eq ha-1 through reduced N fertilizer inputs.
Key words: fertilisation planning, nitrous oxide, GHG emissions, savings.

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)

Introduction 
Agricultural production fulfils important needs 

of human beings, most import antly the production 
of essential nutritional products, supplying raw 
materials for industrial purposes, producing bioenergy 
and environmental stewardship (Kirchmann & 
Thorvaldsson, 2000). However , agriculture faces 
with a range of challenges, like, weather, infestation, 
manpower and environmental problems, where 
environmental problems have been considered as 
topical once (Kirchmann & Thorvaldsson, 2000; 
Tilman et al., 2002). According to H.  Kirchmann 
& G.  Thorvaldsson (2000), some of environmental 
problems are caused by natural conditions (high native 
heavy metal content, drought, volcanic eruptions, 
etc.), others depend on agricultural practices (leaching 
of nutrients and pesticides, etc.), and some are related 
to human influence in other areas (air pollution).This 
means that in modern agricul ture farmers should 
produce adequate amounts of a high-quality product, 
protect its resources and be both environmentally 
friendly and economically profitable (Valkama 
et al., 2013).However , accordin g to D.  Tilman and 
co-authors (2002) modern agricultural practices that 
have greatly increased global food supply have had 
inadvertent, detrimental impacts on the environment. 
The rapid intensification of agricultural production 
systems since 1950 has resulted in a dramatic increase 
in inputs in general, and in fertilisers in particular (Van 
Alphen & Stoorvogel, 2000). It has been even revealed 
that in order to ensure that the yield potential could 
be reached each year, farmers often applied quantities 
of nitrogen (N) fertiliser that were far greater than 

the amount actually required to achieve the yield  
potential (Lemaire, Jeuffroy, & Gastal, 2008). At 
the same time it has been also estimated that only 
30–50% of applied nitrogen fertilizer (Smil, 1999) 
and approximately 45% of phosphorus fertilizer 
(Smil, 2000) are taken up by crops. Moreover, 
incorporation of excessive nitrogen fertilizer rates 
contributes to nitrate accumulation in soil (Līpenīte 
& Kārkliņš, 2015).It means that a significant amount 
of the applied nitrogen and a smaller portion of 
the applied phosphorus are lost from agricultural 
fields. In turn, excess fertilizer application leads to 
increases in nitrogen surplus, nitrogen losses to the 
environment and harmful impacts on biodiversity , 
air and water quality (Goulding, Jarvis, & Whitmore, 
2008; Līpenīte & Kārkliņš, 2015). Such findings have 
highlighted the need for more sustainable agricultural 
methods and many scientific studies of different 
aspects of sustainable agricultural methods have 
been carried out. For example, many countries such 
as Belgium, Denmark, Germany, the Netherlands, 
Norway, Switzerland (OECD, 2008), and Finland 
(Valkama et al., 2013) show further potential to 
reduce agricultural N surpluses to levels that are not 
potentially environmentally damaging. Some findings 
reveal that in order to maintain high yields while 
reducing environmental impact, it appears necessary 
to increase N-use efficiency through the promotion 
of good farming practices (Dumont et al., 2015). 
Widespread approach in Europe and North America 
for adjusting the N fertilization is soil sampling at 
the start of the growing period in order to analyze the 
amount of NO 3

−-N (and NH 4
+-N). However , such a 
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procedure is time-consuming and costly and fails to 
take into accou nt additional N from mineralization 
during the coming season (Valkama et al., 2013).

Such situation analysis set the aim for this study –  
to evaluate crop fertilisation planning as a tool for 
achieving balanced economic and environmental 
benefits in crop farming. This aim goes in line with 
the key purpose of crop fertilis ation planning which 
is focused on ensuring optimum crop fertilisation, as 
the lack of basic elements can reduce crop growth and 
yields, while the unabsorbed amount of N results in 
economic and environmental losses, as N2O emissions 
are produced. In order to achieve the aim, two specific 
research tasks were set: 1) to analyse current situation 
in Latvia regarding requirements for fertilization 
planning in crop farms; 2) to assess potential costs 
and benefits from introducing fertilisation planning in 
farms. 

Materials and Methods
This study is part of a broader research aiming to 

assess the agricu ltural sector greenhouse gas (further 
in text – GHG) emissions reduction potential and 
to make costbenefit analysis for GHG abatement 
measures and make recommendations for policy 
planning in the field of emission reduction. This study 
proceeds in two stages: 1) to analyse current situation 
in Latvia regarding requirements for fertilization 
planning in crop farms in order to examine the real 
situation concerning fertilisation planning; 2) to assess 
potential costs and benefits from fertilisation planning 
in order to estimate its ef fects on the economy of 
farms.

In order to analyse the current situation in  
Latvia regarding requirements for fertilization 
planning in crop farms, authors have used various 
sources of materials and data: the scientific literature, 
legislation, reports and recommendations, as well as 
websites.

In order to calc ulate potential gains and losses 
from fertilisation planning, the main costs related to 
implementation of fertilisation planning were made. 
Introduction of fertilisation planning consists of 
several processes:
1. Agrochemical soil testing;
2. Development of crop fertilization plan;
3. Calculation of nitrogen balance.

Agrochemical soil testing
Assessment of the agrochemical properties of 

the soil is the first step in the fertilisation planning 
process. Soil agrochemical composition is important 
information that should be considered when choosing 
crops to be grown and planning use of fertilizers. 
If farmers grow crops without knowing the soil 
agrochemical properties, then it may happen that the 

crop is unable to take full advantage of all the fertilizer 
inputs. Agrochemical test must be carried out every 6 
years.

In Latvia, the official authority competent of soil 
and authority where agrochemical soil testing can 
be carried out is State Plant Protection Service. Soil 
agrochemical testing is set of measures which include:
•	 a professional soil sampling with specific probes, 

according to the Latvian State Land Service 
soils maps indicated soil type and particle size 
distribution;

•	 soil agrochemical measurement in accredited 
laboratory of soil analysis carried out methods 
approved by the Ministry of Agriculture;

•	 the data are entered and stored at Soil agrochemical 
research database;

•	 the analytical results developed by Latvian 
scientists are evaluated and groups of agrochemical 
indicators approved by the Ministry of Agriculture;

•	 agrochemical soil testing materials include 
chemical studies of soil maps, the preparation and 
issuance to the customer;
Taking into account the farmers’  interest in 

precision agriculture and in receiving agrochemical 
soil test results in digital format, starting from 2013 
State Plant Protection Service offers agrochemical soil 
testing with usage of geographical positioning device 
(GPS) to farmers.

Crop fertilization plan
The next step in the fertilisation planning is to 

estimate the amount of nutrients that the crop needs 
and to develop crop fertilization plan. In order to 
develop crop fertilization plan and to calculate the 
necessary amount of fertilizers, several important 
factors should be taken into account:
•	 crop specie planned to grow in the field, realistic 

yield potential;
•	 crop specie grown in the field in the previous 

season;
•	 soil properties of the field (using data from 

agrochemical soil tests). 
In order to provide ef fective farming practice, 

crop fertilization  plans should be developed for all 
farms that use fertilizers in crop cultivation. In Latvia, 
farmers have several options how they can develop 
crop fertilization plans:
1. farmers can use on-line fertiliser planning system 

offered by Rural Support Service Electronic 
Application System (further in text - E-service 
LDS EPS);

2. farmers can do calculations themselves by using 
specific normative tables (Kārkliņš &Ruža, 
2013) drawn up on the basis of experimental data 
obtained or by using the software provided by 
different services;
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3. farmers can use consulting services of Latvian 
Rural Advisory and Training Centre.

Calculation of nitrogen balance
Nitrogen balance is necessary for keeping track 

of the nitrogen flows on the farm, and the key for 
improved nitrogen use efficiency and reduced risk of 
nitrogen losses on the farm. Nitrogen balance informs 
farmers about their degree of nitrogen utilisation and 
helps to identify the risk of nitrogen leaching and other 
losses from the field and the whole farm. The work 
with nitrogen balance provides important information 
for improved fertiliser planning and improved farm 
finances.

To achieve the set aim and tasks of the research, 
the appropriate research methods have been used 
in the research study , mainly qualitative and also 
quantitative: monographic; analysis and synthesis, 
data grouping, abstract analysis, logical construction 
etc.

Results and Discussion
Current situation in Latvia regarding requirements for 
fertilization planning in crop farms

In the scientific literature (Goulding, 2000; 
Tilman et al., 2002; Valkama et al., 2013; Dumont 
et al., 2015) there can be found various examples of 
best management practices for N management, like 
choosing of the highestyielding variety appropriate 
to maximize the use of the available nutrients; 
maintaining a green cover as much as is practicable 
to retain N; making regular soil analyses for pH, P , 
K and Mg and possibly trace elements; using lime 
to maintain the appropriate pH for optimum nutrient 
supply; calculating fertilizer requirements using 

a recommendation system; avoiding unnecessary 
autumn and early spring applications of N; applying 
fertilizers and manures evenly , and well away from 
watercourses, with a properly calibrated spreader.

Thus, fertilization planning which in the frame 
of this study has been understood as set of three 
activities - agrochemical soil testing, development 
of crop fertilization plan, and calculation of nitrogen 
balance - is one of possibilities how to meet the best 
management practices for N management. 

Soil agrochemical testing is a key to soil nutrient 
management or the first step in planning an economical 
and environmentally sound fertilization program. 
Information about soil properties provides a farmer 
with an estimate of the amount of fertilizer nutrients 
needed to supplement those in the soil (Baker , Ball, 
& Flyn, 2002). Applying the appropriate type and 
amount of needed fertilizer will give to agriculture 
farmer a more reasonable chance to obtain the desired 
crop yield. According to information provided by 
State Plant Protection Service (the official authority 
competent of Latvian soil and authority where 
agrochemical soil testing can be carried out), over 
the past six years agrochemical tests have been made 
only for 10% of agricultural land soil (Rulle, 2014). It 
means that a large part of Latvian farmers grows crops 
without knowing the soil agrochemical properties. In 
contrast, in the neighbouring country Estonia, where 
soil agrochemical testing is a condition of national and 
EU support system, farmers have information about 
80% of agricultural land soil agrochemical properties 
(Astover & Rossner, 2013).

As regards development of crop fertilization 
plans, currently in Latvia crop fertilization plans are 
mandatory for two kinds of farmers: 
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Figure 1. Dynamics of agricultural land (ha) in which agrochemical  
soil testing has been carried out in Latvia, 2003 – 2015.
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•	 For those farmers whose farms are located  
in nitrate vulnerable zones and use 20  ha or more  
of agricultural land, but for horticulture and 
vegetable growing farms – 3  ha or more of 
agricultural land.

•	 For those farmers who are professional users of 
plant protection  products of second registration 
class (about 17000 farms).
For the rest of farmers, this activity is voluntary 

and farmers don’t receive any financial support. 
Similarly, it is with calculation of nitrogen balance; 
this is voluntary  and depends on farmer ’s interests. 
Therefore, the dynamics of agricultural land area in 
which agrochemical soil testing has been carried out 
over the years is very uneven (see Fig. 1).

Information provided by State Plant Protection 
Service about changes in proportion of dif ferent 
agrochemical characteristics of the agricultural land 
in Latvia is summarized in Figure 2. This information 
should be considered as indicative because monitoring 
sites differ from year to year and do not reflect the 
situation in constant area. However, from the soil 
monitoring results summarized in Figure 2 can be 
concluded general observations: Latvian agricultural 
land has a tendency to acidification of soil; agricultural 
land is generally poorly served by phosphorus, 
where one of the most important reasons for the low 
phosphorus content could be unbalanced fertilizer 
use; potassium available for plants in soil tends to get 
worse.

In the context of fertilisation planning, these 
tendencies are very unwanted as nutrient imbalance 
and acid  soil have negative impact on N uptake by 
crops.

As regards development of crop fertilization plans, 
then currently in Latvia crop fertilization plans are 
mandatory for two kinds of farmers:
•	 those farmers whose farms are located in nitrate 

vulnerable zones and use20  ha or more of 
agricultural land, but for horticulture vegetable 
growing farms – 3 ha or more of agricultural land;

•	 farmers who are professional users of plant 
protection products of second registration class.
For rest of farmers this activity is voluntary . 

Similarly with calculation of nitrogen balance, this is 
voluntary and depends on farmer’s interests. 

Such situation in Latvia shows that fertilization 
planning has to be included on the list of national 
agricultural activities eligible for support, 
which would motivate farmers and contribute to  
maintaining the quality of soils, increasing yields, 
accumulating and updating information on the 
condition of soils, fertilization practice and nutrients 
balance.

Potential costs and benefits from introducing 
fertilisation planning in farms

Fertilisation planning is essential to obtain the best 
balance of economic and environmental benefits in 
each farm as lack of certain plant nutrients can reduce 

Source: Rulle, 2016.
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Figure 2. Proportion of different agrochemical characteristics of the  
agricultural land in Latvia in 1995, 2012 and 2014.
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plant growth and lower yield, but surpluses can be 
costly both from an environmental and an economic 
perspective. 

Nitrous oxide (N 2O) is a greenhouse gas with a 
global warming potential 298 times higher than carbon 
dioxide (CO2) on a per mass basis, and is the lar gest 
stratospheric ozone-depleting substance (IPCC, 2015). 
Agricultural soils are the main anthropogenic source 
of N2O emissions, primarily as a result of the addition 
of synthetic N fertilizers and animal manures to soil 
(Bouwman, Boumans, & Batjes, 2002). The potential 
for mitigation of N2O emissions arising from fertilizer 
management practices has been scientifically assessed 
in recent decades. Given the strong association 
between fertilizer management and crop productivity, 
which to a large extent determines farmers’ willingness 
to adopt such practices, it is essential to incorporate 
the impacts on yields before any mitigation practice 
can be recommended (Abalos et al., 2016). Yet, the 
potential consequences of N 2O mitigation practices 
on crop yield remain largely unexplored (Millar et al., 
2010). Both positive and negative effects, depending 
on the practice, can be expected.

The optimum N fertilization is known to vary 
within the same field and with each growing season as 
a result of the heterogeneity of soil properties, as well 
as inter- and intra-annual climatic patterns (Basso et 
al., 2012). Furthermore, the decision-making process 
linked to N management remains complex because 
even if a spatia l map of soil properties exists, the 
decision regarding the amount of N fertilizer to apply 
must be made without any prior knowledge of future 
weather conditions (Basso et al., 201 1). In such a 
context, determining the optimum amount of and the 
most appropriate timing for N fertilizer is a challenge 
(Dumont et al., 2016).

Application of N fertilizer in Latvia has been 
determined by the Republic of Latvia Cabinet 
Regulation No. 834 ‘Regulation Regarding Protection 
of Water and Soil from Pollution with Nitrates Caused 

by Agricultural Activity’ where maximum permissible 
amount of nitrogen, which may be used for crops 
in one harvest period depending on the planned 
yield level has been indicated. Current agricultural 
practice in Latvia shows that those farmers who don’t 
implement fertilisation planning are usually guided by 
maximum permissible amount of nitrogen, which may 
be used for crops. However, it has been scientifically 
proved that in some cases current fertilizer 
recommendations, which are based on the grower’s 
yield expectation, can lead to significant errors in N 
management practice. For example, current Finnish 
N-fertilizer recommendations are uneconomically 
high for poorly responsive fields, where N input can 
be reduced by 20 – 75 kg ha -1 without economic loss 
to agriculture. Such improved practices could reduce 
N balances by 10 – 40 kg ha -1 year-1. In contrast, the 
current recommendations may be uneconomically low 
for highly responsive fields, thus leading to economic 
losses for the growers (Valkama et al., 2013).

Such situation analysis let authors conclude that 
introduction of such best management practice for 
N management as fertilisation planning should be 
associated not only with costs but also with economic 
and environmental benefits (see Table 1).

The main costs associated with introduction of 
fertilisation planning are as following:
1. Agrochemical research of soil: these costs depend 

on size of the farm and farmers choice regarding 
usage of GPS in research. Thus farmers’ costs for 
agrochemical soil tests can vary from 16 EUR ha-1 
to 28 EUR ha-1.

2. Development of crop fertilization plan: farmers 
have several options - farmers can use on-line 
fertiliser planning system of fered by E-service 
LAD EPS or farmers can do calculations 
themselves by using specific normative tables 
(Kārkliņš & Ruža, 2013) drawn up on the basis 
of experimental data obtained or by using the 
software provided by dif ferent services. In this 

Table 1
Potential costs and benefits from introducing fertilisation planning in farms

Fertilisation planning 
activities

Implementation costs, 
EUR ha-1

Economic benefits Environmental benefits

Savings in N input rates, kg 
N ha-1

GHG reduction potential, kg 
CO2eq ha-1

Agrochemical soil tests From 28 to 16 X X
Development of crop 
fertilization plan 3 X X

Development of nitrogen 
balance 3 10 – 40 47 – 187

Total 34 – 22 10 – 40 47 – 187

Source: authors’ calculations after Valkama et al., 2013; Domingo et al., 2014.
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case these will be transaction costs. In the case  
if farme rs use consulting services of Latvian  
Rural Advisory and Training Centre costs will be 
3 EUR ha-1.

3. Calculation of nitrogen balance: farmers can 
do calculations themselves by using specific 
normative tables (Kārkliņš & Ruža, 2013) drawn 
up on the basis of experimental data obtained or by 
using the software provided by dif ferent services. 
In this case these will be transaction costs. 
The total cost of introducing of fertilisation 

planning range from 22 to 34 EUR ha -1. However , 
according to scientific findings (Valkama et al., 2013; 
Domingo et al., 2014)the fertilisation planning would 
generate savings in N inputs – ranging from 10 to 
40 kg  N ha -1, which can be considered as economic 
benefits. Thus fertilisation planning can be considered 
as a neutral measure where costs are compensated by 
savings. Fertilis ation planning associates also with 
some environmental benefits – reduced N fertilizer 
inputs will positively affect GHG emissions through 
reduced direct N2O emissions from agricultural soils. 

Conclusions
1. Agrochemical soil testing is a key to soil nutrient 

management and provides a farmer with an 
estimate of the amount of fertilizer nutrients 
needed to supplement those in the soil. Situation 
analysis in Latvia shows that over the past six 
years only for 10% of agricultural land soil 

agrochemical research has been made. It means 
that a large part of Latvian farmers grow crops 
without knowing the soil agrochemical properties. 
Thus, fertilization planning has to be included on 
the list of natio nal agricultural activities eligible 
for support, which would motivate farmers and 
contribute to maintaining the quality of soils, 
increasing yields, accumulating and updating 
information on the condition of soils, fertilization 
practice and nutrients balance.

2. The assessment of potential costs and benefits 
from fertilisation planning revealed that:
•	 total cost of introducing of fertilisation planning 

range from 22 to 34 EUR ha -1, however , 
fertilisation planning is a neutral measure 
where costs are compensated by savings from 
N inputs which range from 10 to 40 kg N ha-1;

•	 fertilisation planning generates environmental 
benefits, i.e. – reduces direct N2O emissions 
from agricultura l soils by 47 – 187 kg CO 2eq 
ha-1 through reduced N fertilizer inputs.
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LIMING EFFECT ON NITROGEN USE EFFICIENCY AND NITROGEN OXIDE 
EMISSIONS IN CROP FARMING
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Abstract
Liming soils make both direct and indirect effects on greenhouse gas (GHG) emissions. If raising the pH of soil, the 
amount of N2O emissions in the result of nitrification decreases; therefore, it is important to perform also maintenance 
liming if applying nitrogen fertilisers. Liming acidic soils contributes to the absorption of nutrients supplied by 
means of fertilis ers by plants, limits the spread of plant diseases, forms better soil moisture and air regimes for 
plants, improves the structure of soil and activates microorganisms. The aim of this study was to assess liming effect 
on nitrogen use efficiency and nitrogen oxide emissions in crop farming. To achieve the aim, this study proceeds in 
two stages: 1) to analyse the scientific literature on the liming effect on nitrogen use efficiency and nitrogen oxide 
emissions in other countries, as a few such research studies are available in Latvia; 2) to calculate potential gains and 
losses from liming acid soils in order to examine the real situation concerning liming and its effects on the economy of 
farms. The research finds out that at the farm level in Latvia liming gives a positive economic effect (41.6 EUR ha-1) 
however, it is essential for maintaining soil fertility, increasing yields, and presumably for more efficient circulation 
of nitrogen, which decreases nitric oxide emissions.
Key words: liming, pH, nitrogen efficiency, GHG emissions.

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)

Introduction 
Mineral fertilizers have a significant impact on 

greenhouse gas (GHG) emissions, but at the same 
time they also imply a big mitigation potential by 
contributing to better land productivity and to reducing 
the need for land use change. By improving nutrient 
use efficiency, highly productive farming systems 
contribute to GHG mitigation. The expected decrease 
in N inputs to soils in the future will also decrease 
soil acidification. The amount of limestone used in 
agriculture in several western and northern European 
countries has decreased substantially . (Velthof et al., 
2011). Now in Latvia of the total agricultural land 40% 
has acidic soils; lime has to be applied to gain high 
yields of protein crops and other crops. Liming was 
extensively implemented in Latvia in the period 1986–
1988, but even then the CaCO3 balance was negative 
in Latvi a’s agricultural areas exploited intensively, 
as calcium and magnesium compounds were leached 
from the arable layer by rain waters, removed by crops 
and neutralised by acidity caused by fertilisers. In 
Latvia, according to G. Pakalns (2006), if liming 217 
thou ha of acidic soils a year, on average, 1007 thou t 
CaCO3 are brought into soil by means of agricultural 
lime and organic and synthetic fertilisers, while 1075 
thou t are removed by crops, leached and used to 
neutralise acidic fertilisers; the deficit amounts to 68 
thou t, i.e., on average, 34 kg ha -1 CaCO3. According 
to A. Kārkliņš (1996), CaCO3 leaches from clay soils 
at a rate of 200–250 kg ha -1 and from sandy soils at a 
rate of 60 kg ha-1, while the quantity of CaCO3 needed 
for the neutralis ation of acidity  caused by fertilisers 
depends on the kind of fertilisers and their application 
rates. Already since 1992 a too small agricultural area 
was limed, which began affecting the quality of soils. 

In 1990, an area limed reached 149.2 thou ha, while 
in 2000 it decreased to 2.5 thou ha. According to the 
Central Statistical Bureau, approximately 18 777 ha 
were limed in 2014; yet, the lea ching of calcium and 
its removal by crops continued. In Latvia, 100 thou 
ha have to be limed in order to prevent soils from 
becoming more acidic. Liming an acid soil is the 
first step in creating favourable soil conditions for 
productive plant growth. Crops vary in their ability to 
tolerate an acidic (low pH) soil. In addition, evidence 
has shown that soil acidity may influence other crop 
management problems such as herbicide activity. 
Soil pH is a good indicator of the need for liming. A 
soil pH of 5.5 or lower will often result in significant 
negative impact on most crops. The general goal of 
liming agricultural soils continues to be a soil pH of 
6.0 to 7.0.

Such situation analysis set the aim for this study – 
to assess liming effect on nitrogen use efficiency and 
nitrogen oxide emissions in crop farming. To achieve 
the aim, two specific research tasks were set: 1) to 
analyse the scientific literature on the liming effect on 
nitrogen use efficiency and nitrogen oxide emissions; 
2) to calculate potential gains and losses from liming 
acid soils. The object of this study is potential gains 
and losses from the liming acid soils.

Materials and Methods 
This study is part of a broader research aiming to 

assess the agricultural sector GHG emissions reduction 
potential and to make costbenefit analysis for GHG 
abatement measures and make recommendations for 
policy planning in the field of emission reduction. 
This study proceeds in two stages: 1) to analyse the 
scientific literature on the liming effect on nitrogen 
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use efficiency and nitrogen oxide emissions in other 
countries, as a few such research studies are available 
in Latvia; 2) to calculate potential gains and losses 
from liming acid soils in order to examine the real 
situation concerning liming and its effects on the 
economy of farms.

According to scientific literature (Soon & Arshad, 
2005; Valkama et al., 2013), liming acid soils can 
be used as one of the GHG mitigation measure. 

However, current situation in Latvia has showed  
that agrochemical research of soils was conducted 
only in less than 10% of the utilised agricultural  
area (UAA), mainly in very sensitive territories. 
Therefore, in order to estimate the real situation 
concerning liming and its ef fects on the economy 
of Latvian farms, calculations of potential gains and 
losses from liming were performed in this study . In 
order to understand the main costs, positions related 
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Figure 1. Mapping of costs related to implementation of liming.
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to implementati on of liming mapping of costs were 
made (see Figure 1). 

To achieve the set aim and tasks of the research, 
the authors have used the publications and studies 
of foreign and Latvian scientists, legislation, reports 
and recommend ations. The research authors have 
widely applied generally accepted research methods 
in economics, i.e. monographic descriptive method as 
well as analysis and synthesis methods to study the 
problem elements.

Results and Discussion
Analysis of the scientific literature on the liming 
effect on nitrogen use efficiency and nitrogen oxide 
emissions

It has been scientifically proved that soil N 
transformations and fluxes can be affected by soil pH 
(Soon & Arshad, 2005). According to P .W. Moody 
and co-authors (1995) and C.A. Rosolem and co-
authors (1995), the flow of N through processes 
such as mineralization, nitrification and microbial 
immobilization influences N availability, and thus 
when acid soils are limed, crop uptake of N can 
increase through enhancement of soil N turnover 
and root and shoot growth. Some research findings 
(Barton, Murphy, & Butterbach-Bahl, 2013) show that 
the largest nitrous oxide (N 2O) emissions arise from 
soils lying fallow after a rain period, compared with the 
emissions from nitrogen fertilisers produced during the 
crop growing period. N2O emissions from acidic soils 
increase during nitrification. Besides, N2O emissions 
from dry soils reach 0, but with moisture increasing in 
soils, the emissions can increase up to 0.065 μg N2O 
owing to both nitrification and denitrification. With 
the pH of soil increasing, N2O emissions decrease. 
According to research studies, increasing the pH of 
soil decreases N2O emissions from acidic soils during 
rainfall periods when the emissions are caused by 
nitrification (Barton, Murphy, & Butterbach-Bahl, 
2013). Australian scientists, in their research on 
lupine-wheat and wheat-wheat rotations with using N 
fertilisers, have also proved that liming contributes to 
decreases in GHG emissions from farms, as the flow 
of N2O declines and the absorption of CH4 increases 
(Barton, Murphy, & Butterbach-Bahl, 2013). 

Under the conditions in Latvia there can be 
performed two types of liming – correction liming 
and maintenance liming. Correction liming is aimed 
at radically raising soil reaction in the entire arable 
layer for a long period. It is performed if the reaction 
of mineral soils is below pH KCl 5.5 , while for peat 
soils it is pH KCl  5.0. A lime fertiliser is brought 
into soil while doing correcti on liming functions 
only for a limited period; therefore, liming has to 
be periodically repeated. In order to compensate 
acidification processes caused by application of acid 

fertilisers, runoff of Ca and by acid rain a repeated 
liming operation is needed even if the soil was very 
acidic and the correction liming operation did not 
result in optimu m soil reaction.  Unfortunately, there 
are no recent researches about ef fect of liming on 
yield. However, experiment results from trials made 
in 1982–1983 showed that afte r performing liming 
in fields with pH 5.5, an increase in barley yield 
by 0.3  – 0.5 t ha -1 (Štikāns, 1992) was observed. 
Maintenance liming is performed to periodically 
offset the loss of Ca and Mg in the arable layer of 
soil and to maintain the pH of soil at optimum level. 
Maintenance liming is usually recommended to be 
done once in three years, spreading from 1.0 to 1.5 t 
of CaCO3 per hectare. According to research studies 
by J. Vigovskis (2014) in Skriveri: in the area where a 
higher lime rate was applied, soil acidity decreased to a 
pH of 5.2, while in the area with a low lime rate the pH 
of soil decreased to a lower level (pH 4.6) than it was 
before (pH 4.8). In the area that was not limed the soil 
reaction also continued gradually declining (from pH 
4.8 to pH 4.4.) The experimental results convincingly 
prove that without carrying out maintenance liming 
operations, soils became more acidic by pH 0.7 – 0.8.

The size of farms is not important for liming acidic 
soils, but the choice of a lime fertiliser, depending on 
the amounts of Ca and magnesium (Mg) available in 
soil, is essential. From the perspective of soil reaction, 
there are two types of soils in Latvia: soils that are 
formed on dolomites and soils that are formed on 
limestone. For example, along the rivers of Daugava 
and Lielupe and in some other areas – on dolomites – 
where soil acidity should be normal, it often lacks Ca, 
as the ratio of Ca to Mg is inappropriate. For example, 
near Saulkalne where Mg in soil is available in too 
large amounts, applying dolomite powder brings 
more Mg into soil, which is not necessary; the most 
appropriate substance in this case is limestone powder. 
In contrast, in Southern Kurzeme – in the vicinities 
of Saldus and Liepaja – the situation is opposite, as 
there is a lack of Mg in soil and dolomite powder is 
appropriate for liming. A very important indicator in 
the assessment and choice of lime fertilisers is their 
contents of Ca and Mg and the ratio of these elements. 
If an inappropriate lime fertiliser is chosen, the 
expected result will not be achieved neither on large 
nor small farms if the purpose is only to adjust the pH 
of soil by liming without taking into consideration the 
ratio of Ca to Mg in the soil (Nollendorfs, 2004).

Calcium together with humus forms the structure 
of soil and determines soil water and air capacities 
and soil reaction. Acidic soils do not have enough Ca, 
but it is the most essential nutrient for plant growth. 
If soils are not limed, their structure degrades, they 
become dense faster and unfavourable moisture and 
air regimes emerge in the soils; nitrification in acidic 
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soils is also hindered – the activity of microorganisms 
declines and plant diseases spread. Consequently, crop 
yields decrease as well. Plant nutrients brought into 
soil by means of fertilisers do not perform ef fectively 
in acidic soils, and the absorption of microelements 
is obstructed. For example, phosphorous forms 
compounds difficult to reach and absorb by plants. 
Molybdenum is actually unabsorbed too. If soils 
are acidic and lack calcium, even the contents of 
potassium and magnesium decrease in plants. In 
contrast, the absorption of radioactive substances and 
heavy metals (lead, zinc, cadmium, arsenic), which 
are dangerous for human health, increases. They can 
accumulate in plants to toxic rates. Accordingly, one 
can conclude that liming is a way of achieving higher 
yields and better product quality on any crop farm. 
On livestock farms, feed produced in limed soils has 
higher contents of Ca and protein; therefore, there is 
an opportunity to achieve greater agricultural output 
and higher product quality (Hylander, 1995; Mandai, 
Pal, & Mandai, 1998).

With acidity rising and the content of or ganic 
matter declining in soil, plants can absorb less 
nutrients, whereas the absorption of pollution by 
plants increases. Consequently, one can find that 
liming acidic soils is urgent for any kind of farms. It is 
of great importance to enterprises of intensive farming 
due to high rates of nitrogen fertiliser application and 
relatively high rates of Ca removal from soil, while the 
formation of organic matter in soil, which is hindered 
in an acidic environment, is important to organic 
farms. For example, liming soils in Scandinavia is very 
important; it is estimated that up to 300 kg calcium 
(Ca) per hectare have to be annually brought into soil. 
For this reason, crop yields in Sweden, where soils 
have formed mainly on rock, are higher than in Latvia 
(Fornara et al., 2011).

Under the conditions in Latvia due to denitrification, 
N2O and N2 turn into 10% of the mineral nitrogen 
present in soil. Soil af fects GHG emissions and their 
absorption. Therefore, GHG monitoring, simulations 
of expected GHG changes and forecasts of the 

potential effects on climate change, vegetation, etc. 
are not possible without information on the most 
important soil properties (Kasparinskis, Nikodemus, 
& Kārkliņš, 2016). However, limited information is 
available on liming effects on crop production and 
nitrogen (N) cycling in acid soils in Latvia. Therefore, 
experience of other countries can be very relevant for 
estimating liming effect on nitrogen use efficiency and 
nitrogen oxide emissions.

In Northern Ireland liming has significantly 
increased perennial ryegrass ( Lolium perenne) yield 
and N of f take and af fects N recovery by swards at 
both harvests in at least two dif ferent ways. During 
phases of net N mineralizatio n liming stimulates 
biomass activit y and increases the amount of 
organic N mineralized, but during phases of net N 
immobilization, liming by increasing Ca availability 
in the rhizosphere improves the ability of plants 
to absorb N. Thus, it helps plants to compete with 
the biomass for mineral N ( Baileya, 1995) more 
effectively. In experiments in Canada, it has been 
proved that liming improves fertilizer efficiency 
and increases the activity of soil microorganisms to 
release organic nitrogen and other crop nutrients from 
manures and plant residues more rapidly and enhances 
nitrogen fixation by legumes. Liming improves soil 
aggregate stabil ity, it is one of the best suppliers of 
calcium and magnesium to crops; it also reduces toxic 
aluminium levels, which is very important for alfalfa 
and other legumes yield performance and longevity 
(van Roestel, 2014). Lower uptake efficiency of 
nitrogen and other primary nutrients can be observed 
in acidic soils (pH 5.0), where the overall fertilizer 
uptake efficiency is 46%compared with 86% in neutral 
soils (see Table 1). In acidic soils primary nutrients are 
strongly attached to soil clay particles and therefore 
their uptake by crops is much slower; as the result 
of this the yield and protein content in such crops is 
lower than in crops grown in neutral soils.

In experiments in Germany, it was concluded that 
application of nitrogen fertilizer may acidify soil, thus 
in the selection of liming material type of nitrogen 

Table 1
Efficiency of primary nutrients uptake by crops at various soil pH values, %

Soil pH Nitrogen efficiency, % Phosphorous 
efficiency, % Potash efficiency, % Overall fertilizer 

efficiency, %
6.5 95 63 100 86
6.0 89 52 100 80
5.5 77 48 77 67
5.0 53 34 52 46

Source: van Roestel, 2014.
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fertilizer should be taken into account. For example, 
in the case of application of ammonium nitrate, urea 
and liquid urea ammonium nitrate there will be a need 
for 1.8 kg CaCO 3 per kg N; in the case of application 
of calcium ammonium nitrate – 0.86 kg CaCO3 per kg 
N; in the case of ammonium sulphate – 5.4 kg CaCO3 
per kg N; but in the case of application of calcium 
nitrate, there will be no need for liming (Brentrup & 
Pallière, 2008).

Considering the liming positive effect on nitrogen 
use efficiency and nitrogen oxide emissions, it should 
be taken into account that due to dissolution of lime in 
soils, liming results in release of CO 2 emission. The 
Intergovernmental Panel on Climate Change (IPCC) 
has recognised this source of CO2 in methodology of 
calculating GHG emissions (IPCC, 2006). Countries 
are obliged to report the CO2 emission from limestone 
and dolomite use in agriculture in the annual national 
GHG inventories to United Nations Framework 
Convention on Climate Change (UNFCCC). The 
use of lime in agriculture is only a minor source of 
CO2, but at the same time it is much smaller than the 
N2O emission from agriculture (Velthof et al., 2011). 
Dynamics of CO 2 emissions removed from liming  in 
Latvia during period 1990 – 2013 is summarized in 
Figure 2.

In Latvia, soil liming is voluntary and farmers 
do not receive any financial support. Therefore, the 
dynamics of CO 2 emissions removed from limin g in 
Latvia has been very uneven with a growing tendency 
starting from 2013.

Potential gains and losses from liming acid soils in 
Latvia

The next step in this study was to examine the 
real situation concerning liming and its ef fects on 

the economy of farms. A problem situation was 
analysed to illustrate the costs of the activity based 
on the following assumptions: the analysis period is 
8 years, soils are acidic and the corrective liming rate 
is 5.9 t ha-1 for Nordkalk. A repeated liming operation 
is performed every third year , and the maintenance 
liming rate is 1 t ha -1 every third year . Agrochemical 
soil test costs are changeable; therefore, it is assumed 
that the average cost is 18.76 EUR ha-1. It is also 
assumed that machinery includes a fertiliser seeder; 
fuel consumption is 9.4 L  ha-1, the fuel price is EUR 
0.80 per litre, time consumption is approximately 10 
min per ha and the wage paid is EUR 850 a month or 
EUR 5.31 per hour. An annual increase in yields is 
0.5 t ha -1. A crop grown is wheat. The price of wheat 
is 160 EUR t -1. The results obtained are summarised 
in Table 2.

Table 2
Potential gains and losses from liming acid soils

Activities and effects Economic costs/gains per 
year, EUR ha-1

Agrochemical soil tests 2.3
Transaction costs 0.4
Lime fertiliser cost 34.7
Spreading costs (fuel, 
wages)

1.0

Yield increase 80.0
Relative cost - 41.6

Source: authors’ calculation.

The results summarized in Table 2 show a negative 
relative costs which means that a farmer has positive 

Source: authors’ calculations complied with National Inventory Report, 2015.
Figure 2. Dynamics of CO2 emissions removed from liming in Latvia, 1990 – 2013.

In Latvia, soil liming is voluntary and farmers do not receive any financial support. Therefore, the dynamics of 
CO2 emissions removed from liming in Latvia has been very uneven with a growing tendency starting from 2013.

Potential gains and losses from liming acid soils in Latvia
The next step in this study was to examine the real situation concerning liming and its effects on the economy of 
farms. A problem situation was analysed to illustrate the costs of the activity based on the following assumptions: 
the analysis period is 8 years, soils are acidic and the corrective liming rate is 5.9 t ha-1 for Nordkalk. A repeated 
liming ope ration i s pe rformed e very third year, an d t he m aintenance l iming r ate i s 1 t ha -1 every t hird year. 
Agrochemical soil test costs are changeable; therefore, it is assumed that the average cost is 18.76 EUR ha-1. It is 
also assumed that machinery includes a fertiliser seeder; fuel consumption is 9.4 L ha-1, the fuel price is EUR 0.80 
per litre, time consumption is approximately 10 min per ha and the wage paid is EUR 850 a month or EUR 5.31 
per hour. An annual increase in yields is 0.5 t ha-1. A crop grown is wheat. The price of wheat is 160 EUR t-1. The 
results obtained are summarised in Table 2.

Table 2
Potential gains and losses from liming acid soils

Activities and effects Economic costs/gains per year, EUR ha-1

Agrochemical soil tests 2.3
Transaction costs 0.4
Lime fertiliser cost 34.7
Spreading costs (fuel, wages) 1.0
Yield increase 80.0
Relative cost - 41.6

Source: authors’ calculation.

The results summarized in Table 2 show a negative relative costs which means that a farmer has positive benefits 
from liming. However, liming is essential for maintaining soil fertility, increasing yields, and presumably for more 
efficient circulation of nitrogen, which affects GHG emissions. There are no data for unambiguous environmental 
effects, but it is possible to acquire the data from the present research studies. The effectiveness of liming soils 
remains for several years and is one of the most efficient ways of raising crop yields. According to research studies 
done by J. Vigovskis, a lime rate of 4 – 6 t ha-1 raises grain yields by 0.5 – 0.7 t ha-1 a year for a period of 6 – 8
years. However, not always production conditions allow to achieve such results. According to research results 
made by A. Zemīte, correction liming using 3 – 5 t ha-1 liming material resulted in an increased yield – by 0.46 t 
ha-1 for winter wheat and by 0.25 t ha-1 for summer wheat (Štikāns, 1992).
Liming has to be included in the list of national agricultural activities eligible for support, which would contribute 
to m aintaining th e q uality o f s oils, i ncreasing yields a nd ( if a grochemical te sts a re e ligible f or s upport) 
accumulating and updating information on the condition of soils.
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benefits from liming. However , l iming is essential 
for main taining soil fertility , increasing yields, and 
presumably for more efficient circulation of nitrogen, 
which affects GHG emissions. There are no data for 
unambiguous environmental effects, but it is possible 
to acquire the data from the present research studies. 
The effectiveness of liming soils remains for several 
years and is one of the most efficient ways of raising 
crop yields. According to research studies done by J. 
Vigovskis, a lime rate of 4 – 6 t ha-1 raises grain yields 
by 0.5 – 0.7 t ha-1 a year for a period of 6 – 8 years. 
However, not always production conditions allow to 
achieve such results. According to research results 
made by A. Zemīte, correction liming using 3 – 5 t 
ha-1 liming material resulted in an increased yield – 
by 0.46 t ha -1 for winter wheat and by 0.25 t ha -1 for 
summer wheat (Štikāns, 1992).

Liming has to be included in the list of national 
agricultural activities eligible for support, which 
would contribute to maintaining the quality of soils, 
increasing yields and (if agrochemical tests are eligible 
for support) accumulating and updating information 
on the condition of soils.

Conclusions
1. In the scientific literature it has been identified 

that soil N transformations and fluxes can be 
affected by soil pH, where increasing the pH of 
soil decreases N 2O emissions from acidic soils 
during rainfall periods when the emissions are 
caused by nitrification as well as liming acidic 

soils contributes to the absorption of nutrients 
supplied by means of fertilisers by plants. Lower 
uptake efficiency of nitrogen and other primary 
nutrients can be observed in acidic soils (pH 5.0), 
where the overall fertilizer uptake efficiency is 
46% compared with 86% in neutral soils. It is of 
great importance to intensive agricultural farms 
due to high rates of nitrogen fertiliser application 
and relatively high rates of Ca removal from soil.

2. The assessment of potential gains and losses from 
liming acid soils in Latvia revealed that:
•	 on the farm level liming gives a positive 

economic effect (41.6 EUR ha -1); h owever, 
it is essential for maintaining  soil fertility , 
increasing yields, and presumably for more 
efficient circulation of nitrogen, which 
decreases nitric oxide emissions;

•	 liming has to be included in the list of national 
agricultural activities eligible for support, 
which would contribute to maintaining the 
quality of soils and increasing crop yields, 
as well as contribute to mitig ation of N 2O 
emissions.
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Abstract
Artichokes (Cynara cardunculus L.) contain many minerals, vitamins, fibres, polyphenols. Environmental conditions 
and climate change on a global scale affects the overall agriculture and food supply. Composition of biological active 
compounds in plants depends on the climate and growing conditions, cultivar properties, plant development stage, 
harvesting time and other factors. The aim of research was to evaluate the effect of agroecological factors on yield 
and flavonoids content of globe artichoke. An experiment was carried out under open field conditions in Institute of 
Horticulture, in Pūre investigation fields during the vegetation period of 2014 and 2015. The experiment was arranged 
in two different soils: brown soil with residual carbonates and the soil strongly altered by cultivation. The yield and its 
quality were analyzed during the whole vegetation period. Higher yield was observed in the soil strongly altered by 
cultivation. The results showed tendency that the higher flavonoids content in artichoke heads was observed in 2014 
than in 2015. Significant differences between flavonoid content per harvest time are observed in both soils. 
Key words: soil, flavonoids, biochemical composition, Cynara cardunculus.

Introduction
Artichoke has a long history , it has been used as 

a herbal medicin e plant in traditional medicine since 
Roman times (Christaki, Bonos, & Florou-Paneri, 
2012). The globe artichoke (Cynara cardunculus var. 
scolymus (L.) Fiori), (Fam. Asteraceae) is widely 
distributed all over the world and especially in the 
South Europe, Middle East, North Africa, South 
America, United States and also in China (Pandino et 
al., 2013). The production of artichokes in the world 
has a tendency to increase by years. In Europe, they 
are mainly grown in Italy , which had the production 
of 547  799 tonnes in 2013. In Baltic countries, 
artichokes are commercially grown in Lithuania with 
the production of 100 tonnes in 2013 (http://faostat3.
fao.org/download/Q/QC/E). In Latvia, artichokes are 
not grown on commercial scale, but only in home 
gardens. Globe artichoke is a perennial herbaceous 
plant. In Latvia, artichoke is cultivated mostly as an 
annual plant because winter periods are characterized 
with low soil and air temperature damaging plants. 
Long periods without snow or thaws are typical in the 
wintering period. It has a negative influence on plant 
overwintering ability (Bratch, 2014).

The edible part of the plant is immature 
inflorescence, commonly called capitulum or head. 
Artichoke heads are characterized by low protein and 
fat, high content of minerals, vitamins, carbohydrates, 
inulin and polyphenolic compounds (Kolodziej & 
Winiarska, 2010; Pandino et al., 2013). All these 
compounds have strong antioxidant properties, 
although their content varies between dif ferent 
artichoke varieties and plant parts (Ciancolini et al., 
2013). Caf feoylquinic acid derivatives, particulary 
chlorogenic acid and flavonoids are the most common 
and widely distributed group of plant phenolic 
compounds in artichokes (Lombardo et al., 2010). 

They have an important role in human diet due to 
their antioxidative activity (Yao et al., 2004; Kumar 
& Pandey, 2013).

The aim of research was to evaluate the effect 
of agroecological factors on artichoke yield and 
flavonoids content of globe artichoke in Latvia.

Materials and Methods
The investigation was carried out in Pūre village 

(Tukums district, Latvia 57°2′9″N 22°54′25″E) in 
vegetation seasons of 2014 and 2015. At the beginning 
of March, artichoke variety ‘Green Globe’ seeds were 
germinated in Petri dishes on filter paper saturated with 
water. After 10 days, sprouts were planted in trays and 
then after two weeks transplanted in 12 cm diameter 
plastic pods. Two dif ferent soils were compared for 
artichoke growing: strongly altered by cultivation soil 
(Ant), with high content of nitrogen and phosphorus, 
low content of potassium (total N 0.21%, P 2O5 – 
352.1 mg ⋅kg-1, K 2O – 133.5 mg ⋅kg-1 and or ganic 
matter 5.4%) and brown soil with residual carbonates 
(BRk), with optimal content of nitrogen, phosphorus 
and potassium (total N 0.10%, P 2O5 – 190.4 mg 	kg-1, 
K2O – 191.8 mg⋅kg-1 and organic matter 2.8%). In the 
middle of May, plants were planted on the field, in 
4 replicates, with planting scheme 0.7 × 0.9 m. Plant 
vegetative parameters (plant diameter and height) 
were evaluated at the end of July. The first artichoke 
heads were harvested at the end of July in 2014 and 
beginning of August in 2015. Artichoke heads were 
harvested continuously every week until October both 
years.

Meteorological parameters used in the investigation 
(precipitation and average air temperature) were 
collected by an automatic meteorological station 
‘Lufft’ located in Pūre (Fig. 1.).
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Biochemical analyses were performed in Latvia 
University of Agriculture, Institute of Soil and Plant 
Sciences. The content of flavonoids was analysed 
spectrophotometrically (Shimadzu Spectrophotometer 
UV-18000) in three replicates (Kim et al., 2003). 
Average sample of artichoke heads from all replicates 
was blended and weighted 1 ± 0.01 g of sample. It was 
placed in a graduated tube filled up to 10 mL of ethanol 
and centrifuged (HermleZ383). 2 mL distilled water 
and 0.15 mL 5% sodium nitrite NaNO2 were added to 
0.5 mL aliquot of ethanolic artichoke extracts. After 
five minutes 0.15 mL 10% aluminium chloride AlCl3 
was added, again after five minutes 1 mL 1M sodium 
hydroxide NaOH was added and after fifteen minutes 
optical density of solution at 415 nm wavelength was 
determined. Results were expressed as mg catechin 
equivalent (CE) per 100 g of fresh mater (FM).
The results were analyzed using ANOVA at 
significance level of α = 0.05.

Results and Discussion
Results show that yield per plant in both years 

ranged between 231 – 400 g (4 – 6 heads). Significant 
differences between years were not observed, but soils 
had a significant influence on artichoke yield (p = 
0.04) (Fig. 2.).

Artichokes better grew and developed in strongly 
altered by cultivation soil than in brown soil with 
residual carbonates (Tab. 1.). This is in accordance to 
findings of others referring to the fact that artichokes 
better perform in the soils with higher concentrations 
of nutrients (Colla et al., 2013). Plants height and 
diameter were significantly higher (p = 0.3 × 10-2) in 
Ant than in BRk. In 2015, the plant developed much 
better than in 2014 (height difference – p = 0.04). For 
plant diameter, significant differences depending on 
soils and years were not observed.
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Figure 1. Meteorological parameters 2014/2015th season in decades.
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The content of flavonoids was analysed spectrophotometrically (Shimadzu Spectrophotometer UV-18000) in three 
replicates (Kim et al., 2003). Average sample of artichoke heads from all replicates was blended and weighted 1
± 0.01 g of sample. It was placed in a graduated tube filled up to 10 mL of ethanol and centrifuged (HermleZ383). 
2 mL distilled water and 0.15 mL 5% sodium nitrite NaNO2 were added to 0.5 mL aliquot of ethanolic artichoke 
extracts. After five minutes 0.15 mL 10% aluminium chloride AlCl3 was added, again after five minutes 1 mL 1M 
sodium hydroxide NaOH was added and after fifteen minutes optical density of solution at 415 nm wavelength
was determined. Results were expressed as mg catechin equivalent (CE) per 100 g of fresh mater (FM).
The results were analyzed using ANOVA at significance level of α = 0.05.

Results and Discussion
Results show that yield per plant in both years ranged between 231 – 400 g (4 – 6 heads). Significant differences 

between years were not observed, but soils had a significant influence on artichoke yield (p = 0.04) (Fig. 2.).

Figure 2. Yield of artichoke heads depending on soil, in 2014 and 2015.

Artichokes better grew and developed in strongly altered by cultivation soil than in brown soil with residual 
carbonates (Tab. 1.). This is in accordance to findings of others referring to the fact that artichokes better perform
in the soils with h igher c oncentrations of  nu trients (Colla et al., 2013). Plants h eight a nd d iameter were 
significantly higher (p = 0.3 × 10-2) in Ant than in BRk. In 2015, the plant developed much better than in 2014 
(height difference – p = 0.04). For plant diameter, significant differences depending on soils and years were not 
observed.

Table 1
Plant vegetative parameters, 70 days after planting in 2014 and 2015

Year Soil Plant height, m Plant diameter, m

2014 Ant 0.43 0.97
BRk 0.29 0.82
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was determined. Results were expressed as mg catechin equivalent (CE) per 100 g of fresh mater (FM).
The results were analyzed using ANOVA at significance level of α = 0.05.
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Results show that yield per plant in both years ranged between 231 – 400 g (4 – 6 heads). Significant differences 
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Figure 2. Yield of artichoke heads depending on soil, in 2014 and 2015.

Artichokes better grew and developed in strongly altered by cultivation soil than in brown soil with residual 
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in the soils with h igher c oncentrations of  nu trients (Colla et al., 2013). Plants h eight a nd d iameter were 
significantly higher (p = 0.3 × 10-2) in Ant than in BRk. In 2015, the plant developed much better than in 2014 
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Table 1
Plant vegetative parameters, 70 days after planting in 2014 and 2015

Year Soil Plant height, m Plant diameter, m

2014
Ant 0.43 0.97
BRk 0.29 0.82

2015
Ant 0.47 0.84
BRk 0.38 0.74

RS 0.05 0.08 0.18
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In the field located on strongly altered by 
cultivation soil organic matter was detected 5.4%. For 
many years different vegetables have been grown in 
this field, it was abundantly fertilized. In other field 
of brown soil with residual carbonates plants did not 
have so vigorous plant habit; plants also developed 
less heads.

In 2014, first artichoke heads were harvested in 
Ant soil on 28 July (70 days after planting). One week 
later first artichoke heads were harvested in BRk soil. 
Artichoke yield was harvested every week. The first 
decade of August characterized with low precipitation 
and high air temperature (22.7 °C). In this period 
heads developed faster and more intensively – heads 
were ready for cutting after 4 – 5 days.

The same tendency was in 2015 – first artichoke 
heads were harvested in Ant soil, on 3 August (67 days 
after planting). Similarly like in 2014, one week later 
first artichoke heads were harvested also in BRk soil. 
In the vegetation period of 2015, artichoke heads were 
harvested more rarely than in 2014. Although August 

and September also were dry, average air temperature 
was lower than in 2014 – heads were harvested once 
per week. Artichokes grow best at 25 °C daytime 
temperature (Bratch, 2014). 

Abiotic factors (temperature, humidity, nutrients) 
have a significant influence on the nutritional quality 
of artichoke heads (Lombardo et al., 2010). They 
cause changes in the content of biochemically 
active compounds in the plants and following the 
artichoke heads. Results obtained in the trial show 
that flavonoids content in 2014 ranged between 3.1 – 
17.5 mg catechin equivalent (CE) 100 g-1 fresh matter 
(FM) (Fig. 3.).

The content of flavonoids in the artichoke heads  
is fluctuating during the harvesting period in both  
soils – in Ant (p = 4.89 × 10-6) and in BRk (p = 0.05 × 
10-2). There is an expressed tendency to decrease the 
flavonoid content in heads by the end of vegetation 
period almost by half. It should be stressed that 2014 
was characterised with dry September . Probably it 
had some influence on the biochemical compounds of 

2015 Ant 0.47 0.84
BRk 0.38 0.74

RS 0.05 0.08 0.18

In the field located on strongly altered by cultivation soil organic matter was detected 5.4%. For many years 
different vegetables have been grown in this field, it was abundantly fertilized. In other field of brown soil with 
residual carbonates plants did not have so vigorous plant habit; plants also developed less heads.

In 2014, first artichoke heads were harvested in Ant soil on 28 July (70 days after planting). One week later 
first artichoke heads were harvested in BRk soil. Artichoke yield was harvested every week. The first decade of 
August characterized with low precipitation and high air temperature (22.7 ℃). In this period heads developed 
faster and more intensively – heads were ready for cutting after 4 – 5 days.

The same tendency was in 2015 – first artichoke heads were harvested in Ant soil, on 3 August (67 days after 
planting). Similarly like in 2014, one week later first artichoke heads were harvested also in BRk soil. In the
vegetation p eriod of 2015 , artichoke heads were h arvested more rarely t han i n 2 014. A lthough August a nd 
September also were dry, average air temperature was lower than in 2014 – heads were harvested once per week.
Artichokes grow best at 25 ℃ daytime temperature (Bratch, 2014). 

Abiotic factors (temperature, h umidity, n utrients) have a significant influence on the nutritional quality of 
artichoke heads (Lombardo et al., 2010). They cause changes in the content of biochemically active compounds 
in the plants and following the artichoke heads. Results obtained in the trial show that flavonoids content in 2014
ranged between 3.1 – 17.5 mg catechin equivalent (CE) 100 g-1 fresh matter (FM) (Fig. 3.).

* sum of precipitation of 5 previous days before of each harvest
Figure 3. The dynamic of flavonoids content in artichoke heads in relation to precipitation in 2014.

The content of flavonoids in the artichoke heads is fluctuating during the harvesting period in both soils – in 
Ant (p = 4.89 × 10-6) and in BRk (p = 0.05 × 10-2). There is an expressed tendency to decrease the flavonoid content 
in heads by the end of vegetation period almost by half. It should be stressed that 2014 was characterised with dry 
September. Probably it had some influence on the biochemical compounds of artichoke. Drought is one of the 
main abiotic stresses limiting plant growth and development. Limited water supply is a major factor influencing 
physiological a nd metabolic p rocesses in  p lant ( Tahna, Ghasemnezhad, & Babaeizad, 20 14). I n P oland, 
researchers observed that irrigation positively influence flavonoids content in the plants (Kolodziej, & Winiarska, 
2010).

According to our findings, air temperature had less influence on flavonoids content of artichoke heads. In both 
years of investigation, temperature regime was quite similar, although flavonoids content was different. In 2014,
temperature was higher at the beginning of the vegetation period and gradually decreased by the end of harvesting 
period.

In 2015, the sharply expressed fluctuation of flavonoids content was detected for analysed artichoke heads in 
the trial. It ranged between 8.3 and 40.8 mg CE 100 g-1 FM (Fig. 4.)
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artichoke. Drought is one of the main abiotic stresses 
limiting plant growth and development. Limited water 
supply is a major factor influencing physiological and 
metabolic processes in plant (Tahna, Ghasemnezhad, 
& Babaeizad, 2014). In Poland, researchers observed 
that irrigation positively influence flavonoids content 
in the plants (Kolodziej, & Winiarska, 2010).

According to our findings, air temperature had less 
influence on flavonoids content of artichoke heads. 
In both years of investigation, temperature regime 
was quite similar, although flavonoids content was 
different. In 2014, temperature  was higher at the 
beginning of the vegetation period and gradually 
decreased by the end of harvesting period.

In 2015, the sharply expressed fluctuation of 
flavonoids content was detected for analysed artichoke 
heads in the trial. It ranged between 8.3 and 40.8 mg 
CE 100 g-1 FM (Fig. 4.)

Also, in 2015 similarly to 2014, dif ferences 
between flavonoid content per harvest time were 
observed in both soils – in Ant (p = 1.08 × 10-6) and 
in BRk (p = 6.83 × 10-6). Although longer drought 
periods were registered in 2015 than in 2014, the 
content of flavonoids in the artichoke heads was 
notably higher, but more fluctuating. It is contrary to 
findings of others (Kolodziej and Winiarska, 2010). It 
can be assumed that fluctuating precipitation and less 
sum of precipitation in the whole vegetation period 
causes stress in plants which leads to increasing of 
physiologically active compounds in plants. Also 
Nakabayas et al., reported that synthesis of flavonoids 
increased in stress conditions (Nakabayashi et al., 
2010). Obtained results do not show very clear relation 
of precipitation and flavonoids content, just some 
indications on possible positive influence of drought. 

There are also contrary reports of others on this topic 
(Salata, Gruszecki, & Dyducg, 2012).

In 2015, temperature was more fluctuation (Fig. 1), 
but in the same amplitude as in 2014 and with general 
tendency to decrease towards autumn. It is referred by 
others that air temperature and solar radiation influence 
accumulation of polyphenols in globe artichoke in 
different harvest times. Higher temperature positively 
influenced content of polyphenols (Pandino et al., 
2013). 

In California, artichoke plants were growing in the 
temperature amplitude from 13 to 24 °C in. Plants are 
tolerant of temperatures above 30 °C, but the quality 
of head reduced (Smith et al., 2008). In our conditions, 
temperature was much lower (mostly between +10 and 
+17 °C). It lead s to the assumption that temperature 
conditions in our trial were under optimal; therefore, 
fluctuation in this amplitude has not significant 
influence on accumulation of flavonoids.

According to the findings of our trial performed 
in two years in Latvia agro-climatic conditions, we 
see that artichoke growing is possible and this region 
can be assumed as boundary of artichoke growing 
in Latvia, since yields are obtained much less than 
in Europe, but still there are some consumable 
heads harvested . Biochemical content also dif fers 
from artichoke grown in more southern locations. 
In Poland, it was observed that artichoke head 
weight was obtained between 150 – 350 grams and 
weather conditions influence the content of chemical 
compounds in artichoke heads (Salata, Gruszecki, 
& Dyducg, 2012). In Portugal, it was found that 
content of phenols in artichoke depends not only on 
growing conditions (V elez et al., 2012), but also on 
the physiological plant stage (Negro et al., 2012). This 
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* sum of precipitation of 5 previous days before of each harvest
Figure 4. The dynamic of flavonoids content in artichoke heads in relation to precipitation in 2015.

Also, in 2015 similarly to 2014, differences between flavonoid content per harvest time were observed in both 
soils – in Ant (p = 1.08 × 10-6) and in BRk (p = 6.83 × 10-6). Although longer drought periods were registered in 
2015 than in 2014, the content of flavonoids in the artichoke heads was notably higher, but more fluctuating. It is 
contrary to findings of others (Kolodziej and Winiarska, 2010). It can be assumed that fluctuating precipitation 
and less sum of precipitation in the whole vegetation period causes stress in plants which leads to increasing of 
physiologically active compounds in plants. Also Nakabayas et al., reported that synthesis of flavonoids increased 
in stress conditions (Nakabayashi et al., 2010). Obtained results do not show very clear relation of precipitation 
and flavonoids content, just some indications on possible positive influence of drought. There are also contrary 
reports of others on this topic (Salata, Gruszecki, & Dyducg, 2012).

In 2015, temperature was more fluctuation (Fig. 1), but in the same amplitude as in 2014 and with general 
tendency to decrease towards autumn. It is referred by others that air temperature and solar radiation influence 
accumulation of polyphenols in globe artichoke in different harvest times. Higher temperature positively
influenced content of polyphenols (Pandino et al., 2013).

In California, artichoke plants were growing in the temperature amplitude from 13 to 24 ℃ in. Plants are 
tolerant of temperatures above 30 ℃, but the quality of head reduced (Smith et al., 2008). In our conditions,
temperature was much lower (mostly between +10 and +17 ℃). It leads to the assumption that temperature 
conditions in our trial were under optimal; therefore, fluctuation in this amplitude has not significant influence on 
accumulation of flavonoids.

According to the findings of our trial performed in two years in Latvia agro-climatic conditions, we see that 
artichoke growing is possible and this region can be assumed as boundary of artichoke growing in Latvia, since 
yields are obtained much less than in Europe, but still there are some consumable heads harvested. Biochemical 
content also differs from artichoke grown in more southern locations. In Poland, it was observed that artichoke 
head weight was obtained between 150 – 350 grams and weather conditions influence the content of chemical 
compounds in artichoke heads (Salata, Gruszecki, & Dyducg, 2012). In Portugal, it was found that content of 
phenols in artichoke depends not only on growing conditions (Velez et al., 2012), but also on the physiological 
plant stage (Negro et al., 2012). This is in line with our findings where common tendency to decrease the flavonoid 
content in artichoke heads with the plant age was found. We can assume that flavonoid content in artichoke head 
is detected not only by moisture availability in the soil, but also by other environmental and physiological factors.

Conclusions
Artichoke yield in strongly altered cultivation soil (Ant) was harvested one week earlier than in brown soil 

with residual carbonates (BRk) in both years. Higher artichoke head yield was obtained in Ant soil (373 and 400
g per plant) than in BRk (315 and 231 g per plant).

Our findings lead to the assumption that fluctuating precipitation and less sum of precipitation in the whole 
vegetation period causes stress in plants, which leads to increasing of flavonoids in plants. Temperature regime in 
Latvia agroecological conditions had no significant influence on the flavonoid content in artichoke plants.
Flavonoid content in artichoke head is determined not only by precipitation, but also by other environmental and 
physiological factors.
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is in line with our findings where common tendency 
to decrease the flavonoid content in artichoke heads 
with the plant age was found. We can assume that 
flavonoid content in artichoke head is detected not 
only by moisture availability in the soil, but also by 
other environmental and physiological factors.

Conclusions
Artichoke yield in strongly altered cultivation soil 

(Ant) was harvested one week earlier than in brown 
soil with residual carbonates (BRk) in both years. 
Higher artichoke head yield was obtained in Ant soil 
(373 and 400 g per plant) than in BRk (315 and 231 
g per plant).

Our findings lead to the assumption that  
fluctuating precipitation and less sum of precipitation 

in the whole vegetation period causes stress in 
plants, which leads to increasing of flavonoids in 
plants. Temperature regime in Latvia agroecological 
conditions had no significant influence on the 
flavonoid content in artichoke plants. Flavonoid 
content in artichoke head is determined not only by 
precipitation, but also by other environmental and 
physiological factors.
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Abstract
Cow lifespan is one of most important economical traits in every dairy farm and is affected by different environmental 
factors. One of genetic factors that affects longevity is cow conformation traits, which varies within different breeds, 
farms and animals. The aim in this study was to determine how stature and linear conformation traits affect cow 
lifespan and lifetime milk productivity. In the study, data about 34806 crossbred Holstein Black and White and 38201 
Red cow group breed cows, which ended at least one full lactation and was culled from 2002 – 2012 year were 
analyzed. Data about cow productivity and culling was obtained from Latvian Agricultural Data center. In the study, 
data about cow stature, udder depth, central ligament, teat length, and rear and front teat placement were analyzed. 
Conformation traits were distributed in 3 groups. The average lifespan of analyzed cows was 1869.9 days in which 
average 18550.8 kg energy corrected milk (ECM) was obtained. Holstein Black and White cows characterize with 
shorter lifespan (1833.7 days) than red breed group cows, but lifetime productivity is for 2339.1 kg ECM higher than 
for average red breed cow. Significantly longer (p<0.05) lifespan – 2031.6 days was in cow group with stature 100 – 
135 cm, but in cow group with stature more than 146 cm there is significantly higher lifetime and life day productivity. 
There is a significant difference between lifetime milk productivity and rear and front teat placement. Significantly 
higher productivity was given by cows with teat placement inside of quarter (linear evaluation 6- 9 points).
Key words: conformation traits, longevity, milk productivity. 

Introduction
The term ‘longevity’ is usually referred to lifespan 

which ends by natural causes in old age, but nowadays 
in our intensiv e farming systems cow lifespan is 
significantly shorter than its potential. There is a 
significant amount of costs that covers heifer rearing 
process, and there is a possibility to avoid them by 
increasing herd lifespan. Breeders in many countries 
have recognized the economic importance of longevity, 
have calculated genetic parameters of longevity and 
have included them in dairy cattle breeding programs. 
Cow longevity is mainly affected by dif ferent 
environmental factors – herd management, feeding 
conditions, housing conditions etc., but there are cow 
genetic factors that affect cow potential lifespan as 
well. One of genetically lifespan determined factors is 
cow conformation traits – mainly those affecting udder. 
The relationship between conformation traits and cow 
longevity were analyzed in different populations, 
authors have reported that some traits are significantly 
related to longevity (Short & Lawlor, 1992; Larroque 
& Ducrocq, 2001; Schneider et al., 2003; Sewalem et 
al., 2004). In Latvia, Holstein Black and White breed 
cattle constitute  approximately half of all dairy cow 
population. Red breed cows are more resistant to 
different farm obstacles and they easier adjust to new 
conditions than Holstein Black and White breed cows. 
Holstein Black and White cows genetically are bigger 
than Latvian Brown breed or other red breed cows; the 
breeding goals in Latvian cow breeding program are: 
average stature – 145 cm for red breed group cows 
and 150 cm for Holstein Black  and White cows. In 
Latvia, cow conformation traits are evaluated by linear 

evaluation method in a 9 point scale. For dif ferent 
udder traits, optimal evaluation value is determined 5 
pints (for central ligament 6 points). 

Different studies determined that udder 
conformation traits significantly affect somatic cell 
count in milk, and milk quality is one of factors that 
affects cow life length. (Dube et al., 2008; Dadpassand 
et al., 2013). In Ral and his collagues study, the higher 
somatic cell count was determined for cows with 
udder evaluation of 1 – 5 points (udder below hock), 
whereas Latvian Brown cow breed characterizes with 
low, pendulous udder and long teat (Ral et al., 1990). 
Holstein Black and White breed cows characterize 
with well-made udder, short teat, and strong central 
ligament; udder traits impair as cow gets older 
(Zavadilová, Němcová, & Stípková, 2011). 

The main objective of this study was to determine 
how dif ferent conformation traits af fect Holstein 
Black and White and Red cow breed cow longevity 
and lifetime productivity.

Materials and Methods
In the study, data about 73 007 dairy cows culled 

in time period from 2002 to 2012 and finished at 
least one full lactation were included. The data were 
obtained from Latvian Agricultural data center, 
which operates the national recording scheme. Cows 
were distributed  in 2 dif ferent groups depending on  
breed – Holstein Black and White cows (purebred  
and crossbred, N = 38201) and Red breed group cows 
(N = 34806). In Red breed group, Latvian Brown 
(local breed), Latvian Brown crossbred cows with 
60 to 95% LB ancestry, and Danish Red, Angeln, 

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)



44 ReseaRch foR RuRal Development 2016, volume 1 

Aishere, Swedish Red and White, Swiss, Holstein Red 
and White cows were included. 

Means, standard errors, min and max values for 
conformation traits of dataset and conformation traits 
optimal values are shown in Table 1.

There is lar ge variation between traits score, 
in each group linear score varies from 1 to 9 points 
independent from traits optimal value. The optimal 
value for practically all udder conformation traits is 
5 points except udder ligament ; there optimal value 
is 6 points. 

To evaluate and compare cow productivity in the 
study, we used ener gy corrected milk (ECM), which 
was calculated by formula:

Means, standard errors, min and max values for conformation traits of dataset and conformation traits optimal 
values are shown in Table 1. 

Table 1
Summary statistics for conformation traits and its optimal values

Type trait n 𝒙𝒙𝒙𝒙� ± 𝑆𝑆𝑆𝑆�̅�𝑥𝑥𝑥 Min (1) Optimal Max (9)
Stature 73007 141.6 ± 0.02 × × ×
Udder depth 73006 6.9 ± 0.01 Below hock 5 Shallow
Central ligament 73005 4.9 ± 0.01 Weak 6 Strong
Teat length 73003 6.0 ± 0.01 Short 5 Long

Front teat placement 73006 4.7 ± 0.01 Outside of 
quarter 5 Inside of 

quarter

Rear teat position 73005 5.6 ± 0.01 Outside of 
quarter 5 Inside of 

quarter

There is large variation between traits score, in each group linear score varies from 1 to 9 points independent from 
traits o ptimal v alue. The o ptimal value for p ractically al l udder conformation tr aits is 5 poi nts e xcept udder 
ligament; there optimal value is 6 points. 
To ev aluate a nd co mpare cow pr oductivity i n the s tudy, we u sed energy corrected m ilk (ECM), w hich w as 
calculated by formula:

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑦𝑦𝑦𝑦𝑚𝑚𝑚𝑚𝑦𝑦𝑦𝑦𝑚𝑚𝑚𝑚𝑦𝑦𝑦𝑦 × (0.383×𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓,%)+(0.242×𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓,%)+0.7832
3.14

  (1)

To evaluate co w lifespan and l ifetime productivity, cows were distributed in  3 different g roups depending on
analyzed type trait. The second group always was the optimal value of type trait (Table 2).  

Table 2 
Distribution of cows depending on linear evaluation score of conformation traits

Type trait 1 group 2 group 3 group
Udder depth 1 – 4 5 6 – 9
Central ligament 1 – 5 6 7 – 9
Teat length 1 – 4 5 6 – 9
Front teat placement 1 – 4 5 6 – 9
Rear teat position 1 – 4 5 6 – 9
Stature 100 – 135 cm 136 – 145 cm >146 cm

For the statistical analyses of influence of conformation traits groups to the lifespan and lifetime milk productivity, 
analysis of variance (ANOVA) was performed. Bonferroni’s pairwise comparisons test was used to analyse the 
differences between factors groups. Differences were considered statistically significant when p<0.05. Significant 
differences (p<0.05) in the tables were marked with different superscripted letters of alphabet (A, B, C, etc.). The 
mathematical processing was performed using the SPSS for Windows, version 15.

Results and Discussion 
Cow longevity and lifetime productivity depend not only on different environmental factors, but also it is affected 
by cow breed. The Black and White breed cows have shorter lifespan than Red breed group cows, but the level of
productivity not only in life, but as well in one life day is larger for Holstein Black and White cows. The average 
productivity for all in the study included dairy cows was 18550.8 kg energy corrected milk (ECM) in 1869.9 life 
days (5.12 years) (Table 3).

Means, standard errors, min and max values for conformation traits of dataset and conformation traits optimal 
values are shown in Table 1. 
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Summary statistics for conformation traits and its optimal values
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Teat length 73003 6.0 ± 0.01 Short 5 Long

Front teat placement 73006 4.7 ± 0.01 Outside of 
quarter 5 Inside of 

quarter

Rear teat position 73005 5.6 ± 0.01 Outside of 
quarter 5 Inside of 
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There is large variation between traits score, in each group linear score varies from 1 to 9 points independent from 
traits o ptimal v alue. The o ptimal value for p ractically al l udder conformation tr aits is 5 poi nts e xcept udder 
ligament; there optimal value is 6 points. 
To ev aluate a nd co mpare cow pr oductivity i n the s tudy, we u sed energy corrected m ilk (ECM), w hich w as 
calculated by formula:
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To evaluate co w lifespan and l ifetime productivity, cows were distributed in  3 different g roups depending on
analyzed type trait. The second group always was the optimal value of type trait (Table 2).  

Table 2 
Distribution of cows depending on linear evaluation score of conformation traits

Type trait 1 group 2 group 3 group
Udder depth 1 – 4 5 6 – 9
Central ligament 1 – 5 6 7 – 9
Teat length 1 – 4 5 6 – 9
Front teat placement 1 – 4 5 6 – 9
Rear teat position 1 – 4 5 6 – 9
Stature 100 – 135 cm 136 – 145 cm >146 cm

For the statistical analyses of influence of conformation traits groups to the lifespan and lifetime milk productivity, 
analysis of variance (ANOVA) was performed. Bonferroni’s pairwise comparisons test was used to analyse the 
differences between factors groups. Differences were considered statistically significant when p<0.05. Significant 
differences (p<0.05) in the tables were marked with different superscripted letters of alphabet (A, B, C, etc.). The 
mathematical processing was performed using the SPSS for Windows, version 15.

Results and Discussion 
Cow longevity and lifetime productivity depend not only on different environmental factors, but also it is affected 
by cow breed. The Black and White breed cows have shorter lifespan than Red breed group cows, but the level of
productivity not only in life, but as well in one life day is larger for Holstein Black and White cows. The average 
productivity for all in the study included dairy cows was 18550.8 kg energy corrected milk (ECM) in 1869.9 life 
days (5.12 years) (Table 3).

 (1)

To evaluate cow lifespan and lifetime productivity, 
cows were distributed in 3 different groups depending 
on analyzed type trait. The second group always was 
the optimal value of type trait (Table 2). 

For the statistical analyses of influence of 
conformation traits groups to the lifespan and lifetime 
milk productivity, analysis of variance (ANOVA) was 
performed. Bonferroni’s pairwise comparisons test 
was used to analyse the dif ferences between factors 

groups. Dif ferences were considered statistically 
significant when p<0.05. Significant differences 
(p<0.05) in the tables were marked with different 
superscripted letters of alphabet  (A, B, C, etc.). The 
mathematical processing was performed using the 
SPSS for Windows, version 15.

Results and Discussion 
Cow longevity and lifetime productivity depend 

not only on different environmental factors, but also it 
is affected by cow breed. The Black and White breed 
cows have shorter lifespan than Red breed group 
cows, but the level of productivity not only in life, 
but as well in one life day is larger for Holstein Black 
and White cows. The average productivity for all in 
the study included dairy cows was 18550.8 kg energy 
corrected milk (ECM) in 1869.9 life days (5.12 years) 
(Table 3). 

The lifespan of Red breed cows was 1903.0 days 
long, but for Holstein Black and White cows it was 
70 days shorter. The difference between lifetime 
productivity of Red breed cows and Holstein breed 
cows was more than 2300 kg ECM. The same tendency 
occurred within life day productivity. There is a large 
variation between cow lifetime productivity traits, 
because cows are located in different farms and farms 
have different cows feeding and housing conditions, 
and different levels of productivity. 
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Table 1
Summary statistics for conformation traits and its optimal values

Type trait n Min (1) Optimal Max (9)
Stature 73007 141.6 ± 0.02 × × ×
Udder depth 73006 6.9 ± 0.01 Below hock 5 Shallow
Central ligament 73005 4.9 ± 0.01 Weak 6 Strong
Teat length 73003 6.0 ± 0.01 Short 5 Long

Front teat placement 73006 4.7 ± 0.01 Outside of 
quarter 5 Inside of quarter

Rear teat position 73005 5.6 ± 0.01 Outside of 
quarter 5 Inside of quarter

Table 2
Distribution of cows depending on linear evaluation score of conformation traits

Type trait 1 group 2 group 3 group
Udder depth 1 – 4 5 6 – 9
Central ligament 1 – 5 6 7 – 9
Teat length 1 – 4 5 6 – 9
Front teat placement 1 – 4 5 6 – 9
Rear teat position 1 – 4 5 6 – 9
Stature 100 – 135 cm 136 – 145 cm >146 cm
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The lifetime productivity range is from 1488 to 
90132 kg ECM for Red cow breed and from 1560 to 
98524 kg ECM for Holstein Black and White breed. 

The stature is one of the conformation traits that 
shows cows’  postnatal growth and is af fected by 
cow’s genetic potential. The longer lifespan (2031.6 
days) had cows with stature 100 – 135 cm, and it was 
significantly (p<0.05) higher than in cows groups with 
stature 136 cm and higher (Table 4).

The lifetime productivity was obtained in cow 
group with stature 136 – 175 cm (18624.5 – 18826.1 
kg ECM), but in one life day milk productivity 
significantly increased with cow stature. In different 
studies cow stature is a factor which significantly 
affects cow productivity (Short et al., 1992; 

DeGroot et al., 2002; Němcová et al., 2011). Udder 
conformation traits: udder depth and central ligament 
are associated with udder health problems, including 
different traumas as udder is unprotected and high 
somatic cell count in milk (Samoré et al., 2010). In our 
study, it was obtained for cows with drooping udder 
average lifespan (2041.8 days) and it is significantly 
longer than for cows with udder located close to the 
body (1865.7 days). The lifetime milk productivity 
was significantly lower for cows whose udder was 
evaluated with 1 – 5 points, but significantly higher 
lifetime milk productivity was for cows with udder 
located close to body (18612.0 kg in lifetime and 9.3 
kg ECM in one life day). Central ligament is a trait 
that is responsible for the udder composition and teat 
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Table 3
Average longevity and milk productivity of cows

Traits Min Max V, %
Total (N = 73007)

Lifespan, days 1869.9 ± 2.06 786 4058 29
Lifetime productivity, kg 18550.8 ± 42.24 1488 98524 61
Life day productivity, kg 9.3 ± 0.01 0.6 29.9 40

Red cow breed (N = 34806)
Lifespan, days 1903.0 ± 2.89 768 4050 29
Lifetime productivity, kg 17435.6 ± 54.1 1488 90132 60
Life day productivity, kg 8.5 ± 0.01 0.6 23.5 39

Holstein Black and White (N = 38201)
Lifespan, days 1833.7 ± 2.93 845 4058 29
Lifetime productivity, kg 19774.7 ± 65.09 1560 98524 61
Life day productivity, kg 10.1 ± 0.02 1.0 29.9 40

Table 4
Longevity and lifetime productivity depending on stature, udder depth and central ligament

Group** N Lifespan, days Lifetime productivity, kg Life day productivity, kg
Stature, cm

100 – 135 cm 10163 2031.6 ± 6.04A 17751.5 ± 108.16A 8.1 ± 0.03A

136 – 145 cm 45534 1869.6 ± 2.59B 18624.5 ± 53.58B 9.3 ± 0.02B

146 – 175 cm 17310 1775.9 ± 3.88C 18826.1 ± 88.41B 9.9 ± 0.03C

Udder depth
1 – 4 584 2041.8 ± 25.61A 16815.2 ± 440.77A 7.6 ± 0.13A

5 2256 1956.5 ± 12.60B 17096.6 ± 228.98A 8.1 ± 0.07B

6 – 9 70167 1865.7 ± 2.09C 18612.0 ± 43.16B 9.3 ± 0.01C

Central ligament
1 – 5 61180 1873.7 ± 2.25A 18592.9 ± 46.17A 9.3 ± 0.01A

6 9773 1861.2 ± 5.67A 18567.0 ± 116.47A 9.3 ± 0.03A

7 – 9 2054 1799.8 ± 11.39B 17223.6 ± 234.26B 8.9 ± 0.08B

**Cows divided by groups, depending on linear evaluation score of different type traits.
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placement and angle towards ground. If the central 
ligament is optimally evaluated with 6 points, it means 
that teats are parallelly placed. The lifespan was longer 

for cows with average central ligament evaluation 1 – 
6 points, but if ligament is too strong (evaluation 7 
– 9 points), cow lifespan was shorter by 72 days. The 
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Table 5
Average longevity and lifetime productivity depending on different udder conformation traits

Group** N Lifespan, days Lifetime productivity, kg Life day productivity, kg
Teat length

1 – 4 7078 1908.4 ± 7.00A 17560.8 ± 132.28A 8.6 ± 0.04A

5 17348 1899.7 ± 4.36A 18198.6 ± 85.12B 9.0 ± 0.02B

6 – 9 48581 1853.7 ± 2.45B 18820.1 ± 52.24C 9.5 ± 0.01C

Front teat placement
1 – 4 11589 1869.6 ± 5.46A 16894.5 ± 100.16A 8.5 ± 0.03A

5 17118 1890.0 ± 9.32B 18338.1 ± 85.99B 9.1 ± 0.03B

6 – 9 44300 1862.3 ± 2.59A 19066.4 ± 55.07C 9.6 ± 0.02C

Rear teat position
1 – 4 20792 1878.6 ± 3.88A 18318.0 ± 72.70A 9.1 ± 0.03A

5 49378 1865.3 ± 2.50B 18559.4 ± 51.53B 9.3 ± 2.50B

6 – 9 2837 1888.3 ± 10.35AB 20107.7 ± 228.17C 10.0 ± 0.07C

**Cows divided by groups, depending on linear evaluation score of different type traits.

Table 6
Longevity and milk productivity of cows within different breeds depending 

on different conformation traits

Group** Breed N Lifespan, days Lifetime productivity, kg Life day productivity, kg
Stature

100 – 135 cm HM* 1268 1989.5 ± 17.58A 18230.3 ± 327.89A 8.5 ± 0.10A

136 – 145 cm HM* 20474 1854.5 ± 3.88B 19953.2 ± 85.48B 10.0 ± 0.03B

146 – 175 cm HM* 13064 1786.0 ± 4.53C 19644.9 ± 105.3B 10.3 ± 0.03B

100 – 135 cm RB* 8895 2037.6 ± 6.43A 17683.3 ± 114.39A 8.1 ± 0.03A

136 – 145 cm RB* 25060 1882.0 ± 3.48B 17538.9 ± 67.05A 8.7 ± 0.03B

146 – 175 cm RB* 4246 1783.5 ± 4.35C 16306.7 ± 151.46B 10.3 ± 0.03C

Udder depth
1 – 4 HM* 153 1978.8 ± 48.29A 16824.2 ± 873.92A 7.8 ± 0.28A

5 HM* 762 1940.3 ± 21.62A 18450.4 ± 435.72B 8.8 ± 0.14B

6 – 9 HM* 33891 1830.6 ± 2.96B 19818.0 ± 65.99C 10.1 ± 0.02C

1 – 4 RB* 431 2064.0 ± 30.13A 16811.9 ± 10.20AB 7.5 ± 0.15A

5 RB* 1494 1964.8 ± 15.52B 16406.1 ± 263.22A 7.8 ± 0.08A

6 – 9 RB* 36276 1898.5 ± 2.95C 17485.4 ± 55.64B 8.6 ± 0.02B

Central ligament
1 – 5 HM* 29054 1836.2 ± 3.20A 19831.8 ± 71.37A 10.1 ± 0.02A

6 HM* 4746 1834.1 ± 8.10A 19830.4 ± 177.28A 10.1 ± 0.06A

7 – 9 HM* 1006 1758.4 ± 15.99B 17876.1 ± 346.84B 9.5 ± 0.01B

1 – 5 RB* 32126 1907.6 ± 3.16A 17472.5 ± 59.02A 8.5 ± 0.01
6 RB* 5027 1886.8 ± 7.93B 17374.5 ± 150.59A 8.6 ± 0.04
7 – 9 RB* 1048 1839.5 ± 16.11B 16597.2 ± 315.05B 8.4 ± 0.10

*HM – Holstein Black and White, RB – Red breed group cows
**Cows divided by groups, depending on linear evaluation score of different type traits.
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same tendency was observed in lifetime productivity 
and one life day productivity. The significant effect of 
central ligament and udder depth on cow lifespan and 
lifetime productivity occurred in studies that covered 
different cow breeds (Moore et al., 1998).

The teat length and placement are traits which 
need to be corrected by breeders, because of new 
milking technologies that change every few years. 
Cows whose conformation traits do not comply  
with milking technology are culled from herds and 
more technology appropriate cows are kept for 
breeding purposes. (Mrode, Swanson, & Winters, 
1998; Ptak  et al., 2009) The Teat length negatively 
influences milking characteristics and potentially 
udder health and, as a result, influences the cows’ 
longevity (Table 5). 

The significantly longer productive life (1899.7 - 
1908.4 days) occurred in a cow group with average 
teat length evaluation 1 – 5 points, but in those groups 
there were significantly lower lifetime milk production 
and life day milk production. Front and rear teat 
placement mainly af fects milking process (Samoré 
et al., 2010). Significantly longer lifespan occurred 

within a cow group with optimal front teat placement, 
but productivity wise cows in this group characterized 
with second lowest lifetime milk productivity and life 
day mil k productivity (18338.1 and 9.1 kg ECM). 
Significantly longer lifespan and higher life and life 
day milk productivity was for cows with rear teat 
evaluation 6 – 9 points. There are differences between 
longevity traits not only between type trait groups, but 
also between different breeds (Table 6).

Holstein Black and White cows characterize 
with shorter life span, but lifeti me productivity and 
productivity in one life day shows that they are 
more productive than Red breed group cows. Latvia 
Holstein Black and White cows are usually bigger 
than Red breed group cows. In analyzed populations, 
the number of Holstein Black and White cows with 
stature more than 146 cm is around 25% lar ger than 
the number of Red breed cows.

The longer lifespan in Holstein Black and White 
cow group was for cows with stature at least 135 cm 
(1989.5 days), but in this group the lowest lifetime and 
life day productivities are detected. Average stature 
136 – 145 cm ensure lifespan of 1854.5 days with 
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Table 7
Udder teat type trait effect on different breed cow lifespan and milk productivity

Group** Breed N Lifespan, days Lifetime productivity, kg Life day productivity, kg
Teat length

1 – 4 HM* 3216 1866.4 ± 10.08A 18511.0 ± 203.64A 9.2 ± 0.06A

5 HM* 7838 1851.4 ± 6.31A 19624.9 ± 135.39B 9.9 ± 0.04B

6 – 9 HM* 23752 1823.4 ± 3.49B 19994.5 ± 79.57C 10.2 ± 0.06C

1 – 4 RB* 3862 1943.5 ± 9.67A 16769.6 ± 172.25A 8.0 ± 0.05A

5 RB* 9510 1939.6 ± 5.99A 17023.0 ± 106.48B 8.2 ± 0.03AB

6 – 9 RB* 24829 1882.6 ± 3.49B 17696.5 ± 67.45C 8.7 ± 0.02B

Front teat placement
1 – 4 HM* 4628 1788.9 ± 8.22A 18128.5 ± 166.44A 9.5 ± 0.06A

5 HM* 7372 1835.6 ± 6.44B 19449.4 ± 138.98B 9.9 ± 0.04AB

6 – 9 HM* 22806 1942.1 ± 3.58C 20214.0 ± 81.70C 10.3 ± 0.03B

1 – 4 RB* 6961 1923.2 ± 7.20A 16074.2 ± 123.76A 7.7 ± 0.01A

5 RB* 9746 1931.2 ± 5.79A 17497.5 ± 107.68B 8.5 ± 0.03AB

6 – 9 RB* 21494 1883.6 ± 3.74B 17848.7 ± 72.35C 8.9 ± 0.02B

Rear teat position
1 – 4 HM* 9819 1832.9 ± 5.49 19574.2 ± 120.00A 10.0 ± 0.04
5 HM* 23316 1832.8 ± 3.59 19755.8 ± 79.85A 10.1 ± 0.02
6 – 9 HM* 1671 1850.8 ± 13.17 21212.9 ± 313.62B 10.7 ± 0.10
1 – 4 RB* 10973 1919.5 ± 5.43A 17193.2 ± 99.50A 8.3 ± 0.03
5 RB* 26062 1844.3 ± 65.84B 17489.1 ± 65.84A 8.6 ± 0.02
6 – 9 RB* 1166 1941.8 ± 16.54A 18523.8 ± 320.27B 8.9 ± 0.10

*HM – Holstein Black and White, RB – red breed group cows
**Cows divided by groups, depending from linear evaluation score of different type traits.
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significantly higher lifetime and life day productivity 
(19953.2 and 10.0 kg ECM). In Red cow breed group 
highest life day productivity occurred in the group 
with stature more than 146 cm, but in this cow group 
there is the shortest lifespan and lifetime productivity. 
Udder depth grow with the cows age and depend on 
cows productivity. The lifespan of Holstein Black and 
White and Red cow breed cows is longer when udder 
depth in first lactation is evaluated with 1 – 4 points 
(udder is deep), but in this group there is significantly 
lower lifetime and life day productivity. There are not 
significant differences between longevity traits within 
central ligaments groups with optimal evaluation point 
score and within cow group with ligament evaluation 
1 – 5 points (udder central ligament is weak and little 
expressed), in those groups occurred longest lifespans 
and largest lifetime and life day productivities. The 
results of different studies show that udder depth and 
central ligament are factors that have statistically 
significant correlation with lifespan and cow lifetime 
productivity (DeGroot et al., 2002; Caraviello, Weigel, 
& Gianola, 2004; Němcová et al., 2007).

Red cow breed cows usually are characterized with 
longer teat in our study   7838 (22%) Holstein Black 
and White cow and 9510 (23%) and Red breed cow 
teats were evaluated with optimal 5 points (Table 7).

Average lifespan is significantly shorter in cow 
groups with teat  length evaluation 6 – 9 points (teats 
are longer than in average population), but in those 
groups larger lifetime and life day productivity 
occurred. Front teat placement results differ between 
two breed groups. In Holstein Black and White cow 

group, longer lifespan with more productivity in one 
life day and in lifetime occurred in a cow group with 
front teat placement 6 – 9 points (teats located closer, 
into the quarter), but in Red cow breed group lifespan 
longer was in the group with front teat evaluation 1 – 
4 points (teats are versed to outside, located outside 
quarter), but in this group, significantly lower lifetime 
and life day productivity occurred. Rear teat placement 
significantly affects cow lifetime productivity, the 
largest amount of ECM was obtained in the cow group 
with evaluation score 6 – 9 points. 

Conclusions
1. Average lifespan of Holstein Black and White 

cows were 1903.0 days with average lifetime 
productivity 17435.6 kg ECM, but in Red breed 
group average lifespan was 1835.7 days with 
19774.7 kg ECM.

2. Holstein cow lifespan was significantly affected 
by all analyzed udder type traits and cow stature 
(p<0.05). The longest lifespan in almost all type 
traits (except front and rear teat placement) was in 
cow groups with linear evaluation score less than 
optimal. 

3. Lifetime and one life day productivity were 
significantly (p<0.05) affected by all analyzed 
traits and it was higher for cows with type trait 
linear evaluation scores above optimal. 

4. Udder central ligament linear evaluation score 
showed less impact on cow life span and lifetime 
productivity traits within Holstein Black and 
White and Holstein Red and White breed groups.  
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Abstract 
The research was conducted in Latvia University of Agriculture Research and Study Farm ‘Vecauce’ in 600 dairy 
cows herd, in the period from 2009 to 2013. Within the framework of the research, growth indicators (from birth till 
the first delivery) of 102 dairy cow calves were analysed. Live weight and hip height of the heifers were found out at 
birth, at the age of 6 and 12 months, at first insemination and first calving. Heifers born to primiparous cows in both 
breed groups had notably lower live weight (42.0 and 42.4 kg), as compared to the 4th group heifers born to mature 
cows (p<0.05). At the age of one year, the greatest weight among the red breed animals was recorded for the 4th group 
heifers born to mature cows (on average 354.8 ± 7.09 kg), while in Holstein breed those were heifers born to mothers 
calving on average for the 2nd time (on average 363.0 ± 6.47 kg). The 4th group heifers born to mature Holstein cows 
had notably greater hip height at birth – on average 78.1 ± 0.9 cm (p<0.05). Heifers of red and Holstein breeds on 
average were inseminated at the age of 14.6 – 14.8 months as they reached live weight 395 – 396.5 kg. Heifers of red 
breeds on average calved at the age of 25.8 months, whereas Holstein heifers - of 26.4 months. The research aimed at 
analysing growth rates of heifers born to dairy cows at different age.
Key words: heifers, weight, hip height, insemination age, calving age.

Introduction 
Under intensive  framing, dairy cows on average 

are used for 2 – 3 lactations (Maia et al., 2013; 
Jouzaitiene et al., 2015). As a result, one third of 
calves is born to primiparous cows, which are not 
grown-ups yet. Newborn calves born to primiparous 
cows often are smaller than calves born to older cows 
(Pietersma et al., 2006; Kamal  et al., 2014). Several 
researches conducted prior show that live weight of 
calves at birth affects further growth and development 
thereof (Arthington et al., 2000), whereas live weight 
of newborn calves is influenced by several factors, 
e.g., breed, calving season, nutrition of mother, health 
status, etc. Suitable breeding of heifer is a precondition 
for healthy and highly-productive cattle used for 
herd restocking or expansion. Optimal breeding of 
calves reduces costs, by ensuring high productivity , 
reproduction, and long cattle life (Raguz et al., 2011). 
Development of calves at various rearing periods 
differs; it is influenced by calve’s physiological 
characteristics, housing and nutrition conditions. 
Insufficiently nourished heifers lag behind in growth, 
thus first insemination thereof will be delayed, whereas 

overfed heifers have lower conception indicators, and 
they may have difficult delivery (Vacek et al., 2015). 
The research aim ed at analysin g breeding indicators 
(till the first delivery) of different breeds heifers born 
to dairy cows at different age. 

Materials and Methods
The research was conducted in Research and Study 

Farm ‘Vecauce’ of Latvia University of Agriculture in 
a herd consisting of 600 dairy cows. Heifers were bred 
under the same conditions, by separating them till the 
age of three months and grouping afterwards. The 
research period covered the time period from 2009 to 
2013. During the period, 147 heifers were born, 45 of 
them were excluded from the research due to various 
reasons. In the red breed group 53.3% of heifers were 
excluded, and in Holstein group – 46.7%. Out of the 
heifers excluded 27% were born to primiparous cows 
and cows in their 3rd lactation, 24% – to cows in their 
4th lactation, and 22% – to cows in their 2nd lactation.

Dairy cows were grouped by the number of calving 
times, but newborn heifers – were grouped by a breed 
or breed group (Table 1). 

AGRICULTURAL SCIENCES (CROP SCIENCES, ANIMAL SCIENCES)

Table 1
Research scheme

Group 
No Calving time Number of 

newborn calves
Breed or breed group of newborn calves

Red breeds, n % Holstein breed, n %
1. 1st 27 9 19.6 18 32.1
2. 2nd 28 13 28.2 15 26.8
3. 3rd 26 12 26.1 14 25.0
4. 4th and up 21 12 26.1 9 16.1
Total: 102 46 100 56 100
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The group of red breeds includes Latvian Brown 
and Danish Red heifers, while Holstein breed group – 
Holstein black and white and Holstein red and white 
cows. The research covered 46 heifers of red breed 
and 56 heifers of Holstein breed.

In several researches it has been pointed out that, 
live weight and growth indicators of red breeds and 
Holstein breed cattle differ (Pietersma et al., 2006; 
Kamal et al., 2014); therefore, the results acquired 
were analysed for each breed separately. With the help 
of verified measuring instruments heifer live weight 
and hip height at birth, at the age of six and twelve 
months, at first insemination and first calving was 
found out. 

Analysis of the data acquired was based on the 
indicators of descriptive statistics: arithmetical mean 
and standard error. Analysis of the factors influencing 
the research data was performed by using univariate 
analysis of variance. Significant differences among 
factor gradation classes were found with the t-test; in 
tables they have been indicated with a superscripted 
letter and symbol (A; B – between breed groups, a; b – 
between research groups, * between rearing groups: to 
6 months and after 6 months). Research correlations 
were characterised with linear correlation coefficient.

Results and Discussion
When initiating analysis of the data acquired, the 

influence left by mother calving time and heifer breed 
on live weight and hip height was found out (Table 2).

The results acquired show that live weight and 
hip height of calves at dif ferent rearing periods are 
influenced by calving time of a mother and breed or 
breed group of a heifer (p<0.001).

Other researches have shown that during the first 
twelve months of life, live weight of heifers increases 

rapidly (Cooke et al., 2013) – the same phenomeno n 
was observed also in this research (Table 3). 

Live weight of red breed heifers at birth was 
between 42.4 and 46.3 kg; for heifers of the 4 th group 
it was notably greater – 46.3 ± 0.81 kg, while heifers 
of the 1 st group were by 3.9 kg lighter than 4th group 
heifers. At the age of six months live weight of calves 
levelled up and did not differ significantly; however, 
greater live weight still was observed for 2 nd and 4 th 
group heifers – 187.5 ± 5.09 kg and 187.6 ± 5.08 kg, 
respectively. At the age of one year heifers of the 4 th 
group were remarkably heavier (345.8 ± 7.09 kg) than 
heifers of the 1st and 3rd groups (p<0.05).

Similar indicators at birth may be observed for 
Holstein breed heifers. Notably greater live weight 
was recorded for the 4th group heifers – on average 
46.6 ± 1.07 kg (p < 0.05). The results acquired within 
the research show that Holstein heifers at birth were 
heavier than it was stated in other researches (Spiegler 
et al., 2014; Passille, Rabeyrin, & Rushen 2014; Kamal 
et al., 2015), indicating that live weight of Holstein 
calves at birth on average comprised 39.8 – 41.4 kg. At 
the age of six months no significant differences were 
observed among groups of Holstein breed heifers, 
similarly as it was with the heifers of red breeds. 
However, heifers of 3 rd and 4th groups were heavier –  
193.1 ± 4.78 kg and 201.3 ± 8.63 kg, respectively . 
Data of a research conducted in the United Kingdom 
show that Holstein breed heifers born to primiparous 
cows at the age of six months weighted on average 
183.3 kg (Cooke et al., 2013), but weight thereof in 
this research on average constituted 185.2 kg – it is 
1.9 kg more. At the age of one year notably greater 
live weight was recorded for the 2nd group heifers – on 
average 363.0 ± 6.47 kg, and it is 30 kg more than live 
weight of the 1st group heifers (p<0.05). 

Table 2 
Factors influencing live weight of calves

Characteristics
Factors

mother calving time heifer breed
p – value

Live weight, kg

at birth *** ***
at age of 6 months *** ***
at age of 12 months *** ***
at first insemination *** ***

at first calving *** ***

Hip height, cm

at birth *** ***
at age of 6 months *** ***
at age of 12 months *** ***
at first insemination *** ***

*** p<0.001, factor has significant influence on live weight and hip height of calves. 
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The results acquired meet the findings of other 
researchers and prove that heifers born to primiparous 
cows tend to have smaller calves (Kamal et al., 2014). 
Live weight was similar for the newborn calves born 
in the red breed group and ones born in the Holstein 
group, still red breed heifers of the 2nd group were by 
2.3 kg heavier than Holstein heifers (p<0.05). At the 
age of six months Holstein heifers of the 3rd group were 
by 10.1 kg heavier than red breed heifers (p<0.05). At 
the age of one year live weight of calves evened out 
and did not differ significantly among breeds.

Heifer growth rate is character ised by the daily 
live weight gain (Table 4). Scientist Shamay and his 
colleagues (2005) believe that, desirable daily weight 
gain of dairy cows from birth till insemination on 
average accounts for 700 g.

Live weight gain of red breed heifers aged up to 
six months did not differ significantly, but at the age 

6 – 12 months daily live weight gain of the 4 th group 
heifers was by 94 g greater than one observed for the 
3rd group heifers (p<0.05). Red breed heifers of the 1st, 
2nd, and 3rd group gained weight evenly in both rearing 
periods, and no notable differences were recorded; 
however, the 4th group heifers aged 6–12 months grew 
by 100 g more than heifers in the age group 0 – 6 
months (p<0.05).

Daily live weight gain of Holstein breed heifers 
aged up to six months on average constituted 818.3 g, 
while of heifers in the second age group – on average 
825.3 g daily. Such results differ from the findings of 
other researchers (Cooke et al., 2013) showing that 
average daily live weight gain of Holstein-Freeze 
breed heifers aged up to six months comprises - 1094 
g, while after the age of six months – 764 g. Differing 
results were published also by Kertz, Prewitt, & Ballam, 
(1987), pointing out that, in the research conducted 

Table 3
Changes in live weight of calves of red and Holstein breeds (kg)

Heifer age
Research group

1. 2. 3. 4. 
Red breeds group

At birth 42.4 ± 1.13a 45.2 ± 1.03a,b,A 44.1 ± 1.41a,b 46.3 ± 0.81b

At the age of 6 
months 178.9 ± 5.73 187.5 ± 5.09 183.0 ± 4.93A 187.6 ± 5.08

At the age of 12 
months 331.1 ± 9.94a 341.6 ± 7.88a,b 324.3 ± 6.31a 345.8 ± 7.09b

Holstein breeds group
At birth 42.0 ± 0.78a 42.9 ± 0.72a,B 44.5 ± 1.09b 46.6 ± 1.07b

At the age of 6 
months 185.2 ± 4.26 185.6 ± 4.59 193.1 ± 4.78B 201.3 ± 8.63

At the age of 12 
months 332.9 ± 7.58a 363.0 ± 6.47b 335.9 ± 7.80a,b 338.1 ± 11.51a,b

a,b,c – characteristic feature notably differs among research groups; p<0.05
A,B – characteristic feature notably differs between breed groups; p<0.05

Table 4
Daily live weight gain of red and Holstein breed calves (g) by research period

Heifer age
Research group

1. 2. 3. 4. 
Red breed group

0 – 6 months 758 ± 33.1 791 ± 28.1 772 ± 28.5 785 ± 27.8 *
6 – 12 months 846 ± 47.5a,b 856 ± 53.4a,b 785 ± 35.2a 879 ± 30.4A,b,*

Holstein breed
0 – 6 months 795 ± 23.9 793 ± 24.9* 825 ± 26.0 860 ± 45.1
6 – 12 months 821 ± 37.4a 930 ± 40.7b* 794 ± 46.4a 760 ± 46.2B,a

a,b,c – live weight gain differs notably among research groups; p<0.05
A,B – live weight gain differs notably among breeds; p<0.05
* – daily live weight gain differs notably within the breed between rearing periods (to 6 month and after 6 month); p<0.05
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thereof Holstein heifers aged up to six months gained 
on average 830 – 930 g daily , while heifers aged 6 – 
12 months – on average 1000 g daily. In this research 
daily live weight gain of Holstein heifers aged up to 
six months did not differ significantly among groups 
and varied between 793 g and 860 g, while for heifers 
aged 6 – 12 months remarkably greater daily live 
weight gain was recorded for the 2 nd group heifers –  
on average 930 ± 40.7 g (p<0.05). Comparison of 
daily live weight gain by rearing period shows notable 
increase in growth rate of the 2 nd group heifers – on 
average by 137 g daily (p<0.05). 

Between the breed groups significantly higher 
growth rates were recorded for red breed heifers of the 
4th group – on average 879 ± 30.4 g daily, comprising 
119 g daily more than weight gain of the 4th group 
Holstein heifers (p<0.05).

Size of an animal is characterised by wither and 
hip height thereof. Insufficient or unbalanced nutrition 
of heifers leads to lack in reaching desired size. Wither 
height of the research heifers closely correlated with 
hip height, r = 0.83; therefore, research covered only 
analysis of hip height (Table 5). 

Within the framework of the research, it was found 
out that  hip height of red breed heifers at birth on 
average constituted 78.5 cm and did not differ notably 
among the groups. However heifers of the 2 nd group 
were of a greater height – on average 79.8 ± 1.76 cm. 
Also, at the age of six months hip height of heifers did 
not differ significantly; nevertheless, heifers born to 
primiparaous cows were of greater height – hip height 
thereof on average constituted 110.8 ± 1.62 cm. At the 
age of one year notable differences in hip height were 
recorded for the 2nd group heifers, hip height of which 
was by 2.0 cm greater than one of the 3rd group heifers 
(p<0.05).

Within the Holstein breed group, significantly 
greater hip height at birth was observed for the 4th 

group heifers – on average 78.1 ± 0.9  cm (p<0.05). 
The findings are confirmed also by results of other 
researches indicating that Holstein breed heifers from 
primiparous cows were born on average with 75.5 cm 
high hips, while hip height of older cows on average 
constituted 76.6 cm (Kamal et al., 2015). At the age of 
six months Holstein heifers in all groups had similar 
hip height; however, the indicator in the 4th group was 
higher – on average 111.9 ± 1.42 cm. Similarly as in 
the group of red breeds, also in the Holstein group at 
the age of one year heifers with higher hips were born 
in the 2 nd group. Comparison of the results acquired 
between the breed groups shows that the 2 nd group 
red breed heifers at birth had by 4.7  cm higher hips 
than the 2 nd group Holstein heifers; moreover , live 
weight thereof at birth was greater as well. At the 
age of six months the 3 rd group Holstein heifers were 
significantly higher – the hip height thereof on average 
comprised 111.1 ± 0.64 cm (p<0.05). 

Age at the first insemination in all research 
group met the optimum indicators – from 14 to 15 
months – suggested by foreign scientists (Cooke et 
al., 2013; Duplessis et al., 2015; Vacek et al., 2015) 
and animal breeding specialists in Latvia (Ciltsdarba 
programma..., 2012; Latvijas Holšteinas..., 2012).

In 2015, the average age of calves at the 
first insemination in Latvia was 15.8 months 
(Lauksaimniecības datu..., 2015); one of the research 
heifers of both breeds – on average 14.7 months.

Age at the first insemination is closely related 
to the live weight of heifer; optimally heifer has to  
reach 55% of the live weight of a mature cow 
(Duplessis et al., 2015). For heifers of the red breeds 
the age at the first insemination varied between 14.2 
(3rd group) and 14.9 (1st group) months, while average 
live weight – from 380.5 kg (1 st group) to 415.1  kg 
(4th group). Notably greater live weight at the age of 
14.7 months was reached by the 4 th group heifers – 

Table 5
Changes in hip height of red and Holstein breed heifers (cm) by research period

Heifer age
Research group

1. 2. 3. 4.
Red breed group

At birth 78.2 ± 1.62 79.8 ± 1.76A 77.5 ± 1.39 78.4 ± 1.63
At the age of 6 months 110.8 ± 1.62 110.7 ± 1.12 109.5 ± 0.50A 110.3 ± 0.75
At the age of 12 months 126.3 ± 1.27ab 127.3 ± 0.63a 125.3 ± 0.68b 126.0 ± 0.89ab

Holstein breed
At birth 75.1 ± 0.82a 75.1 ± 1.04a,B 76.4 ± 0.60b,a 78.1 ± 0.9b

At the age of 6 months 109.8 ± 0.77 110.7 ± 0.99 111.1 ± 0.64B 111.9 ± 1.42
At the age of 12 months 126.3 ± 0.75 127.5 ± 1.02 125.6 ± 0.80 125.8 ± 1.49

a,b – characteristic feature differs notably among the research groups; p<0.05
A,B – characteristic feature differs notably between the breed groups; p<0.05
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on average 415.1 ± 7.09 kg (p<0.05). In Canadian 
research conducted with Ayrshire breed heifers the 
first insemination was made at the age of 17.9 months, 
when live weight of the heifers comprised 400 kg 
(Pietersma et al., 2006). In this research, red breed 
heifers for the first time were inseminated on average 
at the age of 14.6 months, as animal reached hip 
height 130.2 cm and 395 kg of live weight, that on 
average constitutes 66.9% of the live weight of mature 
red breed cow. The results acquired show that in this 
research heifers were inseminated by 3.3 months 
earlier than in the Canadian research. 

Calving age is influenced not only by the heifer 
age at the first insemination, but also by the number of 
insemination times (Cooke et al., 2013). Within the red 
breed group, remarkably later calving was observed 
for heifers born to primiparous cows – on average at 
the age of 27.0 ± 1.18 months. Insemination of these 
heifers was started at the age of 14.9 months and 
done on average  1.2 times that is the lowest number 

of inseminations  among red breed groups. Based on 
the results acquired, a conclusion may be made that, 
within the primiparous cow heifer group problems are 
faced in respect to conception.

Live weight of red breed heifers at the first calving 
on average comprised 576 – 615.5 kg. No significant 
differences were observed among the groups; 
however, greater weight was recorded for the 2nd group 
heifers – on average 615.5 ± 27.40 kg. First calving 
of the heifers of this group took place at optimum 
age, i.e., on average at the age of 24.6 months; the 
interval between the first insemination and the first 
calving on average lasted for 10.2 months, whereas 
average number of inseminations constituted 1.4 ± 
0.24. Suitable live weight is not the only indicator 
important at cal ving, cow size has to be taken into 
consideration as well. Red breed heifers calve with an 
average hip height 144.1 cm – 3.1 cm more than stated 
in the Breeding Programme (Ciltsdarba programma) 
for 2013 – 2017. Significantly greater hip height at 

Table 6
Age, live weight, and hip height of red breed calves at the first insemination and calving

Indicators
Research group

1. 2. 3. 4. 
At first insemination

Age, months 14.9 ± 0.33 14.4 ± 0.31 14.2 ± 0.25 14.7 ± 0.26

Live weight, kg 380.5 ± 11.01a 402.0 ± 7.66b 381.9 ± 9.38ab 415.1 ± 7.09b

Hip height, cm 130.1 ± 1.83 131.0 ± 1.14 128.9 ± 0.85 130.8 ± 1.34
At first calving

Age, months 27.0 ± 1.18a 24.6 ± 0.43b 25.6 ± 1.28ab 25.8 ± 0.65ab

Live weight, kg 610.0 ± 31.96 615.5 ± 27.40 598.8 ± 26.32 576.0 ± 24.17
Hip height, cm 142.8 ± 1.06a 143.0 ± 0.8a 143.9 ± 1.35ab 146.7 ± 0.86b

 a,b – characteristic feature differs notably among research groups; p<0.0

Table 7
Age, live weight, and hip height of Holstein breed calves at first insemination and calving

Indicators
Research group

1. 2. 3. 4. 
At first insemination

Age, months 14.6 ± 0.38 14.6 ± 0.39 14.6 ± 0.29 15.3 ± 0.37

Live weight, kg 401.7 ± 8.28 404.1 ± 5.55 397.7 ± 7.39 382.5 ± 14.08
Hip height, cm 132.4 ± 0.87 133.9 ± 1.34 131.7 ± 1.09 133.9 ± 148

At first calving
Age, months 26.1 ± 0.82a,b 26.9 ± 0.84a, 24.9 ± 0.45b 27.6 ± 1.65a,b

Live weight, kg 610.0 ± 17.83 626.2 ± 19.76a 572.2 ± 14.03b 598.3 ± 34.82
Hip height, cm 145.7 ± 1.38 145.8 ± 1.25 143.7 ± 1.77 146.8 ± 1.89

a,b – characteristic feature differs notably among research groups; p<0.05
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calving was recorded for the 4 th group heifers – on 
average 146.7 ± 0.86 cm, exceeding the indicator 
desirable for the breed by 3.1 cm (p<0.05).

Canadian scientist Pietersma and others (2006) in 
their research on Ayrshire breed heifers found out that 
their first calving takes place at the age of 28 months, 
as cows have reached average live weight of 507 kg; 
while in this research heifers calved 2.2 months earlier 
and at that moment were by 93 kg heavier. 

Holstein breed heifers for the first time were 
inseminated at the age of 14.8 months as they reached 
average live weight of 396.5 kg that is equal to 61.5% 
of live weight of mature Holstein cow and exceeds the 
indicators optimal for the breed by 6.5% (Table 7).

The greatest live weight at the age of 14.6 months 
was reached by the 2nd group heifers. In the Canadian 
research, Holstein heifers for the first time were 
inseminated on average at the age of 17.3 months as 
they reached average live weight of 464 kg (Pietersma 
et al., 2006). Czech scientists emphasize that an 
important role in further productivity of a heifer is 
fulfilled by age at insemination and live weight. In 
their opinion, it is advisable to inseminate Holstein 
breed heifers at the age of 14 months as they reach 
live weight comprising 400 kg (Vacek et al., 2015).

In this research, Holstein heifers calved on average 
at the age from 24.9 months (2 nd group) to 27.6 
months (4th group) and reaching live weight of 572.2 ± 
14.03 kg and 598.3 ± 34.82 kg, respectively . Notable 
differences at the age of the first calving were recorded 
between the 2 nd and 3 rd group heifers – 2 month 
difference (p<0.05). Pietersma and other researchers 
(2006) in research conducted with Holstein heifers 
found out that they calved on average at the age of 
26.9 months as they reached live weight of 587 kg. 
Kamal and other scientists within the researched 
carried in Belgium and Germany farms discovered that 
heifers, which calved at the age 23.5 – 25.5 months, 
had higher reproduction and productivity indicators, 
as compared to heifers calving earlier or later than 
at this age (Kamal et al., 2014). The findings are 
confirmed also by results obtained in other researches 
(Mohd Nor et al., 2013).

In this research, the hip height of Holstein heifers 
at calving on average comprised 145.5 cm that meets 
indicators characteristic to mature Holstein cows.

Comparison of the results by breed group allows 
concluding that the age of calve at the first insemination 
does not differ notably, while significantly greater live 
weight was recorded for Holstein heifers of the 1st 
group – difference of 21.2 kg (p<0.05). Significantly 
older age at the first calving was observed for Holstein 
heifers of the 2nd group (26.9 months) – dif ference of 
2.3 months, as compared to the red breed 2 nd group 
heifers (p<0.05). Generally it may be concluded that 
Holstein heifers had shorter time interval between the 
age at the first insemination and calving – on average 
10.3 – 12.3 months. 

Conclusions
1. Heifers born to primiparous cows in both groups 

had smaller live  weight, while at the age of six 
months it levell ed among all research groups. In 
red breed group one-year -old heifers of the 4 th 
group were heavier , while in Holstein group – 
heifers, mothers of which calve d for the second 
time.

2. Hip height at birth recorded for heifers in the red 
breed group did not dif fer notably among the 
research groups, while the 4th group heifers born to 
mature Holstein cows had significantly greater hip 
height (p<0.05). Comparison of the research group 
heifers by breed shows that red breed heifers, 
mothers of which calved for the second time, were 
born with a greater hip height (p<0.05). 

3. Heifers in the red breed group on average calved 
at the age of 25.8 months, while Holstein heifers 
calved on average 0.6 months later – at the age of 
26.4 months. The fact may be explained by higher 
average number of inseminations and gestations – 
on average 1.7 times that is 0.2 times more than for 
red breed heifers.

4. Hip height at calving observed for Holstein breed 
heifers was similar in all groups, while in red breed 
group it was significantly greater for mature cows 
of the 4th group – on average 146.7 cm, exceeding 
hip height of a mature cow by 5.7 cm.

5. At insemination, research cows had 66.9% of 
mature red cow live weight and 61.5% of mature 
Holstein cow live weight, indicating that cows 
may have been inseminated earlier.
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Abstract
In Latvia, different breeds of beef cattle are grown; therefore, it is important to explain their suitability to organic 
farming systems, because most Latvian beef cattle breeders work with or ganic farming methods. The aim of this 
research was to compare fattening of different beef breed bulls (Bos Taurus) in organic farming system at similar 
housing and feeding conditions. In the research, there were included Blonde d’Aquitaine (BA), Hereford (HE), 
Simmental (SI) and crossbred (CB) bulls. Fattening period started after calf weaning from suckler cows at 7 – 8 
months of age. Fattening results were significantly affected by factors like breed, live weight and age before fattening, 
but slaughter results were significantly affected by breed, live weight and age before slaughter. During the fattening 
period the biggest daily weight gain was showed for SI breed bulls (849 g), but the biggest live weight increase was 
recognized for BA breed bulls (295 kg). The required slaughter weight the fastest was reached for XG bulls, which 
average slaughter age was 532 days (p<0.05). The greatest slaughter weight – 342 kg (p<0.05) and dressing percentage 
(58% (p<0.05)) was recognized for BA breed bulls; also, carcass conformation score in muscle development was the 
highest for BA bulls (2.0 points (p<0.05)). The greatest economic benefit was from CB bulls, income calculated per 
one rearing day from CB bulls was - EUR 1.80.
Key words: beef cattle breeds, bulls, growth and fattening.

Introduction
The branch of cattle meet production takes 

a significant role in the structure of agriculture 
production in the developed countries of the world and 
EU countries. Similar development can also be seen in 
the new countries of the EU. During the last ten years 
a number of suckler cows has grown in Latvia. On 1st 
January 2006, 6955 of suckler cows were registered in 
the Agricultural data centre of the Republic of Latvia, 
but on 1st January 2016 – already 38878 suckler cows. 
This tendency shows that beef cattle branch has been 
developing, but still the main production of this branch 
is weaned calves which are sold for export. Only a 
small part of weaned calves has been left on the farms 
for further fattening. In Latvia, there is necessary to 
arrange an internal beef meat market and develop the 
payment system of fattened beef cattle according to 
the carcass classification of SEUROP, which is used 
in other EU countries in order to facilitate farmers’ 
interest in young cattle fattening and sale in Latvia. 
Also, EU countries meat procesor and marketing 
company interest about Latvia farmed beef purchase 
options is growing every year . Considering of our 
country’s potential to produce high qulity biological 
products which is equivalent to the production of other 
EU countries, Latvia has the objective to increase the 
competitiveness of local beef cattle breeders in the 
common market in all areas, in terms of the quality of 
the weaned calves and carcases (Gaļas šķirņu govju 
ciltsdarba programma, 2013).

In order to develop the branch of beef cattle 
successfully, it is very important to know , how to 
grow up high quality beef cattle, thus ensuring the 
high quality of the carcass assessment and meat. As 
researchers, Lujane, Oshmane, & Jansons (2013) have 
recognized the quality of beef at the present genetic 

material could be much higher in Latvia, but we have 
to improve the conditions of animal nutrition. It is 
important to take into account that in order to obtain 
high – quality meat, there should be adequate nutrition 
at all stages of animal development.

Intensive farming is not possible in many places 
of Latvia, but in the branch of beef cattle there is also 
possibility to farm extensively using natural pastures, 
bushes, overgrown places and so on. Comparing beef 
cattle with typical dairy cattle, beef cattle gives greater 
live weight, increases daily live weight, the outcome 
of the slaughter and gets higher class of a meat market 
(Lujane, Oshmane, & Jansons, 2013).

In Latvia, different breeds of beef cattle are 
grown. According to the information of Agricultural 
data centre of the Republic of Latvia the biggest 
populations are: Charolais (19570), Limousin 
(6424) and Hereford (5347). A smaller number of 
the beef cattle population are breeds: Angus (2867), 
Simmental (1941), Highland (885), Galloway (525) 
and Blonde d’Aquitaine (132). There is also a great 
number of dif ferent beef cattle crossbreed (18471). 
It is important to explain their suitability to organic 
farming systems because most of Latvian beef cattle 
breeders work with organic farming methods.

Up to now in Latvia, separate studies on beef cattle 
fattening have been carried out. Though there is a lack 
of studies on the appropriate choice of beef cattle 
breed for fattening and the most effective model for 
profitable fattening, so the beef cattle breeders who 
choose to fatten weaned calves, they often should carry 
out experiments by themselves (Lujane, Oshmane, & 
Jansons, 2013).

Many foreign authors researched differences 
between individual beef breeds in growth performance, 
fattening and carcass traits (Polach et al., 2004; Barton 
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et al., 2006; Hollo et al., 2012; Pesonen & Huuskonen, 
2015), howewer these studies can not fully apply to 
the conditions of Latvia.

The aim of this research was to compare the breed 
of Blonde d’Aquitaine, Hereford, Simmental and 
crossbred bulls fattening in organic farming system at 
similar housing and feeding conditions.

Materials and Methods
The research was carried out in the certified 

organic cattle farm ‘Bētas’ (56.901566, 22.241868) 
during the period from November 2014 till December 
2015 at similar  housing and feeding conditions at 
the barn. During the whole fattening period rations 
contained hay, grass silage, grains (oats, barley, 
triticale) and mineral feed, in summer period also 
green forage. The winter period forage was with the 
following indicators: hay – dry matter 92.73%, protein 
7.30%, net energy for lactation (NEL) 6.06 MJ kg-1, 
neutral detergent fiber (NDF) 56.5%, acid detergent 
fiber(ADF) 32.0%; grass silage – dry matter 46.19%, 
protein 10.50%, NEL 5.67 MJ kg-1, NDF 54.33, ADF 
36.87%. Cereal  meal mix dry matter content was 
89.87%, protein content 13.22%, NEL  content 7.86 
MJ kg-1, NDF content 20.11 MJ kg-1 un ADF content 
9.36 MJ kg-1.

Forage was fed  ad libitum, but grain portion was 
4 kg per day . At the beginnin g of fattening, bulls 
were partially adapted to grain portion until the 
portion reached maximum – 4 kg per day . Water was 
supplied with heated watering place. The specific 
type of fattening  is considered as medium intensive 
because fattening was carried out in the or ganic 

farming system. To assess growth performance, each 
month starting from January 2015 all of the bulls were 
weighted with electronic cattle scales with accuracy 
of 0.100 kg.

The research included 21 fattening bulls and 
depended on their breed type. Four research groups 
were created:

1st group: Blonde d’Aquitaine (BA) – 4 bulls;
2nd group: Hereford (HE) – 6 bulls;
3rd group: Simmental (SI) – 6 bulls;
4th group: beef cattle crossbreed – 5 bulls.

Bull fattening started after calf weaning from 
suckler cows 7 – 8 months of age, but fattening 
finished when bulls reached live weight at least  
500 kg.

Using the growth rates of the bulls, average daily 
gain during fattening period was calculated (1):

          

The ai m o f t his r esearch was t o co mpare the breed of Blonde d' Aquitaine, H ereford, S immental an d 
crossbred bulls fattening in organic farming system at similar housing and feeding conditions.

Materials and Methods
The research was carried out in the certified organic cattle farm ‘Bētas’ (56.901566, 22.241868) during the 

period from November 2014 till December 2015 at similar housing and feeding conditions at the barn. During the 
whole f attening p eriod r ations contained hay, grass silage, g rains ( oats, b arley, tr iticale) and m ineral f eed, i n 
summer period also green forage. The winter period forage was with the following indicators: hay – dry matter 
92.73%, protein 7.30%, net energy for lactation (NEL) 6.06 MJ kg-1, neutral detergent fiber (NDF) 56.5%, acid 
detergent fiber(ADF) 32.0%; grass silage – dry matter 46.19%, protein 10.50%, NEL 5.67 MJ kg-1, NDF 54.33, 
ADF 36.87%. Cereal meal mix dry matter content was 89.87%, protein content 13.22%, NEL content 7.86 MJ kg-

1, NDF content 20.11 MJ kg-1 un ADF content 9.36 MJ kg-1.
Forage was fed ad libitum, but grain portion was 4 kg per day. At the beginning of fattening, bulls were partially 

adapted to grain portion until the por tion reached maximum – 4 kg per day. Water was supplied with heated 
watering place. The specific type of fattening is considered as medium intensive because fattening was carried out 
in the organic farming system. To assess growth performance, each month starting from January 2015 all of the 
bulls were weighted with electronic cattle scales with accuracy of 0.100 kg.

The research included 21 fattening b ulls and depended on their breed type. Four research groups were 
created:

1st group: Blonde d'Aquitaine (BA) – 4 bulls;
2nd group: Hereford (HE) – 6 bulls;
3rd group: Simmental (SI) – 6 bulls;
4th group: beef cattle crossbreed – 5 bulls.

Bull fattening started after calf weaning from suckler cows 7 – 8 months of age, but fattening finished when 
bulls reached live weight at least 500 kg.

Using the growth rates of the bulls, average daily gain during fattening period was calculated (1):

𝑎𝑎𝑎𝑎 = Wt−W0
t

(1)

where Wt - live weight before slaughter, kg
W0 – live weight before fattening, kg
t – fattening duration, days.

All bulls were slaughtered in certificated slaughterhouses where carcases were wheighed and the carcass 
SEUROP conformation score was determined (Classification of bovine animal carcasses). Conformation score 
was marked with the letters EUROP with the following meaning: E – excellent (the numeric designation – 1), U –
very good (2), R – good (3), O – medium (4), P – poor (5) developed muscularity.

For preparation income analysis, slaughter houses prices per carcass and bulls age at a slaughter moment 
were used. 

MS E xcel software was used f or d ata mathematical p rocessing. Average v alues, standard er ror an d 
coefficient of variation results were calculated. T–test for average values was used for significance determination. 
Different letters (a, b, c) on figures and tables mark significant differences at p<0.05. To analyze factors influencing 
fattening and slaughter traits one–way analysis of variance (ANOVA) was performed. The following factors were 
analysed: breed, live weight and age before fatening and live weight and age before slaughter.
For tr aits r elationship c orrelation a nalysis d etermination, which was es tablished b etween t he fattening a nd 
slaughter traits was used.

Results and Discussion
At the beginning of fattening bulls average age was from 222 to 237 days, among groups there were no 

significant differences (Table 1). The biggest live weight at the beginning of the fattening was for CB and SI breed 
bulls, respectively – 377 kg and 366 kg, whereas BA and HE breed bulls live weight was significantly lower – 299 
kg and 269 kg (p<0.05) respectively.

Table 1
Bulls fattening results

Indice
Breed

BA
(n=4)

HE
(n=6)

SI
(n=6)

XG
(n=5)

 (1)

where Wt - live weight before slaughter, kg
 W0 – live weight before fattening, kg

 t – fattening duration, days.

All bulls were slaughtered in certificated 
slaughterhouses where carcases were wheighed 
and the carca ss SEUROP  conformation score 
was determined (Classification of bovine animal 
carcasses). Conformation score was marked with 
the letters EUROP  with the following meaning:  
E – excellent (the numeric designation – 1), U – very 
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Table 1
Bulls fattening results

Indice

Breed
BA

(n=4)
HE

(n=6)
SI

(n=6)
XG

(n=5)
x ±Sx V,% x ±Sx V,% x ±Sx V,% x ±Sx V,%

Age before 
fattening 222±10.3a 9.3 226±4.9a 5.3 237±1.5a 1.6 237±11.9a 11.3

Live weight 
before 
fattening, kg

299±22.1a 14.8 269±8.2 a 7.4 366±7.3b 4.9 376±12.5b 7.4

Live weight 
before 
slaughter, kg

594±32.6ab 11.0 558±14.3a 6.3 630±17.9b 7.0 626±23.5b 8.4

Fattening 
period lenght, 
days

352±20.4ab 11.6 389±8.0a 5.1 307±13.1b 10.4 296±19.8b 15.0

Live weight 
gain, g per 
day-1

844±60.0a 14.2 745±57.9a 19.0 849±40.9a 11.8 828±70.5a 19.0

a b – indices is significantly different between groups, p<0.05.
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good (2), R – good (3), O – medium (4), P  – poor (5) 
developed muscularity.

For preparation income analysis, slaughter houses 
prices per carcass and bulls age at a slaughter moment 
were used. 

MS Excel software was used for data mathematical 
processing. Average values, standard error and 
coefficient of variation results were calculated. T–
test for average values was used for significance 
determination. Different letters (a, b, c) on figures 
and tables mark significant differences at p<0.05. To 
analyze factors influencing fattening and slaughter 
traits one–way analysis of variance (ANOVA) was 
performed. The following factors were analysed: 
breed, live weight and age before fatening and live 
weight and age before slaughter.

For traits relationship correlation analysis 
determination, which was established between the 
fattening and slaughter traits was used.

Results and Discussion
At the beginning of fattening bulls average age 

was from 222 to 237 days, among groups there were 
no significant differences (Table 1). The biggest live 
weight at the beginning of the fattening was for CB 
and SI breed bulls, respectivel y – 377 kg and 366 
kg, whereas BA and HE breed bulls live weight was 
significantly lower – 299 kg and 269 kg (p<0.05) 
respectively.

Fattening period with the biggest live weight –  
630 kg was completed by SI breed bulls which 
during the fattening period reached also the biggest 
live weight gain – 849 g. In several foreign studies 
(Chambaz et al., 2003; Barton et al., 2006; Hollo et 
al., 2012) the SI breed bulls live weight gains have 
been greater than in our study due to the fact that bulls 
were fattened with intensive methods. In the study , 
which was carried out by a Dannenberger et al. (2006) 
SI breed bulls were fattened in two different systems 
and it was established that with intensive fattening 
system bulls live weight gain was on average 1.40 kg, 
but in system where forage was used, but concentrates 

only in the finishing phase, live weight gain was on 
average 0.90 kg.

HE breed bulls live weight gain during the 
fattening period was on average 745 g what is lower 
than in a study carried out by the Bartonet al., (2006) 
who found live weight gain for this breed bulls during 
the fattening period on average 1.315 kg. These 
diferences between live weight gain can be explained 
with the use of dif ferent feeding system because in 
Bartonet al. (2006) study bulls were fatte ned with 
Total mixed ration (TMR) which consisted of maize 
(Zea mays) and lucerne (Medicago) silage, as well as 
concentrates.

The shortest fattening period in our study was 
for CB group bulls, which is 296 days, when they 
achieved average live weight 626 kg. These indicators 
were significantly different from HE breed bulls, 
which was 389 days and averag e live weight 558 kg 
(p<0.05).

Throughout the period of fattening the lar gest 
live weight increase was obtained for BA breed 
bulls –average 295 kg, but for CB group bulls live 
weight increase during the fatte ning period was the 
least – 250 kg, the diference was 45 kg, which can be 
explained not only with the shortest fattening period 
but also with the highest live weight before fattening. 
Live weight increase for HE breed bulls was 289 kg, 
but for SI breed bulls – 265 kg.

The bulls fattening affected factors results analysis 
show that all analyzed factors significantly affect traits 
of live weight and growth rate (Table 2). 

CB group bulls were slaughte red younger than 
the other group bulls, average 532 days of age, which 
was 13 days earlier than SI breed bulls, 43 days  
earlier than BA breed bulls and 83 days earlier than 
HE breed bulls (p<0.05) (Table 3). Studies in Finland 
compared to our study show dif ferences in age at 
slaughter. In these studies BA  breed bulls were 
slaughtered in 570 days of age which is 5 days earlier, 
HE breed bulls at 561 – 572 days of age which is  
43 – 45 days earlier, but SI breed bulls were slaughtered 
at 565 – 566 days of age which is 20 – 21 days later 

Inga Muižniece, Daina Kairiša
DIFFERENT BEEF BREED CATTLE  
FATTENING RESULTS ANALYSIS

Table 2
Bulls fattening affecting factors

Traits
Factors

breed live weight before fattening, kg age before fattening, days
p-value

Live weight before fattening, kg *** ... ***
Live weight increase during the 
fattening period, kg *** *** ***

Fattening period duration, days *** ... ***
Live weight gain, gper day-1 *** *** ***

***p<0.001.
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(Pesonen, Honkavaar, & Huuskonen, 2013; Pesonen 
& Huuskonen, 2015).

Slaughter age of HE breed bulls was significantly 
different from SI breed and CB bulls, but for BA breed 
bulls significant difference was not recognized.

The biggest slaughter weight was obtained from 
BA breed bulls – 342 kg, but slaughter weight indicator 
was not significantly different between the research 
groups. Conformation score was from 2.0 to 3.2 
points. Muscularity was the best for BA breed bulls – 
2.0 points. All breed group bulls carcases were scored 
as class U. HE breed bulls carc asses were scored in 
83% of cases as class R, but 33% of cases as class O, 
whereas 67% of cases SI bred bulls carcasses were 
scored as class U, but 33% of cases as class R. CB 
bulls carcasses were scored in 33% of cases as class 
U, but in 67% – as class R. Several foreign scientific 
studies observed a similar trend conformation scoring 
for BA, HE and SI breed bulls, which found that 
BA breed bulls muscularity scoring is higher than 
other beef breeds (Pesonen & Huuskonen, 2015). In 
the study which included SI and HE breeds, bulls 
carcases score was not significantly different though 
(Urgakovic, Ivankovic, & Konjacic, 2013).

The comparison of income which was received 
from bulls sales shows that the greatest economic 
benefit was from BA breed bulls – EUR 1048.81 per 
carcass which was significantly more in comparison to 
the benefit from HE bulls carcases (p<0.05).

Income per carcass must be analyzed together with 
the number of days used for bulls rearing until the 
slaughter weight was achieved because each rearing 
day raises costs. The number of days for each research 
group was dif ferent; as a result, the biggest income 
calculated per one rearing day was from CB bulls – 

EUR 1.80, which was EUR 0.02 more than BA, EUR 
0.03 more than SI and EUR 0.35 (p<0.35) more than 
HE breed bulls.

The highest dressing percentage – 57.6% showed 
BA breed bulls, whereas the smallest – 51.3% SI 
breed and 51.2% CB bulls. HE breed bulls dressing 
percentage was 53.5% which is by 2.5% lower than 
in Barton et al. (2006) study where HE breed bulls 
showed dressing percentage 56%. SI breed bulls 
dressing percentage in our study was lower than  
in other authors’  studies where this breed bulls  
dressing percentage was from 54 to 58% (Chambaz et 
al., 2003; Barton et al., 2006; Link et al., 2007; Hollo 
et al., 2012). BA  breed bulls dressing percentage 
results were significantly different from the other 
research groups’  bulls dressing percentage results 
(p<0.05).

The factor analysis results allows concluding 
(Table 4) that breed, live weight before slaughter 
and age before slaughter are factors which have 
significant effect on slaughter results – age before 
slaughter, slaughter weight, dressing percentage and 
conformation score. 

To find out relationship of the slaughter traits, 
correlation analysis was performed (Table 5). By 
analyzing the study groups, it was found that between 
traits age before slaughter and live weight before 
slaughter exists significant correlation for SI (0.99) 
and CB (0.90) groups, there was the same significant 
correlation between traits live weight before slaughter 
and slaughter weight for SI (0.94) and CB (0.93) 
groups.

Between traits age before slaughter and dressing 
percentage, a significant correlation for HE (0.83) and 
SI (-0.86) groups exists. 

Table 3
Bulls slaughter results

Indices

Breed

BA
(n=4)

HE
(n=6)

SI
(n=6)

XG
(n=5)

x ±Sx V,% x ±Sx V,% x ±Sx V,% x ±Sx V,%
Age before 
slaughter, days 575±18.2ab 6.4 615±10.5a 4.2 545±13.3b 6.0 532±14.3b 6.0

Slaughter weight, 
kg 342±18.4ab 10.8 298±8.4a 6.9 323±7.5b 5.7 319±3.4b 2.4

Conformation 
score (1-5) 2.0±0.00a 0.0 3.2±0.17bc 12.9 2.3±0.21a 22.1 2.6±0.24ac 21.1

Income per 
carcass

1,048.81±
55.211a 10.8 887.61±

33.657b 9.3 963.09±
26.574ab 6.8 957.73±

10.088ab 2.4

Income in one 
breeding day 1.78±0.065a 7.3 1.45±0.067b 11.3 1.77±

0.021a 3.0 1.80±0.032a 3.9

a b – indices is significantly different between groups, p<0.05.
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For traits live weight before slaughter and slaughter 
weight a significant correlation for SI group (0.98) was 
observed, but for traits live weight before slaughter 
and dressing percentage significant correlation was 
for CB group (0.97). 

For traits slaughter weight and dressing percentage 
correlation was not significant.

Conclusions
1. The shortest fattening period was for 

crossbreedgroup bulls – 296 days, which achieved 
average live weight gain 828 g. The fattening 
period with the biggest live weight finished 
Simmentalbreed bulls– 630 kg whose average live 
weight gain during the fattening period was 849 g.

2. The best slaughter results showed Blonde 
d’Aquitaine breed bulls whose slaughter weight 
was average 342 kg with dressing perecentage 58% 

(p<0.05). This breed bull’s carcass conformation 
score was 2.0 points which was the highest among 
the groups. 

3. Bulls fattening and slaughter results significantly 
affected breed, live weight and age start or end 
fattening. 

4. Between traits age before slaughter and live weight 
before slaughter and traits age before slaughter 
and slaughter weight, a significant correlation 
for SI and CB groups exists, but between traits 
age before slaughter and dressing percentage a 
significant correlation for HE and SI groups exists. 

5. For traits live weight before slaughter and slaughter 
weight, a significant correlation for SI group was 
observed, but for traits live weight before slaughter 
and dressing percentage a significant correlation 
was for CB group. 

Table 4
Bulls slaughter results affecting factors

Trait
Factors

breed live weight before slaughter, kg age before slaughter, days
p-value

Age before slaughter, days *** ... ...
Slaughter weight, kg *** *** ***
Dressing percentage, % *** *** ***
Conformation score (1-5) *** *** ***

***p<0.001

Table 5
Slaughter traits correlation analysis

Traits
BA

(n=4)

Group
HE

(n=6)
SI

(n=6)
CB

(n=5)
Age before slaughter, 
days

live weight before slaughter, kg 0.55 -0.45 0.99* 0.90*
slaughter weight, kg 0.79 0.30 0.94* 0.93*

dressing percentage, % 0.56 0.83* -0.86* -0.78
Live weight before 
slaughter, kg

slaughter weight, kg 0.92 0.59 0.98* 0.69
dressing percentage, % -0.27 -0.34 -0.77 -0.97*

Slaughter weight, kg dressing percentage, % 0.13 0.56 -0.62 -0.50
*p<0.05
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Abstract
The objective of the study was to detect the difference of the conformation scores between dams and daughters in 
Latvian Warmblood horse breed. For this purpose the correlations and regression coefficient between conformation 
traits of broodmares and the same traits of their daughters were estimated. Data of Latvian Warmblood horse breed 
broodmares were analyzed. The horse breeding organisations’ evaluating data from 1995 till 2015 were analyzed. 
The data included conformation valuation of Latvian Warmblood horse breed dams (n = 423) and their daughters 
(n = 596) of different ages. An average in ten-point scale in the group of dams was 7.71 ± 0.04 for top line scoring, 
7.33 ± 0.05 for forelimbs and 7.35 ± 0.05 points for hind limbs. An average of valuation points of their daughters 
was 7.51 ± 0.03 for top line scoring, 7.21 ± 0.04 for forelimbs and 7.21 ± 0.04 for hind limbs. A significant difference 
between valuations of dams and their daughters (p<0.05) was found for all three conformation traits. Positive and low 
correlation was calculated between groups of dams and daughters for all three conformation traits. The results show 
that the relationship between conformation traits of dams and daughters was weak. Further studies are needed in order 
to estimate influence of broodmare quality to daughters, analyzing the latest data of progeny. 
Key words: Latvian Warmblood, broodmares, dams, daughters, conformation traits.

Introduction
The Latvian Warmblood horse breed is divided in a 

sport type and carriage type. The development of sport 
type is based on breeding of horses suitable for show 
jumping and dressage. A strong body conformation, 
suitability for tourism and driving are representative 
features of carriage type horses (Rozītis, Kļaviņa, 
& Juršāne, 2008). Breeding Programme of Latvian 
Warmblood Horse (2010) determines criteria for 
quality of broodmares of both types appropriate to 
breeding objective and registering in Stud Book. 
Mares are used for breeding purpose based on the 
owners’ preference and knowledge without external 
control. Especially, selection of Latvian Warmblood 
sport type fema les is complete ly breeder dependant 
likewise in majority of warmblood breeds (Dubois, 
Manfredi, & Ricard, 2007). Consequently , export 
of the best broodmares led to production of lar ge 
number of horses with a low conformation quality. 
The selection of stallions is important for the genetic 
progress in population although the mare contributes 
as much as the male to the individual foal (V iklund 
et al., 2011). The selection of females can contribute 
1/4 of genetic response (Dubois, Manfredi, & Ricard, 
2008). Currently, Latvian Horse Breeding Association 
with the help of a special prize and support payments 
promotes breeders to include the best mares in stud 
herd. 

A methodology  of horse valuation at Breeding 
programme of the Latvian Warmblood horses 
schedules seven conformation criteria. Conformation 
is determined as the most important, second or third 
major selection criteria in breeding programmes 
of almost all breeding or ganisations of warmblood 
horses (Koenen, Aldridge, & Philipsson, 2004). 

Conformation is a physical appearance of an animal due 
to the arrangement of muscles, bones and other tissue 
and quality, durability and efficiency of performance 
are closely related to conformation, especially to 
conformation of top line and lim bs. The score of top 
line of horse combines the quality of several parts 
of body - head, neck, withers, shoulder , back, loins, 
croup. Close genetic correlations were found among 
separate traits of top line (Posta, Komlósi, & Mihók, 
2010). Conformation influences reliability of horse 
limbs and quality of gaits and lameness frequently 
occur due to a less than ideal joint and limb angulation 
(Dyson, 2000; Laizans, 2012). The differences in 
conformation traits between younger and older groups 
of horses are not significant (Simcic, Mesaric, & 
Potocnik, 2012). Conformation  valuation in Latvia 
included seven conformation criteria – a type, top line 
of horse (head, neck, withers, shoulder , back, loins, 
and croup), width of body, conformation of forelimbs, 
conformation of hind limbs, correctness of movement 
and temperament – evaluated in ten point scale.

The objective of the study was to detect the 
difference of the conformation scores between dams 
and daughters in Latvian Warmblood horse breed. 

Materials and Methods
Data of Latvian Warmblood horse breed 

broodmares were analyzed. The data included 
conformation valuations of Latvian Warmblood 
horse breed dams (n = 423) and their daughters (n = 
596) of dif ferent ages (several dams had more than 
one daughter). The horse breeding or ganisations’ 
evaluating data from 1995 to 2015 were analyzed 
(from Latvian Horse Breeders Association, 
Latvian Horse Breeding Association). Such factors as 
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mares’ age in evaluating time, type (sport or carriage), 
used sires and sires’  breed, count of foals, place of 
evaluating and information about experts were not 
included in this research. 

The Latvian Warmblood horse breed broodmares 
were evaluated  in accordance with Breeding 
Programme of Latvian Warmblood Horse. Research 
was carried out using horse breeding or ganisation’s 
data. The valuation of three conformation traits 
were analyzed - top line of horse (head-neck-body), 
conformation of forelimbs and conformation of hind 
limbs due to higher objectiveness in valuation of these 
traits, importance in horse selection, close relationship 
to horse productivity and less influence of age and 
other factors. 

The information about pedigree of mares, their 
conformation valuation and conformation valuation 
of their progeny was found in public horse database 
of Latvian Horse Breeding Association, available at: 
www.lwhorse.lv.

The statistical analysis was performed using 
Microsoft Exce l. The dif ference between average 
values of analysed traits of dams and daughters 
determined by the t – test; p≤0.05 means that difference 
is significant. The phenotypic correlation (rp) between 
scores of analysed traits was calculated by the Pearson 
correlation coefficient. 
  
Results and Discussion 

The data analyses showed that dams had higher 
average valuation than a group of daughters. An average 
in ten-point scale in the group of dams was 7.73 ± 0.04 
for top line scoring, 7.38 ± 0.04 for forelimbs and 7.40 
± 0.04 points for hind limbs (Table 1). An average of 
valuation points of their daughters was 7.51 ± 0.03 for 
top line scoring, 7.21 ± 0.03 for forelimbs and 7.20 ± 
0.04 for hind limbs. A significant difference between 
valuations of dams and their daughters (p<0.001) was 
found for all three conformation traits. Results can be 
explained with different experts and date of birth of 
mares that would not be included in research. These 
differences in scores of conformation traits would 
be the result of more strict breeding criteria in horse 

selection and higher quality of broodmares also due 
to lar ger population. It would be recommended to 
analyze population of young mares and their dams to 
detect breeding progress in the last ten years.

The scores of dams were more unequal as it was 
shown by higher values of coefficient of variation 
(11.8 to 13.3%) as in the group of daughters (10.1 to 
11.9%). 

Although scores of daughters were significantly 
lower, results also showed that scores between 
daughters were more adjusted. Minimal scores in 
the group of daughters were not lower than 5 points 
whereas the 2 point score was registered in dams’  
group for foreli mbs. Previous studies with a similar 
horse scoring system (scale from 1 to 10) showed 
that scores of hind limbs were from 5 to 8, scores of 
forelimbs – 4 to 8, on average – 6.4 points for both 
traits in the group of mares (Simcic, Mesaric, & 
Potocnik, 2012). 

The grouping of dams and daughters basis to score 
points of top line showed that most frequent valuation 
for this trait was 7.00 to 8.99 points in both groups 
(Fig. 1). According to the frequency of scores, dams 
had higher quality of top line.

The analysis of forelimbs and hind limbs scores 
showed that the most frequent score was 7 points (7 to 
7.99) that could be described as ‘good’ (Fig. 2, 3). It is 
not possible to detect the most common conformation 
traits (also faults) from this valuation system. 

In valuation of hind limbs both groups had 
scoring under 6 points more frequently than for other 
conformation traits.

Positive and low correlation was calculated 
between groups of dams and daughters in all three 
conformation traits. The correlation between groups 
was significant. 

Correlation between traits into each group ranged 
widely and the highest correlation was between 
forelimbs and hind limbs in the group of dams (rp = 
0.70). Limb quality was moderately correlated with 
top line in the group of dams. Lower correlations 
were detected in the group of daughters; it could 
be explicable with more consolidated and more 

Table 1
The average scores of several conformation traits of Latvian w armblood horse breed mares

Traits

Dams
n=423

Daughters
n=596

Difference

xsx ± V, % xsx ± V, %

Top line 7.71 ± 0.041 11.8 7.51 ± 0.031 10.1 0.20*
Forelimbs 7.33 ± 0.038 13.2 7.21 ± 0.034 11.7 0.12*
Hind limbs 7.35 ± 0.042 13.3 7.20 ± 0.035 11.9 0.15*

* p<0.05
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Figure 1. The grouping of Latvian Warmblood horse breed dams and daughters by top line scoring.

Figure 2. The grouping of Latvian Warmblood horse breeds dams and daughters by forelimbs scoring.

Figure 3. The grouping of Latvian Warmblood horse breeds dams and daughters by hind limbs scoring.
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qualitative group of dams or specifics of horse 
evaluating by dif ferent experts, less from objective 
relation between traits. 

To realise successful selection work, it is essential 
to find out what relationships exist between different 
selectional traits.

Figures 4, 5, 6 were showing scattering of 
valuation of conformation in groups of dams and their 
daughters. 

Relationship between scores of dams and daughters 
in conformation trait ‘top line’ is positive however 
weak (rp = 0.24). As it was shown in Figure 4, dams 

whose score was 10 points, no daughter has received 
equally high scoring. Also, the opposite situation – 
daughters from dams with scoring 9 and 8 points were 
evaluated with 10 points - was observed. 

Relationship between scores of forelegs of dams 
and daughters was weaker than between scores of 
top line because rp = 0.17. The lowest score of dams 
for this trait was 5 points, but for the daughter of this  
mare – only 2 points. As it was shown in Figure 5, 
dams with 10 point score have daughters whose scores 
were medium – from 5 to 7. 

 

Figure 4. The relationship between dams and daughters of  
Latvian Warmblood horse breed in top line’s valuation (in points).

Figure 5. The relationship between dams and daughters of  
Latvian Warmblood horse breed in forelimbs’ valuation (in points).
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Figure 6. The relationship between dams and daughters of
Latvian Warmblood horse breed in hind limbs’ valuation (in points).

Closer relationships were observed between 
scores of hind limbs than between scores of forelimbs; 
however, it was also weak (rp = 0.26). Also in valuation 
of hind limbs it is seen that dams with score 10 points 
have daughters whose scores were only 5 points  
(Fig. 6). 

The results showed that the relationship between 
conformation traits of dams and daughters was 
weak, because the development of traits depends on 
the genetic information received from both parents. 
Therefore, the obtained results may indicate that 
successful pair selection was not carried out. 

Heritabilities for analyzed conformation traits 
tended to be relatively low due to specifics of scoring. 
Previous studies verified that the lowest heritabilities 
were calculated directly for the limb score. It could 
be explicable with the large number of included limb 
traits (Jönsson et al., 2014). The evaluation of limbs 

in ten point scale hides many parameters as faults and 
advisable conformation traits, and it is also subjective 
due to various experts. 

Conclusions
Comparison of conformation scores of dams and 

daughters in Latvian Warmblood horse breed showed 
that groups differed significantly (p<0.05) by analyzed 
traits – top of body , forelimbs and hind limbs. Dams 
had higher valuation than the group of daughters.

The close relation between conformation quality 
of dams and their daughters was not found. 

The main recommendation is provident selection 
of high quality stallions of both types for breeding 
purpose to reproduce young broodmares with higher 
quality of conformation. It would be necessary to 
continue studies about broodmare quality , analyzing 
the latest data of progeny. 
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Abstract
The article analyses the data obtained while evaluating red deer calves on the red deer breeding farm ‘Dumpji’ 
during the herd’s annual prophylactic check-up in December and April of the years 2013 and 2014. Farm is a private 
enterprise owned by a company located in Northern Latvia. The study comprises data for calves born in 2013  
(n = 36) that were born from the same hinds, but from different stags in consecutive years. It was discovered that 
the calves’ liveweight gain in 24 hours significantly decreases during wintering period. After the wintering smaller 
body mass was observed in calves of both sexes born in 2014; however, the body mass of bull calves born in both 
years of reference considerably exceeded that of the hind calves. In the group of hind calves born in both years of the 
study period the liveweight loss was observed during the wintering. Nevertheless, at the age of 1.5 years the lowest 
liveweight among hind calves was 82.4 kg (year 2013), and the highest 129.6 kg (year 2014). In the group of spikers, 
during the winter period liveweight loss was not observed. Analysis of the results revealed a close positive correlation 
between the liveweight in December and the liveweight in the spring among spikers and heifers alike. The conducted 
analysis of influencing factors attests to the fact that the liveweight at the age of six months has material impact on 
the animals’ liveweight both in the spring and at the age of 1.5 years.
Key words: Red deer, cross breed calves, liveweight gain.

Introduction
Considering deer-breeding a profitable farming 

industry in Latvia there has been developed the Red 
deer breeding program. Its first stage commenced in 
2005. After completion of the second stage in 2015, 
17 farms were acknowledged as red deer breeding 
farms. Implementation of red deer breeding program 
in Latvia ensures production of quality breed, thus 
improving the existing animal population. The second 
stage of the program expired in 2015. Deer -breeding 
in Latvia is being coordinated by the society Organic 
Farmers and Wild Animal Breeders Association 
(OF&WABA) (Proškina, 2013; Staltbriežu ciltsdarba 
programma, 2010).

In Europe there are no red deer breeding programs 
similar to that developed in Latvia.  There have been 
developed some guidelines for red deer breeders 
based on the demand in global markets and the newest 
scientific studies have been published in a handbook, 
such as Deer industry manual etc. (Beatson, Campbell, 
& Judson, 2000; Deer industry news, 2015). 

Under the Red deer breeding program that was 
developed in Latvia in 2005 (Staltbriežu ciltsdarba 
programma, 2010), as a primary breeding feature was 
considered the precocity of calves. The precocity of 
calves is being assessed by measuring their liveweight 
prior or after their weaning from mothers and at the 
age of 100 days. When reaching the age of 1.5 years 
young animals are subjected to reassessment. Best 
animals are earmarked for the reproduction of breed, 
while others are realised for the meet production 
(Staltbriežu ciltsdarba programma, 2010). In Europe 
and New Zealand the calves’ liveweight is taken upon 

their separation from mothers or fattening during 
the winter period (Bokor & Bokor , 2014; Beatson, 
Campbell, & Judson, 2000; Dan DeBaedemaecker, 
2014). The weaning of farmed calves from their 
mothers takes place at the age of three to five months 
depending on the farming strategy, while wild animals 
suck for 5 to 8 months (Guinness, Hall, & Cockerill, 
1979; Clutton-Brock, Guinness, & Albon, 1982; 
Pollard, Littlejohn, & Suttie, 1992). The body mass by 
the end of feeding period has a close correlation with 
the livestock output, and it is economically justified 
(Dusalijeva, 2006).

Elsewhere around the world for the needs 
of studies on red deer calves of various ages the 
calculations are based on the data about their time of 
birth, circumstances and liveweight upon birthing. In 
Latvia as of 2016 there is no appropriate methodology 
of acquiring such data. In literature sources as the 
calves’ birth period is mentioned the turn of May 
and June (Clutton-Brock et al., 1987; Drabinska, 
2006). In turn, the results acquired in New Zealand 
imply that, statistically, the frequency of parturition is 
concentrated within the 10-day period at the turn of 
November and December, which corresponds to May-
June in Europe (Audige et al., 1999).

The objective of this study is to compare changes 
in liveweight of red deer calves born in 2013 and 2014 
and the pace of growth from the age of 6 months to 
1.5 years as well as the compliance of liveweight 
with the requirements specified in the breeding 
program for calves of both sexes. Similar studies have 
been performed in New Zealan d, Australia, United 
Kingdom and Poland. Taking into account the climatic 
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differences of the current place of study, we believe 
that locally conducted researches will facilitate the 
goal set by WABA- breed both trophy and meat 
animals of local bloodline, which are suitable for the 
Latvian climatic conditions. 

Materials and Methods 
The research was conducted in red deer breeding 

farm ‘Dumpji’ which is located in Northern Latvia, 
Vidzeme region - Lat: 57.4552889, Lon: 26.6339798. 
According to the administrative division it is situated 
in Trapene rural parish of Ape region. In terms of 
geographic location - in Tālava lowland, Trapene 
plains, on the right bank of the Melnupe river , which 
is the tributary to the Mustjõgi river in Estonia. Total 
space of the farm comprises 164 ha, out of which the 
woods take some 70 ha and farming land - some 89 
ha. Red deer breeding takes place in a fenced territory 
of 72 ha.

The conception date for more than 100 red deer 
hinds cannot be determined with absolute precision. 
As such is assumed the period from 1st through 20th 
October based on observations of similar studies 
(Beatson, Campbell, & Judson, 2000; Clutton-Brock, 
Guinness, & Albon, 1982). The length of gestation 
period that depends also on the calf ’s sex for red 
deer hinds comprises 234 ± 3 days (Clutton-Brock, 
Guinness, & Albon, 1982), or 34-35 weeks (Siliņš, 
1984). Respectively, the parturition takes place from 
25th May through 15th June. 

During the prophylactic herd handling, the calves 
and young animals were weighted in a pen with 
installed scales ‘Tru-Test Multipurpose MP800’. 

Scale producer specified an error of no more than ± 
0.5 kg, readings taken by the electronic ‘EziWeigh6’ 
indicator were entered into Windows Excel software 
and prepared for processing. By several reasons the 
study was commenced on 8th December 2013 when 
the calves were separated from their mothers and 
weighted for the first time. Late separation is beneficial 
for calves, in particular for late borne animals, yet 
such practice may impair the next-year reproduction 
ratios and affect the herd’s numerical growth 
(Beatson, Campbell, & Judson, 2000). Therefore, the 
farm’s strategy discontinues such practice. Out of 36 
separated calves in December 2013, 18 were female 
and 19 male. Initially , after taking the liveweight 
during the wintering period from the group of study 
were excluded three bull calves and two hind calves. 
After initial data processing for further research 
purposes, the number of young animals was n = 15 
female and n = 16 male calves. Calves were 25% 
Polish and 75% UK blood born from two years old 
Polish/UK crossbreed hinds. Stags were 100% UK 
born. In the mating season of the year 2013 the same 
hinds were mated with pure Polish blood stag. As a 
result, calves born in the year 2014 were 75% Polish 
and 25% UK blood born from three years old Polish/
UK crossbreed hinds. The number of new-born calves 
was 20 female and 22 male. Calves born in 2014 for the 
first time were weighted and separated from mothers 
as soon as by the end of October and weighted again 
in early December prior to the wintering period, in the 
spring and at the age of 1.5 years. As no comparison 
with liveweight of calves born in 2013 was possible 
in October, information for October was not taken in 

Table 1
Supplementary feed quality indicators

Feed products Detectable indicator, unit Result
Oat grain Crude protein, % 11.18

NDF, % 32.75
ADF, %

NEI, MJ kg-1 of dry matter
16.08
7.33

Digestibility 76.40
Silage Crude protein, % 14.25

NDF, % 53.81
ADF, %

NEI, MJ kg-1 of dry matter
38.64
5.53

Digestibility 58.80
Hay Crude protein, % 6.91

NDF, % 64.30
ADF, %

NEI, MJ kg-1 of dry matter
38.04
5.57

Digestibility 59.3
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LIVEWEIGHT CHANGE OF RED DEER (CERVUS 

ELAPHUS L.) CALVES AFTER WEANING



71ReseaRch foR RuRal Development 2016, volume 1 

consideration regarding calves born in 2014. Within 
both years of study calves were weighted three times: 
•	 calves born in 2013 – December 7 same year, April 

13 and December 8 in the year 2014
•	 calves born in 2014 – December 7 same year, May 

4 and November 26 in the year 2015.
At the beginning of wintering period the calves 

born in 2013 and 2014 were kept in a small enclosure 
that was connected to the shed. For supplementary 
feeding were used the oat grain, silage from sown 
grassland (mixture G1) and hay from natural pastures. 
Water as well as silage and hay were freely accessible 
to the animals - Ad libitum.

The forage ration was defined and fed according to 
the age and weather when calculating 1.0 – 1.5 kg per 
calf. For feed, chemical analysis were carried out and 
quality indicators identified in year 2014 (see Table 1). 
What should be taken in consideration is the fact that 
the mothers of calves born in 2013 were just 2 years 
old; however, as pointed out in the literature sources, 
red deer hinds at the age of two reach their rutting time 
by 17 days later and in the third year by some 5 days 
later than those of the age of 5 (Beatson, Campbell, & 
Judson, 2000).

The analysis was conducted by applying the 
statistical methods subject to calculating the minimum, 
maximum and mean values, standard error of mean, 
deviation and variance. Comparison of liveweight and 
liveweight gain is based on t-test, while the analysis 
of impact exerted by influencing factors - on One-
way ANOVA. To determine the relationship between 
liveweight in different periods, the correlation analysis 

was used. Data analysis was performed on IBM SPSS 
Statistics 21 software.

To mark the importance of dif ferences in results 
acquired over the years of study , lower-case letters 
are used, while those among sexes – with upper -case 
letters. 

Results and Discussion
Analysis of the study results was commenced 

with the calves’  liveweight in December. According 
to Table 2, the average liveweight of bull calves born 
in 2013 amounted to 64.9 kg, varying from 46 (worst 
result) to 79 kg (top result). At the same time, the 
weight of hind calves was lower by 4.6 kg on average, 
which corresponds to the data specified in the deer 
producers’ handbook published in New Zealand. This 
manual states that the liveweight of red deer bull calf 
subject to weaning at the age of 3 months exceeds that 
of the hind calf by 4.8 ± 0.8 kg on average (Beatson, 
Campbell, & Judson, 2000). The highest liveweight 
for hind calves in ‘Dumpji’ farm amounted to 70 kg, 
while the lowest – to 45 kg. 

Weighting of calves born in December of 2014 
revealed similar differences in the average liveweight 
between bull and hind calves, i.e. some 4.9 kg 
(p<0.05). Dispersion of liveweight among bull calves 
was close to the mean, the coefficient pf variation 
being 10%, which was by 3.6% less than that among 
the bull calves born in 2013. The maximum liveweight 
among bull calves was by 1 kg less, yet the minimum - 
by 7 kg more than in 2013. As to the hind calves, their 
maximum liveweight remained  the same, while the 

Table 2
Liveweight of calves at the beginning of study in 2013 and 2014

Variable Year Sex x±Sx Min Max V, %

Liveweight in 
December, kg

2013
male (n = 16) 64.9 ± 2.20A 46.0 79.5 13.6

female (n = 15) 60.3 ± 1.40A 45.0 70.0 9.10

2014
male (n = 16) 66.4 ± 1.38A 52.0 78.5 10.0

female (n = 15) 61.5 ± 1.70B 48.0 70.0 11.0
A, B – significant differences have been observed between sexes, p<0.05.

Table 3
Calves’ liveweight by the end of wintering period, kg

Variable Year Sex x±Sx Min Max V, %

Liveweight in 
April/ May, kg

2013
male (n = 16) 72.4 ± 2.30A 51.0 94.5 13.0

female (n = 15) 64.3 ± 0.90B 58.5 71.5 5.2

2014
male (n = 22) 70.8 ± 1.70A 53.0 84.5 11.0

female (n = 17) 62.7 ± 1.50B 49.0 73.5 11.0
A, B – signifficant differences have been observed between sexes, p<0.05. 
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minimum liveweight grew by 3.0 kg. The variation 
range has decreased, while the coefficient of variation 
- increased. The study reveals that in both years the 
sex has been a significant factor to affect the calves’ 
liveweight in December.

By the end of wintering period, which in both years 
occurred to be late April - early May, red deer calves 
were weighted once again. The mean liveweight of 
young red deer spiker born in 2013 was 72.4 kg (Table 
3).The heaviest spiker at the time weighted 94.5 kg, 
while the lightest - 51 kg. 

The coefficient of variation for liveweight in the 
group remained  within the borders of 13%. Among 
spikers born in 2014, the heaviest weighted 84.5 kg, 
which is by 10 kg less than the maximum liveweight 
among spikers born one year before, while the lightest 
- 53 kg, which, in turn, is by 2 kg more than one year 
before. The coefficient of variation as compared to 
the precedent year has decreased by 2%. The mean 
liveweight among bull calves in both years of study 
reveal no significant differences, p>0.05. 

The average liveweight among hind calves born 
in 2014 as compared to those born in 2013 was by 
1.6 kg less, i.e. 64.3 kg and 62.7 kg, respectively . 
Considerably lower was the weight of the lightest 
hind calf: mere 49 kg, which was by 9.5 kg less than 
that of the lightest hind calf in 2013. Moreover, for the 
liveweight of hind calves born in 2014 the coefficient 
of variation had grown by 5.8%, reaching that of 
spikers – 11%, thus pointing out to bigger dispersion 
of liveweight. 

The mean liveweight of hind calves at the age of 
1.5 years, i.e. 96.3 kg implies improved quality of 
animals. The weight of the heaviest hind calf born in 
2014 amounted to110 kg, which was by 6.5 kg more 
than that of the one born in 2013 (see Table 4). Similar 
situation is with the minimum observed liveweight. 
The weight of the lightest hind calve born in 2014 by 
5 kg exceeded that of the one born in 2013.

According to observations, the coefficient of 
variation regarding liveweight grew by 2.2%, while 
the mean value - by 3.9 kg, which may be explained by 
alternations within the group: in the summer/autumn 

period seven hinds with the lowest weight were sold 
to a farm abroad.

It should be noted that in breakdown by years 
negative liveweight variation trends were observed in 
the group of spikers, where the mean liveweight of 
those born in 2014 was by 12.7 kg less (p<0.05) as 
compared to those born in 2013, which only by 1.5 kg 
exceeded the calves’ liveweight.

Analysis of the results revealed a close positive 
correlation for calves of both sexes between their 
liveweight in December and in spring: for males=0.9 
and females r = 0.8, as well as between liveweight 
in December and at the age of 1.5 years r = 0.7. The 
critical value of the correlation coefficient has been 
taken into account and indicates that correlation is 
considered to be statistically significant.

By using the attained liveweight of calves and 
young animals, the liveweight gain per day over 
various rearing periods was computed (see Table 5). 
Bull calves born in 2013 produced the liveweight gain 
per day during the winter period by 72.2 g on average. 
Those males that were born one year later over the 
same period gained 35.88 g per day on average, which 
is by 49.7% less than one year before (p<0.05). The 
minimum liveweight gain per day for males born 
in 2013 amount ed to 14.6 g, while for those born in 
2014 - 6.76 g. In turn, the maximum liveweight gain 
per day for males of the above groups amounted to 
145.6 g and 121.6 g, respectively . Liveweight gain 
for female calves per day during the winter period on 
average amounted to 25.0 g for those born in 2013 
and to 1.79 g for those born in 2014 (p<0.05). It was 
observed that part of female calves that were born in 
2013 and 2014 lost some liveweight during the winter 
period. The biggest liveweight loss for female calves 
of both groups was similar, 55.1 g and 50.7 g per day 
on average, thus resulting in material dispersion ratio 
of this feature. Material differences on liveweight gain 
from December through April/May were observed 
both between years and sexes. 

From December till the age of 1.5 years the biggest 
liveweight gain per day was observed among hind 
calves born in 2014, i.e. 106.3 g, while among those 

Table 4
Liveweight of young animals at the age of 1.5 years, kg

Variable Year Sex x±Sx Min Max V, %

Liveweight at 
age 1.5 years, 

kg

2013
male (n = 16) 110.5 ± 3.00aA 82.5 140.0 10.8

female (n = 15) 92.4 ± 1.20aB 82.5 103.5 4.8

2014
male (n = 22) 97.8 ± 2.13bA 77.0 114.0 10.0

female (n = 10) 96.3 ± 2.20aA 87.5 110.0 7.0
A, B – significant differences have been observed between sexes, p<0.05.
a,b – significant differences have been observed by years of observation, p<0.05.
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born in 2013 it amounted to 94.4 g. Liveweight loss 
among hind calves was observed during the wintering 
period only, while over the entire observation period 
the liveweight gain per day was positive. The fast 
growth of calves might be explained by the so-called 
compensatory growth during the spring period, when 
the vegetation recommences in pastures and animals 
stop receiving the fodder (Fletcher, 2006). One of the 
explanations why liveweight loss among hind calves 
was observed during wintering period could be the 
fact that male and female calves are kept together in 
one enclosure and female calves have limited access 
to forage due to their size and weight. Of particular 
importance is the liveweight gain for hind calves in 
summer-autumn period, taking  into account their 
sooner maturity for breeding and liveweight at the age 
of 16 months when they reach the economic maturity 
for breeding and are ready for mating (Moore, 
Littlejohn, & Cowie, 1988).

In the group of bull calves the highest liveweight 
gain from December till the age of 1.5 years displayed 
those born in 2013 (134.0 g), which by 45.3 g (p<0.05) 
exceeded the daily liveweight gain among bull calves 
born in 2014 over the same period. During this time 
the growth of hind calves was faster , exceeding the 
daily liveweight gain of bull calves by 17.5 g (p<0.05).

Spikers born in 2014 at the age of 1.5 years 
reached the liveweight of 97.8 kg, which according 
to the Red deer breeding program gives them 4 points 
and is considered very poor. 

Taking into consideration the accessible data from 
other studies (Beatson, Campbell, & Judson, 2000; 
Asher et al., 2011) one can conclude that the ratios in 
both groups are behind the optimum ones. There was 
a rather small share of animals which met and even 
surpassed the expectations. According to the Red deer 
breeding program, the optimum weight of hind calves 
at this age should be 70 – 90 kg and more, while 

that of spikers – 110 – 125 kg and more (Staltbriežu 
ciltsdarba programma, 2010).

After separation, the daily liveweight gain till the 
age of 5 months may be up to 236 g, while at the age 
of 5 to 6 months the liveweight gain decreases and 
may shrink below 138 g per day . In order to ensure 
such liveweight gain prior and after separation, the 
nursing hinds and their calves must be provided with 
quality feed, maintaining the energetic concentration 
of 11 MJ kg of dry contents, green weight of some 
60% out of the total feed ration, limiting the content 
of proteins to 400 g per day (Beatson, Campbell, & 
Judson, 2000; Asher et al., 2011).

One may make a supposition that different 
climatic conditions in the southern hemisphere pose 
an important factor both in term s of the feed quality 
and the weather conditions. 

The conducted analysis of influencing factors 
indicate that the liveweight at the age of six months 
has material impact both on the liveweight attained 
during the spring period and that at the age of 1.5 
years. Similar evidence was already obtained in New 
Zealand where the researchers ascertained that the 
liveweight upon separation influences the liveweight 
at the age of six months and that at the age of 12 
months (Beatson, Campbell, & Judson, 2000). It 
indicates that in order to breed a quality animal one 
should pay particular attention to receiving the utmost 
ratios during their first months of life. Material impact 
on liveweight at the age of 1.5 years had both the sex 
and the year of birth (p<0.05).

Under the Red deer breeding program (Staltbriežu 
ciltsdarba programma, 2010) that was effective until 
2015, calves of both sexes at the age of 1.5 years 
passed evaluation (see Table 6). The obtained results 
confirmed that 11 of spikers out of 16 born in 2013 
scored 7 points and more. In turn, all hind calves both 
in 2013 scored 9 and 10 points. 

Table 5
Calves’ liveweight gain per day over the observation periods, g day-1

Variable Year Sex x±Sx Min Max V, %

Liveweight from 
December to spring April/ 

May, g day-1

2013
male (n = 16) 72.2 ± 8.10aA 14.6 145.6 45.0

female (n = 15) 25 ± 8.76aB -55.1 106.3 144.4

2014
male (n = 21) 35.88 ± 6.62bB 6.8 121.6 84.8

female (n = 17) 1.79 ± 4.33bB -50.7 33.8 997.8

Liveweight from 
December to age 1.5 

years, g day-1

2013
male (n = 16) 134.0 ± 5.80aA 94.1 177.9 17.3

female (n = 15) 94.4 ± 3.10B 82.4 129.4 12.5

2014
male (n = 21) 88.7 ± 7.74bA 15.5 165.3 40.9
female (n = 8) 106.2 ± 4.05B 96.0 129.6 10.8

A, B – signifficant differences have been observed between sexes, p<0.05.
a,b – significant differences have been observed by years of observation, p<0.05.
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Table 6
Evaluated spikers and score according to the 

Breeding program, points

Score points Number of spikers
10 1
9 2
8 2
7 6
6 3
5 1
4 -
3 1

The live weight of spikers born in 2014 should 
be regarded crit ically at the age of 1.5 years. Only 
two out of 22 animals, according to the Red deer 
breeding program received the score of 7 points; other 
animals received 6 points and less. However , 9 out 
of 10 hinds that still were at the farm by the end of 
research received 10 points. To be ready for mating 
in the second year of life, the hind calves must have 
at least 60% of an adult hind’ s liveweight, i.e. some 
85 kg (Kelly & Moore, 1977; Beatson, Campbell, 
& Judson, 2000). Such liveweight, according to the 
breeding program requirements should score 8 points 
(Staltbriežu ciltsdarba programma, 2010). 

The low score of spikers’ liveweight hypothetically 
could be explained by the fact that two-year old hinds 
last year were in heat on average by some 14 days 
later than those of three years (Beatson, Campbell, & 
Judson, 2000). It entails later parturition and lactation, 
which might affect the hind’s bodily condition and the 
new generation. Observers in Rama Island concluded 
that every 10 liveweight kilos of the hind increase the 
calf’s liveweight upon birth by 0.33 - 0.53 kg (Moore, 
Littlejohn, & Cowie, 1988). In turn, the liveweight 
upon birth has impact on further growth of the calves. 
It should be noted that during the entire research 

period the calves of both sexes were held, separated 
and fed under similar conditions.

Conclusions 
1. Liveweight of calves of both sexes at the age of 

six months upon commencement of the research 
in December exceeded 60 kg, being considerably 
higher for bull calves born in 2014, i.e. 66.4 kg 
on average, which is by 4.9 kg more than that of 
hind calves born in the same year (p<0.05). The 
obtained results are similar to those acquired 
elsewhere around the world.

2. After wintering, calves of both sexes that were 
born in 2014 had a lower liveweight; however, in 
both years of observation the liveweight of bull 
calves considerably exceeded that of the hind 
calves, i.e. by 8.1 kg on average (p<0.05).

3. In the group of hind calves born in both years of 
research the liveweight loss was observed during 
the wintering period. The biggest calculated 
liveweight loss was 55.1 g day-1 (in 2013) and 50.7 
g day-1 (in 2014), which was compensated over the 
spring and summer seasons, so that at the age of 
1.5 years the lowest liveweight among hind calves 
was 82.4 kg (in 2013), and the highest 129.6 kg (in 
2014). All reared hind calves under the breeding 
program requirements can be used for breeding 
and the obtained results may serve for the purpose 
of further studies.  

4. In the group of spikers, over the wintering 
period the liveweight gain per day considerably 
decreased, down to 72.2 g (in 2013) and 35.9 g 
(in 2014), while no liveweight loss was detected. 
Yet, at the age of 1.5 years just 11 bull calves born 
in 2013 scored 7 points and more, while in 2014 
the breeding animal requirements were met by 
mere 2 spikers only. The results may be explained 
by the influence of various factors. Additional 
research would be required in the future to assess 
the influence of such factors.  
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Abstract
The aim of this review was to summarize available bibliography on the possible applications of high pressure 
processing in dairy industry, the effect of this non-thermal treatment on bacterial microflora and milk constituents. 
Traditional thermal treatments applied to milk processing lower nutritional quality because many nutrients are heat 
labile. To overcome this problem, several non-thermal processing technologies including high hydrostatic pressure 
(HHP) processing have been developed. Pressures between 400 and 600 MPa inactivate microorganisms including 
food-borne pathogens; however, high pressure (HP) injured bacteria in milk during storage can recover. All enzymes 
are inactivated only at pressures of 800 MPa. During HHP  the casein micelle size decreases, whey proteins are 
denaturated, the level of free fatty acids increases. These characteristics indicate that for better understanding and 
application of HPP in dairy industry research should be done to offer the numerous practical applications to produce 
microbially safe, minimally processed dairy products with improved performances, and to develop novel dairy 
products of high nutritional and sensory quality and increased shelf life. 
Key words: high pressure, milk, microbial inactivation, functional properties.

Introduction
Nowadays, milk  and dairy products are treated 

at high temperature (70 – 145 °C) to ensure 
product safety. Heat is by far the most widely used 
technology utilized to inactivate microbes in foods. 
Traditional treatments for dairy products include 
different temperature regimes. The most common 
milk treatment is pasteurization; it allows decreasing 
microorganisms counts in the product and ensuring 
approximately 7 to 20 days shelf-life. Higher thermal 
treatment temperatures ensure product quality for the 
longer time period, which is very important for food 
processing and distribution companies.

Long shelf life of milk is often achieved through 
ultra-high temperature (UHT) processing for a few 
seconds at or above 135 °C; however, canning of milk 
products at 120 °C up to 30 min is still practiced in the 
dairy industry (Fitria et al., 2015). Processing at high 
temperature lowers the nutritional quality of foods 
because many nutrients are heat labile. To overcome 
this problem, several non-thermal processing or `cold 
processing` techniques including high hydrostatic 
pressure technology have been developed. 

High pressure processing combining high pressure 
(up to 1000 MPa) and sometimes heating (above 
60 °C) has been considered equal to sterilisation, 
which extends shelf life of foodstuf f due to its ability 
to inactivate bacterial spores at reduced heat and 
thereby preserving desirable functional properties of 
foods better than conventional thermal processing 
(Heinz & Buckow, 2009; Fitria et al., 2015).

The use of non-thermal methods for food 
preservation is due to consumer demands for 
microbiological safe products without changes in 
the sensory and nutritional quality of the product. 
The HHP has emerged as an alt ernative to traditional 

thermal processing methods for foods (Muñoz-
Cuevas et al., 2013). The HHP can be used to process 
both liquid and solid (water -containing) foods and 
adds advantages to the foods such as: kills bacteria in 
the raw food, extends shelf-life, ponders additive free 
and fresh food, manipulates the texture and enhances 
desired attributes (digestibility ) (Chawla, Patil, & 
Singh, 2011). 

One of the first scientific reports on high pressure 
applications for food was written by Hite (1899) on 
shelf-life extension of milk, and HP  ef fect on food-
born microorganisms by subjecting milk to a pressure 
of 650 MPa (Chawla, Patil, & Singh, 2011). Since then 
the application of HP treatment has been broadened to 
other food products such as raw and cooked meats, 
fish and shellfish, fruit and vegetable products, 
cheeses, salads, dips, grains and grain products, and 
liquids including juices, sauces, and soups. The range 
of products now being considered for high pressure 
treatment continues to grow. At present, 167 industrial 
installations exist with volumes from 55 to 420 litres 
and a total annual production volume has increased 
from 200 000 t in 2009 (Heinz & Buckow , 2009) to 
350 000 t in 2012 (Bello et al., 2014). Bello et al. 
(2014) reported that HP processed vegetable products 
account for 28%, meat products for 26%, seafood and 
fish for 15%, juices and beverages for 14%, and other 
products for 17% in 2012.

Studies addressing the effect of HP treatment on the 
quality of dairy products are still limited (Devi et al., 
2013). It is known that HHP can lead to modifications 
in the structure of milk components, in particular 
protein, which may provide interesting possibilities 
for the develop ment of high value nutritional and 
functional ingredients (Beresford & Lane, 1999). The 
development of food ingredients with novel functional 
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properties offers the dairy industry an opportunity to 
revitalise existing markets and develop new ones. 

The aim of this review was to summarize available 
bibliography on the possible applications of high 
pressure processing in dairy industry, the effect of 
this non-thermal treatment on bacterial microflora and 
milk constituents.

Materials and Methods
Monographic method was used in this study . 

The review summarizes the available literature 
on principles of high pressure processing and its 
application in dairy industry to produce microbially 
safe, minimally  processed dairy products with 
improved performances, and to develop novel dairy 
products of high nutritional and sensory quality and 
increased shelf life. Literature study aimed to cover 
broad spectrum of published research results on 
factors af fecting microorganisms survival during 
HPP and impact of HPP treatment on separate milk 
constituents.

Results and Discussion
Principles of high pressure processing

Hydrostatic pressure is generated by increasing 
the free energy; this can be achieved by physical 
compression during pressure treatment in a closed 
system by the mechanical volume reduction. HP 
processing is usually accompanied by a moderate 
increase in tem perature (adiabatic heating) which 
depends on the composition of the food product being 
processed (Knorr , 2002; Knorr , Heinz, & Buckow , 
2006; Naik et al., 2013).

The operating principles behind high pressure 
technology are as follows:

Le Chatelier’s principle: whenever stress is applied 
to a system in equilibrium, the system will react so as 
to counteract the applied stress, reactions that result 
in reduced volume will be promoted under high 
pressure, such reactions may result in inactivation of 
microorganisms or enzymes (Carlez et al., 1994).

Isostatic principle: when food products are 
compressed by uniform pressure from every direction 
and then returned to their original shape when the 
pressure is released. The products are compressed 
independently of the product size and geometry , 
because transmission of pressure to the core is not 
mass/time dependant (Carlez et al., 1994).

The high pressure process is characterised by 
three parameters: temperature (T), pressure (p) and 
exposure time (t) when compared heat preservation 
process which is based on only two parameters (T , t). 
The three processing parameters allow great flexibility 
in the design of the process (Heinz & Buckow, 2009; 
Naik et al., 2013).

Application of high pressure in dairy industry
HP technology can be used to increase the 

microbiological safety and quality of milk to produce 
high quality cheeses. In relationship to the structure 
formation of the cheese matrix, the applications of 
HP treatment can be classified into: improvement 
of rennet coagulation, assistance of curd formation, 
enhanced salting and/or ripening, and improvement 
of the microstructure/texture of cheese or fresh cheese 
(Devi et al., 2013). High hydrostatic pressure may 
modify parameters controlling proteolysis during 
cheese ripening  and has already been found useful 
to shorten the maturation period (Butz et al., 2000; 
Iwanczak & Wisniewska, 2005). The HP-treated 
cheese have higher moisture, salt and total free amino 
acids contents than raw or pasteurised milk cheeses 
(Trujillo et al., 2002).

Two strategies have been used to improve yoghurt 
quality and preservation by means of HP: yoghurt 
making from HP-treated milk and pressurisation 
of yoghurt to inactivate microbiota (Trujillo et 
al., 2002).The application of the high pressure in 
preliminary treatment of milk used for yoghurt 
production improved firmness of the curd and limited 
its syneresis (Jankowska,Wiśniewska, & Reps, 
2005). HP  processing of milk before fermentation 
has been successfully used (Udabage et al., 2010) to 
manufacture low fat set-type yogurt (12% total solids) 
with a creamy consistency, requiring no addition of 
polysaccharides. The application of HHP to milk for 
yoghurt preparation could be an alternative to the use 
of food additives, which can affect the taste, flavour, 
aroma, and mouth feel of yoghurt (Sfakianakis & 
Tzia, 2014).

In order to produce low-fat ice cream with similar 
textural properties to full-fat samples, whey protein 
is often incorporated to the ice cream mix. Partially 
denatured whey protein is expected to give better 
foaming properties, which hinder excessive growth of 
ice crystals and hold air bubbles during the freezing 
process (Devi et al., 2013). Ice cream from pressure 
treated mixes showed a slower melting rate and 
improved sensory properties compared to the control 
ice cream, possibly because of the formation of 
pressure induced protein gels (Huppertz et al., 2011).

Effect of high pressure on bacterial flora in milk
A majo r functi on of high pressure processing 

of food is the destruction of microorganisms. HP 
inactivates most of spoilage and pathogenic bacteria 
present in milk. Most of the reported bacteria are 
inactivated in milk after treatme nt at 400 – 600 MPa 
(Shigehisa et al., 1991; Patterson, 2005; Rodriguez 
et al., 2005; Okpala, Piggott, & Schaschke, 2009; 
Rivalain, Roquain, & Demazeau, 2010; Udabage et 
al., 2010; Gustavo, Espejo, & Hern, 2014; Meirelles 
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et al., 2014; Pedras et al., 2014; Pedras, Tribst, & 
Cristianini, 2014; Sfakianakis & Tzia, 2014). The 
mechanisms of microbial inactivation by HP are not 
fully understood yet, but are thought to act in several 
ways. The viability of vegetative microorganisms may 
be affected by inducing structural changes at the cell 
membrane or by the inactivation of enzyme systems 
which are responsible for the control of the metabolic 
actions (Knorr & Heinz, 2001; Heinz & Buckow , 
2009) and ribosome disintegration (Farkas & Hoover, 
2001).

Survival of microorganisms depends on the 
extent of pressure, holding tim e and temperature, 
composition of the food and the condition and 
growth phase of microorganisms (Goyal et al., 2013). 
Pressures up to 150 MPa are not able to ensure more 
than 2 decimal reduction of different microorganisms, 
while pressure at 200, 300 and 400 MPa are required 
to reach high level of microbial inactivation (Pedras et 
al., 2012). Temperature and HP can cause considerable 
microbial inactivation when applied alone, but it has 
been observed that these two treatments combined 
can confer dramatically improved inactivation levels, 
particularly with regard to bacterial spores (Considine 
et al., 2008). The type of substrate and composition 
of the food can have a dramatic effect on the response 
of microorganisms during pressure treatment. Certain 
food constituents, like proteins, carbohydrates, 
lipids and vitamins, can have a protective effect on 
microbial inactivation (Erkmen, 2011). Water activity 
(aw) of the food is also an important parameter 
determining the effectiveness of HP treatment (Bulut, 
2012). The environment around the microor ganism 
can significantly influence HP inactivation, e.g. low 
pH in a suspending medium can render pathogens 
more sensitive to the effects of HP treatment (Datta & 
Deeth, 1999; Alpas & Bozoglu, 2002).

Microorganisms in lag phase are more sensitive to 
HP than those in stationary phase (Bello et al., 2014). 
This behaviour could be explained by the fact that in 
the lag phase the microor ganism is in the process of 
cellular division and the membrane is more sensitive 
to environmental stresses. Pressures between 300 and 
600 MPa inactivate yeasts, moulds and most of the 
vegetative bacteria. In general, yeasts and moulds 
can be inactivated at 200 – 400 MPa, but when they 
are in the spore or ascospore state or in a food with 
a very high concentration of sugar , the pressure 
needed to inactivate them could be close to 600 MPa 
(Bello et al., 2014). Spores are more resistant than 
vegetative cells and can survive at pressure of 1000 
MPa (Zhang & Mittal, 2008; Reineke, Mathys, & 
Knorr, 2011). Pressures between 50 and 300 MPa may 
even stimulate spore germination. Germination can 
be markedly increased (to 95 – 99%) when spores are 

treated in the presence of L-alanine. Gram-positive 
microorganisms are more resistant to pressure than 
Gram-negative (Patterson, 2005), e.g. Gram-positive 
organisms need an application of 500 – 600 MPa at 
25 °C for 10 min to achieve inactivation while Gram-
negative organisms can be inactivated with 300 – 400 
MPa (Alpas & Bozoglu, 2002) with the same time-
temperature combination. It has been suggested that 
the cell membr ane structure is more complex in 
Gram-negative bacteria, making it more susceptible to 
environmental changes caused by pressure (Shigehisa 
et al., 1991).

However, some researchers have demonstrated 
recovery of HP-injured bacteria in milk during further 
storage (Bozoglu, Alpas, & Kaletunç, 2004; Patel et 
al., 2006; Bulut, 2012; Muñoz-Cuevas et al., 2013). 
The recovery phenomenon during storage is a critical 
issue from the viewpoint of food safety . Research on 
the effect of high pressure on milk showed that HP-
injured cells could be restored within 1–15 days, 
indicating the potential for bacterial recovery on these 
food products (Bozoglu, Alpas, & Kaletunç, 2004). 
Koseki, Mizuno, & Yamamoto (2008) investigated 
the effect of mild-heat treatment (30–50 °C) following 
HP treatment (550 MPa) on the inhibition of recovery 
of Listeria monocytogenes in milk. The results of this 
study would contribute to safer production of high-
pressure-processed food by controlling bacterial 
recovery.

The impact of high pressure treatment on constituents 
in milk 

HP treatment affects many milk constituents, such 
as the proteins and the fat fracti on. In contrast, small 
compounds such as vitamins, amino acids, simple 
sugars and flavour compounds remain unaffected by 
HHP treatment (Chawla, Patil, & Singh, 2011). 

Effect of HP on casein and whey proteins. A large 
number of factors, e.g., temperature, time, micelle 
concentration, pH, additives and pre-treatment of 
casein micelles affect the disruption of casein micelles 
and reformation of casein particles under pressure. HP 
produces casein micelles disintegration into smaller 
diameter particles, with a decre ase of turbidity and 
lightness and an increase of viscosity of the milk. 
Solubilisation of colloidal calcium phosphate leads 
to disruption of casein micelles with increasing 
pressure and time (Huppertz et al., 2006) and in milk, 
micelle disruption is complete at 400 MPa. At 250 
and 300 MPa reformation of casein particles from 
disrupted micelles occurs, but this process does not 
occur at lower or higher pressures (Harte et al., 2003). 
Casein micelle disruption decreases with increasing 
temperature (Gebhardt, Doster, & Kulozik, 2005; 
Orlien, Boserup, & Olsen, 2010). Addition of whey 
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protein to casein isolates protected the micelles from 
high pressure induced disruption (Chawla, Patil, & 
Singh, 2011).

During pressure treatment, the whey proteins 
are denatured under conditions where hydrophobic 
interactions are reduced and the solubility of calcium 
phosphate is increased, so more calcium phosphate 
is moved to the serum phase (Datta & Deeth, 1999; 
Anema, 2008; Baier , Schmitt, & Knorr , 2015). A 
pressure treatment of 500 MPa at 25  °C denatures 
lactoglobulins (Chicón et al., 2006). Denaturation 
of immunoglobulins and lactalbumins occurs only 
at the highest pressure, particularly at temperature 
above 50 °C, which gives an idea of preservation of 
colostrum immunoglobulins which otherwise gets 
damaged during heat treatment (Chawla, Patil, & 
Singh, 2011). 

Effect of HP on milk lipids. During milk processing, 
the membrane of milk fat globules (MFG) is altered, 
making the action of lipase to triglycerides possible 
and increasing the levels of the free fatty acids (FFA) 
in milk. This process (lipolysis) is a good index on 
the damage of the MFG membrane. When raw milk 
was pressurized at 200 MPa at 4 °C for 10 or 20 min, 
the short-chain FFA did not change, while treatment 
for 30 min increased the FFA content slightly (Kim et 
al., 2008). Studies carried out by Gervilla, Ferragut, 
& Guamis (2001) on free fatty acids (FF A) content 

(lipolysis of milk fat) in ewe’ s milk have showed 
that HP treatments between 100 – 500 MPa at 4, 25 
and 50 °C did not increase FFA content, even some 
treatments at 50 °C showed lower FF A content than 
fresh raw milk. The difference between the results of 
the two studies could be explained by the difference in 
the applied pressure level.

Effect of HP on lactose. Lactose in milk and 
milk products may isomerise in lactulose by heating 
and then degrade to form acids and other sugars. 
No changes in these compounds are observed after 
pressurisation (100 – 400 MPa for 10 – 60 min at 25 
°C), suggesting that no Maillard reaction or lactose 
isomerisation occur in milk during pressure treatment 
(López-Fandiño, 2006; Chawla, Patil, & Singh, 2011).

Effect of HP on minerals. HP does not affect 
minerals as such, but may affect the food matrix 
resulting in improved bioavailability and health 
benefits (Barba et al., 2015). HP  treatment increases 
the level of ionised calcium in milk, as well as the 
level of total calcium in the serum phase of milk. HP-
induced shifts in the mineral balance of milk result 
in an increase in milk pH, by around 0.1 unit. The 
shifts in salts and the increase in milk pH are rapidly 
reversible after HP  treatment, particularly when the 
milk is stored at a temperature above 10 °C (Huppertz, 
Kelly, & Fox, 2002). An increasing concentration of 
Ca, P and Mg in serum upon increasing pressure to 

Table 1
Impact of high pressure processing on milk quality parameters

Parameter Treatment condition Major findings References
Bacterial 
flora

300 MPa/10 min/10 °C inactivation of E.coli O157:H7 Rodriguez et al., 2005
500 – 600 MPa/10 min/25 °C

300 – 400 MPa

inactivation of Gram-positive organisms
inactivation of Gram-negative organisms Alpas & Bozoglu, 2002

200 – 400 Mpa
close to 600 MPa

inactivation of yeasts and moulds
inactivation of yeasts and moulds (in the 

spore or ascospore state) and most of 
vegetative bacteria

Bello et al., 2014

50 – 300 MPa stimulatation of spore germination Gould & Sale, 1970
Casein 
and whey 
protein

400 MPa casein micelle disruption Huppertz et al., 2006
500 MPa/ 25 °C denaturation of lactoglobulin Chawla, Patil, & Singh, 

2011
Lipids 200 MPa/30 min/4 °C increase in the FFA content Kim et al., 2008
Lactose 100 – 400 MPa/ 

10 – 60 min/25 °C
no Maillard reaction observed Chawla, Patil, & Singh, 

2011
Vitamins 400 MPa/30 min/ 25 °C insignificant loss of vitamin B1 and B6 Sierra et al., 2000
Enzymes 400 MPa lipase, xanthine, oxidase, lactoperoxidase 

are resistant
Naik et al., 2013

550, 630 and 800 MPa phosphohexose isomerase, γ-glutamil 
transferase anad alkaline phosphatase are 

completely inactivate respectively

Sakharam, Prajapati, & 
Jana, 2011
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400 MPa was also reported (López-Fandiño, 2006; 
Barba et al., 2015) for bovine, caprine, and ovine milk 
immediately after HP treatment.

Effect of HP on vitamins in milk. Studies carried 
out by Sierra et al. (2000) did not find any losses either 
of B group vitamins in pressurised milk. HP treatment 
of milk at 400 MPa (2.5 MPa/sec for 30 min at 25 °C) 
results in non-significant loss of vitamin B1 and B 6. 
However, any information on the behaviour of some 
vitamins during storage of pressurised milk is still 
lacking.

Effect of HP on enzymes in milk. Milk enzymes 
vary in their sensitivity to high pressure. Lipase, 
xanthine oxidase, and lactoperoxidase are resistant 
to pressures up to 400 MPa (Naik et al., 2013). 
Phosphohexose isomerase, γ-glutamyl transferase, 
and alkaline phosphatase (ALP) in milk are partially 
inactivated at pressures exceeding 350, 400 and 600 
MPa respective ly; they are completely inactivated 
at pressures of 550, 630 and 800 MPa respectively 
(Sakharam, Prajapati, & Jana, 2011). No inactivation 
of alkal ine phosphatase (ALP) in milk has been 
reported after treatment up to 400 MPa for 60 min and 
complete inactivation of ALP has been observed only 
after treatment of milk at 800 MPa for 8 min (Naik et 
al., 2013).

Summary about HPP  impact on milk and dairy 
product quality of various studies is given in the  
Table 1.

Conclusions
High pressure processing is currently of great 

interest and perspective in food research and industry, 
as a possible alternative to thermal processing. 
Literature study revealed that high hydrostatic 
pressure processing can be used in the dairy industry to 
increase the microbiological safety as well to modify 
functional properties of foods. However, it can affect a 
wide range of constituents in milk and dairy products: 
increasing level of the free fatty acids, decrease casein 
micelle size, denaturating whey proteins in milk. For 
better understanding and application of HP processing 
in dairy sector , research should be done to of fer the 
dairy industry numerous practical applications to 
produce microbially safe, minimally processed dairy 
products with improved performances and to develop 
novel dairy products of high nutritional and sensory 
quality and increased shelf life. 
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Abstract
The aim of this study was to investigate amino acid content, biological value and dietary fibre content of  conventional 
and organic pea (Pisum sativum L.) and buckwheat (Fagopyrum  esculentum M.) flours.
Results showed that pea flours contained high amounts of aspartic acid, threonine, serine, glycine, alanine, valine, 
isoleucine, leucine, tyrosine, phenylalanine, histidine, lysine and ar ginine while glutamic acid, proline, methionine 
and tryptophan were found in similar or smaller amounts comparing with wheat flour. The differences of various 
amino acids between conventional and organic pea flours were insignificant. The content of aspartic acid, threonine, 
serine, glycine, alanine, valine, histidine, lysine and arginine was high in buckwheat flours in comparison with wheat 
flour. There were significant (p<0.05) differences in the individual amino acid contents across buckwheat flours. 
Significant (p<0.05) variation existed in the content of essential amino acids among samples, whereas the results 
concerning the proportion of essential amino acids in total amino acids showed insignificant (p>0.05) differences 
between pea flours and buckwheat flours (34.80 – 35.77% and 29.96 – 33.90% respectively). The highest content 
of lysine was found in pea flours, and it formed about 23% of essential amino acids content. For pea flours the total 
dietary fibre amount varied between 15.28 g 100 g-1 for conventional and 27.24 g 100 g-1 for organic pea flour. 
Pea and buckwheat flours could be characterised as a good source of dietary fibre with significantly (p<0.05) higher 
content of total dietary fibre comparing to wheat flour.
Key words: pea, buckwheat, amino acids, dietary fibre.

Introduction
Buckwheat (Fagopyrum esculentum M.) is an old 

and alternative crop which belongs to Polygonacea 
family. Buckwheat protein has one of the highest 
amino acid scores of protein in plant food stuffs (Cai, 
Corke, & Lee, 2004; Qin et al., 2010), it is gluten-
free (Ikeda, 2002) whereas the protein digestibility 
of buckwheat is relatively low (Ikeda & Kishida, 
1993; Skrabanja, Nygaard, & Kreft, 2000).Due to 
high lysine content, buckwheat proteins have a higher 
biological value than cereal proteins (Ikeda, 2002). 
Buckwheat protein products have been associated 
with preventative nutrition (Bonafaccia, Marocchini, 
& Kreft, 2003). Li and Zhang (2001) reported that 
buckwheat proteins act similarly to dietary fibre by 
exhibiting cholesterol-lowering and antihy pertension 
effects and reducing constipation and obesity. A diet 
rich in dietary fibre decreases risk of cardiovascular 
diseases, metabolic disorder and type 2 diabetes 
(Barclay et al., 2008; Hopping et al., 2010). Health 
effects of dietary fibre can be substantiated when 
the intake is high enough – 25-38 g day-1 for healthy 
adults (Slavin et al., 2009). The positive health effect 
of buckwheat in vivo is associated especially with its 
fibre components (Rokka et al., 2013). Izydorczyk et 
al. (2014) reported that there are dif ferences in the 
molecular composition of dietary fibre in buckwheat 
compared with cereal grains. A diet rich in buckwheat 
fibre reduced many overweight-related risk factors 
of cardiovascular diseases in rats (Son, Kim, & Lee, 
2008). 

Dry peas (Pisum sativum L.) have been recognised 
as nutritious due to their high quality proteins 

(Boye, Zare, & Pletch, 2010) and nutrient density 
(Azarpazhooh & Boye, 2012).Field pea is relatively 
high in protein and lysine and has been suggested 
as an alternative source to soybean in circumstances 
where it cannot be used due to intolerance or allergic 
reactions (Davidsson et al., 2001). Combination of 
pea proteins with low-lysine cereal proteins results 
in a more nutritionally complete protein (Hood-
Niefer & Tyler, 2010). It is known that lysine is the 
most limited amino acid in the human diet. Less 
known is the fact that pea can be a valuable source of 
dietary fibre. The hypoglycaemic effects of legumes 
have been attributed to their high content of dietary 
fibre (Trinidad et al., 2010). The total dietary fibre 
measurements of dried peas range from 14 to 26% of 
dry weight basis (Brummer , Kaviani, & Tosh, 2015), 
peas are especially rich in insoluble fibre (Wang, 
Hatcher, & Gawalko, 2008). Dodevska et al. (2013) 
reported that cellulose was the major fibre component 
in pea samples comprising about 40% of total fibre. 
The dietary fibre fraction of field pea could be used 
as a nutritional supplement and functional food 
ingredient for novel food development (Stoughton-
Ens et al., 2010). 

The background of this study is to investigate the 
potential of pea and buckwheat flours, their blends 
in the manufacture of new functional products with 
increased nutritional value as the first step toward 
increasing their consumption. The specific aim of this 
study was to investigate amino acid content, biological 
value and dietary fibre content of  conventional 
and or ganic pea ( Pisum sativum L.) and buckwheat 
(Fagopyrum esculentum M.) flours. 
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Materials and Methods
Research was performed at the scientific 

laboratories of Faculty of Food Technology, 
LatviaUniversity of Agriculture and at the laboratoryof 
the Institute of Biology, University of Latvia, from 
September to December, 2015.

Materials
Two pea ( Pisum sativum L.) flours: conventional 

(Company ‘Fasma’, Lithuania) and organic (Farm 
‘Kaņepītes’, Latvia) and three buckwheat (Fagopyrum 
esculentum M.) flours obtained from conventional 
steamed (Company ‘Fasma’, Lithuania), organic 
steamed (Farm ‘Kaņepītes’, Latvia) and organic 
(Farm ‘Bebri’, Latvia) buckwheat seeds were analysed 
(Table 1). Fine wheat flour as control was purchased 
from the company ‘Dobeles Dzirnavnieks’, Latvia.

Table 1
Description of flours

Code Sample
Control - WF Wheat flour
CPF Conventional pea flour
OPF Organic pea flour
OBF Organic buckwheat flour
OSBF Flour of organic steamed buckwheat 

seeds
CSBF Flour of conventional steamed buckwheat 

seeds

Determination of the amino acid content
The content of amino acids was determined the 

amino acid analyser ‘Microtechna Praha AAA339’ 
according to the requirements of ‘Amino acid standard 
solution for protein hidrolysates – 0.5 µmoles per mL’. 
The measurements were performed in triplicate.

Determination of the total content of dietary fibre
The total dietary fibre content was determined 

according to the AOAC Official Method 985.29 ‘Total 
dietary fibre in Foods’ using equipment ‘Fibertec 
system 1010 Heat Extractor’. The measurements were 
performed in triplicate.

Statistical analysis
The results were analysed using the analysis of 

variance (ANOVA). T-test was applied to compare 
the mea n value s, and p-value at 0.05 was used to 
determine the significant differences. Mean ± standard 
deviation of three replicates was used.

Results and Discussion
Buckwheat proteins have a high biological value 

with well-balanced amino acid composition (Cai, 

Corke, & Lee, 2004) whereas field pea is relatively 
high in protein and lysine and low in cysteine and 
methionine (Hood-Niefer & Tyler, 2010). The 
combination of pea and buckwheat proteins could 
result in a more nutritionally complete protein. Iqbal 
et al. (2006) concluded that, in order to improve the 
protein quality of leguminous seeds, their consumption 
should be combined with cereals. 

Pea flours contained high amounts of aspartic acid, 
threonine, serine, glycine, alanine, valine, isoleucine, 
leucine, tyrosine, phenylalanine, histidine, lysine and 
arginine while glutamic acid, proline, methionine and 
tryptophan were found in similar or smaller amounts 
comparing with the control sample (wheat flour) (Table 
2). Iqbal et al. (2006) concluded that aspartic acid and 
glutamic acid were major unessential amino acids 
in legume, int.al. green pea. The same conclusions 
confirmed this research analyzing conventional and 
organic pea flours. The differences of various amino 
acids between conventional and organic pea flours 
were insignificant (p>0.05); however, the content of 
amino acids in organic pea flour was higher with the 
exception of proline, methionine, leucine, tyrosine, 
histidine and tryptophan. The first limited amino acid 
was methionine in conventional and organic pea flours. 
Similar results can be found in literature suggesting 
that all essential amino acids except methionine and 
tryptophan are present in excessive amounts in legume 
(Iqbal et al., 2006; Zia-Ul-Haq et al., 2013).

The content of aspartic acid, threonine, serine, 
glycine, alanine, valine, histidine, lysine and arginine 
was high in buckwheat flours comparing with wheat 
flour (Table 2). There were significant (p<0.05) 
differences in the individual amino acid contents, 
particularly for serine, glutamic acid, proline, alanine, 
isoleucine, leucine, phenylalanine and arginine across 
buckwheat flours. The differences in amino acid 
contents in various buckwheat flours may be due to the 
cultivars variability and growing conditions. Aspartic 
acid, glutamic acid and arginine were abundant in the 
buckwheat flours. Similar results were reported in Wei 
et al. (2003) for buckwheat kernels.

The sum of all amino acids was significantly  
(p< 0.05) different in the examined flour samples. 
The highest amount of total amino acids was found  
in pea flours, respectively in conventional (18.82 g 
100 g -1) and in or ganic (19.30 g 100 g -1) flours. The 
total amino acids content in pea flours was close to 
the data  given by Gómez, Doyagüe, & de la Hera 
(2012) about protein content in pea flour (22.23 g 
100 g-1). The total amino acids content of buckwheat 
flours ranged from 9.62 g 100 g-1 for OSBF to 11.09 g  
100 g-1 for CSBF. The results are in a fair agreement 
with those reported by Qin et al. (2010) where the 
flour of common buckwheat cultivars contained 8.06-
12.44% protein.
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Table 2
Amino acids content of pea and buckwheat flours, g 100 g-1

Amino acids WF CPF OPF OBF OSBF CSBF
Essential amino acids

Histidine 0.38 0.83 0.78 0.64 0.62 0.52
Isoleucine 0.14 0.41 0.43 0.14 0.17 0.30
Leucine 0.61 1.53 1.51 0.66 0.86 0.64
Lysine 0.33 1.48 1.58 0.68 0.56 0.65
Methionine 0.12 0.16 0.15 0.16 0.12 0.19
Phenylalanine 0.50 1.01 1.14 0.52 0.35 0.70
Threonine 0.19 0.73 0.75 0.34 0.43 0.43
Tryptophan 0.19 0.23 0.17 0.16 0.11 0.20
Valine 0.23 0.42 0.53 0.42 0.33 0.33

Unessential amino acids
Alanine 0.19 0.81 0.82 0.66 0.52 0.34
Arginine 0.14 1.67 1.67 0.72 0.38 1.03
Aspartic acid 0.61 2.60 2.83 1.31 1.24 1.27
Glutamic acid 3.28 2.99 3.09 2.43 2.30 2.02
Glycine 0.30 0.90 0.92 0.68 0.56 0.70
Prolamin 1,22 1.25 1.04 0.20 0.16 0.56
Serine 0.38 0.99 1.09 0.53 0.58 0.69
Tyrosine 0.37 0.81 0.80 0.36 0.33 0.52
Total 9.18 18.82 19.30 10.61 9.62 11.09
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Literature (Biel & Maciorowski, 2013) reports 
that low lysine/ar ginine and methionine/ar ginine 
ratios may suggest that buckwheat products have 
blood cholesterol-lowering properties. Evaluating 
the results of this research it could be concluded that 
lysine/arginine ratio was low for CSBF and OBF and 
methionine/ arginine ratio was low for all buckwheat 
flour samples. 

Both the quantity and quality of protein are very 
important in nutrition. The ami no acid composition 

determines the nutritional value of protein and, more 
specifically, the amount of essential amino acids. 

The amino aci ds composition  of the pea and 
buckwheat flours showed significant (p<0.05) 
differences in the content of essential and unessential 
amino acids (Fig.1). The level of essential amino acids 
content was lower than the level of unessential amino 
acids in the tested samples. Similar conclusions were 
reported by Radu (2012) about pea and buckwheat 
flours. The highest total essential and unessential 

Methionine 0.12 0.16 0.15 0.16 0.12 0.19
Phenylalanine 0.50 1.01 1.14 0.52 0.35 0.70
Threonine 0.19 0.73 0.75 0.34 0.43 0.43
Tryptophan 0.19 0.23 0.17 0.16 0.11 0.20
Valine 0.23 0.42 0.53 0.42 0.33 0.33

Unessential amino acids
Alanine 0.19 0.81 0.82 0.66 0.52 0.34
Arginine 0.14 1.67 1.67 0.72 0.38 1.03
Aspartic acid 0.61 2.60 2.83 1.31 1.24 1.27
Glutamic acid 3.28 2.99 3.09 2.43 2.30 2.02
Glycine 0.30 0.90 0.92 0.68 0.56 0.70
Prolamin 1,22 1.25 1.04 0.20 0.16 0.56
Serine 0.38 0.99 1.09 0.53 0.58 0.69
Tyrosine 0.37 0.81 0.80 0.36 0.33 0.52
Total 9.18 18.82 19.30 10.61 9.62 11.09

The content of aspartic acid, threonine, serine, glycine, alanine, valine, histidine, lysine and arginine was 
high in buckwheat flours comparing with wheat flour (Table 2). There were significant (p<0.05) differences in the 
individual a mino a cid c ontents, p articularly for s erine, glutamic aci d, p roline, al anine, i soleucine, leucine, 
phenylalanine and arginine across buckwheat flours. The differences in amino acid contents in various buckwheat 
flours may be due to the cultivars variability and growing conditions. Aspartic acid, glutamic acid and arginine 
were abundant in the buckwheat flours. Similar results were reported in Wei et al. (2003) for buckwheat kernels.

The sum of all amino acids was significantly (p< 0.05) different in the examined flour samples. The highest 
amount of total amino acids was found in pea flours, respectively in conventional (18.82 g 100 g-1) and in organic 
(19.30 g 100 g-1) flours. The total amino acids content in pea flours was close to the data given by Gómez, Doyagüe, 
& de la Hera (2012) about protein content in pea flour (22.23 g 100 g-1). The total amino acids content of buckwheat 
flours ranged from 9.62 g 100 g-1 for OSBF to 11.09 g 100 g-1 for CSBF. The results are in a fair agreement with 
those reported by Qin et al. (2010) where the flour of common buckwheat cultivars contained 8.06-12.44% protein.

Literature (Biel & Maciorowski, 2013) reports that low lysine/arginine and methionine/arginine ratios may 
suggest that buckwheat products have blood cholesterol-lowering properties. Evaluating the results of this research 
it could be concluded that lysine/arginine ratio was low for CSBF and OBF and methionine/ arginine ratio was
low for all buckwheat flour samples.  

Both t he q uantity a nd q uality o f p rotein a re very i mportant in nu trition. The a mino a cid c omposition 
determines the nutritional value of protein and, more specifically, the amount of essential amino acids. 

Figure 1. Comparison of essential and unessential amino acids content in pea and buckwheat flours.

The amino acids composition of the pea and buckwheat flours showed significant (p<0.05) differences in 
the content of essential and unessential amino acids (Fig.1). The level of essential amino acids content was lower 
than the level of unessential amino acids in the tested samples. Similar conclusions were reported by Radu (2012) 
about pea and buckwheat flours. The highest total essential and unessential amino acids was found in organic pea 
flour, although t he differences o f es sential an d u nessential am ino aci ds were i nsignificant ( p>0.05) between 
organic and conventional pea flours. Buckwheat flour samples had higher essential and unessential amino acids
content comparing with wheat flour, however, the differences were insignificant (p>0.05).
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Figure 1. Comparison of essential and unessential amino acids content in pea and buckwheat flours.
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amino acids was found in organic pea flour, although 
the differences of essential and unessential amino 
acids were insignificant (p>0.05) between organic and 
conventional pea flours. Buckwheat flour samples had 
higher essential and unessential amino acids content 
comparing with wheat flour, however, the differences 
were insignificant (p>0.05).

Many studies (Boye, Zare, & Pletch, 2010; 
Davidsson et al., 2001; Qin et al., 2010; Cai, Corke, & 
Lee, 2004) have shown that pea and buckwheat flours 
are a good source of protein and are rich in essential 
amino acid – lysine. Biel et al. (2009) reported that, 
as it concernsthe nutritional value, the amino acid 
composition of buckwheat is the most favourable 
among cereals due to the content of lysine, which can 
be found in limited amounts inmost cereals.

Significant (p<0.05) variation existed in the  
content of essential amino acids across flour samples 
(Table 3), whereas the results concerning the  
proportion of essential amino acids to total amino 
acids showed insignificant (p>0.05) differences 
for pea flours (34.80 – 35.77%) and for buckwheat 
flours (29.96 – 33.90%). It could be concluded that 
the amount of essential amino acids made one third 
of the total amino acid content in the tested pea and 

buckwheat flours (Table 3).The highest content 
of lysine was found in pea flours (1.48 g 100 g-1in 
conventional and 1.58 g 100 g-1 in organic flours 
respectively), and it formed about 23% of the essential 
amino acids content. Results are comparable to those 
presented in the research papers by Zia-Ul-Haq et 
al. (2013) and Lisiewska et al. (2008).The content 
of lysine in OBF was more than double comparing 
with wheat flour and formed 20.73 % of the essential 
amino acids content. Similar results are confirmed by 
the data presented by Wei, Zhang, & Li (1995) and 
Bonafaccia, Marocchini, & Kreft (2003). The results 
of our research that pea and buckwheat flours are rich 
in lysine comparing with wheat flour confirmed the 
conclusions made in the literature.

Legumes are a rich source of dietary fibre having 
a hypoglycaemic effect (Trinidad et al., 2010), ie., 
consumption of legumes showed an improvement in 
fasting blood glucose concentration in both diabetic 
and non-diabetes subjects (Sievenpiper et al., 2009). 
However, Stoughton-Ens et al. (2010) reported that 
there were very strong genotypic and environment 
(location and year) effects on the dietary fibre content 
in field pea. Similar conclusions about the growing 
conditions and milling methods’ effects on the dietary 
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Table 3
Essential amino acidsand lysine content of pea and buckwheat flours 

Flours
Essential amino acids 

content, 
g 100g-1

Proportion of essential 
amino acids to total 

amino acids, %

Lysine content, g 
100g-1

Lysine content of 
essential amino acids 

content, %
WF 2.49 27.12 0.33 13.25
CPF 6.55 34.80 1.48 22.60
OPF 6.89 35.77 1.58 22.93
OBF 3.28 30.91 0.68 20.73
OSBF 3.15 32.74 0.56 17.78
CSBF 3.76 33.90 0.65 17.30

Many studies (Boye, Zare, & Pletch, 2010; Davidsson et al., 2001; Qin et al., 2010; Cai, Corke, & Lee, 
2004) have shown that pea and buckwheat flours are a good source of protein and are rich in essential amino acid 
– lysine. Biel et al. (2009) r eported t hat, as it concernsthe nutritional va lue, the a mino a cid c omposition of  
buckwheat is t he most favourable among cereals due to  th e c ontent o f lysine, which can b e found in limited
amounts inmost cereals.

Table 3
Essential amino acidsand lysine content of pea and buckwheat flours 

Flours
Essential amino 
acids content,

g 100g-1

Proportion of 
essential amino 

acids to total 
amino acids, %

Lysine content, g
100g-1

Lysine content of 
essential amino 
acids content, %

WF 2.49 27.12 0.33 13.25
CPF 6.55 34.80 1.48 22.60
OPF 6.89 35.77 1.58 22.93
OBF 3.28 30.91 0.68 20.73
OSBF 3.15 32.74 0.56 17.78
CSBF 3.76 33.90 0.65 17.30

Significant (p<0.05) variation existed in the content of essential amino acids across flour samples (Table 
3), whereas the results concerning the proportion of essential amino acids to total amino acids showed insignificant 
(p>0.05) differences for pea flours (34.80 – 35.77%) and for buckwheat f lours (29.96 – 33.90%). It could be 
concluded that the amount of essential amino acids made one third of the total amino acid content in the tested pea 
and buckwheat flours (Table 3).The highest content of lysine was found in pea flours (1.48 g 100 g-1in conventional 
and 1.58 g 100 g-1 in organic flours respectively), and it formed about 23% of the essential amino acids content.
Results are comparable to those presented in the research papers by Zia-Ul-Haq et al. (2013) and Lisiewska et al.
(2008).The content of lysine in OBF was more than double comparing with wheat flour and formed 20.73 % of 
the essential amino acids content. Similar results are confirmed by the data presented by Wei, Zhang, & Li (1995) 
and Bonafaccia, Marocchini, & Kreft (2003). The results of our research that pea and buckwheat flours are rich in 
lysine comparing with wheat flour confirmed the conclusions made in the literature.

Legumes ar e a rich s ource o f d ietary f ibre having a hypoglycaemic ef fect ( Trinidad et al., 2010) , i e.,
consumption of legumes showed an improvement in fasting blood glucose concentration in both diabetic and non-
diabetes subjects (Sievenpiper et al., 2009). However, Stoughton-Ens et al. (2010) reported that there were very 
strong ge notypic and environment (location and year) effects on the dietary f ibre content in  f ield pea. Similar 
conclusions about the growing conditions and milling methods’ effects on the dietary fibre content in buckwheat
were made by Bonafaccia, Marocchini, & Kreft (2003).

Figure 2. Total dietary fibre amount in pea and buckwheat flours.

For pea flours the total dietary fibre amount varied between 15.28 g 100 g-1 for conventional and 27.24 g 
100 g-1 for organic pea flour (Fig.2). The significant (p<0.05) difference of dietary fibre among pea flours could 
be associated with different stage of pea treatment for flour production. The appearance of conventional pea flour 
was daffodil without impurities whereas organic pea flour was l ight b rown with b lack flecks. It indicated that 
organic pea flour could be potential high amount of dietary fibre. It was confirmed by obtained data. The research 
data differed from the results obtained by Stoughton-Ens et al. (2010) where the total dietary fibre content of the 
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fibre content in buckwheat were made by Bonafaccia, 
Marocchini, & Kreft (2003).

For pea flours the total dietary fibre amount 
varied between 15.28 g 100 g -1 for conventional and 
27.24 g 100 g -1 for organic pea flour (Fig.2). The 
significant (p<0.05) difference of dietary fibre among 
pea flours could be associated with different stage of 
pea treatment for flour production. The appearance 
of conventional pea flour was daffodil without 
impurities whereas organic pea flour was light brown 
with black flecks. It indicated that organic pea flour 
could be potential high amount of dietary fibre. It 
was confirmed by obtained data. The research data 
differed from the results obtained by Stoughton-Ens 
et al. (2010) where the total dietary fibre content 
of the pea samples ranged from 10.7% to 14.8% of 
dry matter . It could be explained by the conclusion 
made by Aldwairji et al. (2014) that the fibre content 
is af fected by both the processing method and the 
method of analysis. The total dietary fibre content 
of buckwheat flours ranged from 5.96 g 100 g-1 

for OSBF to 17.13 g 100 g -1 for CSBF (Fig. 2).The 
significantly lower total dietary fibre content of OSBF 
comparing to OBF and CSBF could be associated 
with differences in the flour processing method and 
environment because the buckwheat flour samples 
were taken from various locations (Lithuania, Latvia) 
and producers. Comparing results with the data given 
by Bonafaccia, Marocchini, & Kreft (2003) where 
common buckwheat grain contained 22.17 g 100 g-1 of 
the total dietary fibre and buckwheat flour contained 
5.87 g 100 g -1, it was possible to see similarities. Pea 
and buckwheat flours could be characterised as a good 
source of dietary fibre with significantly (p<0.05) 
higher content of the total dietary fibre comparing to 
wheat flour, except OSBF.

Conclusions
1. The highest amount of total amino acids was 

determined for pea flours (18.82 g 100 g-1 for 
conventional and 19.30 g 100 g-1 for organic flours 
respectively), whereas for buckwheat flours it 
ranged from 9.62 g 100 g-1 for OSBF to 11.09 g 
100 g-1 for CSBF.

2. There were significant (p<0.05) differences in the 
individual amino acid contents, particularly as 
concerns serine, glutamic acid, proline, alanine, 
isoleucine, leucine, phenylalanine and arginine, 
across buckwheat flours.

3. The amount of essential amino acids made up one 
third of the total amino acid content in the tested 
pea and buckwheat flours which were rich in 
lysine (1.58 – 1.68 g 100 g-1 and 0.56 – 0.68 g 100 
g-1 respectively) in comparison with wheat flour 
(0.33 g 100 g-1).

4. Pea and buckwheat flours had a significantly 
(p<0.05) higher content of the total dietary fibre 
comparing to wheat flour, except OSBF.

5. Due to the biological value of buckwheat and pea 
flours, it is strongly recommendable to use these 
ingredients in the production of new functional 
products and to increase their consumption.
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Abstract
The objective of the current research was to investigate effects of germination on chemical composition of hull-less 
barley (Hordeum vulgare L. var. nudum Hook. f.), hull-less oat (Avena sativa), rye (Secale spp.), and wheat (Triticum 
spp.) grains for comparison. All the grains were cleaned, washed, steeped and germinated at temperature 35 ± 2 °C 
and relative humidity 95 ± 2% for 12, 24, 36, and 48 hours. After germination grains were dried till moisture content 
14 ± 2%. Main quality parameters such as starch, proteins, b-glucan (in hull-less barley) and individual sugars were 
determined in cereals during their steeping and germination. Non-germinated grains were used as a control sample. 
In the present experiments non-significant protein content increase was observed in the analysed hull-less barley, 
hull-less oat, rye, and wheat during their germination for 48 hours. Starch content in hull-less barley, wheat and rye 
grains decreased non-significantly during germination for 24 h; opposite results were obtained for hull-less oat grains, 
where content of starch decreased by 16.7% after steeping and by 26.4% after germination for 24 h. b-glucan content 
in hull-less barley grains after germination for 48 h decreased by 20.5%. Non-significant changes were obtained in 
fructose content in analysed cereal grains during germination for 48 h; it was significantly increased after germination 
for 24 h and in germination for 48 h. Non-significant sucrose content changes were observed in hull-less barley, rye 
and wheat grains during germination for 12 h and in hull-less oat grains – for 24 h significantly increasing in future 
germination for 48 h. 
Key words: hull-less cereals, germination, sugars, starch, proteins.

Introduction
Cereal grains constitute a major source of energy 

and nutrients in the world. The benefits of cereals to 
human health are the subject of extensive research 
and epidemiological studies, which have linked whole 
grain intake to the prevention of metabolic syndrome, 
obesity, and associated chronic diseases such as 
cardiovascular disease and two types of diabetes. 
The health benefits of cereals are primarily caused 
by their phytochemicals including phenolic acids, 
flavonoids, vitamins, fibre, and minerals, which act 
together to combat oxidative stress, inflammation, 
hyperglycaemia, and carcinogenesis (Poutanen, 2012; 
Wang, Wu, & Shyu, 2013). 

Of the various barley (Hordeum vulgare) 
cultivars, hull-less barley has recently been receiving 
considerable research attention concerning the 
development of functional food, as it is an excellent 
source of both soluble and insoluble fibre. Hull-less 
(or ‘naked’) barley (Hordeum vulgare L. var. nudum 
Hook. f.) is a form of domesticated barley, in which, 
unlike hulled barleys but similarly to wheat (Triticum 
aestivum), the lemma and palea (hull) are non-
adherent to the caryopsis. The total β-glucan content 
of hull-less barley is higher than that of hulled barley 
genotypes; whereas the insoluble dietary fibre content 
is lower (Xue et al., 1997; Blandino et al., 2015). 
In comparison with other cerea ls, naked oat ( Avena 
sativa) grain is characterised by a larger amount of total 
protein and crude fat and a smaller one of crude fibre. 
The characteristic feature of protein is its good amino 

acid composition with a high nutritive value. A high 
level of fat is a good source of essential unsaturated 
fatty acids (Brand & Merwe, 1996; Petkov et al., 
2001; Biel, Bobko, & Maciorowski, 2009). The main 
chemical constituents of the rye (Secale cereale) grain 
are starch, dietary fibre (DF), protein, and mineral 
matter (ash). The starch content is limited mainly to 
the endosperm, and contents between 57.1 and 65.6 g 
100 g-1 of dry matter (DM) are reported in rye. The DF 
components are found as cell-wall constituents in all 
parts of the kernel, and the total content of DF reported 
in rye grain is between 14.7 and 20.9 g 100 g-1 of DM. 
Approximately 25% of the total DF components are 
water-extractable (Hansen et al., 2004). Wheat is the 
primary cereal grain produced in the European Union, 
and bread wheat represents the most important wheat 
species worldwide to be used as food ingredient in 
human nutrition (Matsuo, 1994; Rosenfelder, Eklund, 
& Mosenthin, 2013). Wheat is mainly appreciated as 
a source of carbohydrates and proteins (albeit poor 
in some essential amino acids, especially lysine), 
but contributes also a significant proportion of 
fibre, minerals, and antioxidant compounds, such as 
phenolic acids and tocols, to the human diet (W ard et 
al., 2008; Hidalgo, Scuppa, & Brandolini, 2016).

Germination, a complex process causing physical, 
chemical and structural changes in grains, has been 
identified as an inexpensive and effective technology 
for improving cereal quality. The germination process 
is characterized by the growth of the embryo of the 
grain, manifested by the rootlets growth and increase 
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in length of the shoot (acrospire), with the concomitant 
modification of the contents of the endosperm (de 
Pinho Ferreira Guine & dos Reis Correia, 2013). 
Germination of grain commences with the uptake of 
water. Once germination is initiated, the predominant 
endosperm reserves, starch, cell wall, and storage 
proteins, are mobilized by the action of hydrolytic 
enzymes, which are synthesized in the aleurone 
layer and in the scutellum and secreted into the 
starchy endosperm of germinating grains (Lu, Lim, 
& Yu, 1998; Shaik et al., 2014). During germination, 
endogenous enzymes of cereal grains are activated, 
and some major substances such as starch and protein 
undergo degradation to small molecules. For example, 
a significant decrease of starch content is found during 
germination of rice. Furthermore, some functional 
compounds can be enriched, meanwhile some anti-
nutrition factors, such as phytic acid, is degraded 
during germina tion. Current studies indicated that 
germination enriched γ-aminobutyric acid in brown 
rice ( Oryza sativa L.), wheat, and foxtail millet 
(Setaria italica). Germinated cereal grains also show 
higher total phenolic content and antioxidant activity 
than those of un-germinated rice, wheat and oat. 
The germinatio n process improves the nutritional 
quality of cereal. During the process of germination, 
significant changes in the biochemical, nutritional, 
and sensory characteristics of cereals occur due to 
degradation of reserve materials as used for respiration 
and synthesis of new cell constituents for developing 
embryo in the seed (Danisova et al., 1995; Sharma, 
Saxena, & Riar, 2016). As compared to un-germinated 
seed, germinated seeds contain high protein, low 
unsaturated fatty acids, low carbohydrate, and mineral 
content (Narsih, 2012; Sharma, Saxena, & Riar , 
2016). Alpha-amylase enzyme plays a primary role in 
native starch granule degradation, and its expression 
is controlled by both gibberellin and sugar demand/
starvation. Sugar or carbon starvation activates the 
α-amylase promoter (Lu, Lim, & Yu, 1998; Shaik et 
al., 2014). As a result, during germination amylases 
are produced and partial breakdown of starch into 
simple sugars occurs (Chesworth, Stuchbury, & Scaife, 
1998). Intense biochemical processes occur during the 
grain activation (the first stage of germination); as a 
result, grain biological value increases – the content of 
vitamins B2, E and niacin, total sugar, dietary fibre and 
glucosamine increase; vitamin C is synthesized, and 
the content of irreplaceable amino acids is increased 
during the process of protein hydrolysis (Rakcejeva, 
2006).

The objective of the current research was to 
investigate effects of germination on chemical 
composition of hull-less barley, hull-less oat, and rye, 
and wheat grains for comparison.

Materials and Methods
The study was realised at the scientific laboratories 

of the Faculty of Food Technology at Latvia University 
of Agriculture. 

Conventional hull-less barley (′Irbe′), hull-less 
oat (′Lizete′), rye (′Kaupo′), wheat (′Ellvis′) grains 
cultivated at State Priekuli Plant Breeding Institute 
(Latvia) in 2015 were used in the experiments.

All the grains were cleaned, washed and steeped 
in water in the ratio of 1  : 2 (seeds to water) for 24 ± 
1 h at 22 ± 2 °C. After steeping, water was drained, 
and grains were allowed to germinate in the dark 
at controlled tem perature (35 ± 2 °C) and 95 ± 2% 
relative humidity (RH) in a climatic chamber ICH110 
(Memmert, Germany). Grains were germinated for 12, 
24, 36, and 48 hours. After germination grains were 
dried till moisture content 14 ± 2%. For air drying 
experiments, a convective dryer 00-800 (Memmert, 
Germany) was used; drying parameters were as 
follows: temperature 50 ± 1 °C, air flow velocity  
1.2 ± 0.1 m s -1. Grains were placed on a perforated 
sieve (diameter − 0.185 m), with the diameter of the 
holes – 0.002 m.

Before testing of parameters grains were ground in 
laboratory mill 3100 (Perten, Sweden) obtaining fine 
whole grain flour.

An Infratec™ 1241 Grain Analyzer (Foss, 
Sweden) was used to analyse starch, protein, and 
b-glucan concentration in grains according to ISO 
12099. The measurements are based on the fact that 
the main constituents in the grain such as starch and 
others absorb electromagnetic radiation in the near-
infrared region of the spectrum. Sample preparation 
is not required  and the measurements of starch 
concentration (% of fresh weight basis) are directly 
displayed after grains are inserted in a pre-calibrated 
auto-analyser (Singh, Mackill, & Ismai, 2009).

For the analysis of content of individual sugars 
5 grams of milled samples were extracted with 20 
mL deionized water and stirred for 1 hour . After 1h 
the extract solution was filtered through the filter 
paper. The obtained extract was filtered through a 
high-performance liquid chromatography (HPLC) 
syringe filter with pore size of 0.45 μm. The content 
of individual sugars in the grain sample extract 
filtrate was determined with high-performance liquid 
chromatography LC 20 Prominence (Shimadzu, 
Japan). Determination parameters were: detector – 
refractive index RID-10A; column – Alltech NH2, 4.6 
mm × 250.0 mm, 5 μm; temperature 25 °C; isocratic 
elution regime, mobile phase –A – acetonitrile, B – 
deionized water (A70:B30); capacity of the injection 
sample – 10 μL; total time of the analysis – up to 
15 min; rate of the flow – 1.0 mL min-1. Acquired 
data were processed using Shimadzu LabSolutions 
software (LCsolution Version 1.21 SP1).
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The results were processed by mathematical 
and statistical methods (mean, standard deviation, 
p-value). Data were subjected to one-way analysis of 
variance (ANOVA) by Microsoft Office Excel 2007; 
significance was defined at p<0.05. Analyses were 
completed in triplicate.

Results and Discussion
Non-significant (p>0.05) protein content changes 

were observed in analysed cereals during germination. 
During germination for 48 h content of proteins in hull-
less barley grains increased by 4.5%, in wheat – by 
2.0%, in hull-less oats – by 1.3% and in rye – by 3.8%. 
The increase of protein content (T able 1) in cereals 
mainly can be explained by the results of M. He et al. 
(2015) for wheat cereals, as during germination, the 
embryo and endosperm of wheat seeds possibly have 
a basic pattern of oxygen consumption. They consume 
plenty of oxygen at the beginning of germination; 
enter lag period, then oxygen consumption increases 
sharply when the radicles have broken through the 
episperm. When germination is completed, oxygen 
consumption increases continuously in the embryo 
but decreases in the endosperm. Reserve substances 
from the endosperm begin to be mobilized when the 
germination is finished, and more enzymes involved 
in these processes are synthesized in large quantities. 
The mobilization also possibly concerns the activation 
of enzymes and inactivation of inhibitors. Proteins 
produce amino acids, peptides, and their derivatives, 
which are used to synthesize  new proteins, then 
transported to the seedling.

Barley has usually been grown for feed uses. 
However, nowadays, barley is becoming more 
interesting due to its high content of bioactive 
compounds. Among these biologically active 
components, β-glucans play an important role. They 
are soluble dietary fibres located in the cell wall of the 
endosperm of barley grains, and their content can reach 
up to 15%. They contribute to lower cholesterol levels; 
regulate blood glucose levels, control colon cancer , 
and increase mineral and vitamin bioavailability 
(Gómez-Caravaca et al., 2015). 

Total content of β-glucan in barley normally 
ranges from 2 to 8% and depends on both genetic 
and environmental factors. About 66% of the barley 
β-glucans are in soluble form (Lee & Bamforth, 
2009). In the present research content of b-glucans 
in analysed hull-less barley was found 4.40 ±  
0.08 g 100  g-1. However, significant changes 
(p=0.011) in b-glucans’ content were observed in 
barley during processing as steeping and germination. 
As results of our experiments demonstrate, content 
of b-glucans decreased during grain steeping by 
6.8%. But after grain germination for 48  h content 
of glucans decreased by 20.5% comparing with non-
germinated hull-less barley grains. More significant 
(p=0.024) b-glucan content decrease was observed in 
hull-less barley grains after germination for 24 h; as 
a result, content  of analysed parameter decreased by 
11.4%, comparing with control grain sample (Fig. 1). 
O. Marconi et al. (2014) indicates that in particular the 
total β-glucan content decreased during malting due 
to the action of β-glucanase while β-glucan solubility 
increased during malting and is positively affected by 
the germination time.

During the seed germination process, α-amylase 
is the major enzyme for initial degradation of starch 
granules and β-amylase is also involved in starch 
conversion into free simple sugars. A-amylase 
randomly attacks only the α- (1 → 4) bonds; the 
amyloglucosidase (also called glucoamylase) 
selectively attacks the last bond on the non-reducing 
terminals, which can act on both the α- (1 → 4) and 
the α- (1 → 6) glucosidic linkages. The patterns of 
enzyme digestion were to produce large pin holes at 
starch granule surface in corn and triticale (Li et al., 
2011). Figure 2 shows grain starch content changes 
during germination process.

Non-significant (p>0.05) starch content decreases 
were detected in wheat, hull-less barley , and rye 
grains after steeping (Fig. 2). However , after hull-
less oat steeping content of starch decreased by 
16.7% (p<0.05) comparing with non-processed 
cereals. Non-significant (p>0.05) starch content 
decrease was detected in hull-less barley, wheat and 

Table 1
Protein content changes in grains during steeping and germination, g 100 g-1 DM

Type of cereals Control Steeped
Germination time, h

12 24 36 48

Hull-less barley 10.5 ± 0.1 11.1 ± 0.1 10.7 ± 0.1 10.6 ± 0.1 10.9 ± 0.1 11.0 ± 0.1

Wheat 9.8 ± 0.1 10.3 ± 0.1 10.2 ± 0.1 10.1 ± 0.1 10.1 ± 0.1 10.0 ± 0.1

Hull-less oats 14.8 ± 0.1 14.9 ± 0.1 14.8 ± 0.1 14.8 ± 0.1 14.9 ± 0.1 15.0 ± 0.1

Rye 7.5 ± 0.1 7.7 ± 0.1 7.6 ± 0.1 7.8 ± 0.1 7.8 ± 0.1 7.8 ± 0.1
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rye grains after germination for 24  h, the content 
of starch in presented cereals decreased by 0.8%, 
0.7% and 1.3% respectively. Starch content in hull-
less oat grains decreased by 26.4% (p=0.014) after 
germination for 24 h, comparing with non-germinated 
hull-less oat. Non-significant (p>0.05) starch content 
decrease was detected in hull-less barley, wheat, and 
rye grains after germination for 48  h as follows by 
3.5%, 3.9% and 2.7% respecti vely comparing with 
non-germinated grains. More pronounced (p<0.05) 
starch content decrease was detected in hull-less oat 
after germination for 48  h – by 33.6%, comparing 
with control hull-less oat sample. Similar results were 
observed in B. Tian et al. (2010) research, in oat seeds 
during germination the contents of protein, starch and 
phytate decreased significantly, the free amino acids, 
reducing sugars, free significant correlation among 
them was found. V. M. E. Andriotis et al. (2016) 
review recent advances in understanding the roles of 
carbohydrate-active enzymes in starch degradation in 
cereal grains through complementary chemical and 
molecular genetics. These approaches have allowed 
us to start dissecting aspects of starch degradation and 
the interplay with cell-wall polysaccharide hydrolysis 
during germinat ion. With a view to improving and 

diversifying the properties and uses of cereal grains, it 
is possible that starch degradation may be amenable to 
manipulation through genetic or chemical intervention 
at the level of cell wall metabolism, rather than simply 
in the starch degradation.

During germination the activity of amylases 
increased progressively, but that of phosphorylase 
tended to increase during starch degradation (Fig. 3). 
A new α-amylase isoenzyme band appeared during 
germination. Glucose was the major product of 
starch degradations. Sucrose, maltose, maltotriose, 
raffinose and fructose were also detected. Protease 
activity reached a maximum on the fifth or sixth 
day and closely  paralleled the increase in amino 
acids and soluble protein (Basuchaudhuri, 2014). 
In the present research non-significant changes 
(p>0.05) were obtained in fructose content in wheat, 
rye, hull-less barley and hull-le ss oat grains during 
germination for 48 h. Similar results were reported by 
D. Charalampopoulos et al. (2009), as interestingly 
the main sugars of the medium (fructose, maltotriose, 
etc.) and amino nitrogen were consumed in very low 
quantities during the fermentation – germination 
process. In the present experiments, non-significant 
(p>0.05) decrease of glucose content was observed 

Non-significant (p>0.05) protein content changes were observed in analysed cereals during germination. 
During germination for 48 h content of proteins in hull-less barley grains increased by 4.5%, in wheat – by 2.0%, 
in hull-less oats – by 1.3% and in rye – by 3.8%. The increase of protein content (Table 1) in cereals mainly can 
be explained by the results of M. He et al. (2015) for wheat cereals, as during germination, the embryo and 
endosperm of wheat seeds possibly have a basic pattern of oxygen consumption. They consume plenty of oxygen 
at the beginning of germination; enter lag period, then oxygen consumption increases sharply when the radicles 
have broken through the episperm. When germination is completed, oxygen consumption increases continuously 
in the embryo but decreases in the endosperm. Reserve substances from the endosperm begin to be mobilized 
when the germination is finished, and more enzymes involved in these processes are synthesized in large 
quantities. The mobilization also possibly concerns the activation of enzymes and inactivation of inhibitors. 
Proteins produce amino acids, peptides, and their derivatives, which are used to synthesize new proteins, then 
transported to the seedling.

Table 1
Protein content changes in grains during steeping and germination, g 100 g-1 DM

Type of cereals Control Steeped
Germination time, h

12 24 36 48

Hull-less barley 10.5 ± 0.1 11.1 ± 0.1 10.7 ± 0.1 10.6 ± 0.1 10.9 ± 0.1 11.0 ± 0.1

Wheat 9.8 ± 0.1 10.3 ± 0.1 10.2 ± 0.1 10.1 ± 0.1 10.1 ± 0.1 10.0 ± 0.1

Hull-less oats 14.8 ± 0.1 14.9 ± 0.1 14.8 ± 0.1 14.8 ± 0.1 14.9 ± 0.1 15.0 ± 0.1

Rye 7.5 ± 0.1 7.7 ± 0.1 7.6 ± 0.1 7.8 ± 0.1 7.8 ± 0.1 7.8 ± 0.1

Barley has usually been grown for feed uses. However, nowadays, barley is becoming more interesting due 
to its high content of bioactive compounds. Among these biologically active components, β-glucans play an 
important role. They are soluble dietary fibres located in the cell wall of the endosperm of barley grains, and 
their content can reach up to 15%. They contribute to lower cholesterol levels; regulate blood glucose levels, 
control colon cancer, and increase mineral and vitamin bioavailability (Gómez-Caravaca et al., 2015).

Total content of β-glucan in barley normally ranges from 2 to 8% and depends on both genetic and 
environmental factors. About 66% of the barley β-glucans are in soluble form (Lee & Bamforth, 2009). In the 
present research content of β-glucans in analysed hull-less barley was found 4.40 ± 0.08 g 100 g-1. However, 
significant changes (p=0.011) in β-glucans’ content were observed in barley during processing as steeping and 
germination. As results of our experiments demonstrate, content of β-glucans decreased during grain steeping by 
6.8%. But after grain germination for 48 h content of glucans decreased by 20.5% comparing with non-
germinated hull-less barley grains. More significant (p=0.024) β-glucan content decrease was observed in hull-
less barley grains after germination for 24 h; as a result, content of analysed parameter decreased by 11.4%, 
comparing with control grain sample (Fig. 1). O. Marconi et al. (2014) indicates that in particular the total β-
glucan content decreased during malting due to the action of β-glucanase while β-glucan solubility increased 
during malting and is positively affected by the germination time.

Figure 1. β-glucan content in hull-less barley during its germination.

During the seed germination process, α-amylase is t he major en zyme for i nitial d egradation o f s tarch 
granules and β-amylase i s a lso i nvolved i n s tarch c onversion into f ree s imple s ugars. A -amylase r andomly 

Figure 1. β-glucan content in hull-less barley during its germination.
attacks only the α- (1 → 4) bonds; the amyloglucosidase (also called glucoamylase) selectively attacks the last 
bond on the non-reducing terminals, which can act on both the α- (1 → 4) and the α- (1 → 6) glucosidic linkages. 
The patterns of enzyme digestion were to produce large pin holes at starch granule surface in corn and triticale 
(Li et al., 2011). Figure 2 shows grain starch content changes during germination process.

Figure 2. Grain starch content changes during germination.

Non-significant (p>0.05) starch content d ecreases were detected in wheat, h ull-less b arley, and r ye grains 
after s teeping (Fig. 2 ). However, af ter hull-less o at s teeping co ntent o f s tarch d ecreased by 16. 7% (p<0.05)
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in analysed cereals during germination for 12  h. 
However, glucose content significantly increased after 
germination for 24 h, accordingly, in hull-less barley 
and hull-less oats – by 62.5%, in rye – by 22.2%, in 
wheat – by 42.1% comparing with non-germinated 
cereals. In further germination for 48  h, glucose 
content changes were not significant (p>0.05). The 
obtained results could be explained with b-glucans 
breakdown, for example, in hull-less barley, (Fig. 1) 
into low molecular weight glucans and glucose by 
the endo-β-glucanases and β-glucosidases (de Pinho 
Ferreira Guine & dos Reis Correia, 2013). Non-
significant (p>0.05) sucrose content changes were 
observed in hull-less barley, rye and wheat grains 
during germination for 12 h and in hull-less oat grains 
– for 24 h. On the contrary, sucrose content after 48 h 
germination in analysed grains increased significantly 
(p<0.05). After germination for 48 h sucrose content 
in hull-less barley grains increased by 30.1%, in rye – 
by 56.9%, in wheat – 64.4%, and in hull-less oats – by 
46.3% 

Significant (p<0.05) maltose content changes were 
detected in the analysed cereals after germination for 
24 h; as a result, maltose content in hull-less barley 
and hull-less oats increased by 39.0%, in rye – by 
51.4%, in wheat – by 77.4%. Similarly , the maltose 
content increased in cereals a further germination for 
48 h. 

Three enzymes are important for hydrolyzing 
starch to smaller molecules. They are α-amylase, 
β-amylase, and glucoamylase. Some of these enzymes 
(α-amylase and β-amylase) are naturally present in 
cereal grains and become active  during germination. 
A-amylase displays an endoaction and can hydrolyze 
the α-1,4 linkage of starch internally and randomly, 
yielding low molecular weight dextrins. b-amylase 

is an enzyme having an exoaction. It can hydrolyze 
starch from the non-reducing chain end. The product 
removed through β-amylase action is maltose due to 
the hydrolysis of alternate α-1,4 linkages. β-amylase 
alone is basica lly inactive on granular starch but 
is capable of rapid action when the substrate is 
solubilized. β-amylase is found in sound, intact cereal 
grains and the level does not increase much as a result 
of germination (Liu & Rosentrater, 2011) 

Conclusions
In the present research non-significant protein 

content increase  was observed in the analysed hull-
less barley , hull-less oat, rye, and wheat during 
their germination for 48  hours. Germination time 
has a significant effect on hull-less spring chemical 
composition resulting change in β -glucan and sugars 
content especially. Starch content in hull-less barley , 
wheat and rye grains decreased non-significantly 
during germination for 24  h. However , opposite 
results were obtained for hull-l ess oat grains, where 
content of starch decreased by 16.7% after steeping 
and by 26.4% after germination for 24  h. b-glucan 
content in hull-less barley grains after germination for 
48 h decrease by 20.5% resulting starch breakdown. In 
the present research non-significant changes (p>0.05) 
were obtained in fructose content in analysed cereal 
grains during germination for 48 h. However, glucose 
content significantly increased after germination for 
24 h, accordingly , in hull-less barley and hull-less 
oats – by 62.5%, in rye – by 22.2%, in wheat – by 
42.1% comparing with non-germinated cereals and in 
germination for 48 h, glucose content changes were not 
significant (p>0.05). Non-significant (p>0.05) sucrose 
content changes were observed in hull-less barley, rye 
and wheat grains during germination for 12 h and in 
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and by 26.4% after germination for 24 h. β-glucan content in hull-less barley grains after germination for 48 h
decrease by 20.5% resulting starch b reakdown. In the present research non-significant changes (p>0.05) were 
obtained in fructose content in analysed cereal grains during germination for 48 h. However, glucose content 
significantly increased after germination for 24 h, accordingly, in hull-less barley and hull-less oats – by 62.5%, 
in r ye – by 22.2%, in wheat – by 42.1% comparing with non-germinated cereals and in germination for 48 h,  
glucose content changes were not significant (p>0.05). Non-significant (p>0.05) sucrose content changes were 
observed in hull-less barley, rye and wheat grains during germination for 12 h and in hull-less oat grains – for 24 
h significantly increasing in future germination for 48 h. However, maltose content in analysed cereals increase 
significantly after germination for 24 h – by 39.0% in oat, in rye – by 51.4%, in wheat – by 77.4%.
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hull-less oat grains – for 24 h significantly increasing 
in future germination for 48 h. However , maltose 
content in analysed cereals increase significantly after 
germination for 24 h – by 39.0% in oat, in rye – by 
51.4%, in wheat – by 77.4%. 
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NON STARTER LACTIC ACID BACTERIA IN RAw  MILK, THERMALLY TREATED 
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Abstract
The diversity of  non starter lactic acid bacteria in raw, pasteurised milk and maturated Swiss type cheese was 
tested. The aim of the present study was to analyse the concentrati ons and representatives of non-starter lactic acid 
bacteria in raw milk and to evaluate the changes of their concentrations and representatives during pasteurisation of 
cheesemilk and Swiss-type cheese production. The analysis carried out in the study showed a variation in the microbial 
composition and quantity of raw milk. The most frequently isolated lactobacilli were found at low level in raw milk 
(mean 27.5×104 CFU mL -1) and the most frequently identified species were Lactobacillus brevis and Lactobacillus 
paracasei. The microflora of raw and pasteurised milk is similar analysing lactic acid bacteria representatives in the 
samples. Lactobacillus brevis and Lactobacillus paracasei were detected in the same samples in raw milk, pasteurised 
milk and maturated cheese. Our study showed that lactic acid bacteria concentration was quite low in pasteurised 
milk (1-12 CFU mL-1), but they grow rapidly in cheese during ripening reaching 1.1-1.8*106 CFU g -1. The present 
study has shown that NSLAB in Swiss-type cheese mainly derive from raw milk, and only a few strains survive the 
processing conditions and grow during ripening. 
Key words: lactic acid bacteria, lactobacilli, raw milk, pasteurised milk, cheese.

Introduction
The raw milk is a natural growth medium for 

microorganisms. An integral part of raw milk 
microflora is the non-starter lactic acid bacteria 
(NSLAB) - L.casei subsp. paracasei, L.plantarum, 
L.rhamnosus, L.curvatus, L.brevis, L.fermentum; Leu.
lactis, Leu.cremoris; E.faecium, E.faecalis, E.durans 
and Pediococcus spp.: P.pentosaceus, P.acidilactici. 
It provides milk with its microflora and enriches the 
microflora of cheesemaking environment (Montel et 
al., 2014). 

Pasteurization regimes selected in cheese 
manufacturing are able to destroy essential microflora 
(also lactic acid  bacteria), enzymes and pathogens in 
milk.  Inactivation level of microorganisms depends 
on the count of microor ganisms, growth phase and 
other factors. Some NSLAB strains also withstand 
heat treatment, mainly resulting in damaged cells that 
recover and proliferate in the curd during ripening (De 
Angelis et al., 2004). According to R. Coppola and 
co-authors study (1997), mesophilic lactobacilli are 
present in relatively low numbers in pasteurised milk 
and our previous study (Bluma  & Ciprovica, 2015) 
showed that it was from 0 to 76 CFU mL-1, however, 
they grow rapidly in cheese during ripening. 

A lot of reviews approve that the significance of 
non starter lactic acid bacteria is still controversial 
and several approaches have been used in attempts 
to elucidate the role of NSLAB in cheese production 
(Shakeel-Ur-Rehman et al., 2000; Beresford & 
Williams, 2004; Mikelsone, 201 1; Gobbetti et al., 
2015). Species and, particularly , biotypes of NSLAB 
may vary between dairy plants, within a dairy plant, 
depending on season and day of manufacture, and 
even vary between batches of cheese (Gobbetti et al., 

2015; Østlie et al., 2016). The aim of the present study 
was to analyse the concentrations and representatives 
of non-starter lactic acid bacteria in raw milk and 
to evaluate the changes of thei r concentrations and 
representatives during pasteurisation of cheese milk 
and Swiss-type cheese production.

Materials and Methods
Research was performed from January 2015 to 

February 2016 at:
	the Laborat ory of Microbiology of the 

Department of Food Technology of Latvia 
University of Agriculture;

	the Laborat ories of the dairy processing 
company ‘Latvijas piens’ and ‘Bauskas piens’ 
Ltd.

Object of the research
In order to study the non-starter lactic acid bacteria 

representatives in raw milk (n = 15), pasteurised milk 
(n = 15) and cheese samples after maturation (n = 15) 
all samples were tested. The samples were taken from 
raw milk tanks in the dairy company . Bulk milk was 
kept at 2-4 °C prior treatment. Bulk milk samples 
were analysed in the dairy company ‘Latvijas piens’.  

For better understanding the proliferation of lactic 
acid bacteria representatives during thermal treatment, 
raw milk was pasteurized at +74 °C 30 s in the dairy 
company ‘Latvijas piens’. Treated milk samples  
(n = 15) were taken from cheese vats before renneting. 
Ripened Swiss type cheese (ripening regimes:  
8-12 °C, 20-25 °C, 8-12 °C temperature, 85-90% 
relative humidity and ripening period 6-8 weeks) 
was analysed at the end of maturation determining  
NSLAB representatives and their concentrations. 

FOOD SCIENCES
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According to information given in literature 
(Demarigny et al., 1996), all studied cheese samples 
belong to young cheese group.

Methods of analyses
Determination of total plate count (TPC) was 

performed in all analyzed bulk milk samples 
according to LVS EN ISO 4833-1:2014 using PCA 
(plate count agar) (OXOID, UK). Sample dilutions 
were performed according to ISO 6887-5:2010 using 
salt-peptone solution. The chosen parameters for 
cultivation of bacteria in PCA agar were 72 hours at 
30 °C.

Determination of Lactobacillus spp. was performed 
in all analyzed samples (raw milk, pasteurised milk, 
cheese) accordi ng to L VS ISO 15214:1998 using 
MRS agar (de Man Rogosa and Sharpe with Tween) 
media (OXOID, UK). Media were prepared according 
to LVS CEN ISO/TS 11133-1:2009. Sample dilutions 
were performed according to ISO 6887-5:2010 using 
salt-peptone solution.

The cultivation media were prepared according to 
LVS CEN ISO/TS 11133-1:2009.

The chosen parameters for cultivation of lactic 
acid bacteria in MRS agar were 72 hours at 37 °C, 
taking as a basis regimes recommended in Coeuret et 
al. (2003) work.

Identification of Lactobacillus spp. colonies  
was performed taking as a basis the fermentation 
of carbohydrates using API 50 CHL (BioMerieux, 
France). The program APILAB Plus version 
4.0 (BioMerieux) was used for identification of the 
isolated colonies up to species.

Data mathematical treatment was performed 
by using Microsoft Excel program. The mean and 
the standard deviation of experimental data were 
determined.

Results and Discussion
In order to determine the origin of the facultatively 

heterofermentative lactobacilli we examined the 
bulk milk and pasteurised milk samples used for 
the manufacture of cheese for the presence of these 
bacteria. 

The total plate and lactic acid bacteria count of 
bulk milk samples is summarized in Figure 1.
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Figure 1. Total plate and lactic acid bacteria count (thous CFU mL-1) in analysed bulk milk samples. 

 
The microbial quality of evaluated bulk milk samples is appropriate (except samples 3, 11), besides milk is usually 
pasteurised prior cheesemaking in Latvia, typically bulk milk used for cheese production contains 374 957 CFU 
ml-1 average.  
Lactic acid bacteria in pasteurised milk samples are shown in Figure 2. Although pasteurisation reduces the flora 
of the raw milk to a large extent, small numbers of mesophilic lactobacilli may survive and subsequently grow in 
cheese made from pasteurised milk. 
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Figure 2. Lactic acid bacteria CFU in pasteurised  milk samples (cheese milk). 

 
In cheese produced from pasteurised milk NSLAB typically grow from a few hundred per gram prior ripening to 
107-108 g within 2-3 months of ripening. In analysed Swiss type cheese samples NSLAB vary from 1.10*106 to 
1.86*106 CFU g-1. The detected concentration is lower than previously mentioned statement that NSLAB slowly 
increase and reache a plateau at 107-109 CFU g-1 after a few to several months of cheese ripening (Fitzsimons et 
al., 2001). Our results we could explain with the findings of Gatti and co-authors (2014) when cheese aging is 
prolonged (Parmigiano Reggiano) the maximum of cell density decreases. 
In the present study, microorganisms are identified based on phenotypical criteria and the obtained results also 
highlighted the absence of isolates in some analysed raw milk samples. The results of the identification are given 
in Figure 3.  

 
Figure 3. Lactic acid bacteria species isolated from raw, pasteurised milk and cheese samples. 

 
The microflora of pasteurised milk is primarily of bacterial nature, and bacteria commonly isolated from 
pasteurised milk are of the same type that is found in raw milk (Fig. 3), as well as in cheese. 
The bacteria were found at concentrations between 106 and 107 CFU·g–1 and the large majority of isolates were 
Lactobacillus brevis and Lactobacillus paracasei. Three different species of NSLAB were found in raw milk, 
whereas 4 species were found in pasteurised milk. All species present in cheese (Lactobacillus paracasei, 
Lactobacillus brevis, Lactobacillus curvatus and Lactobacillus plantarum) as well as species in pasteurised milk 
(Lactobacillus paracasei, Lactobacillus brevis, Lactobacillus curvatus and Lactobacillus plantarum) were also 
found in the corresponding raw milk samples. Previously, Casey et al. (2006) described the diversity of mesophilic 
lactobacilli in Gruyère cheese (Swiss type cheese variety). The three genotypes found in the cheese were also 
found in raw milk, thus indicating that it is the raw milk flora and not the factory environment that principally 
determines the composition of the NSLAB in Gruyère cheese. It is interesting to note that in the cheese authors 
could not find the dominant genotype in raw milk, but genotypes were found at much lower concentrations. It can 
be assumed that some genotypes did not survive the temperatures applied during the cheesemaking process (Casey 
et al., 2006). The microflora of raw and pasteurised milk is similar to analysed lactic acid bacteria representatives 
in our study, too. Interestingly, we found Lactobacillus brevis and Lactobacillus paracasei in the same samples of 
raw milk, pasteurised milk and cheese.  

0

2

4

6

8

10

12

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

L
ac

tic
 a

ci
d 

ba
ct

er
ia

, C
FU

 
m

l-1

sample, n

0.00

20.00

40.00

60.00

80.00

100.00

Raw bulk milk Pasteurised
cheese milk

Swiss type
cheese

%
Lactobacillus curvatus

Lactobacillus plantarum

Lactobacillus brevis

Lactobacillus paracasei

Figure 2. Lactic acid bacteria CFU in pasteurised  milk samples (cheese milk).



100 ReseaRch foR RuRal Development 2016, volume 1 

The microbial quality of evaluated bulk milk 
samples is appropriate (except samples 3, 11), besides 
milk is usually pasteurised prior cheesemaking in 
Latvia, typically bulk milk used for cheese production 
contains 374 957 CFU mL-1 average. 

Lactic acid bacteria in pasteurised milk samples are 
shown in Figure 2. Although pasteurisation reduces 
the flora of the raw milk to a large extent, small 
numbers of mesophilic lactobacilli may survive and 
subsequently grow in cheese made from pasteurised 
milk.

In cheese produced from pasteurised milk NSLAB 
typically grow from a few hundred per gram prior 
ripening to 107-108 g within 2-3 months of ripenin g. 
In analysed Swiss type cheese samples NSLAB vary 
from 1.10*10 6 to 1.86*10 6 CFU g-1. The detected 
concentration is lower than previously mentioned 
statement that NSLAB slowly increase and reache 
a plateau at 107-109 CFU g -1 after a few to several 
months of cheese ripening (Fitzsimons et al., 2001). 
Our results we could explain with the findings of Gatti 
and co-authors (2014) when cheese aging is prolonged 
(Parmigiano Reggiano) the maximum of cell density 
decreases.

In the present study, microorganisms are identified 
based on phenotypical criteria and the obtained 
results also highlighted the absence of isolates in 
some analysed raw milk samples. The results of the 
identification are given in Figure 3. 

The microflora of pasteurised milk is primarily of 
bacterial nature, and bacteria commonly isolated from 
pasteurised milk are of the same type that is found in 
raw milk (Fig. 3), as well as in cheese.

The bacteria were found at concentrations between 
106 and 107 CFU g–1 and the large majority of isolates 
were Lactobacillus brevis and Lactobacillus paracasei. 
Three different species of NSLAB were found in raw 
milk, whereas 4 species were found in pasteurised 
milk. All species present in cheese ( Lactobacillus 

paracasei, Lactobacillus brevis, Lactobacillus 
curvatus and Lactobacillus plantarum) as well as 
species in pasteurised milk ( Lactobacillus paracasei, 
Lactobacillus brevis, Lactobacillus curvatus and 
Lactobacillus plantarum) were also found in the 
corresponding raw milk samples. Previously, Casey 
et al. (2006) described the diversity of mesophilic 
lactobacilli in Gruyère cheese (Swiss type cheese 
variety). The three genotypes found in the cheese were 
also found in raw milk, thus indicating that it is the 
raw milk flora and not the factory environment that 
principally determines the composition of the NSLAB 
in Gruyère cheese. It is interesting to note that in the 
cheese authors could not find the dominant genotype 
in raw milk, but genotypes were found at much 
lower concentra tions. It can be assumed that some 
genotypes did not survive the temperatures applied 
during the cheesemaking process (Casey et al., 2006). 
The microflora of raw and pasteurised milk is similar 
to analysed lactic acid bacteria representatives in our 
study, too. Interestingly, we found Lactobacillus brevis 
and Lactobacillus paracasei in the same samples of 
raw milk, pasteurised milk and cheese. 

The number of non-starter lactobacilli is higher 
in Swiss-type cheese made from raw milk than in 
cheese made from pasteurised milk, but the diversity 
of non-starter lactobacilli declines during ripening 
(Beuvier et al., 1997). The population of young 
cheese was comprised of L.paracesei, L.plantarum 
and L.brevis but as the chee se maturated L.paracesei 
dominated (Demarigny et al., 1996; Østlie et al., 
2016). Species and, particularly , biotypes of NSLAB 
may vary between dairy plants, within a dairy plant, 
depending on season and day of manufacture, and 
even vary between batches of cheese, milk treatment 
and cheese ripening time (Gobbetti et al., 2015, Østlie 
et al., 2016). Although the different species have 
different growth characteristics (specific growth rate, 
acidification ability, and final cell number), they are 
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well adapted in changing environmental parameters 
of ripening cheese (carbohydrate limitation, low 
temperatures and water activities). The present study 
has shown that NSLAB in Swiss-type cheese mainly 
derive from raw milk and generally only a few strains 
survive the processing conditions and grow during 
ripening.

Conclusions
In conclusion, the present study has shown that 

NSLAB in Swiss-type cheese mainly derive from 

raw milk and generally only a few strains survive the 
processing conditions and grow during ripening. 

Lactic acid bacteria were found at low level in  
raw milk and the most frequently identified species 
were Lactobacillus brevis and Lactobacillus 
paracasei. Our study showed that lactic acid bacteria 
concentration was quite low in pasteurised milk (1-12 
CFU mL-1), but they grow rapidly in cheese during 
ripening reaching 1.1-1.8*106 CFU g -1 at Swiss-type 
cheese samples.

Agita Bluma, Inga Ciprovica

NON STARTER LACTIC ACID  
BACTERIA IN RAW MILK, THERMALLY  
TREATED MILK AND SWISS TYPE CHEESE
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Abstract
The present study provides research in content of protein, starch, sugars and concentration of B group vitamins 
(thiamine, riboflavin, pyridoxine and niacin) in immature wheat (Triticum aestivum L.) compared to mature wheat 
kernels. 
The content of protein, starch was determined in kernels using Infratec1241 Grain Analyzer (Sweden), content of 
sugars was analysed by high- efficiency liquid chromatography HPLC (Shimadzu, Japan). The concentrations of 
vitamins were determined by high - efficiency liquid chromatography for vitamins B1, B2, B3, B6. Obtained results 
suggested that the immature wheat kernels obtained in milk stage showed higher contents of some compounds such 
as sugars and B group vitamins. The amount of all sugars presented in immature grains is higher and decreased 
uniformly during maturation. Therefore, immature grains are better sources of the B group vitamin that the mature 
grains, and therefore more nutritionally efficacious.
Key words: immature wheat grain, protein, starch, sugars, B group vitamins.

Introduction
The nutritional value of food is determined by 

the content of mainly following substances: fats, 
carbohydrates, proteins. For a long time it was 
considered, if human food includes all these nutrients, 
it fully meets the needs of biological organism. 
However, the practice does not always confirm the 
correctness of entrenched ideas about the biological 
value of food. Practical experience shows that there 
are diseases, directly related to food. Cereals are basic 
components of the human diet. Consumption of whole 
unrefined cereal products is known to contribute 
significantly to health and chronic disease prevention. 
Whole cereal grains contain nutritionally significant 
quantities of dietary fibre, as well as minerals and 
vitamins that are important for health. Therefore, 
the inter est in cereals as a source of bioactive and 
functional ingredients has increased (Awika, 2011).

Wheat (Triticum aestivum L.) is one of the 
primary grains consumed by humans. The chemical 
composition and physical properties of wheat kernels 
changes during maturing process and depends on 
the degree of maturity . This is a complex process 
controlled by several factors. In recent studies it has 
been proven that wheat during maturation contains 
many valuable compounds which disappear or lose 
their unique properties in the mature kernels.

Therefore, the aims of this work are identified 
and theoretically justify the features of the chemical 
composition in immature wheat grain. Wheat grains 
harvested before maturity are a rich source of 
biologically active substances. Compared to wheat 
complete ripeness, immature wheat grains contain 
less starch, more vitamins, fibre and soluble sugars 
(Yang et al., 2012; Iametti et al., 2006). Kalnina et 
al. (2015) has informed on contents of vitamins 
B1 (thiamine) and B 2 (riboflavin) in mature wheat 

‘Zentos’ (Triticum aestivum L.). As reported by 
other scientists (Yang et al., 2012; Merendino et al., 
2006), the immature grains and immature wholemeal 
showed higher contents of some important functional 
compounds such as vitamins C, niacin, dietary fibre, 
reducing sugars. Wheat kernels harvested during the 
milk stage suggested its use as an innovative material 
with interesting functional characteristics to prepare 
functional foods. Based on the above considerations 
our research focused in the study of various nutrients 
including protein, starch, sugars, and vitamins B in 
immature winter wheat kernels cultivars ‘Zentos’ 
compared with mature kernels.

Materials and Methods
Winter wheat ( Triticum aestivum L.) bread 

cultivar ‘Zentos’ from the experimental farm 
‘Peterlauki’ of Latvia University of Agriculture was 
harvested in immature conditions (milk stage) and 
mature conditions in 2015. Immature grains sample 
with initial moisture content 64% was dried in a 
microwave- vacuum dryer at 45 °C temperatures till 
moisture content 11.4%. 

The content of protein and starch in grains was 
determined using Infratec1241 Grain Analyzer 
(Sweden). Content of sugars was analyzed by high-
efficiency liquid chromatography. For the analysis 
of content of individual sugars 5 g of milled samples 
were extracted with 20 mL  deionised water and 
stirred for 1 h. After one hour the extract solution 
was filtered through the filter paper. The obtained 
extract was filtered through a high-performance liquid 
chromatography (HPLC) syringe filter with pore 
size of 0.45 μm. The content of individual sugars 
in the grain sample extract filtrate was determined 
with high-performance liquid chromatography LC 
20 Prominence (Shimadzu, Japan). Determination 
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parameters were: detector – refractive index RID-
10A; column – Alltech NH2, 4.6 mm × 250.0 mm, 
5 μm; temperature 25 °C; isocratic elution regime, 
mobile phase –A – acetonitrile, B – deionised water 
(A70:B30); capacity of the injection sample – 10 μL; 
total time of the analysis – up to 15 min; rate of the 
flow – 1.0 mL min-1. Acquired data were processed 
using Shimadzu LabSolutions software (LCsolution 
Version 1.21 SP1).

The analysis of the content of vitamin group B was 
carried out at the Quality Department JSC ‘Grindeks’. 
In the present study, the concentration of vitamins was 
determined by high- efficiency liquid chromatography 
for vitamins B1, B2, B3 and B6.

HPLC conditions
For simultaneous detection of vitamins, the liquid 

chromatography method described by Aslam et al., 
(2008), with a few changes was used. The mobile 
phase used trifluoroacetic acid water solution.

High-performance liquid chromatography (HPLC) 
analysis was performed with the following parameters: 
Column – Water Atlantis T3 4.6 × 150 mm, 3.0 µm; 
Column temperature at 30 °C; Sample temperature 
10 °C; Mobile phase – A: 0.05% trifluoroacetic acid 
water solution (0.5 mL  L -1); B: acetonitrile. Flow 
rate 1.0 mL  min -1; Injection volume 10 µL; Injector 
wash solvent 10% solution of methanol in water 
for chromatography; Detection – 190 nm – 400 nm 
(use photodiode array detector) – for identification; 
248 and 290 nm for assay; Integration-pyridoxine 
hydrochloride 248 nm, thiamine hydrochloride 290 
nm (Table 1). 

Table 1
Gradient cycle

Time, min A, %* B, %** Curve
0.0 100 0 -
4.0 97 3 linear
6.0 90 10 linear
20.0 90 10 linear
30.0 60 40 linear
32.0 60 40 linear
33.0 100 0 linear
40.0 100 0 linear

*A - Mobile phase - A: 0.05% trifluoroacetic acid water 
solution (0.5 mL L-1).
** - B: acetonitrile.

Statistical Analysis
Statistical analysis was performed with SPSS 23.0 

package for Windows 10. Mean arithmetic value and 
standard deviation were calculated. ANOVA analysis 

was applied in order to see if there are significant 
differences between the mature and immature wheat 
kernels (p<0.05). 

Results and Discussion
Protein content is one of the most important 

standards for measuring wheat quality. Proteins are 
synthesized and accumulated in developing grain 
at dif ferent times and dif ferent rates. Immature 
wheat grains contain 9.8% protein but mature wheat  
grains – 13.4%. The difference of protein content 
between immature and mature grains was 3.6%. 
Similar results have been obtained from other reports 
(Yang et al., 2012; Iametti et al., 2006). The protein 
content of whole wheat increases only very slightly 
during maturation. The pattern of the changes in total 
protein during the development of the endosperm 
resembles the pattern of relative changes in starch 
(Abou-Guendia & D’Appolonia, 1972.)

Starch content, in fact, increased from 
63.7% to 67.6% because during ripening the 
monosaccharide, disaccharides are converted into 
storage polysaccharides, in starch. The group of 
sugars studied in immature and mature grains were 
the mono- and disaccharides which were extracted 
with 20 mL  deionised water and included glucose, 
fructose, sucrose and maltose. The changes in 
individual free sugar content in immature and mature 
grains are shown in Figure 1. The amount of all sugars 
presented in immature grains is higher and decreased 
uniformly during maturation. The concentration  
of fructose decreased from 1.14 g 100 g -1 to 0.27 g 
100 g-1. Similar situation we have observed regarding 
glucose and sucrose. Maltose declined sharply from 
2.16 g 100 g -1 to 0.59 g 100 g -1 in mature grains. The 
changes in sugars content can be explained that they 
are involved during maturity in starch and others 
non-starch oligosaccharides synthesis. Higher sugar 
content in immature wheat suggested favourable taste 
with sweetness. The results of present work agree 
with results of M. Abou-Guendia & B.L. D’Appolonia 
(1973) and suggest that the sugars in the kernel, 
which arise by both translocations from plant and 
by photosynthesis within kernel, are utilized in the 
rapid process of starch synthesis. The sugar content 
present in the kernel at any particular stage of maturity 
theoretically cannot account for the total amount of 
starch synthesized at the following stage, indicating 
that translocation and photosynthesis of sugars both 
are essential for starch accumulation in the kernel.

Vitamins – a group of low-molecular organic 
compounds are present in small amounts in the diet. 
Vitamins are essential nutrients that are required in 
many areas of biochemical metabolism, including 
deoxyribonucleic acid (DNA) synthesis, ener gy 
production and biosynthetic pathways (Ball, 2005). 
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There are several B group vitamins in wheat such as 
vitamins B1 (thiamine), B2 (riboflavin), B3 (niacin) 
and B 6 (pyridoxine). In cereal grains, the thiamine 
is unevenly distributed, being relatively low in the 
starch endosperm and high in germ. Cereal grains also 
contain relatively low concentration of flavins, but 
they are important sources in those parts of the world 
where cereals constitute the staple diet. In mature 
cereal grains most of the niacin is concentrated in the 
aleurone and germ layers. The whole-grain cereals are 
important source of pyridoxine, where over 90% of 
the vitamin B 6 is found in the bran and germ. They 
all, as well proteins and fats (riboflavin, pyridoxine) 
(Ball, 2005), play an important role in metabolism of 
carbohydrate (thiamine). B vita mins’ concentrations 
indicate an important variability in wheat cultivars 
(Batifoulier et al., 2006). The contents of B group 
vitamins into the immature and mature wheat samples 
were measured and shown in Figure 2. 

Niacin (4.45 ± 0.66 mg 100 g -1 in immature 
grains and 3.62 ± 0.15 mg 100 g -1 in mature grains) 
was an abundant component in B vitamins. The level 
of niacin decreased 20% during grain maturation. 
The same situation can be observed with content of 
riboflavin (0.34 ± 0.14) mg 100 g-1) in immature wheat 
compared to mature (0.08 ± 0.01 mg 100 g -1) wheat 
samples. 

No significant change in thiamine and pyridoxine 
content was observed during maturation. Similar 
results were obtained by scient ists while evaluating 
immature grains in two rice cultivars during maturation 
(Ji et al., 2013). The highest content of vitamin B2, 
B3, and B6 was found in the matu re rice grains. When 
the variability of B vitamin concentration in mature 
wheat grain cultivated in France was analysed, the 
concentration of thiamine, riboflavin, and pyridoxine 
represented cultivars with higher B vitamins 
concentration as cultivar ‘Zentos’ (Batifoulier et al., 

Figure 1. The sugar content in immature and mature wheat grains.

Figure 2. Vitamins in mature and immature wheat, mg 100 g-1.
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2006). It means that several factors promote vitamin 
variability such cultivar , year , growing location and 
conditions.

The results’ inte rpretation of statistical programs 
SPSS by a single factor ANOVA showed significant 
differences between the value of B group vitamins in 
mature and immature wheat kernels (p<0.05). 

The values are the means ±standard deviation of 
four independen t experiments.  All the dif ferences 
between mature and immature wheat kernels were 
significantly different (T-test, p<0.05).

The results showed reduction  of all group B 
vitamins during maturation.

Conclusion
In the present research concentr ations of B group 

vitamins (thiamine, riboflavin, pyridoxine and niacin) 
in immature wheat compared to mature wheat were 
established. Obtained results suggested that the 
immature wheat kernels obtained in milk stage showed 

higher contents of some compounds such as sugars 
and vita mins B. The amount of investigated sugars 
presented in immature grains is higher compared with 
mature grains. Immature grains are better sources 
of the B group vitamins than the mature grains, and 
therefore more nutritionally efficacious.

Our results indicate that wheat kernels harvested at 
milk phase could be representing a valuable ingredient 
for production of functional foods.
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Abstract
Kvass is an aromatic soft drink which in a form of powder could be used in dairy or bakery products, or sugar 
confectionary to expand the diversity of flavours. Spray drying is one of the techniques used for producing powders; 
however, liquids with high sugar content become sticky during drying process and need additional drying aids to 
increase glass transition temperat ure and improve powder stabilit y. The aim of this research was to evaluate the 
characteristics of dry naturally fermented kvass. Maltodextrin was used in 50, 40 and 25% quantity to kvass dry 
matter in order to aid the spray drying of naturally fermented non-pasteurised, non-filtered bread kvass. Spray 
drying of 8 l naturally fermented kvass returned approximately 500 g dry naturally fermented kvass powder with a 
light brown colour, a pronounced aroma of rye bread and moisture content of 7 ± 0.1%. Microstructure analysis of 
the spray dried naturally fermented kvass showed irregularly spherical shaped particles, having many shrinkages, 
breakages and dents on the surface in general. Total viable microor ganism count in dry naturally fermented kvass 
powder was within the recommended levels, traces of lactic acid bacteria were found in all samples. The presence of 
Bacillus amyloliquefaciens was established in dry naturally fermented kvass powders, with possible contamination 
from spray dryer. 
Key words: dry kvass, naturally fermented kvass, maltodextrin, spray drying, microbiological contamination, 
microstructure.

Introduction
Kvass is a soft drink produced by fermenting kvass 

mash with yeast, with alcohol content under 1.2% alc/
vol and dry matter of 8 – 12%, mainly from sugars 
(Lidums et al., 2015). Kvass is an aromatic drink 
which in a form of powder could be used in dairy or 
bakery products, or sugar confectionary to expand the 
diversity of flavours.

Similar to juice powders which have many benefits 
and economic potentials over their liquid counterparts 
such as reduced volume or weight, reduced packaging, 
easier handling and transportation, and much longer 
shelf life, dry naturally fermented kvass could be 
a valuable contribution compared to liquid kvass. 
Besides, juice powder physical state provides a stable, 
natural, and easily dosable ingredient, which generally 
finds usage in many foods and pharmaceutical products 
such as flavouring and colouring agents (Shrestha et 
al., 2007; Goula & Adamopoulos, 2010).

Drying is widely used to extend the shelf life of 
food products; the decrease in moisture content causes 
the reduction of the mass, volume, enzymatic and 
microbial activity (Kaya et al., 2007). Spray drying 
is one of the techniques used for producing powders 
from liquid solutions and suspensions. The spray-
drying technique is 30–50 times cheaper than freeze 
drying (Gharsallaoui et al., 2007). Spray drying is the 
transformation of feed from a liquid or slurry form to 
a dry powder . The feed is atom ized into a chamber 
where the resulting spray mixes with hot gas, which 
evaporates the liquid component of the spray leaving 
dried particles (Goula & Adamopoulos, 2010). The 
products to be spray dried can be categorized into two 
major groups: non-sticky and sticky products. Sticky 

products are generally difficult to spray dry. During 
the drying process they may remain as syrup or stick 
on the dryer wall, or form unwanted agglomerates in 
the dryer chamber and conveying system (Bhandari 
& Howes, 2005). The problem of powder stickiness 
is mainly due to the low glass transition temperature 
of the low mole cular weight sugars present in such 
products as sucrose, glucose and fructose (Roos et al., 
1996; Oberoi & Sogi, 2015).

For example, more than 90% of solids in fruit 
juices are low molecular weight sugars and or ganic 
acids which attr ibute to the sticky behaviour . Sugar 
content in kvass is lower than in fruit juices; however, 
it is still too high to dry them under normal conditions 
(Goula & Adamopoulos, 2010; Oberoi & Sogi, 2015). 
To overcome the stickiness problem, various methods 
that are able to produce free-flowing fruit juice 
powder have been suggested: using an adjunct or a 
carrier agent (maltodextrin, gum, starch or gelatin) as 
an additive in the feed material during spray drying 
(Saénz et al., 2009). The addition of high molecular 
weight additives to the product before atomizing is a 
widely used alternative that increases glass transition 
temperature and improves product stability (Tonon et 
al., 2011). Maltodextrins are generally produced from 
starch by partial hydrolysis, consisting of β-D-glucose 
units linked mainly by glycosidic bonds (1 → 4) 
conneced in chains of variable length (Hobbs, 2009; 
Nurhadi et al., 2016). Maltodextrins are classified 
as a GRAS (generally recognised as safe) ingredient 
(Hobbs, 2009). 

Microbiological criteria have been used 
internationally for many years as a means of assessing 
the safety and suitability of foods (CAC, 2013). Since 
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there are not microbiological criteria developed for 
dry naturally fermented kvass, it could be compared 
to juice powder. As juice powder has a low water 
activity that does not support growth of mesophilic 
aerobic microorganisms, expected levels of these 
microorganisms would be low in juice powder; they 
serve as an indicator of general contamination. Centre 
for Food Safety (2014) recommends maximum 
standard plate count at 104 CFU g –1 for satisfactory 
and 10 4 - <106 CFU g –1 for borderline quality of 
powdered foods (e.g., soup and drink powder, milk 
powder), also suggesting Enterobacteriaceae count 
below 102 CFU g–1 (102 - <104 for borderline quality). 
The aim of this research was to evaluate the 
characteristics of dry naturally fermented kvass.

Materials and Methods 
Experimental design

Experiments were carried out at Institute of 
Process Engineering and Equipment, Faculty of Food 
Sciences, The University of Warmia and Mazury in 
Olsztyn, Poland during September to November 
2015 and at the Department of Food Technology, 
Latvia University of Agriculture during December 
2015. The object of the research was dry naturally 
fermented kvass. Ltd Liepkalni naturally fermented 
non-pasteurised, non-filtered bread kvass ‘Liepzeme’ 
was used to produce dry naturally fermented kvass at 
Institute of Process Engineering and Equipment, The 
University of Warmia and Mazury in Olsztyn, Poland. 
Dry naturally fermented kvass particle microstructure 
was analysed at Institute of Process Engineering and 
Equipment, while microbiological analyses were 
performed at the Department of Food Technology, 
Latvia University of Agriculture.

Spray drying conditions of dry naturally fermented 
kvass 

Experiments were performed using a pilot plant 
spray dryer at a drying rate of 12.3 kg of water h-1. 
Feeding solution of 1 litre was prepared by dissolving 
~70 g maltodex trin in 100 ml kvass, and then it was 
mixed with the rest of kvass to dry matter content 14%. 
Kvass was atomized from a rotary atomizer (disk speed 
11 000 rpm) into a vertical co-current drying chamber 
1.8 m in diameter and with a height of 2.3 m. The 
inlet and outlet air temperatures were in 170  °C and 
103 °C, respect ively. Temperature inside the drying 
chamber was 75 – 80  °C, but the temperature of the 
feed mixture was 20 °C. The feed flow rate was fixed 
at 15 kg h-1. Product flow rate and temperature inside 
the dryer were controlled throughout procedure, as 
temperature in the most important parameter in spray 
drying of kvass. Dried kvass samples were collected 
from the cyclone separator and after cooling to room 

temperature packaged in vacuum in laminated PE/PA 
pouches and stored in dark until further analysis.

Three dry naturally fermented kvass samples were 
investigated with drying aid (added as quantity to 
kvass dry matter):
	sample A (kvass 50% and maltodextrin 50%);
	sample B (kvass 60% and maltodextrin 40%);
	sample C (kvass 75% and maltodextrin 25%).

Dry naturally fermented kvass particle microstructure
Dry naturally fermented kvass particles were 

analysed by scanning electron microscope (XL-30, 
Philips, Amsterdam, The Netherlands). Dry naturally 
fermented kvass sample was attached to a double 
sided adhesive tape on SEM stubs, coated with 3 – 
5 mA palladium under vacuum and examined with 
a scanning elec tron microscop e at 3000  kV and 
magnification of 200× and 400×. 

Microbiological analyses
Preparation of test samples, initial suspension and 

decimal dilutions for microbio logical examination 
was carried out according to ISO 6887-1:1999. 90 
ml 0.85% sterile  saline was added to 10 g sample of 
dry naturally fermented kvass in a stomacher bag; 
then, the sample was homogenized with a stomacher 
BagMixer400 (Interscience, USA) for 10 seconds. 
Serial dilutions in 0.85% sterile saline were pour -
plated in triplicate for determination of aerobic and 
facultative anaerobic, mesophilic bacteria (hereafter 
referred to as TPC – total plate count) on Plate Count 
agar (Ref. 01-161, Scharlau, incubation at 30  °C 
for 72 h, L VS EN ISO 4833-1:2014), for lactic acid 
bacteria on MRS agar (Ref. Ref. 01-135, Scharlau, 
incubation at 37 °C for 48 h, LVS ISO 15214:1998) 
and for Enterobacteriaceae on Violet Red Bile agar 
with Glucose (Ref. 01-295, Scharlau, incubation at 
37 °C for 24 h, ISO 21528-2:2004 A). 

After incubation, the colonies were counted using 
automated colony counter aCOLyte (Topac Inc., USA) 
and reported as colony forming units (CFU). 

Identification of microorganisms in dry naturally 
fermented kvass was carried out by cultivating selected 
colonies on Plate Count agar using streak plate method. 
Gram staining was performed followed by catalase 
test. Identification of bacterial species was completed 
by the API (analytical profile index) biochemical test 
system using API 50 CHB kit (bioMérieux, France) 
which is intended for the identification of Bacillus and 
related genera.

Data analysis
The obtained data processing was performed with 

the Microsoft Excel 13 for Windows; mean values and 
standard deviations were calculated. 
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Results and Discussion 
Spray drying process of dry naturally fermented kvass 

Preliminary spray drying was carried out using 
100% kvass from 30 l kegs. The resulting product was 
caramelised hard brown kvass crystals with a very 
pleasant and pronounced kvass aroma. Therefore, 
similar to juic e spray drying, maltodextrin was 
used as a drying aid in order to obtain dry naturally 
fermented kvass. The first experiment was completed 
with 50% malto dextrin addition (quantity to kvass 
dry matter) according to Islam et al. (2016), where 
higher concentration of orange juice: maltodextrin 
(50:50) was investigated compared to Shrestha et 
al. (2007) and Goula and Adamopoulos (2010). 
Maltodextrin proportion was later reduced to 40% 
and 25%, in order to obtain dry naturally fermented 
kvass with less maltodextrin addition. Lower amount 
of maltodextrin (below 25%) gave a sticky syrup that 
started crystallising.

Spray drying of 8 L  naturally fermented kvass 
returned approximately 500 g dry naturally fermented 
kvass. The resulting product was dry naturally 
fermented kvass with pronounced aroma of rye bread 
and light brown colour . Moisture content of dry 
naturally fermented kvass was 7 ± 0.1%. 

Optimal technological parameters during spray 
drying, as well as the best drying method are still 
being researched, in order to reduce the added drying 
aid (or drying aid mixture) to minimum.

Dry naturally fermented kvass particle microstructure
Microstructure analysis showed that spray-dried 

naturally fermented kvass had irregularly spherical 
shaped particles, having many shrinkages, breakages 
and dents on the surface in general (Fig. 1). The results 
agree with Fazaeli et al. (2012), in which orange juice 
powder produced with 50% maltodextrin addition 
had dented surfaces with wrinkles and deformation. 
Powder with higher amounts of maltodextrin (70%) 

had the smoothest surface with smaller spherical 
shapes and no shrinkage. The particle size distribution 
showed that spray-dried naturally fermented kvass 
particles ranged up to 112.205 µm.

Microflora of dry naturally fermented kvass 
TPC levels in dry naturally fermented kvass  

were within the recommended levels by Centre for 
Food Safety (2014), EU Regulation No 2073/2005 
does not define TPC for juice powders and similar 
products. Significant differences were not found in 
TPC levels of dry naturally fermented kvass samples; 
total viable microorganism count in 50% dry naturally 
fermented kvass (sample A) was 7.58 ×  104 CFU g–1,  
in 60% dry naturally fermented kvass (sample B)  
7.62 ×  104 CFU g–1 and in 75% dry naturally 
fermented kvass (sample C) – 7.8 ×  104 CFU g –1. 
Enterobacteriaceae count in all samples was <102 
CFU g–1. Traces of lactic acid bacteria (<20 CFU g–1) 
were found in all samples.

Bacteria found in all dry naturally fermented kvass 
samples with similar morphological characteristics 
were investigat ed further . Gram staining proved 
them to be gram positive and catalase positive 
sporeforming bacteria of Bacillus spp. API biochemical 
identification established the presence of Bacillus 
amyloliquefaciens, with possible contamination of 
dry naturally fermented kvass from spray dryer (or 
handling equipment).

B. amyloliquefaciens and its closely related species 
are particularly known to be involved in ropy bread 
spoilage that is characterized by an unpleasant fruity 
odour followed by enzymatic degradation yielding 
soft, sticky and stringy bread crumb making the bread 
inedible (Valerio et al., 2012).

The possibility of using dry naturally fermented 
kvass for flavour enrichment of different products 
depends on the product treatm ent process after dry 
naturally fermented kvass addition. Enterobacteria, 
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(a)     (b) 

Figure 1. Micrographs of 50% dry naturally fermented kvass particles at magnifications of (a) 200×,  
(b) 400×. HFV: 746 μm (200×) and 373 μm (400×); det: DualBSD; temperature: 24.9 °C.
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which were found in dry natura lly fermented kvass, 
are non-spore-forming bacteri a, therefore, if the 
products with added dry naturally fermented kvass 
are subjected to thermal treatment, vegetative cells of 
unfavourable bacteria will be destroyed and pose no 
harm to consumer health.

Conclusions
1. Spray drying of 8 L  naturally fermented kvass 

returned approximately 500 g dry naturally 
fermented kvass. The resulting product was 
light brown dry naturally fermented kvass with 
pronounced aroma of rye bread and moisture 
content of 7 ± 0.1%.

2. Microstructure analysis of the spray dried naturally 
fermented kvass showed irregularly spherical 

shaped particles, having many shrinkages, 
breakages and dents on the surface in general.

3. Microbiological contamination of dry naturally 
fermented kvass samples was within the 
recommended levels for powdered foods (TPC 
<105 CFU g –1). Enterobacteriaceae count in all 
samples was <102 CFU g–1. Traces of lactic acid 
bacteria (<20 CFU g–1) were found in all samples. 
Spores of B. amyloliquefaciens were found in all 
dry naturally fermented kvass samples; possible 
source of these bacteria was spray dryer.

4. Research should be continued to evaluate the 
obtained dry naturally fermented kvass for flavour 
enrichment of different products.
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Abstract 
Iron deficiency is a common problem especially among children, women of reproductive age and sportsmen. Addition 
of highly bioavailable iron to foods could be one possibility to enrich daily diet and increase iron absorption.
At present moment, there is a limited number of fortified products with iron in the market. Fortification of common 
food products is an effective strategy to prevent or overcome iron deficiency. The results show a significant increase 
of iron in products supplemented with bovine alimentary albumin. Comparing fortified products with non-fortified 
control samples of chocolate snacks the iron content increased from (1.17 – 2.61) to (10.15 − 11.53) mg 100 g-1 in 
products supplemented with bovine alimentary albumin. By developing a successful recipe of fortified food products, 
animal origin heme iron could be applicable component and satisfy sensory acceptability from consumers. 
The aim of this work was to create an alternative sweet product as healthy snack with incorporated highly bioavailable 
heme iron which may be an addition to daily diet with nutritional properties and accepted by consumers.
Key words: fortified foods, iron deficiency, heme iron.

Introduction
Iron deficiency is the most common mineral 

deficiency affecting an estimated quarter of world’s 
human population (WHO, 2015). It is one of the 
leading risk factors for disability and death worldwide 
(Zimmermann & Hurrell, 2007). Iron deficiency is 
especially widespread among children, women of 
reproductive age and sportsmen (Srdjan, Mukesh,  & 
Agarwal, 2007). Iron deficiency or anaemia as its 
severe form develops after prolonged deficit of iron. 
If not for other reasons such as genetic illnesses or 
injuries, it is mainly due to insufficient iron absorption 
(Hurrell & Egli, 2010). There are two forms of dietary 
iron in the human diet: non-heme iron and heme iron. 
The first one is broadly present mostly in plants, 
whereas heme iron is found in foods derived from 
animal tissues (Sharp & Srai, 2007). Notwithstanding 
that there is an abundant amount of non-heme iron 
obtained from plant origin food products in our diet, 
only 2% - 15% of that is absorbed in human organism. 
It is due to phytates and polyphenols present in plants, 
which works as a strong inhibitor of non-heme iron 
(Hurrell & Egli, 2010). Poor absorbance is the main 
reason of iron deficiency. Whereas heme iron has high 
bioavailability of absorption (15%−35% absorbed) 
and is not af fected of any other inhibitors except 
calcium which inhibits both types of iron (Abbaspour, 
Hurrell, & Kelishadi, 2014). Iron bioavailability can 
be enhanced when ingested in the presence of foods 
with high levels of ascorbic acid, fruit acids, fructose 
and muscle tissues (Pizarro et al., 2016; Christides & 
Sharp, 2013; Bæch et al., 2003). Based on studies, it is 
determined that heme iron absorption increases when 
ingested as haemoglobin. Several studies compare 
iron bioavailabi lity of dif ferent food sources and 
describe effects (Eisenstadt et al., 2013). The major 
issue is to obtai n a positive long term health effect 
from available food products. Fortified foods with 

high level of bioavailable iron may be used as one of 
tools (Alemán et al., 2016; Rebellato et al., 2015).

Candies are popular and preferably consumed 
food items all over the world. There are many types 
of candies and each market differs with assortment 
depending on consumers’ preferences, country’s 
cultural and traditional factors, season of the year, 
etc. In traditional sweet manufacture, locally available 
products are used as classic ingredients. Fruits are 
considered healthy, and besides their pleasant flavour 
and taste there are numerous beneficial components 
they provide and enrich human diet. They are sources 
of essential vitamins, minerals, biologically active 
compounds and dietary fiber. What is more, heme 
iron absorption is not af fected by fruit compounds 
and therefore may be consumed in the same meal. In 
many countries locally grown fresh fruits are available 
short period of the year due to their characteristic 
seasonality; therefore, there are adapted different 
methods and technologies for fruit preservation. As 
one of the common methods used is fruit dehydration. 
If drying meth od applied is delicate, fruits may 
preserve their vitamins, minerals and other bioactive 
compounds with smaller scale of losses (Sagar & 
Suresh, 2010).

Chocolate confectionery forms a great part of the 
sweet’s market and incorporates diverse products. 
Continuous development of chocolate containing 
products is the result of manufacturers’ creativity and 
market demand. In general, certain food products 
especially confectioneries have a negative reputation 
for their high calorific value what is the main reason 
for obesity and diverse health issues. Concerning 
this fact, marke t should provide more products with 
additional nutritional value which besides the good 
taste ensure functional properties. 

Confectionery based food supplements are highly 
acceptable products providing good taste and necessary 
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compounds. Such products are easy to incorporate in 
daily diet for consumers of all ages. Regarding fortified 
sweets with iron, there is a very poor selection in the 
market. In Latvia such products available are toffees 
supplemented with bovine alimentary albumin (heme 
iron). The product traditionally is named ‘Hematogen’ 
and produced by companies in Lithuania, Belarus 
and Russia. The amount of iron in these products is 
around 70% of Recommended Daily Intake in 100 g 
of product. Recommended Daily Amount of Iron is 14 
mg (Directive 2008/100/EC, 2008). 

The aim of this work was to create an alternative 
sweet product as healthy snack with incorporated 
highly bioavailable heme iron which may be an 
addition to daily  diet with nutritional properties and 
accepted by consumers. 

Materials and Methods
For fruit snack production dried fruits, berries, nuts 

and seeds were chosen with focus on the use of locally 
cultivated products. Fruit seeds and nuts in packs were 

purchased from the wholesale store Ltd. ‘Gemoss’ in 
Latvia. Dry marc of pumpkins and red beetroots were 
obtained in the frame of AgroBioRes project. Extra 
dark chocolate with cocoa solids 70% (cocoa mass, 
sugar, low fat cocoa powder, cocoa butter, emulsifier 
ammonium phosphatide, flavouring) was chosen 
from the manufacturer Ltd. ‘Laima’ (Latvia). Spray-
dried bovine blood alimentary albumin as a source 
of iron for products’  supplementation was imported 
from Lithuania. The list of ingredients used in each 
recipe of snacks is shown in Table 1. The amount of 
ingredients was chosen to make suitable texture for 
shaping candies, as well as satisfy sensorial criteria. 

All ingredients  except chocolate and bovine 
alimentary albumin were prepared by grinding, 
crushing and cutting. Then, ingredients for each 
product shown in Table 1 were mixed together till 
uniform mass and from ready mixture by hands 
made the shape of small balls with weight of 7 ± 0.2 
g each. The chocolate was melted in water bath at  
+43 ± 2°C. For bath of chocolate intended for use in 
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Table 1
Ingredients used in each recipe of snacks

Code of product Ingredients % of total product

1
Prunes (dry) 
Sunflower seeds (dry)
Chocolate 
Blackcurrants (dry) 

31
29
23
17

1F

Prunes (dry) 
Sunflower seeds (dry)
Chocolate
Blackcurrants (dry) 
Bovine alimentary albumin (iron)

31
29
19
17
4

2
Cranberries (dry) 
Hazelnuts (dry)
Chocolate 
Redcurrants (dry) 

38
23
23
16

2F

Cranberries (dry) 
Hazelnuts (dry)
Chocolate
Redcurrants (dry) 
Bovine alimentary albumin (iron)

38
23
19
16
4

3
Japanese quinces (candied) 
Pumpkin seeds (dry)
Chocolate 
Pumpkin (dry marc) 

46
23
23
8

3F

Japanese quinces (candied)
Pumpkin seeds (dry)
Chocolate 
Pumpkin (dry marc)
Bovine alimentary albumin (iron)

46
23
19
8
4

4
Apples (dry) 
Chocolate 
Beetroots (dry marc)

65
23
12

4F
Apples (dry) 
Chocolate 
Beetroots (dry marc)
Bovine alimentary albumin (iron)

65
19
12
4
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iron supplemented products, the melted chocolate was 
chilled to +38 ± 0.5 °C and then bovine alimentary 
albumin was added. The temperature is crucial as 
to avoid protein denaturation and losses of iron of 
bovine alimenta ry albumin. Chocolate mixture was 
thoroughly stirred to ensure even incorporation of 
added ingredient. Ready fruit snacks were covered 
with chocolate to form a glaze and left to cool in 
refrigerator at +8 ± 0.5 °C.

Samples without added bovine alimentary albumin 
(1, 2, 3, and 4) were used as control to compare the 
differences between products. For the same products 
with incorporated bovine alimentary albumin the code 
includes ‘F’ (1F, 2F, 3F, and 4F) as shown in Table 1.

Atom-absorption-spectrometer Perkin Elmer 
Analyst 800 was used for iron determination in fortified 
chocolate snacks and control samples. Procedure was 
done according to LVS EN 14082 method.

pH was measured with pH-meter Jenway 3520 pH 
Meter (Jenway, AK). pH-meter calibration was done 
with pH standard solutions 4.01 and 7.00. 5.00 g of 
each sample was mixed with 50 ml of distilled water 
and mixed on magnetic stirrer 20 min. After that, pH 
was measured for five repeats of each product.

Moisture of products was determined using a 
moisture analyser Precisa XM 120. 2 g of product was 
used for each measure under 105 °C temperature.

Water activity was determined by LabSwift-aw 
(Novasina). 6 g of sample was put in a cup and placed 
in apparatus, then, results were recorded. Temperature 
during measurement was 22.2 °C.

The colour parameters of ready fruit snacks were 
measured in CIE L*a*b* colour system by direct 
reading using Colour Tec − PMC. For getting results, 
the following colour parameters were evaluated: 
brightness (L*) ranging from 0 (black) to 100 
(perfect white); green-red saturation index (a*); and 
blue-yellow saturation index (b*) (Papadakis et al., 
2000). Before measuring, snacks were cut in half and 
measures were taken from the core of product and 
from surface, to determine the colour parameters of 
chocolate glaze. Colour was measured more than ten 
times at randomly selected spots for five samples of 
each variety. 

Colour difference (ΔE*) between chocolate glaze 
without and with added bovine alimentary albumin 
was calculated using the mathematical equation 1:

,    (1)

where  ΔE* − colour difference;
 L*, a*, b* − values for chocolate with bovine     
                                  alimentary albumin;
 L , a , b  − values for chocolate without 
                                      bovine alimentary albumin.

All obtained data were analysed with correlation, 
ANOVA, using Microsoft Excel 2014. Data Analysis, 
confidence level was 95% (a = 0.05).

Results and Discussion
Iron content in products is shown in Figure 1.

Figure 1. Iron content in products.

Comparing samples without added bovine 
alimentary albumin, there is no significant difference 
(p>0.05) between samples − the product 3 contains 
the highest amount of iron 2.6 ± 0.2 mg 100 g -1. 
After that follows samples 1, 4 and 2 with 2.2 ± 0.2, 
1.8 ± 0.2 and 1.2 ± 0.2 mg 100 g -1 respectively that 
could be explai ned with ingredients in products, as 
pumpkin and sunflower seeds contain higher amount 
of iron comparing to other products’ ingredients used. 
Products with added bovine alimentary albumin 
follow the same order , as control samples. Addition 
of bovine alimentary albumin significantly (p<0.05) 
increases the content of iron in product reaching 
11.6 ± 0.2 (sample 3), 11.1 ± 0.3 (sample 1), 10.8 ± 
0.3 (sample 4) and 10.2 ± 0.2 (sample 2) mg 100 g -1 

respectively was observed.
Figure 2 shows pH level of fortified chocolate 

snacks and control samples.

Figure 2. pH of products.

The most acidic product is of the 4th sample with 
pH 3.5 ± 0.02 which consists of apples, then follows 
the sample 2 made of cranberries and red currants. 
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Difference between the sample 1 and 3 is negligible 
(p>0.05). The results of pH reveals as significant 
(p<0.05) increase in value in all supplemented 
products and such a rise is likewise detected by other 
authors (Quintero-Gutiérrez, et al., 2012; Yousif, 
Cranston, & Deeth, 2003). That is due to bovine 
alimentary albumin additive which had been obtained 
from bovine blood and had pH 7.5 ± 0.02 what is 
usually detected pH level for dried bovine blood 
(Cingi et al., 2009).

In Figure 3, the obtained moisture level results of 
investigated products are shown. Samples of products 
were obtained after uniform mixing of the whole 
chocolate snack, so samples had parts of chocolate 
glaze and fruit filling.

Figure 3. Moisture of products.

Comparing all results, the largest moisture content 
is in product 4, 4F samples (28.9 ± 0.5% and 27.52 ± 
0.4%) which consist of apples and beet. The moisture 
content between 4, 4F samples and moisture of other 
products is significant (p<0.05). That is due to a high 
level of moisture of dried beet and apples which was 
suitable to make a sticky mixture suitable to form 
snack balls as more dried products failed in shaping. 
The moisture level comparing between products 
without and with bovine alimentary albumin is close; 
therefore, one can assert that composition of chocolate 
glaze does not influence total moisture of a whole 
product.

Water activity in products is moderately similar - 
the lowest result was determined in sample 2F (0.68 
± 0.02), but the highest - in sample 4 reaching 0.83 
± 0.04 (Fig. 4). In addition, no significant difference 
between samples without and with bovine alimentary 
albumin was observed.

Figure 4. Water activity of products.

Colour is an important attribute in food as it 
gives the first impression about product and usually 
is critic ally evaluated by consumers. For colour 
evaluation, the surface of products as the iron 
supplement was incorporated only in chocolate glaze 
was used; therefore, the changes of colour of inside 
filling were not affected. The initial L*, a*, b* values 
describing colour differences of investigated samples’ 
chocolate glaze with and without additional iron are 
shown in Table 2.

Chocolate glaze with bovine alimentary albumin 
was darker resulting in lower L * values (20.6 ± 0.3). 
Similar results were reported by Yousif, Cranston, & 
Deeth (2003) using bovine blood components in food 
production. Addition of iron changes green-red and 
blue-yellow saturation in chocolate as obtained a* 
and b* values decrease. The calculated value for total 
colour change (Δ E*) in chocolate without and with 
iron supplement is 3.5.

Conclusion
The addition of bovine alimentary albumin is 

effective supplement for incorporating into foodstuff 
thus significantly increasing iron content. Products 
made in this project with additional bovine alimentary 
albumin have higher pH and darker colour , what is 
usually determined and reported properties using 
bovine blood components in food production. Further 
research is needed to determine sensory acceptability 
of product and other physical and chemical 
measurements. Additionally, shelf life and storage 
conditions for products must be observed.

Table 2
Colour components in chocolate glaze

Type of glaze L* a* b* Δ E*
Chocolate 27.8 ± 0.6 3.7 ± 0.5 6.6 ± 0.3 3.5
Chocolate with bovine alimentary 
albumin

20.6 ± 0.3 1.9 ± 0.3 3.3 ± 0.3
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Abstract
The aim of this study was to determine the influence of Jerusalem artichoke flour feeding on the general health 
status of calves ( Bos Taurus), the animal live weight gain and digestive canal morphological development in the 
first four months of life, as well as to find out the optimal of three inulin doses. Jeruslem artichoke (Helianthus 
tuberosus) concentrate produced in Latvia contains the prebiotic – inulin. The study was performed on four groups 
of animals - a control group of 10 animals and three prebiotic groups, 10 animals in each group. All groups were fed 
the whole milk, but the PreG6 group animals were fed daily with 6 grams of prebiotic, calves PreG12 group were fed 
with 12g of prebiotic, but each calf in PreG24 group – 24g of prebiotic per day. CoG control animals did not receive 
feed supplement. Faecal mass consistence of PreG 6, PreG12 groups of animals was more stable within the whole 
research period than CoG. We found that the control group animal weight gain on the 56th research day is statistically 
significantly (p<0.05) lower than of those calves that received inulin as a food supplement. The highest growth rates 
have shown PreG 12 and PreG 24 group of animals, significantly (p<0.05) being ahead of PreG6 group of calves, the 
highest average daily live weight gain was observed in PreG24 group (0.95 ± 0.093 kg). 
Key words: calves, different doses, inulin, weight growth.

Introduction
In Europe they are trying to reduce the use of 

antibiotics in animal feed to achieve more rapid growth 
of the animal live weight, besides, since 2006 the use 
of antibiotics for productive animals is prohibited. 
Looking for alternative means which could contribute 
to a faster increase in live weight of calves and their 
healthier development, prebiotics are being studied as 
one of the alter natives. Interest in prebiotic feeding 
and their positive influence on the calf digestive canal 
and general state of health development increases 
more and more in recent years (Yutaka et al., 2015; 
Zábranský et al., 2015; Samant a, 2013; Masanetz et 
al., 2010).  

A relativ ely large number of studies takes place 
shortly after the animal birth, the period when calves 
are fed with  milk (Zábranský et al., 2015), but 
we would like to study the transition period from 
preruminant to ruminant when milk feeding decreases 
and fodder consumption increases. This is one of the 
periods when calves are re-located and re-grouped. 
At the same tim e the animal organism is exposed to 
very large changes due to changes in the proportion of 
feed materials, role of forestomach in feed digestion 
increases, the intestinal microflora changes take 
place - all that makes stressful situations more acute, 
most often displaying digestive channel impairment, 
diarrhea. It is researched that stress reduces immunity 
and increases the proliferation of pathogenic micro-
organisms into the digestive canal and animal diseases 
(Salak-Johnson & McGlone, 2007). 

It is known that the digestive canal is the lar gest 
immune organ that is equipped with a specific, 
complex immune cells in the mucous membrane, 
so the strengthening of this system and pathogenic 

micro-organism limitation by using feed supplement 
of natural origin is the direction, in which scientists 
are working to prevent stress-induced diarrhea, 
improve the organism’s general immunity, accelerate 
the growth and development of calves in this difficult 
transition period from preruminant to ruminant.

As one of such influences for feed supplement may 
be prebiotics, which are not digested in the digestive 
canal, and digestive canal microflora uses them for its 
growth and development. They limit such pathogenic 
microorganism as Salmonella sp. or Escherichia coli 
spreading by improving the host or ganism’s health 
(Gibson & Roberfroid, 1995; Patel et al., 2012; Ghosh 
& Mehla, 2012).

One of the more studied prebiotics is inulin, which 
is a cla ssic oligo-saccharide and it contains many 
plants. Influence of inulin contained in the Jerusalem 
artichoke (Helianthus tuberosus) on the single-
chamber stomach animals e.g. piglets (Flickinger et 
al., 2003) and birds (Kleessen, 2003; Valdovska et 
al., 2012) has been studied, but the data on whether 
and how it af fects multi-chamber stomach of animal 
organism is lacking. Inulin can be able to modulate 
intestinal bacterial population towards a healthier 
flora (Gibson & Roberfroid, 1995). 

The aim of this study was to determine the 
influence of Jerusalem artichoke flour feeding on the 
general health status of calves, the animal live weight 
gain and morphological development of the digestive 
canal in the first four months of life, as well as to find 
out the optimal inulin doses.

Materials and Methods
The research was carried out in one of the 420 cow 

farms of Latvia, in the district of Bauska.
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At the beginning of research we formed four 
study groups, each group consisted of 10 randomly 
selectedclinically healthy 23 +/- 5 days old male calves 
with weight of 50 +/- 5 kg. During the study, animals 
were kept under the same conditions in groups of 10. 
The four-week-old calves were fed twice a day, each 
time for each animal feeding out on the average 3-3.5 
l of whole milk. Animals had free access to drinking 
water and hay all day round. Two weeks after the start 
of the study or when the animals reached the age of 6 
weeks, they were also offered fodder.

Feed of the research groups animals differed only 
in feed supplements - inulin doses. In this reasearch 
as prebiotic we used artichoke flour concentrate, 
produced in Latvia at the University of Latvia Institute 
of Microbiology and Biotechnology, where the inulin 
is 48.5 to 50.1% out of the dry weight. PreG6 group (n 
= 10) animals were fed daily with 6 grams of prebiotic 
(it means 12 g of Jerusalem artichoke flour), calves 
PreG12 group (n = 10) were fed with 12 g of prebiotic, 
but each calf in PreG24 (n = 10) group - 24g of prebiotic 
per day. CoG control animals (n = 10) did not receive 
feed supplements. Artichoke powder for eating was 
added to milk for each animal individually. The study 
lasted 8 weeks or 56 days. A similar study framework 
has been used by other authors (Król, 2011).

Health state of the calves was evaluated daily 
during the whole research time period, with a 
particular focus on the stool consistency . Animal 
faeces were evaluated in points, where 0 points score 
was for solid faeces without diarrhea sign, 1 point was 
for soft faeces with maintained consistency, 2 points 
were for liquid ones with lost solidity , but 3 points – 
for watery faeces (Larson et al., 1977).

We fixed animal body weight at the study 
beginning (calves 4 weeks old) and after every two 
weeks (at the age of 6, 8, 10, 12 weeks). Every two 
weeks, during the weight checking, a general health 
check, in determ ining the physiological background 
characteristics, was also carried out.

A planned slaughter of calves at the age of 12 
weeks was carried out, after slaughtering the cold 
carcass weight was determined. MS Excel 2008 and 
the R-Studio were used for the data processing.

Results and Discussions
Animal general health indicators corresponded to 

the physiological normal range in all groups animals. 
Calf faecal mass consistency was evaluated in points 
each day of the research. Faecal mass liquefaction on 
the seventh week of life was observed in all groups of 
animals, which could be due to the fact that the change 
in feed ration happened and calves began to eat the 
fodder. However, the data testified that faecal mass 
consistence of the prebiotic group PreG6 and PreG12 of 
animals was stable within the whole research period 
(Figure 1.).

As Figure 1 shows, after the seven weeks of life, 
when the calves  were used to the new feed product, 
in all calf groups faecal mass consistency becomes 
firmer and more stable, there  appear less and less  
animals with more soft species-appropriate faecal 
mass consistency than normal. It is interesting that 
the animals which were fed with 6g of prebiotic, had 
more stable faecal weight throughout the study than 
the groups that were fed with higher quantity of the 
feed supplement. This could indicate that the digestive 
canal needs a longer adaptation time to get used to 
such a high insulin dose and bacteria to breed at a 
sufficient level and adapt in digestive canal. Strong 
faecal mass liquefaction and diarrhea within a week 
was not observed in the studied animals. At about 
ten weeks of life, calves starte d receiving intensive  
fodder – hay , and animal faecal mass consistency 
began to stabilize. At the end of the research, steady 
faecal mass of about 0.5 points for all animals was 
observed.

B. Król (2011) study also showed that the faecal 
mass consistency of calves treated with prebiotic 
inulin (6g/day/head) and mannon-oligisaccharides 

Figure 1. Various animal group faecal mass consistency comparisons.
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is more stable and steady (typical to animal species) 
than of the control animals, but significant differences 
between the control group and prebiotic animals were 
not found (p>0.05). Statistically significant differences 
between different prebiotic dose groups also were not 
found in this study.

Calf live weight was checked every second week. 
The live weight of all groups at the research start – on 
the first study day, in the mid-period – on the 28th 
study day and at the reasearch conclusion – on the 
56th day are shown in Table 1. Daily live weight gain 
of calves and cold carcass weight average indexes also 
were calculated for each calf group.

Table 1 shows live weight gain average indices for 
different study groups of animals. We found that the 
control group animal weight gain on the 56th research 
day is statistically significantly (p<0.05) lower than of 
the calves that received inulin as a feed supplement. 
The highest growth rates were shown by PreG 12 and 
PreG24 groups of animals, significantly (p<0.05) being 
ahead of PreG 6 group of calves , the highest average 
daily live weight gain was observed in PreG24 group 
(0.95 ± 0.093 kg), but in comparison with the second 
largest growth rate of PreG12 group calves (0.85 ± 0.10 
kg), it is not statistically significantly higher. Both 
groups showed a very high daily live weight gain, 
which can be explained by the sustained action of the 
digestive canal. N. Stolić (2012), by feeding calves 
with prebiotic mannon-oligosaccharides, has also 
demonstrated that a statistically significantly greater 
increase of live weight can be gained in comparison 
with the control group.

When making animal cold carcass mutual 
comparison, we stated that cold carcass weight 
of the control group of anima ls and PreG 6 animal 
group was not statistically significantly higher, but 
having  mutual ly compared PreG6 against PreG12;24 

and CoG against PreG 12;24, we stated that the cold 
carcass weight was statistically significantly higher in  
PreG12;24 than in PreG 6 and CoG (p<0.01).Having 
compared PreG 12 and PreG 24 we calculated that 
cold carcass weight of PreG 24 group animals was 
statistically significantly higher (p<0.05) than of 
PreG12 one.

Conclusions
Feeding calf with inulin improves digestive 

channel functio nality by reducing faecal mass 
liquefaction due to feed change or other stress 
influence. It makes animal gain live weight. Animals 
which were fed with inulin had higher cold carcass 
weight outcome. The animals included into our study 
indicated that the fed quantities of inulin statistically 
significantly increased the animal live weight gain, 
but not faecal mass consistency. We can conclude that 
when feeding an animal with a higher dose of inulin, 
digestive channel requires a longer adaptation and 
faecal consistency mass normalization period. In this 
research we found out that optimal inulin dose (for 
4 – 12weeks old calves) is 6g/day/head or 12g/day/
head of Jerusalem artichoke powder. In general, we 
can conclude that the increase of inulin quantity that is 
fed from the 4th – 12th week of calf life significantly 
influences the calf live weight gain and cold carcass 
weight, but does not statistically significantly affect 
the faecal mass consistency.
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Table 1
Calf weight gain and cold carcass weight

Group
Animal average live weight, kg

at the research day Average daily live 
weight gain, kg

Cold carcass 
weight, kg

1 28 56

CoG 50.8 ± 3.58 68.0 ± 6.63 87.6 ± 8.17 0.63 ± 0.13 42.6 ± 6.88

PreG6 49.8 ± 0.84 76.8 ± 3.11 93.2 ± 4.97 0.76 ± 0.99 44.8 ± 1.00

PreG12 54.0 ± 3.40 77.8 ± 5.63 101.6 ± 5.95 0.85 ± 0.10 54.0 ± 1.66

PreG24 49.8 ± 0.84 79.6 ± 3.11 102.8 ± 5.63 0.95 ± 0.09 50.2 ± 1.82
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Abstract
Platelet-rich plasma (PRP) is an autologous concentrated cocktail of growth factors and inflammatory mediators, 
and has been considered to be potentially effective for cartilage repair. Animal clinical studies suggest that PRP is a 
promising treatment for cartilage injuries and relieving symptoms due to its three biological properties: an anabolic 
effect, enhancement of cartilage regeneration and inhibitition of  inflammation.The aim of this article is to analyze 
the available evidence on the clinical application of this biological approach to animals for the injective treatment of 
cartilage lesions and joint degeneration, and also to support the rationale for the use of platelet concentrates and to 
give indications on what to expect from intra-articular injections of platelet-rich plasma (PRP) in animals. This article 
is a summary of analytical research papers about the use of platelet-rich plasma as a treatment for the osteoarthritis. 
The intra-articular injections do not just target cartilage; instead, platelet-rich plasma might influence the entire joint 
environment, leading to clinical improvement. Many biological variables might influence the clinical outcome and 
have to be studied to optimize PRP injective treatment of cartilage degeneration and osteoarthritis.
Key words: platelet-rich plasma, osteoarthritis, cartilage.

Introduction
A healthy joint requires a fine-tuned balance 

between molecular signals regulating homeostasis, 
damage, restoration, and remodelling. This balance 
is determ ined both at the level of single cells and 
the whole tissue architecture, and it also involves 
interactions among different tissues such as cartilage, 
bone, synovium, ligaments, tendons, and menisci 
(Lores, 2008). Different factors are able to impair the 
maintenance of homeostasis in a joint that has been 
damaged or strained, and they may progressively lead 
to osteoarthritis (Heijink et al., 2012). Osteoarthritis 
(OA) is a progressively debilita ting condition that is 
associated with pain and morbidity . It is associated 
with ageing, trauma or joint congenital development 
abnormalities (dysplasia) and most often affects the 
joints of the knees, elbows, hips. Several treatment 
modalities are available, involving both conservative 
and operative approaches. Non-operative management 
includes analgesics, non-steroidal anti-inflammatory 
drugs (NSAIDS), glucocorticoids, opioids, cartilage 
protective agents (glucosamine  and chondroitin as 
well as physiotherapy). When these treatments fail, 
more invasive sur gical approaches can be attempted 
to restore the mechanical balance and the regeneration 
of the articular surface, although results are still 
controversial (Fortier, Hackett, & Cole, 2011).

The search for a minimally invasive solution to 
improve the status of the joint surface and allow a fast 
return to full act ivity is therefore highly desirable. In 
this landscape, a novel promising injective treatment is 
platelet-rich plasma (PRP), a blood derivative that has 
a higher platelet concentrate than whole blood. When 
activated, platelets release a group of biologically 
active proteins that bind to the transmembrane 
receptors of their target cells, thus leading to the 

expression of gene sequences that ultimately promote 
cellular recruitment, growth, and morphogenesis, and 
modulating inflammation as well (Anitua, Sanchez, & 
Orive, 2010). Therefore, PRP represents an appealing 
biological approach to favour the healing of tissues 
with a low healing potential, such as cartilage. This 
led to the wide use of PRP , which shows promising 
results as a minimally invasive injective treatment of 
cartilage degeneration and OA, both in preclinical and 
clinical studies (Kon et al., 2013). 

The aim of this paper is to analyze the available 
evidence on the clinical application of this biological 
approach to animals for the injective treatment of 
cartilage lesions and joint degeneration and as well 
as to support the rationale for the use of platelet 
concentrates and to give indications on what to expect 
from intra-articular injections of platelet-rich plasma 
(PRP) in animals.

Materials and Methods
Monographic method has been used for this 

article. As the research on use of platelet-rich plasma 
in veterinary medicine in Latvia is quite new, available 
scientific literature from other countries has been 
studied. All animal clinical trials on PRP injective 
treatment concerning the effect of PRP on cartilage, 
synovial tissue, and menisci were studied.

Results and Discussion
Concerning the animal clinical studies dealing 

with PRP injective treatment, we found 18 papers: 6 
on rabbits, 4 on dogs, 3 on rats, 3 on sheeps, 1 on 
horses, and 1 on pigs, which showed heterogeneous 
results for heterogeneous indications.

Seven papers focused on OA  treatment. 
Contrasting results have been reported in the small 
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animal model. In fact, Guner & Buyukbebeci (2012) 
did not find any immediate (2 weeks after the 
injection cycle) benefit of PRP on cartilage tissue 
in rat joints previously damaged with intra-articular 
formalin injection. Mifune et al. (2013) found in a 
rat OA model, induced by monosodium iodoacetate 
injection, that PRP had no marked effect by itself, but 
increased the cartilage repair effect of muscle derived 
stem cells, with a better histologic appearance, higher 
number of cells producing type II collagen, and lower 
levels of chondrocyte apoptosis at 4 weeks, although 
at 12 weeks its effects were lost. Kwon, Park, & Lee 
(2012) confirmed the benefit of PRP in a rabbit model 
of collagenase-induced OA: intra-articular injections 
influenced positively the cartilage regeneration in all 
OA severity degrees, with a more evident effect in 
moderate OA. Fahie et al. (2013) found that a single 
intra-articular injection of an autologous platelet rich-
plasma concentrate significantly improves lameness, 
pain and peak vertical force scores at 12 weeks in 20 
dogs with OA  involving a single joint. Cook et al. 
(2015) performed five PRP injections in canine knee 
joint where the anterior cruciate ligament (ACL) was 
particularly transected and menisci was released. 
PRP-treated knees showed evidence of repair and 
less severe synovitis, also improved range of motion, 
decreased pain, and improved limb function for up 
to 6 months compared to saline-treated joints. Saito 
et al. (2009) used a rabbit OA  model of anterior 
cruciate ligament resection for the treatment with 
gelatin hydrogel microspheres impregnated with PRP: 
injections markedly suppressed OA progression both 
morphologically and histologically (less significant 
results were obtained by the use of PRP only). Finally, 
Carmona et al. (2007) used a large animal model to 
analyze the effect of PRP injections: in a study on 4 
horses with OA, 3 injections of PRP led to a significant 
improvement in both the degree of lameness and 
joint effusion. The most marked improvement was 
observed 2 months after treatment and persisted for 8 
months with no adverse events.

Eleven studies focused on the injective treatment 
of chondral, osteochondral and ligament lesions. Also 
in this case, results were controversial. Serra et al. 
(2013) performed 7 PRP  inject ions every other day 
in rabbit joints where a full-thi ckness osteochondral 
lesion was previously made sur gically on the medial 
femoral condyle. A fibrous–cartilaginous tissue was 
found with no benefit from PRP. Smyth et al. (2015) 
performed one PRP injection in a rabbit knee where 
osteochondral lesion was previously made. There 
was no significant difference in macroscopic scores 
between the two groups, but histologic results were 
better and also greater glycosaminoglycan and type 
II collag en content in the repair tissue. Lee et al. 
(2016) performed a full-thickness circular defect 

on the menisci of rabbit filled with PRP. After eight 
weeks, the lesions in the control and PRP groups were 
occupied with fibrous tissue, but not with meniscal 
cells. PRP  treatment of the meniscus results in an 
increase of cat abolic molecules, especially those 
related to interleukin-1α induced inflammation. Hapa 
et al. (2013) evaluated PRP as augmentation in rat 
cartilage lesions after microfractures: at week 6, the 
microfracture group score was worse than that of the 
PRP microfract ure group, which had an increased 
degree of type II collagen staining. Wei et al. (2007) 
found than chondrocytes/PRP  composites injected 
subcutaneously in rabbits after 2 months form a new 
cartilage. In contrast, no tissue formed in the PRP-
alone group. So results suggest the feasibility of using 
PRP as injectab le scaffold seeded with chondrocytes 
to regenerate cartilage and showed the potential of 
using this method for the reconstruction of cartilage 
defects. Milano et al. (2010) used one PRP  injection 
as augmentation procedure of microfracture in a 
sheep model. Although no hyaline cartilage was 
obtained, PRP offered better macroscopic, histologic, 
and biomechani cal results. The PRP administration 
modality proved to be important for the final outcome, 
with better results when PRP was surgically applied as 
a gel over the treated lesion. However, this required a 
more invasive approach. Thus, in a further evaluation 
in sheep, Milano et al. (2011, 2012) focused on the 
injective approach: 5 weekly injections of PRP  
promoted a better spontaneous repair and also a 
better and more durable reparative response when 
applied after microfractures with respect to isolated 
microfractures, albeit without producing hyaline 
cartilage. Murray et al. (2006) used collagen-PRP  
scaffold to treat a central anter ior cruciate ligament 
(ACL) defect in 10 dogs. Biomechanically , the 
treated ACL defects had a 40% increase in strength 
at 6 weeks, which was significantly higher than the 
14% increase in strength of untreated defects. Xie 
et al. (2013) observed the increased expression of 
vascular endothelial growth factor , neurotrophin-3, 
thrombospondin-1 and nerve growth factor in canine 
ACL grafts treated with PRP at 2, 6 and 12 weeks after 
surgery. 

Finally, only 1 paper focused on rheumatoid 
arthritis (RA). Lippross et al. (2011) reproduced RA 
in pigs: the animals were systemically immunized by 
bovine serum albumin (BSA) injections, and arthritis 
was induced by intra-articular BSA injection. The 
injection of PRP attenuated the arthritic changes on 
synovium and cartilage by modulating the activity of 
inflammation mediators. In particular, interleukin-6 
(IL-6) and vascular endothelial growth factor (VEGF) 
staining was reduced, but concerning gene expression, 
only IL-6 levels were significantly lower after PRP 
application. Focusing on protein quantification, all 
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chondral protein  concentrations  returned to healthy 
tissue levels, and in synovial samples, besides the 
low levels of IL-6 and VEGF, the authors showed a 
reduction in insulin-like growth factor (IGF-1) and 
interleukin-1β (IL-1β) in PRP groups, whereas tumor 
necrosis factorα (TNFα) was not altered. So they 
conclude that treatment with PRP led to attenuation of 
these arthritic changes in the synovium and cartilage.

This systematic review confirmed the increasing 
interest in PRP as an injective treatment for cartilage 
degeneration and osteoarthritis , with an increasing 
number of published studies over time. PRP  is a 
fashionable treatment, offering the possibility to deliver 
a high concentration of autologous growth factors 
and bioactive molecules in physiologic proportions, 
with low costs and in a minimal ly invasive way. This 
explains the wide application of this blood derivative 
to several tissues and heterogeneous pathologies 
in different fields of medicine (Kon et al., 2012). 
The rationale for using platelets for the treatment of 
different tissues is that they constitute a reservoir of 
growth factors that are critical for regulating the tissue 
healing process, which is quite similar in all kinds of 
tissues. However, even though the rationale for PRP 
use in other tissues is clear , since platelets represent 
the first response to a tissue damage where they 
participate in stopping the vessel bleeding and trigger 
the healing cascade (Cole et al., 2010), less intuitive 
is the rationale for PRP use in cartilage, which is a 
physiologically vessel-free tissue. 123 molecules such 
as transforming growth factor beta might justify its use 
in cartilage; PRP also contains other molecules such 
as vascular endothelial growth factor that do not take 
part or might even jeopardize cartilage homeostasis 
and regeneration (Mifune et al., 2013).

The systematic analysis of studies published up 
to now shows an overall positive ef fect of PRP  on 
cartilage tissue. Besides some controversial results, 
most of the findings supported the role of PRP in 
increasing chondrocyte proliferation, without affecting 
chondrogenic phenotype and with an increase in the 
production of matrix molecules. Studies confirmed 
the usefulness of PRP treatment in different pathology 
models, with good results in cartilage regeneration 
after acute focal lesions, as well as in the more complex 
environment of joint osteoarthritic degeneration, and 
even in the challenging rheumatoid arthritis setting. 

An intra-articular injection does not just tar get 
cartilage, instead, PRP might influence the entire joint 
environment, and some studies confirm the effects of 
PRP on other cell sources. Synoviocytes are affected 
by platelet releasate, as well as meniscal cells that 
seem to be induced by PRP  and act syner gically 
toward tissue healing. PRP has several potential effects 
by enhancing the cell signalling cascade in all joint 
tissues and inducing positive changes in the whole 

joint environment through a milieu of actions. Among 
these, tissue regeneration is actually not the only and 
maybe not the most important  PRP  mechanism of 
action, and increasing evidence supports the complex 
role of PRP in modulating inflammation. An overall 
down-modulation of the joint inflammation can 
explain the well-documented pain reduction, which is 
the most prominent and disabling symptom of cartilage 
lesions and OA. However, some findings suggest 
another intriguing aspect of PRP  action mechanism, 
with a direct analgesic effect: Lee et al. (2016) showed 
the role of PRP in the augmentation of cannabinoid 
receptors CB1 and CB2, which might be involved in 
the analgesic effects. Further studies need to focus on 
understanding and possibly optimizing the analgesic 
and anti-inflammatory effects of PRP. PRP might not 
lead to hyaline cartilage regeneration and might not 
change the clinical history with significant disease- 
modifying properties, but it still might offer a clinical 
benefit with symptoms and function improvement and 
possibly a slowdown of the degenerative processes. 
The central feature in OA  cartilage degeneration is 
the so-called apoptosis (programmed cell death); 
thus, chondrocytes apoptosis is a potential therapeutic 
target for OA  interventions. The exact mechanism 
behind the PRP regulation of the apoptotic pathway is 
unclear, but it is likely that PRP might have an overall 
effect in slowing down the apoptosis cascade.

PRP injections seem to be safe, as we did not 
find adverse events reported in animal studies. Many 
studies have a small animal group or amount of cases, 
thereby they are not representative. Therefore, more 
high-quality trials are required.

Several aspects still need to be studied to 
understand the mechanism of action of PRP  and 
give better trea tment indications, and possibly to 
optimise the procedure and improve the potential of 
this biological minimally invasive approach for the 
treatment of cartilage.

Conclusions
Research findings derived from animal clinical 

studies suggest that PRP is a promising treatment 
for cartilage injuries and relieving symptoms due to 
its three biological properties. Firstly, PRP has an 
anabolic effect on chondrocytes and synoviocytes 
with resultant increases in cell proliferation and 
secretion of hyaluronic acid. Secondly , PRP may act 
as a bioactive cell scaffold to fill defects and enhance 
cartilage regeneration. Thirdly, PRP has the potential 
to inhibit inflammation and alleviate OA symptoms. 
Many biological variables might influence the clinical 
outcome and have to be studied to optimize PRP 
injective treatment of cartilage degeneration and 
osteoarthritis. 
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Abstract 
The objective of the study was to investigate the correlation between the milk urea (MU), milk yield and reproductive 
performance using milk recording tests and the health check results. Weak to average negative correlation was found 
between MU and the milk yield (r = -0.44 and r = -0.34; p>0.05), milk protein (r = -0.22; p<0.05) and milk freezing 
point (r = -0.33; p<0.01). Higher milk fat was found in cow milk with MU below 30 mg dL-1 in comparison with 
cow milk which had MU above 30 mg dL-1, 4.0 ± 0.77% and 3.9 ± 0.75%, respectively. High MU fluctuations within 
a cow group can be observed if cows of dif ferent productivity levels are grouped together or if there are too many 
animals in one group. Correlations between MU and times of artificial insemination or the service period were not 
established, possibly due to successful veterinary measures. In conclusion we emphasize the necessity on large dairy 
farms to analyse MU concentration in relation to milk protein and fat concentration for individual animals and in each 
feeding group separately. The study was the part of the State Research Project (AgroBioRes) No. 2014.10-4/VPP-7/5; 
subproject VP29.
Key words: cow, productivity, milk urea, freezing point.

Introduction
With increasing productivity of dairy cows 

special attention should be paid to properly balanced 
feeding so, that achieving of a high milk yield would 
also allow to avoid diseases and promote longevity 
of cows. In lar ge-scale dairy operations, frequent 
re-grouping and feeding of cows in line both with 
their productivity and the physiological period, each 
time ensuring a dif ferent energy and protein level 
sometimes can be highly cumbersome. One of the 
feeding quality testing methods is evaluation of the 
chemical milk ingredients: fat and protein levels, 
their interrelations, as well as the urea concentration 
assay. Milk urea (MU) or milk urea nitrogen (MUN) 
can be established in the laboratory. In Latvia, MU is 
tested at Dairy Laboratory Ltd; its optimum level in 
milk is prescribed at 12 − 16 mg dL-1 (Young, 2001), 
15 − 30 mg dL-1 (Bijgaart, 2003), or 20 − 30 mg dL-1 

(Noordhuizen, 2012).
Urea is a decom position side-product of amino 

acids or nitrogen substances (NH 3): a substance of 
low molecular weight that is formed in liver and 
distributed with blood stream over the whole body 
system reaching the uterus cavity, ovarian follicular 
fluid, as well as secreted with milk and urine 
(Hammon, Holyoak, & Dhiman, 2005; Latimer , 
Mahaffey, & Prasse, 2003). MU describes the amount 
of rumen protein and its balance with highly digestible 
carbohydrates. This indicator and its compensation is 
easily influenced also by the quality of feed materials, 
the nitrogen amount they contain, rumen-degradable 
protein (Noordhuizen, 2012; Godden, Lissemore, & 
Kelton, 1984), as well as the dry matter content of 
the feed ingested (Husband & Vecqueray, 2012) and 
genetic traits (Rzewuska & Strabel, 2015).  An excess 
urea level in cow’s organism has an adverse impact on 

reproductive performance (Nourozi et al., 2010; Butler, 
2005; Melendez, Donovan, & Hernandez, 2000) and 
the body condition score (Kessell, 2015). It has been 
established that at low milk protein concentration 
related to eleva ted or lowered MU concentration, 
cows would have silent heats, breeding problems and 
early embryonic mortality (Noordhuizen, 2012).

Freezing point of milk is one of the milk quality 
indicators. Despite the fact that the milk composition is 
subject to certain fluctuations within the physiological 
range, this parameter is relatively constant and its 
physiological boundaries are set between − 0.468  
and − 0.531 °C (Buchberger, 2000) or between −  
0.527 °C and − 0.535 °C (Jonkus et al., 2008). In Latvia 
Dairy Laborato ry Ltd. according to the European 
Cooperation for Accreditation has prescribed that the 
freezing point of milk should not be higher than − 
0.520 °C. This parameter is actually fixed for practical 
purposes to enable the detection of water in milk as 
the latter is known to materially decrease the value 
of this temperature approximating it to zero degrees. 
Freezing point of milk could be influenced by the 
particular breed of the cows, lactation period, feeding, 
geographic area where the cows are located, season of 
the year, as well as the composition of milk (Ruska, 
2014; Kedzierska-Matysek et al., 2011; Hanuš et al., 
2011; Jonkus et al., 2008). The cows with a higher 
urea level in milk have also a higher freezing point 
of milk which is explained by higher milk protein 
concentration (Kedzierska-Matysek et al., 201 1; 
Hanuš et al., 2011). Other authors in their turn (Jonkus 
et al., 2008) draw a conclusion that  neither MU nor 
milk yield has any impact on freezing temperature of 
milk nor these factors have any correlation.

The aim of the study was to investigate the 
correlation between the MU and the milk yield and 
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reproductive performance using milk recording tests 
obtainable in the herd health check visits on productive 
dairy farms. 

Materials and Methods
The study was performed on the basis of the milk 

recording data and herd health visit results on two 
dairy farms: X and Y. The correlation between the 
MU and the milk yield and reproductive performance 
was analysed for cows in early lactation period in the 
herd X, but in the herd Y only MU and productivity 
interrelations were evaluated. 

The milk yield in the herd X was 8500 kg per cow 
in a year, but in the herd Y it was 8000 kg per cow in a 
year. On both farms, cows were kept in free stall barns 
and fed with the total mixed ration (TMR) calculated 
with software. On both farms, TMR consisted of 
grass silage, rape cakes, wheat grain and mineral 
additives. The cows were grouped according to their 
physiological period. On farm X with 350 lactating 
cows, data analysis was carried out for early lactating 
cow group from December of 2014 to December of 
2015. The overall number of lactating cows in this 
group was 123 ± 4 cows each month despite the fact 
that 70 cows were planned in project sites. Within the 
study, quantitati ve, qualitative and biochemical data 
of milk were analysed: milk yield, freezing point of 
milk, concentration of fat, protein, lactose and MU 
as well as the amount of ener getically corrected milk 
(ECM) were calculated. On the farm Y, the average 
quantitative data of the entire lactating herd of 250 
cows were calculated over the period of 10 months. 

The milk tests were performed at Dairy Laboratory 
Ltd., ISO 9622 / IDF 141:2013. Laboratory registration 
number LA TAK-T-283-11-2003, accreditation 
standard: LVS EN ISO/IEC 17025:2005. ECM was 
calculated according to the formula prescribed by 
Agricultural Data Centre: 

Materials and Methods 
The study was performed on the basis of the milk recording data and herd health visit results on two dairy farms: 
X and Y. The correlation between the MU and the milk yield and reproductive performance was analysed for cows 
in early lactation period in the herd X, but in the herd Y only MU and productivity interrelations were evaluated. 

The milk yield in the herd X was 8500 kg per cow in a year, but in the herd Y it was 8000 kg per cow in 
a year. On both farms, cows were kept in free stall barns and fed with the total mixed ration (TMR) calculated 
with software. On both farms, TMR consisted of grass silage, rape cakes, wheat grain and mineral additives. The 
cows were grouped according to their physiological period. On farm X with 350 lactating cows, data analysis was 
carried out for early lactating cow group from December of 2014 to December of 2015. The overall number of 
lactating cows in this group was 123 ± 4 cows each month despite the fact that 70 cows were planned in project 
sites. Within the study, quantitative, qualitative and biochemical data of milk were analysed: milk yield, freezing
point of milk, concentration of fat, protein, lactose and MU as well as the amount of energetically corrected milk 
(ECM) were calculated. On the farm Y, the average quantitative data of the entire lactating herd of 250 cows were 
calculated over the period of 10 months. 

The m ilk t ests were pe rformed a t D airy L aboratory L td., I SO 9 622 /  I DF 14 1:2013. L aboratory 
registration number LATAK-T-283-11-2003, accreditation standard: LVS EN ISO/IEC 17025:2005. ECM was 
calculated according to the formula prescribed by Agricultural Data Centre: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘)𝑥𝑥𝑥𝑥 (0.383𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)+(0.242𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)+0.7832
3.140

   (1),

where ECM - energetically corrected milk, MF- milk fat and MP-milk protein. Reproductive data of cows were 
obtained from the co mputerised archives o f the Farm X a nd analysed across the period of 12 m onths: service 
period and number of artificial inseminations. On farm Y, data were obtained just to evaluate the tendencies of 
milk yield and urea correlations in the herd with similar productivity and nutrition. On both farms, different was 
only the feeding management: on the farm X, TMR was given two times per day – every time more than two hours 
cows were without feed, but on the farm Y, TMR was given one t ime per day – cows were less than 2  hours 
without feed every day. The feed secondary fermentation was established organoleptically during the farm visits. 
Data statistical analyses were performed with SPSS17 software (to calculate independent samples t-test, average, 
standard d eviation, b ivariate P earson’s co rrelation a s well a s to  e stablish p -value) a nd gr aphic f igures were 
prepared with Excel program.

Results and Discussion 
In 2015, on farm X, the monthly average milk yield for cows on the upward lactation curve varied within 

the limits from 31.0 ± 5.8 kg to 38.0 ± 7.6 kg reaching the peak in December, while the MU average concentration 
was from 24.8 ± 5.8 mg dL-1 up to 38.3 ± 5.8 mg dL-1, respectively, peaking in May (Figure1). It should be noted 
that the milk yield increase stabilised when the MU level had decreased below 35 mg dL-1.

Figure 1. Dynamics of MU and milk yield on Farm X on lactation day 5-60, (n = 123), (r = -0.44; p>0.05).

In farm Y in 2015, the average monthly milk yield varied within the limits of 29.1 ± 7.8 kg to 32.7 ± 8.40 
kg while the MU level in monthly yield ranged from 20.0 ± 9.2 mg dL-1 to 31.3 ± 5.9 mg dL-1 (Figure 2). The MU 
level and the milk yield maximum did not coincide in this test version between farms X and Y. In both herds, a 
weak negative correlation was established between the milk yield and MU: on Farm X, r = -0.44, while on farm 
Y was r = -0.34. It is known that high amounts of nitrogen substances in feed increase the formation of ammonia 
in the rumen. In its transformation to urea, liver uses up more energy which is also required for the synthesis of 
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where ECM - energetically corrected milk, MF- milk 
fat and MP-milk protein. Reproductive data of cows 
were obtained from the computerised archives of the 
Farm X and analysed across the period of 12 months: 
service period and number of artificial inseminations. 
On farm Y, data were obtained just to evaluate the 
tendencies of milk yield and urea correlations in the 
herd with similar productivity and nutrition. On both 
farms, different was only the feeding management: 
on the farm X, TMR was given two times per day – 
every time more than two hours cows were without 
feed, but on the farm Y, TMR was given one time per 
day – cows were less than 2 hours without feed every 
day. The feed secondary fermentation was established 
organoleptically during the farm visits. Data statistical 
analyses were performed with SPSS17 software 
(to calc ulate independent samples t-test, average, 
standard deviation, bivariate Pearson’s correlation as 
well as to establish p-value) and graphic figures were 
prepared with Excel program.

Results and Discussion
In 2015, on farm X, the monthly average milk 

yield for cows on the upward lactation curve varied 
within the limits  from 31.0 ± 5.8 kg to 38.0 ± 7.6 kg 
reaching the peak in December, while the MU average 
concentration was from 24.8 ± 5.8 mg dL-1 up to 38.3 ± 
5.8 mg dL-1, respectively, peaking in May (Figure1). It 
should be noted that the milk yield increase stabilised 
when the MU level had decreased below 35 mg dL-1. 

In farm Y in 2015, the average monthly milk 
yield varied within the limits of 29.1 ± 7.8 kg to 
32.7 ± 8.40 kg while the MU level in monthly yield 
ranged from 20.0 ± 9.2 mg dL -1 to 31.3 ± 5.9 mg dL -1  
(Figure 2). The MU level and the milk yield maximum 
did not coincide in this test version between farms 
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registration number LATAK-T-283-11-2003, accreditation standard: LVS EN ISO/IEC 17025:2005. ECM was 
calculated according to the formula prescribed by Agricultural Data Centre: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘)𝑥𝑥𝑥𝑥 (0.383𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)+(0.242𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥)+0.7832
3.140

   (1),

where ECM - energetically corrected milk, MF- milk fat and MP-milk protein. Reproductive data of cows were 
obtained from the co mputerised archives o f the Farm X a nd analysed across the period of 12 m onths: service 
period and number of artificial inseminations. On farm Y, data were obtained just to evaluate the tendencies of 
milk yield and urea correlations in the herd with similar productivity and nutrition. On both farms, different was 
only the feeding management: on the farm X, TMR was given two times per day – every time more than two hours 
cows were without feed, but on the farm Y, TMR was given one t ime per day – cows were less than 2  hours 
without feed every day. The feed secondary fermentation was established organoleptically during the farm visits. 
Data statistical analyses were performed with SPSS17 software (to calculate independent samples t-test, average, 
standard d eviation, b ivariate P earson’s co rrelation a s well a s to  e stablish p -value) a nd gr aphic f igures were 
prepared with Excel program.

Results and Discussion 
In 2015, on farm X, the monthly average milk yield for cows on the upward lactation curve varied within 

the limits from 31.0 ± 5.8 kg to 38.0 ± 7.6 kg reaching the peak in December, while the MU average concentration 
was from 24.8 ± 5.8 mg dL-1 up to 38.3 ± 5.8 mg dL-1, respectively, peaking in May (Figure1). It should be noted 
that the milk yield increase stabilised when the MU level had decreased below 35 mg dL-1.

Figure 1. Dynamics of MU and milk yield on Farm X on lactation day 5-60, (n = 123), (r = -0.44; p>0.05).

In farm Y in 2015, the average monthly milk yield varied within the limits of 29.1 ± 7.8 kg to 32.7 ± 8.40 
kg while the MU level in monthly yield ranged from 20.0 ± 9.2 mg dL-1 to 31.3 ± 5.9 mg dL-1 (Figure 2). The MU 
level and the milk yield maximum did not coincide in this test version between farms X and Y. In both herds, a 
weak negative correlation was established between the milk yield and MU: on Farm X, r = -0.44, while on farm 
Y was r = -0.34. It is known that high amounts of nitrogen substances in feed increase the formation of ammonia 
in the rumen. In its transformation to urea, liver uses up more energy which is also required for the synthesis of 
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X and Y. In both herds, a weak negative correlation 
was established between the milk yield and MU: on 
Farm X, r = -0.44, while on farm Y was r = -0.34. It 
is known that high amounts of nitrogen substances in 
feed increase the formation of ammonia in the rumen. 
In its transformation to urea, liver uses up more 
energy which is also required for the synthesis of milk 
in the udder. This results in less milk and more MU in 
milk than in a situation when the amount of nitrogen 
substances in feed ration stays on an optimum level 
(Noordhuizen, 2012). It is possible that the MU 
level was incre ased due to secondary fermentation 
of silage in poorly sealed silos. Furthermore, over 
lengthy storage period in the second half of winter, the 
material has been exposed to air after opening of the 
bulky storage bunker, in the process of daily removal 
of the silage or due to excessively long use of silage 
from the same bunker silo.

Analysing data of the farm X in greater detail, it 
has been established that in the course of one year for 
16.4% of cows (n = 219) in the early lactation period, 
the protein level in milk was below 2.9%. The MU 
level for these cows was 32.8 ± 7.8 mg dL -1, while 
the ECM amount was 38.2 ± 8.6 kg. For 12% of cows 
in their turn (n = 160), the protein level in milk was 
above 3.5% with MU in milk 25.7 ± 6.3 mg dL -1and 
ECM 40.7 ± 9.9 kg. Concerning cows with low milk 
protein, the urea level stays higher 30 mg dL-1 and the 
milk yield is lower , and it should be concluded that 
the amount of rumen-digestible proteins in their feed 
has been insufficient. Cows with high milk protein 
however had optimum MU level suggesting that 
they were fed with a well-balanced ration. If, over 
early lactation curve period the milk protein level 
is low for more than 20% of cows, it suggests that 

feed energy deficient exist (Noordhuizen, 2012). On 
Farm X, a trend was observed that cows with varied 
MU level have different milk protein level, as well 
as the calculated ECM. For animals with MU below 
20 mg dL -1, the milk protein was 3.3 ± 0.0.41% and 
ECM 39.8 ± 8.97 kg, respectively , while for cows 
with an optimum  MU (20-30 mg dL -1), it was 3.2 ± 
0.31% and 40.4 ± 8.72 kg, respectively. For cows with 
MU exceeding 30 mg dL-1, it was 3.1 ± 0.27% and 
39.8 ± 7.90 kg, respectively . Thus, the highest ECM 
was obtained from cows with optimum MU amount. 
The present study established a weak negative but 
significant correlation between MU and the milk 
protein level (r = -0.17, p<0.001).

On farm X over the whole period of study , the 
group of early lactation cows had received feeding 
ration not appropriate to all animals because of highly 
varied daily milk yield: from below 20 kg to above 50 
kg (Figure 3). For low-producing cows, the urea level 
was elevated indicating ineffective use of nitrogen 
in the animal system. The feed ration was the most 
effective for cows with the mil k yield above 50 kg, 
the MU of which was lower than for other cows in 
the same group. To avoid over -conditioning of low 
productivity cows or their falling sick with metabolic 
or reproductive tract diseases, it is advisable to group 
animals not only on the basis of their days in lactation 
but also the production level. Besides, wasteful 
consumption of protein feeds for low producers would 
increase the leakage of nitrogen in the surrounding 
environment through faeces.

The conclusion drawn from the data obtained in 
2015 is that the first calf heifers on farm X had lower 
productivity than mature cows − 33.8 ± 6.6 kg and 
39.7 ± 8.7 kg per cow per day (p<0.001), respectively, 
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milk in the udder. This results in less milk and more MU in milk than in a situation when the amount of nitrogen 
substances in feed ration stays on an optimum level (Noordhuizen, 2012). I t is possible that the MU level was 
increased due to secondary fermentation of silage in poorly sealed silos. Furthermore, over lengthy storage period 
in the second half of winter, the material has been exposed to air after opening of the bulky storage bunker, in the 
process of daily removal of the silage or due to excessively long use of silage from the same bunker silo.

Analysing data of the farm X in greater detail, it has been established that in the course of one year for 
16.4% of cows (n = 219) in the early lactation period, the protein level in milk was below 2.9%. The MU level for 
these cows was 32.8 ± 7.8 mg dL-1, while the ECM amount was 38.2 ± 8.6 kg. For 12% of cows in their turn (n = 
160), the protein level in milk was above 3.5% with MU in milk 25.7 ± 6.3 mg dL-1and ECM 40.7 ± 9.9 kg.  
Concerning cows with low milk protein, the urea level stays higher 30 mg dL-1 and the milk yield is lower, and it 
should be concluded that the amount of rumen-digestible proteins in their feed has been insufficient. Cows with 
high milk protein however had optimum MU level suggesting that they were fed with a well-balanced ration. If, 
over early lactation curve period the milk protein level is low for more than 20% of cows, it suggests that feed 
energy deficient exist (Noordhuizen, 2012). On Farm X, a trend was observed that cows with varied MU level 
have different milk protein level, as well as the calculated ECM. For animals with MU below 20 mg dL-1, the milk 
protein was 3.3 ± 0.0.41% and ECM 39.8 ± 8.97 kg, respectively, while for cows with an optimum MU (20-30 mg 
dL-1), it was 3.2 ± 0.31% and 40.4 ± 8.72 kg, respectively. For cows with MU exceeding 30 mg dL-1, it was 3.1 ± 
0.27% and 39.8 ± 7.90 kg,  r espectively. T hus, t he hi ghest ECM was obtained f rom cows with optimum M U 
amount. The present study established a weak negative but significant correlation between MU and the milk protein 
level (r = -0.17, p<0.001).

Figure 2. Dynamics of MU and milk yield on Farm Y. (n = 250), (r = -0.34, p>0.05).

On farm X over the whole period of study, the group of early lactation cows had received feeding ration 
not appropriate to all animals because of highly varied daily milk yield: from below 20 kg to above 50 kg (Figure 
3). For low-producing cows, the urea level was elevated indicating ineffective use of nitrogen in the animal system. 
The feed ration was the most effective for cows with the milk yield above 50 kg, the MU of which was lower than 
for other cows in the same group. To avoid over-conditioning of low productivity cows or their falling sick with 
metabolic or reproductive tract diseases, it is advisable to group animals not only on the basis o f their days in 
lactation but also the production level. Besides, wasteful consumption of protein feeds for low producers would 
increase the leakage of nitrogen in the surrounding environment through faeces.
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their fat content  in milk was also lower: 3.8 ± 6.7% 
versus 4.1 ± 4.1% (p<0.001), milk protein was found 
to be 3.2 ± 0.3% versus 3.3 ± 0.4% (p<0.05) and 
they had a trend towards higher MU: 31.4 ± 7.6 mg 
dL-1 and 30.8 ± 7.7 mg dL -1 respectively (p = 0.06). 
Recalculating the daily milk yield to ECM, the 
differences in productivity are even more evident, the 
daily average ECM for first calf heifers was 32.2 ± 5.7 
kg, while for mature cows it was 39.4 ± 8.0 kg per cow 
per day (p<0.001). 

In the early lactation group of farm X the monthly 
average number of cows were 123 ± 4, while the 
feeding table allowed access to only 70 animals at 
one tim e. In the herd hierarchy , if kept in one and 
the same group, the first half heifers usually find 
themselves lower than mature cows. Consequently, 
the first calf heifers gain access to the feed table only 
after the stronger cows have already eaten. In one 
of the herd X health check visits it was established 
that TMR had been excessively dry. This gives 
an opportunity for cows to sort feed eating up the 
tastier bits, i.e. concentrates, first. Possibly, the first 
calf heifers mostly get just silage. It means that the 
feed ration for the first lactation cows is richer in 
nitrous substances and poorer in less highly digestible 
carbohydrates than for older cows. The conclusion to 
be drawn is that  cows consuming more concentrates 
produce a higher milk yield with the higher milk 
protein level due to less ammonia found in their liver 
which has to be transformed into urea. Consequently , 
the high producing cows use up nitrogen substances 
more completely and the latter are less excreted into 
environment.

On Farm X, a statistically significant negative 
weak correlation was established between MU and 

the freezing point of milk (r = -0.33; p<0.01) as well 
as between MU and milk protein level (r = -0.22; 
p<0.05). The results of our study differ from findings 
published by other authors (Kedzierska-Matysek et 
al., 2011; Hanuš et al., 2011) who had found that cows 
with higher MU would demonstrate also a higher 
freezing point of milk, explained by higher milk 
protein concentration. Distinctive conclusions have 
been drawn also by other Latvian scientists (Jonkus 
et al., 2008): MU and the milk yield have no relation 
to freezing point of milk and these factors do not exert 
influence on one another.

Within the research period, on farm X, a weak 
positive correlation between MU and the number of 
artificial insemination was established for all cows 
(r = 0.12; p<0.001) despite the earlier findings in 
research literature which assert a significant negative 
impact of high urea in the cow’ s body system on 
their reproductive performance especially among 
the first calf heifers (Nourozi et al., 2010). Another 
veterinary medical science publication points out that 
reproductive problems in cows are observed only if 
at increased MU, the milk protein remains in norm or 
below it (Noordhuizen, 2012). In farm  X, cows with 
MU concentration of up to 35 mg dL -1 have had 1.63 
± 0.99 artificial inseminations (AI) per pregnancy on 
average, while cows with MU level above 40 mg dL-1, 
have had 1.71 ± 1.10 AI per pregnancy (p>0.05). The 
impact of other factors on reproductive performance 
of anim als in research herds cannot be excluded 
either, e.g. the subacute rumen acidosis or ketosis 
which appears due to irrelevant grouping of animals 
or the heat stimulation with hormones practiced by 
veterinarians on cows with reproductive problems. 
As the result, within the present research study, an 

Figure 3. Milk yield and MU in relation to productivity of cows in the early lactation group over one year period 
on the farm X.

The conclusion drawn from the data obtained in 2015 is that the first calf heifers on farm X had lower 
productivity than mature cows − 33.8 ± 6.6 kg and 39.7 ± 8.7 kg per cow per day (p<0.001), respectively, their fat 
content in milk was also lower: 3.8 ± 6.7% versus 4.1 ± 4.1% (p<0.001), milk protein was found to be 3.2 ± 0.3% 
versus 3.3 ± 0.4% (p<0.05) and they had a trend towards higher MU: 31.4 ± 7.6 mg dL-1 and 30.8 ± 7.7 mg dL-1 

respectively (p = 0.06). Recalculating the daily milk yield to ECM, the differences in productivity are even more 
evident, the daily average ECM for first calf heifers was 32.2 ± 5.7 kg, while for mature cows it was 39.4 ± 8.0 kg 
per cow per day (p<0.001). 

In the early lactation group of farm X the monthly average number of cows were 123 ± 4, while the 
feeding table allowed access to only 70 animals at one time. In the herd hierarchy, if kept in one and the same 
group, the first half heifers usually find themselves lower than mature cows. Consequently, the first calf heifers 
gain access to the feed table only after the stronger cows have already eaten. In one of the herd X health check 
visits it was established that TMR had been excessively dry. This gives an opportunity for cows to sort feed eating 
up the tastier bits, i.e. concentrates, first. Possibly, the first calf heifers mostly get just silage. It means that the feed
ration for the first lactation cows is richer in nitrous substances and poorer in less highly digestible carbohydrates 
than for older cows. The conclusion to be drawn is that cows consuming more concentrates produce a higher milk 
yield with the higher milk protein level due to less ammonia found in their liver which has to be transformed into 
urea. Consequently, the high producing cows use up nitrogen substances more completely and the latter are less 
excreted into environment.

On Farm X, a statistically significant negative weak correlation was established between MU and the 
freezing point of milk (r = -0.33; p<0.01) as well as between MU and milk protein level (r = -0.22; p<0.05). The 
results of our study differ from findings published by other authors (Kedzierska-Matysek et al., 2011; Hanuš et 
al., 2011) who had found that cows with higher MU would demonstrate also a higher freezing point of milk, 
explained by higher milk protein concentration. Distinctive conclusions have been drawn also by other Latvian 
scientists (Jonkus et al., 2008): MU and the milk yield have no relation to freezing point of milk and these factors 
do not exert influence on one another.
  Within the research period, on farm X, a weak positive correlation between MU and the number of 
artificial insemination was established for all cows (r = 0.12; p<0.001) despite the earlier findings in research 
literature which assert a significant negative impact of high urea in the cow’s body system on their reproductive 
performance especially among the first calf heifers (Nourozi et al., 2010). Another veterinary medical science 
publication points out that reproductive problems in cows are observed only if at increased MU, the milk protein 
remains in norm or below it (Noordhuizen, 2012). In farm  X, cows with MU concentration of up to 35 mg dL-1

have had 1.63 ± 0.99 artificial inseminations (AI) per pregnancy on average, while cows with MU level above 40 
mg dL-1, have had 1.71 ± 1.10 AI per pregnancy (p>0.05). The impact of other factors on reproductive performance 
of animals in research herds cannot be excluded either, e.g. the subacute rumen acidosis or ketosis which appears 
due to irrelevant grouping of animals or the heat stimulation with hormones practiced by veterinarians on cows 
with reproductive problems. As the result, within the present research study, an insignificantly shorter service 
period was established for the cows with higher MU than ones with lower MU: for cows with MU above 40 mg 
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insignificantly shorter service period was established 
for the cows with higher MU than ones with lower MU: 
for cows with MU above 40 mg dL-1 the service period 
was 96 ± 36.8 days on average, for cows with MU 35 
− 40 mg dL-1 it was 98 ± 38.4, while for cows with MU 
below 30 mg dL -1, the service period established was 
108 ± 54.4 days. High urea level in milk correlates 
with its higher concentration in follicular liquid and 
intrauterine environment. High urea content in cows’ 
body system hinders their fertility (Butler, 2005; 
Melendez et al., 2000). It should be noted that on farm 
X, the average productive life of cows is just 2.2 ± 
1.20 lactations. In 2015, the first and second lactation 
cows made up 67.4% of the herd, while there were 
only 26.9% of third lactation cows and 5.7% cows of 
later lactations in the herd. These are economically 
alarming results calling for more in-depth future 
analysis of cow culling and involuntary slaughtering 
reasons with an aim of increasing the productive life 
of dairy animals. 

Conclusions 
In both herds, a weak negative correlation was 

established between the MU concentration and the 
milk yield, and MU and milk protein level on farm X. 

MU is a good indicator to control the optimum use of 
rumen degradable protein by the cow’s body system 
and decrease the nitrogen excretion into environment. 
Deviations of MU from the norm may testify not 
only to the need to correct the rumen degradable 
protein (nitrogen substances) amount in the feed 
ration or the adjustment thereof with highly digestible 
carbohydrates but also point to substantial mistakes in 
the grouping of cows or preparing of feed. Essential 
changes in reproductive indicators of cows (number 
of AI per pregnancy, the length of service period) for 
cows with increased MU concentration influenced 
by hormones induced heat practiced on the farm X 
has not been established by the present research. The 
statistical analysis of data obtained on research farms 
is continued in order to establish the relation between 
biochemical components of milk, including MU with 
metabolic diseases of cows.
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Abstract 
This study was designed with the aim to determine the impact of residual antibiotics on haematological and 
biochemical constituents of broiler chickens’ blood. For this, one-day-old chickens were randomly divided into four 
equal groups with 10 individuals in each group (n  = 40). All groups of chickens fed with commercial basal diet; 
the first group considered as control, fed only with basal ration; the feed of the second, third and fourth groups of 
chicken were supplemented with amoxystin, tetracycline and chloramphenicol, respectively. Antibiotics were given  
daily, individually, in sub-therapeutic concentrations: amoxystin at the dosage 10 mg kg-1, tetracycline and 
chloramphenicol – 20 mg kg -1 of the chicken’s weight for 41 days. The blood parameters were measured at the end 
of experiment on the 42nd day. In comparison with the control group, decreasing of leukocytes was observed in the 
2nd and 4th groups, and increasing in the 3rd group of broilers. The concentration of erythrocytes and hemoglobin 
was reduced in the 2nd group and hematocrit was higher in the 3rd and 4th groups (p≤0.01). The total protein was 
decreased by 22% in the 2nd group, 16% – in the 3rd and 4th groups as compared to the control group (p≤0.01) in 
blood serum. The concentration of glucose was decreased by 45.8, 46.5 and 51.5% in the second, third and fourth 
groups of treated birds, respectively, compared to those of birds in the control group (p≤0.01). Based on the results 
it could be concluded that antibiotics influence the dynamics of haematopoiesis and biochemical indices of broilers.
Key words: Amoxystin, Tetracycline, Chloramphenicol, Broiler, Blood Parameters.

Introduction
Large amounts of antimicrobial agents are widely 

used in veterinary medicine for the prevention and 
treatment of diseases caused by microor ganisms 
(Singer et al., 2003; Dantas et al., 2008), and more 
controversially, antimicrobial agents used and 
managed as feed additives or with drinking water for 
therapeutic, prophylactic purposes (Blasco, Torres, & 
Pico, 2007; Fabrega et al., 2008; Morales-Gutierrez, 
Barbosa, & Barron, 2015) as well as to improve the 
ability of animals to convert feed into body weight 
(Turnidge, 2004; Aarestrup, 2005; da Costa et al., 
2010).

The theoretical possibility of stimulating action 
of some microbial agents on the growth of animals 
was shown in the forties of the XX century. Animal 
growth accelera tion was explained by the presence 
of stimulants in the culture of used bacteria (Fedorov, 
1974). It was found that the daily feed supplement for 
piglets and chickens contains small portions of definite 
soil bacterial species associated to the interaction with 
intestinal microbial population that accelerated growth 
and increased the weight gain of animals compared 
with the controls (Dibner & Richards, 2005; Niewold, 
2007). 

Antibiotic growth promoters are used to destroy 
or inhibit bacteria and are administered at a low , 
sub-therapeutic dose (Hao et al., 2014). Lee, et al. 
established that antibiotics promote improving the 

body weight through more efficient digestion of feed 
in growing animals (Lee et al., 2011). These promoters 
are now recognized in broiler industry as additives to 
shorten the period for attaining the market weight by 
stimulating growth: to improve feed efficiency and 
survivability of broilers (Hossain, Khairunnesa, & 
Das, 2015).

Although antimicrobial therapy chemicals and their 
use as growth promoters are of essential importance in 
maintaining animal health (Bywater, 2004; Prescott, 
2008; Persoons et al., 2012), the use of antibiotics,  
along with a positive ef fect, leads to the emer gence 
and widespread resistance of pathogens to antibiotics. 
This situation complicates the treatment of animal 
infectious diseases (Navashin & Fomina, 1982), as 
well as they adversely affect the immunegenesis and 
contribute to the sensitization of the human body 
(Abdullaev, 2006).

As the same classes of antimicrobials are used both 
in humans and animals, the emergence and spread of 
antimicrobial resistance in bacteria poses a threat to 
human health and presents a major financial burden. 
Moreover, few new antibiotics are being developed to 
replace those becoming ineffective through resistance 
(World Health Organization, 2007).

In the last few years, the concern about the use of 
veterinary drugs such as antibiotics in food-producing 
animals and their possible negat ive consequences for 
the health of consumers has made the control of these 
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residues in edible animal tissues mandatory at the 
EU. Maximum residue limits (MRLs) of antibiotics 
in foodstuf fs of animal origin such as multiple 
animal tissues were established by the Commission 
Regulation (EC) № 37/2010 (EU Commission, 2010) 
for safe human consumption.

In 2007, the World Health Or ganization 
recommended stopping intensive routine use of 
antimicrobials for productive animals (Collignon 
et al., 2009), however , antibio tics, except for the 
prevention and treatment of animals, are still used as 
growth promoters in the world.

The consequences of the use of antibiotics are very 
diverse and appear as a failure of individual organs 
and systems in general. One of the most sensitive 
systems is the haematopoietic system. The process of 
haematopoiesis in the body is carried out continuously, 
and the young dividing cells are very sensitive to the 
action of drugs (Stolker & Brinkman, 2005).

Toxic effects of drugs on the process of 
haematopoiesis cause a change of blood parameters. 
For example, the toxic ef fect of chloramphenicol 
on the process of haematopoiesis is manifested by 
leucopenia. And using of amoxicillin, which is a 
part of the synthetic antibiotic ‘Amoxystin’, showed 
neutropenia and eosinophilia. When tetracycline was 
applied, there was observed an increase in blood 
transaminases and alkaline phosphatase (Stolker & 
Brinkman, 2005).

The aim  of this study was to assess the impact 
of antibiotics used as growth promoters on the 
haematological and biochemical blood parameters of 
broiler chickens.

Materials and Methods 
The experiment was carried out on 40 broiler 

chickens of ‘Smena-7’ cross from ‘Allele-Agro’ 
poultry farm’s hatchery in the vivarium of the Kazakh 
National Agrarian University. As objects of research 
four groups of one-day broiler chickens were randomly 
formed by 10 birds in each group. The feeding of 
broilers was performed according to the instructions 
on the industrial poultry farm scheme ‘Allele-Agro’ 
with commercial basal diet. The chickens were 
allowed to have free access to feed and water.

The first control group of chickens received a basal 
diet without treatment. Other chicken groups were 
daily treated with antibiotics individually in aqueous 
solution, orally in sub-therapeutic concentrations of 
antibiotics as growth promoters from the first to day 
41. So the second group of broilers was medicated 
with synthetic antibiotic amoxystin at the dosage 10 
mg kg-1 of the chicken’s weight. The third group of 
broilers was given tetracycline, and the fourth group 
– chloramphenicol at the dosage 20 mg kg -1 of the 
chicken’s weight. Blood in the amount of 9 cm 3 for 

haematological and 3 cm 3 for biochemical study was 
collected from the jugular vein of each chicken on the 
42nd day of slaughter.

Study of whole blood, stabiliz ed with lithium-
heparin, was performed at the Laboratory of Food 
Safety in the Kazakh Research  Veterinary Institute. 
The following haematological parameters as 
leukocytes (lymphocytes, monocytes, granulocytes), 
erythrocytes, hematocrit, hemoglobin concentration, 
platelet and tromboсrit were determined by the 
haematology analyzer Melet Schloesing MS4-3 with 
veterinary dial (France). In the separated serum the total 
protein, triglycerides, alkaline phosphatase (ALP), 
cholesterol, glucose, urea, alan ine aminotransferase 
(ALT) and aspartate aminotransferase (AST) were 
established by BioChem FC-360 (US) analyzer at the 
Digestion Physiology Laboratory in the Human and 
Animal Physiology Institute. The used laboratory 
equipment has been annually standardized according 
to the Kazakhstan state rules.

Basic data entry and handling were done using 
MS Excel 2007. The significance of difference among 
the groups was determined by one-way analysis 
of varia nce (ANOVA) and t-te st. Dif ferences were 
considered significant at p<0.01 levels. 

The study was approved by the Local Ethical 
Committee of the Kazakh National Agrarian 
University, in accordance with the ethical standards of 
Principles of Animal Care.

Results and Discussion
Throughout the experiment broiler mortality was 

not observed. Visual physiological state and behavioral 
response of broiler chickens of experimental groups 
did not differ from the control group. 

Analysis of haematological parameters showed 
that under a prolonged exposure to sub-therapeutic 
concentrations of antibiotics the quantitative and 
qualitative changes in some blood indices of broilers 
were observed (T able 1). There was established a 
marked change in the number of leukocytes towards 
reduction in the case of amoxystin (p≤0.01) and 
chloramphenicol (p≤0.01) and an increase in the 
tetracycline group compared to the control group 
of broilers. Antibiotics exert a significant impact 
on leukogram: under the influence of amoxystin 
and tetracycline (p≤0.01) the relative proportion 
of granulocytes and lymphocytes increased but 
monocytes (p≤0.01) decreased. Analogue leukocytosis 
and limp hocytopenia had shown after intramuscular 
using of therapeutic doses of tetracycline in broiler 
chickens (Donkova, 2004). 

The number of erythrocytes and the amount of 
hemoglobin were reduced after amoxystin application. 
In the groups that were given tetracycline (p≤0.01) and 
chloramphenicol (p≤0.01), an increase of hematocrit 
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was observed. A more significant decrease in platelet 
count and trombocrit was observed in all experimental 
groups of chickens, than in the control.

These results allow to suggest that a prolonged 
use of antibiotics in stimulating doses contributed to 
changes in the blood system and reduced the overall 
resistance of broiler chickens.

Biochemical study revealed the changes in blood 
indices of broiler chickens which were given antibiotics 
(Table 2). An important parameter for the diagnosis 
of diseases associated with the metabolic disorder is 
the total protein content. By results of research, it was 
observed that the amount of total protein in the control 
group was significantly higher – by 22% – than in the 
group of broilers which received amoxystin (p≤0.01), 
by 16% – in the groups with diet supplemented with 
tetracycline (p≤0.01) and chloramphenicol (p≤0.01). 
These changes could indicate a protein metabolism 
disturbance.

Activity of alkaline phosphatase in the control 
group was higher than 23.9% in comparison with the 
group where tetracycline (p≤0.01) was used and by 
12.3% than in the group of chloramphenicol.

The level of carbohydrate metabolism was 
determined by the glucose content. Blood glucose  
of chickens in the control group was also  
significantly higher (p≤0.01) – by 45.8% – than in the 
group of amoxystin, by 46.5% – of tetracycline and by 
51.5% – in the group of chloramphenicol. The same 
change processes of gluconeogenesis and decreasing 
of total protein were described when the broilers were 
treated by tetracycline (Donkova, 2004).

In assessing the activity of transaminases, it was 
established that the activity of ALT in the blood of 
chickens which received antibiotics was significantly 
reduced: by 30.7% in the group treated with  
amoxystin, by 34.6% in the tetracycline group and by 
37% in the group of chloramphenicol (p≤0.01). The 
activity of AST in the group that was given amoxystin 
was inferior to the control by 14.1%, in the group 
of tetrac ycline – by 1 1.1% and chloramphenicol – 
by 13.6%. Perhaps it was caused by the major toxic 
effect mechanism of antibiotics which included 
their potential to cause lipid peroxidation, which is 
primarily responsible for toxication and tissue damage 
(Farombi, 2001). 

Table 1 
Haematological parameters of broilers blood
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Control,
n = 10

M 23.14 41.62 11.49 46.89 2.50 19.98 9.28 573.1 0.53
SEM 0.34 2.10 0.05 1.06 0.04 0.27 0.09 43.28 0.04
σ 1.07 6.64 0.17 3.35 0.13 0.87 0.28 136.85 0.14
Cv 4.61 15.95 1.45 7.15 5.37 4.34 3.00 23.88 25.46

Amoxystin,
n = 10

M 18.55* 37.28 8.26* 51.24 2.25 19.34 8.44 475.3 0.40
SEM 0.87 0.86 0.19 1.64 0.11 0.60 0.27 21.25 0.02
σ 2.26 2.73 0.61 5.18 0.35 1.90 0.86 67.19 0.06
Cv 14.88 14.60 7.40 10.11 15.74 9.83 10.18 14.14 15.53

Tetracycline,
n = 10

M 24.72 35.71 8.24* 56.05* 2.64 23.52* 9.31 395.3* 0.32*
SEM 0.55 1.34 0.21 1.57 0.05 0.68 0.19 32.53 0.03
σ 1.73 4.23 0.67 4.97 0.16 2.15 0.62 102.87 0.10
Cv 7.00 11.83 8.13 8.87 6.24 9.13 6.61 26.02 32.53

Chloram-
phenicol,
n = 10

M 19.85* 42.86 11.03 46.15 2.85 23.9* 9.7 432.0* 0.43
SEM 0.71 0.30 0.33 0.73 0.16 0.54 0.08 10.22 0.01
σ 2.26 0.95 1.06 2.31 0.51 1.70 0.24 32.31 0.02
Cv 11.37 2.22 9.60 5.01 17.85 7.08 2.53 7.48 5.18

*Value with common superscript differed significantly from the control group (p≤0.01).
M – mean, SEM – standard error of sample means, σ – standard deviation, Cv – coefficient of variation.
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In our study, the level of triglycerides, cholesterol 
and urea in the control and experimental groups of 
broiler chickens did not deviate from indices of the 
control group chickens.

The analysis of the data show that all tested 
antibiotics adversely affect the biochemical 
parameters of blood, which is apparently connected 
with the negative impact of these xenobiotics on the 
liver and other internal organs of broiler chickens.

Conclusion
The use of growth stimulating doses of amoxystin, 

tetracycline and chloramphenic ol during feeding of 

chicken promotes changes in haematological and 
biochemical parameters of broiler chickens’ blood, 
which causes decrease of immune status and results 
in the violation of the haematopoietic system and liver 
function and, ultimately, affects the overall quality of 
the slaughter poultry products.
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Table 2 
Biochemical parameters of broilers blood serum

Parameters
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Control,
n = 10

M 35 2.49 1057 3.15 15.05 1.26 12.7 245.3
SEM 0.77 0.01 33.28 0.12 0.78 0.16 1.07 8.94
σ 2.45 0.02 105.25 0.37 2.47 0.49 3.37 28.26
Cv 7.00 0.83 9.96 11.73 16.41 39.10 26.52 11.52

Amoxystin,
n = 10

M 27.3* 2.50 1134.3 2.97 8.15* 1.15 8.8* 210.8
SEM 0.95 0.002 55.25 0.05 0.76 0.14 0.70 4.62
σ 3.02 0.005 174.71 0.15 2.40 0.45 2.20 14.61
Cv 11.06 0.19 15.40 5.06 29.46 38.94 25.01 6.93

Tetracycline,
n = 10

M 29.3* 2.45 804* 2.95 8.05* 0.54* 8.3* 218
SEM 1.28 0.02 27.43 0.13 1.77 0.07 0.3 2.35
σ 4.06 0.05 86.74 0.42 5.60 0.23 0.95 7.42
Cv 13.84 2.00 10.79 14.10 69.56 42.05 11.43 3.41

Chloramphenicol,
n = 10

M 29.5* 2.55* 928.5 3.03 7.3* 1.54 8.0* 212.0
SEM 0.31 0.02 14.33 0.03 0.22 0.02 0.26 1.11
σ 0.97 0.07 45.33 0.08 0.70 0.05 0.82 3.50
Cv 3.29 2.64 4.88 2.77 9.50 3.35 10.21 1.65

*Value with common superscript differed significantly from the control group (p≤0.01).
M – mean, SEM – standard error of sample means, σ – standard deviation, Cv – coefficient of variation.
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COMPUTED TOMOGRAPHY FINDINGS OF DOGS w ITH  
MEDIAL CORONOID DISEASE

Armands Vekšins, Oskars Kozinda
Latvia University of Agriculture
armands.veksins@llu.lv

Abstract
Canine elbow dysplasia is an heritable orthopaedic disease which includes medial coronoid disease, osteochondritis 
dissecans and ununited anconeal process, as well as, elbow incongruity .  Medial coronoid disease (MCD) is one of 
the most frequent part of elbow dysplasia syndrome.  The aim of the study was to describe medial coronoid process 
CT findings in dogs with thoracic limb lameness. In cases where there is suspicion of medial coronoid disease for 
dogs with lamen ess, an orthopaedic examination and CT were performed. CT  examination was done with Philips 
MX-16 – slice CT  scanner. The study represents data from a time  frame between September 2014 and December 
2015. Examinations were done at The Faculty of Veterinary Medicine, Latvia University of Agriculture. The study 
included 20 large breed dogs, 14 males and 6 females, ages ranging from 6 to 60 months, with a median age of 21.7 
± 13.7 months. Results showed that, in most cases, the dogs had subtrochlear sclerosis of the ulna and fragmentation 
of medial coronoid. Computed tomography revealed 12 dogs with medial coronoid disease in both elbows, whereas 
8 dogs only in one of the elbow joints. 
Key words: canine elbow dysplasia, joints, orthopaedic disease, congenital disease, biceps muscle. 

Introduction
Canine elbow dysplasia (ED) is a disease of elbow 

joints in dogs (Canis lupus familiaris). According 
to the Internatio nal elbow working group (IEWG) 
definition, elbow dysplasia includes – medial 
coronoid disease, osteochondritis dissecans, ununited 
anconeal process, elbow incongruity (Kirberger & 
Fourie, 1998) and secondary arthrosis caused by these 
pathologies (Lang et al., 1998). 

Medial coronoid disease (MCD) is the most 
frequently diagnosed component of the elbow 
dysplasia syndrome (Lau et al., 2015). Medial 
coronoid disease is a common debilitating condition 
of lar ge and giant breed dogs (German Shepheard 
dogs, Rottweilers, Bernese Mountain dogs), however, 
medial coronoid disease has also been described in 
small-breed dogs (French Bulldog, English Cocker 
Spaniel) (Bakker et al., 2013). 

MCD includes dif ferent pathologies, however, 
in the most cases, the diagnose is ulnar subtrochlear 
sclerosis (STS), blurring of the cranial edge of the 
medial coronoid process (MCP), MCP  fragmentation 
and displaced fragment (T emwichitr, Leegwater , 
& Hazewinkel, 2010; Lau et al., 2015). Medial 
coronoid disease can be caused by multiple factors 
and etiology is still unclear. It is considered that 
environmental factors and genetic heritability play a 
role in predisposing dogs to this syndrome (Kirberger 
& Fourie, 1998; Micheflsen, 2013). Although causes 
of this disease are not entirely clear, however the 
latest research studies show that the disturbance of 
endochondral ossification and osteonecrosis play a 
major role in the development of this disease (Mariee, 
Gröne, & Theyse, 2014). In some cases, medial 
coronoid disease can be considered together with 
flexor enthesopathy (Bakker et al., 2013). 

Radiography, computed tomography (CT), 
magnetic resonance imaging (MRI), arthroscopy , 
nuclear scintigraphy and micro-single photon 
emission tomography have been suggested for the 
diagnosis of pathologies in the elbow joints (Kirberger 
& Fourie, 1998; Villamonte-Chevalier et al., 2015). 
These techniqu es are representative, but some of 
them are very expensive and not always are available 
(Villamonte-Chevalier et al., 2015). Computed 
tomography is more sensitive than radiographs and is 
very often used in veterinary clinics to diagnose elbow 
dysplasia (Kunst et al., 2014; Villamonte-Chevalier et 
al., 2015). 

Until now , no studies have been performed in 
Latvia on canine elbow dysplasia, although this 
syndrome has been spread among dogs of various 
breeds.  

The aim of the study was to describe medial 
coronoid process CT findings in dogs with thoracic 
limb lameness. We hypothesized that dogs with 
medial coronoid disease often have ulnar subtrochlear 
sclerosis and fragmentation of medial coronoid.  

It is important to describe and study the cause of 
elbow dysplasia syndrome, because the breed dog 
reproduction in Latvia is increasing and if the dogs 
are diagnosed with elbow dysplasia, one of the main 
tasks should be the elimination of reproduction of 
these dogs. 

Materials and Methods 
The study represents data from a time frame 

between September 2014 and December 2015. All 
examinations were done at the Faculty of Veterinary 
Medicine, Latvia University of Agriculture.

The study included 20 dogs, 14 males (70%) and 
6 females (30%); ages ranging from 6 to 60 months, 
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with a median age of 21.7 ± 13.7 months. The median 
body weight was 35.4 ± 7.6 kg (range 22 – 40 kg). 
The study included nine breeds – German Sheheard 
dog (6), Labrador retriever (5), Golden retriever (2), 
Burmese Mountain dog (2), Rottweiler (1), Cane 
Corso (1), Pyrenees Mountain dog (1), King Charles 
spaniel (1), Weimaraner (1). 

A general clinical and orthopaedic examination 
was performed for all dogs. Afterwards, if a medial 
coronoid disease was suspected, then a computed 
tomography of elbow joints was performed.  All dogs 
had a history of intermittent or persistent lameness 
and pain reaction on joint extension and flexion. 
Blood creatinine and carbamide (Urea) values were 
obtained prior to the computed tomography and if 
results formed part of the reference intervals (Meyer 
& Harvey , 2008), then dogs were included in our 
research. 

Dogs were anaesthetized with propofol 5 mg kg-1 
of body weight administered intravenously and after 
that endotracheal intubation carried out. During the 
CT exam ination, anaesthesia was maintained with 
Isofluran and 100% oxygen. Patient heartbeat, blood 
pressure, breath ing, oxygen saturation and body 
temperature were monitored using  ̒Bionet BM3 Vet 
̓ veterinary monitor. 

Computed tomography examination was done 
using Philips MX – 16- slice CT scanner. At the 
time of CT scanning, dogs were positioned in dorsal 
recumbency on the scanner table with the front limbs 
extended cranially and the antebrachial parallel to 
each other. 

The first scan from the carpus up to the collum of 
the scapula was done using the soft tissue and bone 
reconstructions, with the technical parameter – 120 
kVp (kilovoltage peak) and 2 mm slice thickness and 
scan for elbow joints using 120 kVp and 0.7 mm slice 
thickness. 

Before the second CT  scan, non-ionic contrast 
media (̒Ultravist 300̓, 2 mL kg-1) was administered 
intravenously. The second scan was from the carpus 
up to the collum of the scapula with 2 mm slice 
thickness and scan for both elbow joints using high 
resolution scans (0.7 mm slice thickness) in a bone 
reconstruction has been done two minutes after giving 
the contrast media. High-resolution CT is faster , less 
invasive, and more accurate than other scans. 

Data were analysed using Horos medical image 
viewer and descriptive statistics were used. 
  
Results and Discussion 

Most of the included dogs were lar ge and fast 
growing breeds, however , one King Charles spaniel 
was included in the study with the fragmentation of 
medial coronoid and it coincide s with the literature, 
that MCD has also been described in the small-breed 

dogs (Bakker et al., 2013). Of the 20 dogs, 14 were 
male and this coincides with some authors’  view , 
that MCD often occurs in male dogs (Hazewinkel & 
Voorhout, 1986; sVillamonte-Chevalier et al., 2015).

Usually for canine elbow dysplasia CT examination 
using of contrast media is not necessary , but in our 
cases it was important for further research to do muscle 
morphometric measurements. Blood analysis has 
been done before the contrast media accumulation, to 
figure out the kidney functional condition, because the 
contrast media excrets through kidneys. The included 
dogs’ blood creatinine and Urea values formed part of 
the reference intervals. 

Computed tomography reveale d that 12 (60%) 
dogs had the medial coronoid disease in both elbows, 
but 8 dogs (40%) in one of the elbow joints. A total of 
40 elbow joints were analysed during the study. 

Computed tomography results showed that 34 
(85%) joints had ulnar subtrochlear sclerosis, 24 
(60%) fragmented medial coronoid disease (FMCD) 
and 14 (35%) joints had arthritic changes. Incongruity 
of the elbow joints was not found.  High resolution 
computed tomography scans were used in this study 
and reconstructed data were reconstracte using a sharp 
bone algorithm,  and it provided an opportunity to 
assess more accurately the elbow joints and describe 
pathological changes (Baker et al., 1988). 

Our research results showed, that STS was 
diagnosed in 34 of 40 elbow joints, but 14 joints had 
fragmented medial coronoid and 1 1 dogs were male 
with a majority of German Shepherd dogs, Labradors, 
Golden Retriev ers and Barnese Mountain dogs. 
Considering that, one of the most common findings 
of MCD is the fragmentation of medial coronoid 
disease (Fitzpatrick et al., 2009). In most of the cases, 
the joints with fragmented medial coronoid also had 
subtrochlear sclerosis of ulna, which may indicate that 
STS is an early change and other pathologies develop 
later. STS can be used as an indicator of medial 
coronoid disease (Fitzpatrick et al., 2009).  

CT findings in our study show similar results as 
previous research and support the hypothesis that dogs 
with MCD often have ulnar subtrochlear sclerosis and 
fragmentation of medial coronoid. 

Although the findings of medial coronoid disease 
have been already described in several studies in 
other countries, so far there have been studies on 
elbow dysplasia in dogs in Latvia. On the first stage 
of our study results, it is important to make further 
measurements of developing the medial coronoid 
disease causes and to determine the correlation 
between biceps muscle conformation and MCD. 
These measurements are important because there is a 
perception, that biceps/brachialis muscle forces could 
play a role in the development of MCD (Michelsen, 
2013). 
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Conclusions
1. Subtrochlear sclerosis of the ulna is an early 

indicator of canine medial coronoid disease and 
might be diagnosed before the development of 
other pathological changes in elbow joints. 

2. Medial coronoid disease is a common orthopaedic 
pathology with a prevalence mainly among fast 
growing large breeds and more often affects young 
male dogs with a majority of them being German 
Shepherd dogs and Labrador retrievers. 

3. High resolution computed tomography scans 
with 0.7 mm slice thickness, provide a greater 
information about elbow joints and facilitate 
medial coronoid disease diagnostics, which is 
important in particular when the disease is at an 
early stage.
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Abstract
The present work aimed to evaluate the effect of sea buckthorn (Hippophae rhamnoides) extract on Cryptosporidium 
spp. invasion in calves. Sea buckthorn is a good source of vitamins, carotenoids, organic acids and tannins. It has 
been reported that it possesses anti-inflammatory effect, as well as anthelmintic and antibacterial activity. Research 
was conducted in a dairy cattle farm ‘Mežacīruļi’ during April and July 2015. Experimental (n = 10) and control  
(n = 10) groups of calves were used. The experimental group received a mix of aqueous alcohol sea buckthorn leaf 
and berry pomace extract, administered with milk, at dose of 5 – 8 mL  twice a day for 20 days. The control group 
received only milk. Samples were analysed with the concentration McMaster technique. The results showed that 
there is no significant (p>0.05) difference in the number of oocysts per gram of feces between the experimental and 
control groups. It was concluded that the administration of sea buckthorn leaf and berry pomace extract had no effect 
on Cryptosporidium spp. invasion in calves. Studies will be continued with a higher dose of extract.
Key words: sea buckthorn, tannins, Cryptosporidium, calves, Latvia.

Introduction
Cryptosporidiosis is recognized worldwide, 

primarily in neonatal calves but also in lambs, kids, 
foals, and piglets. There are currently 19 species and 
40 genotypes of Cryptosporidium spp. C. parvum is 
a common cause of calf diarrhea (mild to moderate), 
and cryptosporidium oocysts have been detected in 
the feces of 70% of 1- to 3-week-old dairy calves. 
Calves with persistent diarrhea have villous atrophy in 
the small intestine (O’Donoghue, 1995). Infection can 
be detected as early as 5 days of age, with the greatest 
proportion of calves excreting organisms between 
days 9 and 14 (Current, 1985).

The berries of sea buckthorn have been reported 
to be a good source of vitamins (A, C, E and K), 
carotenoids, flavonoids and organic acids (Gutzeit et 
al., 2008). Epigallocatechin and ursolic acid isolated 
from the branches of sea buckthorn exhibited anti-
inflammatory effects (Kallio, Yang, & Peippo, 2002). 
Sea buckthorn fruits produced in Latvia are used 
as additives in acidified milk products (Segliņa, 
2007). The shoots and green berries of female sea 
buckthorn plant contained the highest concentrations 
of condensed tannins, reaching 22.47 and 23.29 mg 
g-1 dry weight, respectively, which was about 20 times 
higher than in leaves of both genders (Šnē et al., 2013). 
However, it is mentioned, that the level of tannins in 
sea buckthorn can reach 13 mg g-1 condensed tannins 
(Michel et al., 2012).

Tannins are widely distributed in the plant 
kingdom (Mole, 1993). The ability of tannins to 
bind with proteins in the guts of mammals can have 
beneficial effects, depending on tannin concentration 
and nutrient levels. In cattle and other ruminants, 
moderate concentrations of condensed tannins (2 – 
4% dry weight) reduce foaming of protein rich forage 
in the rumen and improve amino acid availability 

(McSweeney et al., 2001). Some tannin-rich forage has 
been evaluated for its anthelmi ntic and antibacterial 
activity (Mueller-Harvey, 2006). Tannins provided 
anthelmintic activity in many  in vitro tests, adult 
nematodes exposed to commercial tannin extracts, 
from 25 mg mL-1 to 100 mg mL-1, showed no motility 
inhibition after different exposure times. The authors 
suggested that adult worms may be more resilient to 
tannins compared to the larval stages (Iqbal et al., 
2007).

There are no studies about anthelmintic effect of sea 
buckthorn on ruminants, but it is reported to possess 
unique health benefits. The main aim of the present 
study was to evaluate the effect of a mix of aqueous 
alcohol sea buckthorn Hippophae rhamnoides leaf 
and berry pomace extract on Cryptosporidium spp. 
invasion in calves.

Materials and Methods
Between April and July 2015, we collected fresh 

fecal specimens from newborn calves in the dairy 
cattle farm ‘Mežacīruļi’. Animals were divided into 
two groups (n = 10 in each group). Starting with the 
second feeding the experimental group orally received 
a mix of aqueous alcohol sea buckthorn (Hippophae 
rhamnoides) leaf and berry pomace extract, which 
contains 3.2 g tannins in 100 mL. The starting dose was 
5 – 8 ml, admin istered with mil k, twice a day for 20 
days. The control group received only milk. No other 
food supplements, drugs or vitamin injections were 
given or made. Rectal fecal samples were collected 
separately from each calf every day for 31 days, 
collected into plastic bags and kept in a refrigerator at 
4 °C prior to examination. If the amount of feces was 
too small (especially in the first days of calves’ life), 
native smears were made. 
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Laboratory tests were made in the Laboratory of 
parasitology, Institute of Food and Environmental 
Hygiene, Faculty of Veterinary Medicine, Latvia 
University of Agriculture. Samples were analyzed 
both with the concentration McMaster technique 
(Novan et al., 2006) and modified Ziehl-Neelsen 
method (Henriksen & Pohlenz, 1981). The difference 
in number of oocysts in the experiment and control 
groups was calculated using the t-test function in 
Microsoft Excel 2013 program.

Results and Discussion
Our research showed that calves in both groups 

were positive for oocysts of Cryptosporidium spp.
The main dif ference between two groups was in 

the number of bacteria in the stains. No identification 
of the bacterium was made. There were no bacteria 
in samples from the experiment al group and a lot of 
bacteria in samples from control group during the 
first eleven days. After the eleventh day, no bacteria 
were matched. It could be explained with antibacterial 
activity of tannins (Funatogawa et al., 2004). 

Shedding of oocysts in the experimental group is 
shown in Figure 1.

In the experimental group, the first Cryptosporidium 
spp. oocysts were detected in the feces starting with 
the seventh day. The highest oocysts count per gram 
of feces was on the fourteenth and sixteenth day (7050 
and 7700 oocysts, respectively). After the twentieth 
day the number of oocysts was sharply reduced - from 
585 oocysts on the twentieth day to 2.5 oocysts on the 
twenty first day. There are few reports on effects of 
tannins on new-born calves’ digestive system. In vitro 
experiments (Khiaosa-Ard et al., 2009; Vasta et al., 
2009) show positive effects on rumen, in vivo studies 
seem to suggest no significant or even negative effects 
(Benchaar & Chouinard, 2009).

Shedding of oocysts in the control group is shown 
in Figure 2.

In samples from the control group Cryptosporidium 
spp. oocysts were found starting with the first day. 
At the same time the number of oocysts per gram of 
feces on the fourteenth day was almost the same as 
in the experimental group – 7385 and 7050 oocysts, 
respectively. After the sixteenth day shedding of 
oocysts decrea sed and completely stopped after 
the nineteenth day. These findings are similar to the 
previous studies which report that Cryptosporidium 
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spp. infection in calves occurs at 5 – 15 days of age 
(Constable, 2014).

Our research showed that the administering of sea 
buckthorn leaf and berry pomace extract, containing 3.2 
g tannins in 100 mL did not change Cryptosporidium 
spp. invasion (p>0.05). Therefore, we will continue 
studies to determine the effect of a higher dose of sea 
buckthorn extract on Cryptosporidium spp. invasion.

Conclusion
1. In the experimental group first Cryptosporidium 

spp. oocysts were detected in the feces starting 
with the seventh day . In the control group 
Cryptosporidium spp. oocysts were found in fecal 
samples starting with the first day.

2. The highest number of oocysts per gram of feces 
in both groups was on the fourteenth and sixteenth 
day in the experimental group and on the fourteenth 
day in the control group.

3. The administering of sea buckthorn leaf and berry 
pomace extract, containing 3.2 g tannins in 100 
mL, did not change Cryptosporidium spp. invasion 
in calves (p>0.05). Studies will be continued with 
a higher dose of extract.
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Abstract
The paper presents the comparative analysis of the Kaunas city landscape change during the period between 2010 and 
2015. For this analysis, the land fund statistics of the Republic of Lithuania, which had been grouped into a relatively 
natural and anthropogenic landscape, were used. Landscape change is graphically shown in the figures. Lithuanian 
and foreign scientific literature and legal acts as well as planning documents were analyzed for the fulfillment of 
the work. The Kaunas city landscape analysis of the current situation was done. During the analysis the Kaunas city 
statistics were compared with the data of Kaunas County and the Republic of Lithuania.
The analysis showed that during the analyzed period the Kaunas city natural landscape area relatively increased by 
1115.34 ha or 20.42 percent. The largest part of relatively natural landscape consisted of forests – 51.12 percent. 
During the period between 2010 and 2015, the anthropogenic environmental area increased by 47.33 hectares (2.80 
percent.). In the period between the years 2010 and 2015, the Kaunas city anthropogenic landscape decreased by 
1.189.41 hectares or 12.23 percent. This phenomenon was af fected by the decrease of built-up areas of 1,233.36 
hectares, or 14.10 percent. Built-up areas cover the largest part of the Kaunas city anthropogenic landscape – 88.09 
percent. The analysis of the planning documents showed that after their implementation the built-up areas would 
increase, the aesthetic image of recreational environment would improve, the environmental condition would become 
of a higher quality.
Key words: landscape, anthropogenic landscape, the landscape change.

Introduction
Article relevance. Landscape structure 

maintenance is the subject important and relevant to 
this day, as the landscape shapes the country’s culture 
and is the component of natural and cultural heritage 
contributing to the quality of life and it consolidates 
Lithuanian identity, uniqueness in Europe and the 
world.

Over the last century Lithuanian cities have 
experienced several fundamental transformations of 
their urban form. From historical compact towns they 
became lar ge cities with distinct characteristics of 
late-soviet era (Cirtautas, 2014).

In Lithu ania, as well as throughout Central and 
Eastern Europe, territorial economic organizations, 
the territorial management system are radically 
changing, population migration is intensifying, 
urbanization is developing, other intensive public 
geographical processes are going on. Studies of those 
processes, with emphasis on the state and change of 
landscape structure are absolutely necessary in order 
to support and implement the principles of sustainable 
development, to form the optimal landscape that 
meets the needs of modern society.

The landscape structure optimality concept and its 
changes depend on public awareness, information and 
technical volatility (Skorpskas, 2001).

European Landscape Convention (European, 
2000) describes the landscape as people perceived 
area, as determined by the nature and (or) the factors 
of human action and interaction.

It is noted that the landscape evolved and changed 
over time, exposed to nature and people.

In the convention, the concept of landscape differs 
from the concept contained in some documents in 
which the landscape is considered as ‘property’ 
(landscape concept of heritage sense) and evaluated 
(as ‘cultural’, ‘natural’ landscape and the like) as part 
of physical space (Recommendation, 2008).

Scientific opinion on the subjective dimension 
and the relevance of related sociological studies, 
while evaluatin g and developing the environment, 
is dif ferent. For example, professor P. Kavaliauskas 
criticizes the European Landscape Convention. 
According to him, of all the environmental concepts 
it stands out in terms of the dominant populist 
approach and even in the concept of landscape itself it 
emphasizes not the objective scientific understanding 
but the subjective one of the local population, which 
is focused on quality objective as the aspirations of the 
wording in relation to their surroundings landscape 
features, understanding. Meanwhile, scientists 
J. Stephenson, G. Swensen and G. B. Jerpasen 
emphasize the social dimension of the landscape and 
the local communities, planners and other specialists 
poll importance in the exploration and evaluation of 
landscapes (Gražulevičiūtė-Vileniškė, 2014).

According to the degree of anthropogenic impact, 
the two following basic types of landscape are being 
singled out (Bučas, 2010): natural and cultural. 
Professor Bučas says that the natural landscape is 
designated as human economic or other activities 
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intact or only slightly touched natural landscape, as 
such in Lithuania, as well as in many other countries, 
with the exception of reserves, does not exist. G. 
Kisielienė agrees with the professor, arguing that 
the natural landscape can be seen only in Lithuanian 
reserves (Kiselienė, 2012).

The Environme ntal Protection  Agency in the 
publication ‘Lithuanian natural environment, state, 
processes and development’  (Aplinkos, 2008) stated 
that in general, the current Lithuanian cultural 
landscape of the territorial structure of the main 
features led to purposeful planning, experienced in 
strong centralized management. 

Therefore, rural (agrarian) and urban (urbanized) 
landscape structures reinforce prints clearly defined 
by coded planning purposes and sought to benchmarks 
and a variety of the mentioned prints shape the 
structural diversity of cultural landscape of these days.

However, the landscape spatial structure 
diversity of the Republic of Lithuania and the types 
of identification study state (Lietuvos, 2005) that 
the cultural landscape consists of 15 percent of the 
Earth surface, 5 percent consist of incomplete, weak 
and mar ginalized anthropogenic structured nature 
landscape, 80 percent of the Earth consist of natural 
landscapes, from which 65 percent - marine, terrestrial 
nature covers 15 percent of the Earth’s surface, or 38 
percent of the entire planet’s land.

Natural frame in Lithuania amounts to 61.4 percent 
of the whole territory of the country and it represents 
a lar ge proportion of natural and semi-natural areas 
(Mieliauskas & Palaima, 2012).

According to the National landscape plan, the 
cultured agraria n nature landscape model should 
dominate in Lithuanian landscape formation. By one-
fifth of the territory cover a mixture of forested little 
cultured and natural forested landscapes (Lietuvos, 
2012). 

In Lithuania, cities and other residential areas are 
spread evenly throughout the country and are well 
enough to reach, which makes it rational to distribute 
economic and social potential, to more rapidly expand 
regions lagging behind, to reduce the disparities in 
development (Nacionalinė darnaus, 2011).

However, anthropogenisation affects the natural 
environment, so the expansion of cities, its areas are 
decreasing and components are vulnerable. Thus, the 
landscape changes are connected with urban sprawl, 
the change in urban and natural areas ratio, landscape 
condition (from psychoecological point of view).

The modern city is faced with new forms and 
functions (Loureiro, 2014). Cities are experiencing 
prosperity and decline phases. With the change of 
policy and external environment, social processes, 
that influence urban change, are changing as well 
(Wekel & Koriakina, 2014).

The changes in the landscape caused by global 
urbanization, form territories distingiuished for new, 
unusual characteristics or their combinations. In order 
to better understand processes going on in the area of 
city’s influence, scientists are developing theoretical 
models of urban and rural environmental interactions 
(Brinkytė & Gražulevičiūtė - Vileniškė, 2013).

Lithuanian landscape studies show that these 
issues are highly relevant and should be carried out 
continuously (Balevičiūtė & Veteikis, 2012).

The biggest gap is tar geted studies of cities and 
towns involving long-term historical perspective. 
Lithuania is in exceptional situation – the country is 
at the intersection of Western and Eastern cultures, 
so a lot of its significant historical events are related 
to changing regimes and ideologies. This uniqueness 
determines imbalances and strains of specific urban 
structures characteristic to the development of cities 
and towns, eclectics and change of architectural styles, 
sporadity of cultural layer (Rubavičius, 2013).

The object of the research – Kaunas city landscape.
The aim of the research is to carry out the analysis 

of the changes in Kaunas City landscape during the 
period between 2010 and 2015.

Goals of the research: 
1. To describe and analyze the current situation of 

natural and urban landscape elements of Kaunas city. 
2. To analyse the changes in Kaunas city landscape 

during the period between 2010 and 2015. 
3. To anticipate trends in landscape change.

Materials and Methods
Comparative, analytical as well as statistical and 

logical analysis methods were used for the research. 
The article analyzed Lithuanian and foreign 

scientific literature and legal acts.
The analysis of the scientific literature revealed 

conflicting opinions on the issues of the term of 
landscape and naturalness of landscape. Also, the 
following planning documents were analysed in the 
work: the general plan of the Republic of Lithuania, 
the National landscaping plan, the general plan for 
Kaunas city territory and so on. The collected material 
was analyzed, systematized and generalized.

The land fund statistics of the Republic of Lithuania 
(Nacionalinė žemės, 2010 – 2015), graphically 
depicted in figures, were used for the fulfilment of 
the research of the Kaunas city landscape change 
for the years 2010 – 2015. During the study , Kaunas 
city landscape was divided into relatively natural 
landscape, anthropogenic and anthropogenized 
landscapes. Each type was analyzed, a five-year 
change was set.

During the analysis the Kaunas city statistics were 
compared with the data of Kaunas County and the 
Republic of Lithuania.
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The paper presents the Kaunas city landscape 
change causes, problems and trends of the planned 
change.

Results and Discussion
The current situation of Kaunas city landscape 

Kaunas – the second metropolitan city in Lithuania, 
a lar ge centre of industrial, cultural, technological 
and scientific potential. The city is located at the 
intersection of the main Lithuanian roads and national 
and inte rnational integration axes; it is crossed by 
two inte rnational transport corridors, existing and 
planned European gauge railway tracks, potential 
river corridors, not far away – the airport and a free 
economic zone (Zaleckis, Kaimičaitytė – Virbašienė, 
& Ramanauskas, 2013).

Kaunas city has a municipal status; it is divided into 
11 subdistricts. The city covers an area of 15,688.47 
hectares, i.e. 1.94 percent of Kaunas County and 0.24 
percent of the area of the Republic of Lithuania.

Landscape structure of the city of Kaunas consists 
of both natural and anthropogenic components 
that intertwine with each other and form the urban 
landscape. Kaunas city is situated on the plain, which 
has risen over the sea level averagely by 70-80 meters.

According to Lithuanian physical-geographical 
classification, the territory of Kaunas city belongs 
to Baltic  lowlands area, the Nemunas midland and 
the Neris lower reach plateau zone, which includes 
the central lowlands and highlands Baltic contact 
zone. According to biogeographical classification, 
according to wildlife Kaunas city falls to the east of 
the Baltic province, Nemunas Valley unit. In urban 
areas, coherent and strong moderate as well as bulk 
moderate prime rs are spread fully (Kaunas, 201 1). 
The prevailing are heavy loam and clay soil types.

Nemunas and Neris river valleys and their slopes – 
the main axes of the Kaunas city natural frame.

In the Republi c of Lithuania , protected areas 
consist of 15.71 percent of the country’ s area 
(Saugomų, 2016). In Kaunas municipality, there 
are 1,822.42 hectares of protected areas (excluding 
‘Natura 2000’), i.e. 11.60 percent of the analyzed 
municipal area. Kaunas city parks and squares occupy 
731.91 hectares and consist of 4.66 percent of the 
Kaunas city area. Central greeneries occupy 218.42 
hectares (1.39 percent), regional greeneries – 406.02 
ha (2.59 percent.), cultural, historical parks – 122.84 
ha (0.78 percent.), i.e. 1 1.60 percent of the analyzed 
municipal area. 

The natural situation and historical circumstances 
determined the Kaunas city  urban-architectural 
structure. Nemunas and Neris rivers, relief formed 
by small streams, green areas created peculiarities 
of the territory urbanization. There are 1,232 objects 
of cultural heritage in Kaunas city , of which 1,043 

objects include immovable and 189 – movable cultural 
heritage.

The Kaunas city urban structure was formed over 
a long period of time and is a result of the urban 
development of many centuries. The future urban 
development will depend on the economic, social and 
political processes taking place in Lithuania.

Kaunas city landscape change
Natural conditio ns within the designed Kaunas 

city have uniqueness and until the beginning of the 
twentieth century had a huge impact on the territorial 
development, spatial structure and landscape identity 
of the city. Therefore, in order to continue to build a 
distinctive Kaunas city landscape, it is necessary to 
maximize the value of the natural conditions of the 
city, its distincti ve character during the formation of 
urban structures.

The naturalness of landscape structure in the 
city can be classified into the following groups: 
relatively natural areas, anthropogenic impact areas, 
anthropogenic areas.

The relatively natural landscape in this article 
is understood as a landscape, which has preserved 
the greater part of the natural components, with 
the experience of transforming human influence 
though. Anthropogenic environment is perceived 
as favourable for life environment, slightly changed 
by human activ ity, which preserves the natural and 
cultural coexistence options. Anthropogenic areas – 
the environment transformed by human activity.

Lithuanian natural frame consists of over 60 
percent of the area of the country , its territorial 
management and planning is complex. The Kaunas 
city natural frame consists of about 45 percent of  the 
municipal area and is a natural part of of the country‘s 
natural frame. 

The relatively natural landscape of the city of 
Kaunas. In 2010, natural landscape covered 4,346.28 
ha, i.e. 27.66 percent of the Kaunas city area, in 2015 – 
5,461.60 hectares, or 34.81 percent. Within five years, 
relatively natural landscape area increased by 1115.34 
ha (Fig. 1). This was influenced by the development 
of the areas of forests and meadows as well as natural 
grasslands. During the period between the years 2010 
and 2015 the forest area in Kaunas city increased by 
5.16 percent, in Lithuania – by 4.27 percent, in Kaunas 
County – 2.77 percent. In Kaunas city, meadows and 
natural grassland areas increased by 82.31 percent, 
while in the country and county the decline in these 
areas was set, as appropriate: 41.57 percent and 11.13 
percent.

In 2015, the lar gest part of the relatively natural 
landscape consisted of forests – 51.12 percent and 
water bodies – 24.39 percent, the smallest part – 
wetlands (0.03 percent.).
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Forests assigned to the subgroup of urban forest 
have integrated  both recreational and ecological 
functions and under Kaunas city conditions, in which 
most of these forests are located on the slopes of little-
used recreation, their ecological function is even more 
important. Urban natural landscape, greenery play an 
important ecological, aesthetic and recreational role, 
but attention and resources for their maintenance are 
insufficient.

Kaunas city anthropogenized landscape. In 2010, 
Kaunas city anthropogenized environmental area 
totaled 1,644.17 hectares and amounted to 10.46 
percent. Kaunas city area, in 2015 was 1,691.50 
hectares (10.78 percent.).

After analyzing the data obtained, one can see that 
the area  of anthropogenized environment during the 
period between the years 2010 and 2015 increased by 
47.33 ha (2.80 percent) (Fig. 2). The increase of trees 
and shrubs plantations resulted in the development of 
this landscape, which increased by 463.06 ha or 82.03 
percent during this period. Tree and shrub plantings in 
2015 occupied 564.53 hectares or 33.36 percent of the 
Kaunas city anthropogenized landscape area. Trees 
and shrub plantation development was influenced by 
the development and expansion of recreational areas, 
arrangement of green paths, etc. 

In Lithuania and Kaunas county, during the period 
between the years 2010 and 2015 the increase of these 
areas was identified as well: in the country – 23.56 
percent, in the county – 11.25 percent.

Greeneries and plantations growing there make up 
an aesthetic environment of the city, connect buildings 
and facilities with urban or natural landscape.

5,461.6
4,346.28 4,346.28

4,306.28 4,306.28 4,305.96
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Figure 1. Relatively natural landscape change in 
Kaunas city in hectares during the period between the 

years 2010 and 2015.

Anthropogenic Kaunas city landscape. 
Anthropogenic areas include: built-up areas, roads, 
damaged land. In 2010, anthropogenic landscape 
covered 9,724.78 hectares and amounted to 61.88 
percent of the Kaunas city area , in 2015 – 8,535.37 
hectares (54.40 percent.). During the period between 
the years 2010 and 2015 the anthropogenic landscape 
of Kaunas city decreased by 1,189.41 hectares or 12.23 
percent (Fig. 3). This was af fected by the decrease 
of built-up areas by 1,233.36 hectares or 14.10 
percent. The decrease resulted in the development of 

individual and tied green planta tions, afforestation of 
public spaces and recreational areas, management of 
abandoned areas, conversion of old, unused stadiums 
into the natural environment, as well as the integration 
of green areas into residential, public, commercial and 
industrial areas. 

Meanwhile, in the Republic of Lithuania and 
Kaunas county the built-up areas during the analysed 
period have increased: in the country – 25.35 percent, 
in the county – 15.66 percent.

Built up areas occupy the lar gest part of 
anthropogenic landscape of Kaunas city – 88.09 
percent.

Road area is gradually increasing every year, and 
in 2015 it ranked 1,004.38 ha. The area increased by 
38.69 hectares or 3.85 percent.  Transportation need 
is rising constantly, thus increasing the number of 
cars on roads, which has a significant impact on road 
and street network load. With the growing number of 
cars, road and street network development is being 
installed, the gradual reconstruction of the existing 
network goes on, the permanent  surveillance is being 
improved.

During the analyzed period, the af fected land 
area has increas ed by 47.32 percent and in 2015 it 
covered 11.96 hectares and made up the smallest part 
of anthropogenic landscape – 0.14 percent. However, 
both in Lithuania and the county violated land area 
decreased: in the country – 0.95 percent, in Kaunas 
County – 3.90 percent.
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Figure 2. Anthropogenized landscape change of 
Kaunas city in hectares during the period between the 

years 2010 and 2015. 

Summarizing the relatively natural, 
anthropogenized and anthropogenic spatial data of 
the city of Kaunas, it was found that relatively natural 
areas increased by 1115.34 ha, anthropogenized areas 
also increased by 47.33 ha and anthropogenic areas 
decreased by 1,189.41 hectares (Fig. 4).

While analyzing percentage distribution, it was 
determined that anthropogenic  landscape in 2010 
accounted for the most part of the city of Kaunas 
(61.88 percent.), in 2015 – 54.41 percent. It was 
found that the reduction of anthropogenic landscape 
was influenced by the decline of built-up areas caused 
by the development of individual and tied green 
plantations and recreation areas. Anthropogenic 
landscape occupied the smallest  part of Kaunas city: 
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in 2010 – 10.46 percent, in 2015 – 10.78 percent.
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Figure 3. Anthropogenic landscape change in Kaunas 
city in hectares during the years 2010 and 2015.

The structure of urban areas is influenced by the 
natural environment in which the city was established 
and was expanding. Therefore, the city landscape – an 
important factor of the city‘s farming lands structure 
affects the distribution of natural farming lands 
(Milius & Ribokas, 2004).

The main factors influencing the quality of the 
living environm ent of the city are urban natural 
and semi-natural and built-up areas ratio (rate of 
naturalness), which in the city of Kaunas in 2015 was 
34.81 / 10.78 / 54.41. The optimal ratio of relatively 
natural and anthropogenized areas and anthropogenic 
territories in European cities makes up 1/3 of the city 
area. The above analysis shows that the ratio of the 
mentioned areas in Kaunas cit y corresponds to the 
European urban planning guidance.
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Figure 4. Kaunas city landscape change during the 
period between the years 2010 and 2015. 

Territorial-urban problems of Kaunas city. Kaunas 
is situated in the center of Lithuania and is surrounded 
by demographically , structurally and ethnically 
balanced districts without greater economic and social 
contrasts.

Kaunas city has many advantages, but there 
are unresolved territorial-urban  problems as well: 
Kaunas city asymmetric configuration, unevenly 
developed area, insufficiently balanced architecture of 
workplaces, housing, recreation areas, urban physical 
and urban environment features, communications of 
the urban parts passing through the center, the lack 
of attention to the natural environment, neglected 
and therefore unattended green areas of riversides 
and slopes, the lack of the functional quality in the 
central part and its adjacencies, deteriorated urban 
environment.

Expected future changes. The accuracy of the 
projection of the city landscap e condition depends 
on the chosen method. The only source on which it 
is possible to accurately predict the landscape change 
is – the planni ng documents. The analysis of the 
general plan of Lithuanian territory (Lietuvos, 2002), 
the National Landscape Management Plan (Lietuvos, 
2012), Kaunas Metropolitan Area General Plan 
(Kauno, 2013) showed that one of the goals is not to 
reduce green space, as well as to develop recreational 
infrastructure, to upgrade and expand recreational 
small architectural objects, to update and expand 
pedestrian and cycling systems, to equip 6 beaches, to 
renovate apartments and their environment. The plan 
provides for the development of apartments in the 
areas of multi-high intensity and mixed construction, 
construction of individual houses in undeveloped areas 
on the periphery of the city. 13 undeveloped business 
and industrial areas are being projected. It is also 
intended to deal with the parking and traffic problems 
of Old and New Town and other microdistricts.

It can be ar gued that after the implementation 
of Kaunas city  master plan, built-up areas would 
increase, aesthetic view of the recreational ambient 
would improve, visual status of living environment 
would become of higher quality.

Sustainable urban development is inseparable 
from the public  welfare, vibrant economy , healthy 
environment as well as from active and constructive 
community.
 
Conclusions
1. According to Lithuanian physical-geographical 

classification, the Kaunas city territory belongs 
to the Baltic lowlands area, the plateau region of 
the lower reaches of the river Neris and Nemunas 
midland, the composition of the soil type - heavy 
loams and clays; terrain – smooth. Protected areas 
constitute 11.60 percent of the entire Kaunas 
Municipality area.

2. During the period between the years 2010 and 
2015, the rela tively natural landscape area 
increased by 1115.34 ha or 20.42 percent. This was 
influenced by the development of areas of forests, 
the area of which increased by 5.16 percent as well 
as the increase of meadows and natural grassland 
areas, which increased even by 82.31 percent. 
In 2015, the lar gest part of the relatively natural 
landscape consisted of forests – 51.12 percent and 
water – 24.39 percent, the smallest part consisted 
of wetlands (0.03 percent).

3. Anthropogenized environme ntal area during the 
period between the years 2010 and 2015 increased 
by 47.33 hectar es (2.80 percent). The reason – 
the tree and shrub plantations increase of 82.03 
percent.
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4. During the period between the years 2010 and 
2015 the Kaunas city anthropogenic landscape 
decreased by 1,189.41 hectares, or 12.23 percent. 
This was af fected by the decrease of built-up 
areas by 1,233.36 hectares or by 14.10 percent. 
It was found that the reduction  of anthropogenic 
landscape was influenced by the decline of  
built-up areas caused by the development of 
individual and tied green plantations and recreation 
areas. Built up areas cover the lar gest part of the 
Kaunas city anthropogenic landscape – 88.09 
percent.

5. In 2015, the Kaunas city naturalness index was 
34.81 /10.78/54.41, which corresponds to the 
European urban planning guidance.

6. The main problems of the city of Kaunas are as 
follows: asymmetric configuration; unevenly 
developed area; insufficiently balanced structure 
of housing and recreation areas; physical and 
urban environment peculiarities of the city parts 
communications going through the center of the 
city; lack of functional quality of the central part 
and its adjacencies.

7. The analysis of the planning documents showed 
that the imple mentation of the solutions of 
the general plan of Kaunas city , built-up areas 
would increase, the aesthetic appearance of the 
recreational environment would improve, the 
visual status of living environment would become 
of a higher quality.
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ANALYSIS OF PURPOSES OF USE OF REAL PROPERTY 
IN MUNICIPALITIES OF LATVIA
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Abstract
One of the cornerstones of sustainable use of land resources is the use of land resources for the identified needs. In 
every country it is needed to list the land according to the type of land use. Such function of land classification in 
Latvia is maintained by the classification of purpose of real property use. In a certain period of time needs of the 
specific purposes for which the land resources are used are changing, so the aim of this study is to research changes 
of areas of purpose of real property use in municipalities of Latvia. The analysis of purpose of use of real property 
in Latvia municipalities demonstrates the trend of decrease of agricultural land resource areas in proportion to the 
increase of forest land resource areas, excluding the region around Riga, where areas of agricultural land and forest 
land resources are decreasing, but residential land resource area for needs of development of capital is increasing.
Key words: Land use, real property, purpose of real property use, municipality.

Introduction
Land is a basis of a development of every sector 

of natio nal economy . The requirements regarding 
the land are different for various sectors of national 
economy. There are many options of how to use 
land. It can be cultivated in agriculture or processed 
in forestry. It can be processed in order to obtain 
minerals, to produce building and construction 
materials or to create energy. It can be used as a 
location of city  institutions, buildings, structures, 
transport communications, resting places, enterprises 
(Zeme: mana, tava …, b.g.). Therefore, in every 
country it is needed to list the land according to the 
type of land use. Such function of land classification 
in Latvia is maintained by the classification of purpose 
of use of real property. In the regulation No.496 of 
Minister Cabinet (Nekustamā īpašuma lietošanas 
…, b.g.) it is defined that the purpose of use of real 
property is determined to a land unit or a part of land 
unit for purposes of cadastral evaluation according to a 
detail plan, to a territorial planning of municipality or 
to a current use of land or building initiated within the 
procedures specified in regulatory. Groups of purpose 
of use of real property, considering the factors forming 
the value, are classified in the following classes of 
purpose of use:
•	 Land on which the building is not for the primary 

use of land – building is permi tted only in cases 
when it is necessary in order to ensure the permitted 
use of land;

•	 Building land.
The municipality in whose administrative territory 

the land unit or part of land unit is located determines 
its purpose of real property use. Administrative 
territory is a territorial unit in Latvia, where within 
its competence a corresponding local government 
implements an administration (Administratīvo 
teritoriju un …, b.g.). Currently, there are 9 cities of 
the Republic and 110 municipalities.

The main resources of nature in municipalities are 
a land and a forest growing on it. Besides, the land 
is not eternal, we received it from our ancestors and 
eventually we will pass it over to our children and 
their children – and the laws of Universe require us to 
maintain this land and to pass it over not worse than we 
received (Boruks, 2004). We need information about 
available resources of every location on the land and 
how they divide into renewable and non-renewable 
resources, as well as options of a rational use of 
resources and their preservation for the future. Overall, 
the humans are not short-term users of the land, but 
they are also rational users of resources of nature – 
humans are creating, building and maintaining many 
of them in order to pass them over to next generations, 
so they could have a basis for living and existing.

Therefore, the main aim of this publication is to 
research changes of areas of purpose of real property 
use in municipalities of Latvia. In order to achieve the 
aim, the following tasks have been set:
•	 To analyse the changes of areas of purpose of real 

property use separately in the country, in historical 
regions and in current municipalities;

•	 To analyse the biggest two groups of purposes of 
real property use – agricultural land and land of 
forestry – the changes of land areas.

Materials and Methods
The Overview of Land of administrative territories 

of LR provides information about a state of an 
apportionment of land of country on purposes of real 
property use and types of land use considering statuses 
of ownership and owners on date 01.01. each year. 

The data used in the research is a publicly available 
data about purposes of real property use and types of 
land use in the country in total and in municipalities 
from the Overview of Land made by State Land 
Service. The time period used in the research is the 
years from 2009 to 2014.

RURAL AND ENVIRONMENTAL ENGINEERING
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The method used for a data processing was an 
analysis method of time series, which allows paying 
attention on a detection of changes of things and 
phenomena from a dynamic point of view, which 
happening during the flow of time, on a clarification 
of specific procedure and on a detection of regularities 
during the process of changes (Krastiņš & Ciemiņa, 
2003).

The indicators of changes of time series are 
obtained by a comparison of two levels of time series. 
It follows that it is possible to calculate indicators of 
chain increase and base increase for each time series.

An absolute increase of chain  can be found 
by subtracting a previous level ym-1 from an ordinary 
level ym (1): 

 (1)

An absolute increase of base  can be found 
by subtracting an original or base level of the series   
y1 from an ordinary level of the row ym (2): 

 (2)

Absolute increases are expressed in same units as 
units in row levels, in this research it is ha (hectares).

Chain increase rate Tm(k) can be found by dividing 
an ordinary level ym with a previous level ym-1, but base 
increase rate Tm(b) – by dividing  an ordinary level ym  
with an original  level y1. Increase rates are expressed 
as fractions of number one. The percentage of increase 
rates is obtained by multiplying the results with 100 
(3, 4):

 (3)

 (4)

Chain increase rate  and base increase rate tm(k) can 
tm(b) be obtained by subtracting 1, respectively 100%, 
from the relevant chain and base increase (5, 6).  

 (5)

 (6)

Since a time series in the economics mostly reflects 
increasing objects and phenomena, the indicators 
of changes traditionally are called as indicators of 
increase. If the time series reflects a descending 
process, then absolute increases are negative, but 
increase rates are less than 1, respectively 100%. It is 
very easy to detect simple math ematical correlations 
between the indicators of dynamic changes. Absolute 

base increases are obtained by summing up absolute 
chain increases. Base increase rate is obtained by 
multiplying chain increase rates in fractions of 1. With 
rounding the results, a minor accumulation of errors 
is possible.

The means of time series characterizes qualities 
of time series of analysed time period. Each mean 
average is only one number characterizing whole time 
series. Middle level of each time series expresses the 
size of typical phenomena contained in analysed time 
period. The arit hmetic mean level of interval time 
series  calculates by dividing a sum of series levels 
with a number of levels (7):

   (7)

where ym – level of period m;
n – indication of time of the last member of the 
series.

Absolute averag e increase expresses the average 
change per unit of time of researched phenomena 
during a time period of analysed series. The result 
of formula is obtained by dividing a sum of absolute 
chain increase with a number of chain increases 

 (8):

  (8)

Mean increase rate  expresses the mean intensity 
of changes of phenomena in fractions or percentage. It 
can be calculated (9):

  (9)

Mean increase rate is calculate d by subtracting 
number 1 from mean increase rate. 

Results and Discussions
According to the regulations of Minister Cabinet 

No 496 (Nekustamā īpašuma lietošanas …, b.g.),  
12 groups of purposes of use of real property are 
defined. According to the data from the Overview of 
Land, the apportionment of land areas in groups of 
purposes of use of real property on 1st of January, 
2015 shows that the lar gest land areas are covered 
by two groups – Agricultural land and Forestry land 
and specially protected nature territories, where 
any economic activity is prohibited by the laws and 
regulations. First of both groups covers 59.0% and the 
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other one covers 34.1% from the territory of Latvia 
(Figure 1).

Analysis on changes of land areas in groups of 
purposes of use of real property between the years 
2015 and 2009 (T able 1) shows that there are some 
major changes, because the area of the group of 
Agricultural land has reduced by 67,734.8 ha, which 
is 1.8%, but the area of group of Forestry land has 
increased by 52,499.3 ha, which is 2.3%. 

In groups of Land of natural base and recreational 
importance and Territories of mineral extraction sites 
are even greater changes, which have appeared as an 
increase of areas by 16.3% and 15.8%. Generally , 
these changes were affected by the changes in laws 
and regulations in Latvia, as well as the requirements 
regarding a sustainable use of land defined by The 
European Union (EU).

In order to obtain more precise explanation on 
these changes, a more detailed research further will 
be made on the lar gest two groups of purpose of use 
of real property – Agricultural land and Forestry land. 

In the group of Agricultural land, a land where 
the main economic activity is agriculture, and a land, 
which is being used for sowing fields, grass mowing, 
grazing, cultiva ting forage grasses, orchards and 
other perennial plantations, vegetable gardening, 
mushroom gardening and cultivation of crops under 
glass are classified. In this group farms, backyard 
holdings, specialized state farms (state training and 

experimental farms, as well as other specialized state 
farms), agricultural enterprises, which specialize in a 
particular sector of agriculture and with an agricultural 
land according to the business specifics it uses 
appropriate buildings and other necessary structures 
in order to serve as providers in the production process 
are also classified. Types of land use that describe 
Agricultural land are arable land, meadows, pastures, 
as well as land under farm buildings and residential 
courtyards. Also, land with forests if they are not 
covering major part of land unit and not classified as 
a land with main economic activity of forestry, can be 
classified as agricultural land.

Whereas, in a group of Forestry land and specially 
protected nature territories, where any economic 
activity is prohibited by the laws and regulations, a land 
with main economic activity of forestry and specially 
protected nature territories, where any economic 
activity is prohibited by the laws and regulations, 
are classified. Land, where main economic activity 
is forestry , an economic, preserved and protected 
forests (with an exception of special areas of protected 
territories in which all natural resources are completely 
excluded from economic and other activities), land 
under the forest infrastructure, overflowing clearing 
adjacent to forest and within it, as well as marshes 
and glades, can be classified in this group. Also 
agricultural land, if it is not covering major part of land 
unit and not classified as a land with main economic 
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Figure 1. Land areas in groups of purpose of use of real property in Latvia
(by State Land Service data on 01.01.2015).

Analysis on changes of land areas in groups of 
purposes of use of real property between the years 
2015 and 2009 (Table 1) shows that there are some 
major changes, because the area of the group of 

Agricultural land has reduced by 67,734.8 ha, which is 
1.8%, but the area of group of Forestry land has 
increased by 52,499.3 ha, which is 2.3%. 

Table1
The changes of land areas in groups of purpose of real property use (2009-2014) in Latvia

Purpose of real property use on
01.01.2010

(2009)

on
01.01.2015

(2014)

Changes of land areas 
regarding land areas of 

2009
Agricultural land 3,876,363.1 3,808,628.3 -67,734.8
Forestry land and specially protected nature 
territories, where any economic activity is 
prohibited by the laws and regulations

2,152,822.4 2,205,321.7 +52,499.3

Land of water objects 126,466.6 126,060.8 -405.8
Territories of mineral extraction sites 29,002.0 34,460.5 +5,458.5
Land of natural base and recreational importance 29,185.4 34,859.3 +5,673.9
Building land of individual houses 43,886.4 43,635.9 -250.5
Building land of apartment houses 10,932.4 10,879.2 -53.2
Building land of commercial objects 6,316.2 6,054.0 -262.2
Building land of objects of public interest 32,433.1 31,205.0 -1,228.1
Building land of production facilities 23,731.8 24,699.7 +967.9
Building land of traffic infrastructure 106,461.1 108,621.8 +2,160.7
Building land of engineering supply networks 
and facilities 12,049.7 10,317.6 -1,732.1

In groups of Land of natural base and recreational 
importance and Territories of mineral extraction sites 
are even greater changes, which have appeared as an 
increase of areas by 16.3% and 15.8%. Generally,

these changes were affected by the changes in laws 
and regulations in Latvia, as well as the requirements 
regarding a sustainable use of land defined by The 
European Union (EU).
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Figure 1. Land areas in groups of purpose of use of real property in Latvia 
(by State Land Service data on 01.01.2015).
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activity of agriculture, can be classified as a Forestry 
land. In speciall y protected nature territories, where 
any economic activity is prohibited by the laws and 
regulations, all specially protected nature territories, 
where all resources of nature are completely excluded 
from economic and other activities can be classified. 

In order to obtain a more precise explanation 
to previously mentioned changes, the analysis of 
relative and absolute indicators of time series of 
areas of Agricultural land and Forestry land in 1 10 
municipalities about the time period of 2009 to 2014 
was made (Table 2, Table 3).

The absolute mean increase of area of land of a 
group of Agricultural land has a negative tendency, 
-13213.8 ha, but mean increase rate is 99.7 ha, whereas 
the absolute mean increase of area of land of a group 
of forestry land has a positive tendency, + 10483.7 ha, 
but mean increase rate is 100.5 ha.

With the indicators of mean increase rate it can be 
concluded that the reducing of areas of Agricultural 
land has gradually happened, an average of 0.3% per 
year, but the increase of areas of Forestry land has 
been an average of 0.5% per year. 

The results of analysis of land area of Agricultural 
land and Forestry Land in municipalities of historical 
regions have same tendency as in the country overall 
(Table 4). Land area of Agricultural land has reduced, 
but land area of Forestry land has increased.

 Area of Agriculture land group in municipalities 
of Latvia has reduced, but area of Forestry land group 
in municipalities in Latvia has increased. In historical 
region of Kurzeme, the largest reduction of area 

of Agriculture land group is in Talsi municipality , 
-6,810.8 ha; the next largest decrease is in Kuldīga 
municipality, -1,594.8 ha. The smaller reductions 
of the area in this group of purpose are in Alsunga 
and Vaiņode municipalities, -99.3 ha and -165.9 ha 
respectively. In historical region of Latgale, the largest 
reduction of area of Agruculture land group is in Ludza 
municipality, -2814.0 ha and in Rēzekne municipality, 
-2,069.8 ha, but only -36.4 ha in Cibla municipality 
and -36.2 ha in Krāslava municipality. In historical 
region of Vidzeme, the lar gest reduction of area is 
in Limbaži municipality, -2,537.8 ha and in Gulbene 
municipality -1,715.6 ha, but the smallest reduction is 
in Carnikava municipality -27.1 ha and in Saulkrasti 
municipality -29.8 ha. In historical region of Zemgale, 
which is characterized by the richest soils, but as well 
there are observed reductions in area of agricultural 
land group, in Vecumnieki municipality -1,811.7 ha 
and in Tukums municipality -1,337.9 ha. The smallest 
decrease is in Rundāle municipality, -26.3 ha. But in 
Tērvete municipality, the only one in Latvia, a slight 
increase in the area of Agricultural land group has 
been observed, i.e., +2.4 ha. In areas of municipalities 
of Latvia in Forestry land group, increases as well as 
reductions are observed. For example, in historical 
region of Kurzeme, increases in purpose of use of 
real property – Forestry land are observed. The largest 
increases are in Talsi municipality, +4,961.5 ha and in 
Kuldīga municipality, +1,447.5 ha, smaller increases 
of area are in Alsunga municipality +67.3 ha and in 
Jaunpils municipality, +68.1 ha. In all municipalities 
in historical region of Vidzeme, increases of area of 

Table1
The changes of land areas in groups of purpose of real property use (2009-2014) in Latvia

Purpose of real property use
on

01.01.2010
(2009)

on
01.01.2015

(2014)

Changes of land areas 
regarding land areas of 

2009
Agricultural land 3,876,363.1 3,808,628.3 -67,734.8
Forestry land and specially protected nature territories, 
where any economic activity is prohibited by the laws 
and regulations

2,152,822.4 2,205,321.7 +52,499.3

Land of water objects 126,466.6 126,060.8 -405.8
Territories of mineral extraction sites 29,002.0 34,460.5 +5,458.5
Land of natural base and recreational importance 29,185.4 34,859.3 +5,673.9
Building land of individual houses 43,886.4 43,635.9 -250.5
Building land of apartment houses 10,932.4 10,879.2 -53.2
Building land of commercial objects 6,316.2 6,054.0 -262.2
Building land of objects of public interest 32,433.1 31,205.0 -1,228.1
Building land of production facilities 23,731.8 24,699.7 +967.9
Building land of traffic infrastructure 106,461.1 108,621.8 +2,160.7
Building land of engineering supply networks and 
facilities 12,049.7 10,317.6 -1,732.1
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Forestry land group, are observed, except in Viļāni 
municipality, where reductions of area, -17.7 ha are 
observed, but greater increases of areas are in Ludza 
municipality, +2,633.5 ha and in Rēzekne municipality, 
+1,782.3 ha, lower ones – in Cibla municipality, 
+18.7ha. A situation with indicators of area changes 
in Forestry land group located in municipalities of 
historical region of Vidzeme is very interesting. In 
municipalities that are bordering with Riga – Olaine, 
Mārupe, Inčukalns, Ikšķile, Baldone, Ropaži un 
Stopiņi municipalities, Forestry land areas have 
reduced in the amplitude from – 1,163.1 ha (in Olaine 
municipality) to -3.1 ha (in Stopiņi municipality). That 

can definitely be explained with a change of purpose of 
land of real property in these municipalities. Owners 
had changed group of purpose of land to Building 
land of individual houses, which is very popular in 
municipalities that are bordering Riga. However, 
in municipalities that are further away from Riga a 
change of area of Forestry land group has increased; 
for example, in Gulbene municipality it is +1,607.0 
ha, in Limbaži municipality +2,148.8 ha, in Mazsalaca 
municipality +1,351.1 ha. The situation in historical 
region of Zemgale is very simil ar to one in historical 
region of Latgale, mainly a change of land area has 
increased, for example in Vecumnieki municipality, 

Table 2
Relative and absolute indicators of time series of areas of Agricultural land

Indicators/ ha
2009 2010 2011 2012 2013 2014

3,873,726.4 3,864,367.1 3,850,597.0 3,838,637.1 3,824,798.1 3,807,657.4
Chain increase, - -9,359.3 -13,770.1 -11,959.9 -13,839.0 -17,140.7
Base increase, - -9,359.3 -23,129.4 -35,089.3 -48,928.3 -66,069.0
Chain growth rate, 100 99.8 99.6 99.7 99.6 99.6
Base growth rate, 100 99.8 99.4 99.1 98.7 98.3
Chain increase rate, - -0.2 -0.4 -0.3 -0.4 -0.4
Base increase rate, - -0.2 -0.6 -0.9 -1.3 -1.7

Table 3
Relative and absolute indicators of time series of areas of Forestry land

Indicators/ ha
2009 2010 2011 2012 2013 2014

2,143,780.0 2,148,850.4 2,159,498.5 2,167,718.6 2,179,541.8 2,196,198.7
Chain increase, - 5,070.4 10,648.1 8,220.1 11,823.2 16,656.9
Base increase, - 5,070.4 15,718.5 23,938.6 35,761.8 52,418.7
Chain growth rate, 100 100.2 100.5 100.4 100.5 100.8
Base growth rate, 100 100.2 100.7 101.1 101.7 102.4
Chain increase rate, - 0.2 0.5 0.4 0.5 0.8
Base increase rate, - 0.2 0.7 1.1 1.7 2.4

Table 4
The changes of land area in groups of Agricultural land and Forestry land

Historical
regions

Agricultural land Forestry land

on 01.01.2010
(2009)

on 01.01.2015
(2014)

Changes of land 
areas regarding 

land areas in 2009
on 01.01.2010

(2009)
on 01.01.2015

(2014)
Changes of land 
areas regarding 

land areas in 2009
Kurzeme 735,597.7 716,706.1 -18,891.6 630,319.3 644,452.9 +14,133.6
Latgale 1,003,865.3 991,600.0 -12,265.3 345,061.1 355,245.0 +10,183.9
Vidzeme 1,352,409.4 1,328,701.7 -23,707.7 778,930.4 797,272.9 +18,342.5
Zemgale 781,854.0 770,649.6 -11,204.4 389,469.2 399,227.9 +9,758.7
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it is +1,819.8 ha, in Tukums municipality +1,267.0 
ha. But in Jelgava municipality area of Forestry land 
group has reduced by -71.2 ha. This analysis revealed 
the tendency that if area of Agricultural land group in 
municipality or other researched territory has reduced, 
there is an approximate increase of area of Forest land 
group in the same territory. 

Conclusions 
1. According to purpose of use of real property, the 

areas of agricultural land and forestry land occupy 
the largest territory of Latvia – 59% and 34%, as 
well as their changes of size during the period from 
2009 to 2014, respectively -1.8% and + 2.3%, 
show that these natural resources are used for the 
identified needs and retained as far as possible for 
future generations.

2. By the indicators of growth rate, it can be concluded 
that agricultural land area reduction has occurred 
gradually, during the analysed period – the average 
of 0.3% per year, while the forestry land areas are 
increasing – average 0.5% per year.

3. According to analysis of agricultural land by 
the purpose of real property use, in perspective 
of municipalities, can be concluded that in all 
municipalities over the research period the range 
of areas of land – from  -6,810.8 ha (in Talsi 
municipality) to -26.3 ha (in Rundale municipality) 
decreased, except Tervete municipality where the 
area of agriculture land increased by +2.4 ha.

4. According to analysis of forest land by the 
purpose of real property use, in perspective of 
municipalities, it can be concluded that changes  
are in a range from +4,961.5 ha (Talsi municipality) 
to -1,163.1 ha (Olaine municipality).

5. The analysis of purpose of real property use in 
Latvia municipalities demonstrate the trend of 
decrease of agricultural land resource areas in 
proportion to the increase of forest land resource 
areas, excluding the region around Riga, where 
areas of agricultural land and forest land resources 
are decreasing, but residential land resource area 
for needs of development of capital is increasing.
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Abstract
Aim of the paper is to explore the possibilities of application of orthophoto maps in determination of land degradation. 
One of the forms of remote sensing is aerial photography. Orthophoto maps are made from aerial photography with 
specialized software orthophoto maps were analysed in perspective for several years – from 2005 to 2011.The results 
are based on the expert. With each year possibilities of application of orthophoto maps are expanding. During the 
research, data of survey and SWOT analysis of determination of land degradation by orthophoto maps. The study 
results prove that  based on orthophoto maps mainly , it can be detected the following land degradation processes – 
agricultural land overgrowing with bushes and abandonment of built-up areas.
Key words: remote sensing, orthophoto, land degradation.

Introduction
In recent years, increasing attention is being paid 

to sustainable land use issues. Not only in the world, 
but also in Latv ia the land degradation processes – 
water and wind erosion, coastal erosion, bogging of 
ameliorate areas, agricultural land overgrown with 
bushes and landscape depletion is taking place.

In Latvia, according to the State Land Service 
data, 19.2% of agricultural land, including ameliorate 
lands, currently is not used, and they are gradually 
overgrown with weeds and bushes; therefore, the 
process of land degradation has already begun. 

The solution of land degradation detection and 
reduction is to take a set of several important activities 
in order to successfully combat land degradation, 
which is already starting to develop or have already 
developed. It is very important to identify the type of 
land degradation and provide the appropriate solution 
for a particular type of degradation. Since each type 
of land degradation manifests its own specificities, it 
is important to choose the most appropriate way to 
determine which one would be more ef fective in a 
given situation.

This article highlights the remote sensing method – 
research of orthophoto maps, which is the best way to 
determine agricultural land overgrowing with bushes.

Application of remote sensing data for 
determination of land degradation can be divided into 
4 stages (Lapina & Baumane, 2015):
•	 collection of remote sensing data;
•	 processing of obtained orthophoto maps;
•	 data accumulation and storage;
•	 use of data.

Aim of the paper is to explore the possibilities of 
application of orthophoto maps in determination of 
land degradation. To achieve the aim, the following 
tasks were set:
•	 to analyse data of orthophoto maps in perspective 

for several years;

•	 perform SWOT analysis of determination of land 
degradation by orthophoto maps;

•	 to carry out the expert survey analysis

Materials and Methods
One of the forms of remote sensing is aerial 

photography. Aerial photography can be performed, 
for exam ple, from aircraft, a remotely controlled 
model aircraft, helicopter and others. Most appropriate 
time for aerial photography is usually spring, between 
snow melting and leaf unfolding, and when the sun is 
high enough, there are no clouds; the ground surface is 
transparent (Baumane, Cintina, & Tabynbaeva, 2014). 

Orthophoto maps are made from aerial photography 
with specialized software.

For the research, the Lat vian Geospatial 
Information Agency orthophoto, scale of 1:10 000, 
which is freely available at the website of Latvian 
Geospatial Information Agency was used.

In Latvia, orthophoto maps are prepared in Latvia 
Coordinate System LKS-92 TM in accordance with 
the TKS-93 division of map sheets (scale 1:10 000 
map sheet complies with the 5x5 kilometers in nature). 
For the entire territory of Latvia the orthophoto 
maps are completed in TIFF format, scale 1:10 000 
(Aerofotografēšana un ortofotokartes, b.g.).

Photogrammetry is often used in the context of 
remote sensing and the world has known the following 
definition (adopted in ISPRS conference in 1996) – 
photogrammetry is art, science and technology of 
obtaining reliable information about the Earth, its 
environment and other physical objects and processes, 
making data acquisition with a non-contact images 
and other sensor systems, their measurement analysis 
and representation.

In many countries, as well as in Latvia, since 
1960 photogrammetry , which makes it possible to 
obtain visual and geometric information, has been 
very effectively used. Nowadays, due to evolving 
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technology and surface acquisition algorithms, there is 
an opportunity to work with acquisition of the surface 
geometry by the surface scanning and acquisition of 
point group from photographs. This method makes it 
possible to build a three dimensional object model and 
visualize objects with images, distinguishing surface 
from a few millimeters to microns. 

Experience has shown that the use of GIS and 
analysis of aerial photographs and lar ge-scale 
topographic maps obtained in dif ferent years can 
determine the changes of land use configuration; thus, 
it is possible to calculate their size and trends over 
time. Based on the facts, development of land-use 
path can be predicted. Furthermore, recommendations 
for spatial management (Barkāns, Lazdāns, & Orols, 
2008) can be developed.

Researching the possibilities of application of 
orthophoto maps in determination of land degradation, 
Latvian Geospatial Information Agency overview map 
orthophoto images from 2005 to 2008 with orthophoto 
images from 2010 to 2011 were compared.

This study was conducted by using remote sensing 
method for determination of degraded lands. 

Results and Discussion
Smarde municipality rural territory, which is 

located in Engure municipality (Figure 1), was 
selected as the research area. Engure municipality , 
on the coast of the Baltic Sea, is a local government 
in Zemgale, which was established at the time of 
the administrat ive and territorial reform. Engure 
municipality is characterized by one of the longest sea 
borders among all regions of Latvia – 56km.

Figure 1. Geographic location of Engure 
municipality.

For determination of land degradation in Smarde 
municipality rural territory , the Latvian Geospatial 
Information Agency’s Map Browser (LĢIA karšu 
pārlūks, b.g.) was used. Orthophoto maps are in scale 
1:10 000 (0.5 m/pix, colourful).

In Smarde municipality rural territory, three 
degraded territories (research objects) in which clearly 
visible degradat ion – agricultural land over growing 
with bushes and abandonment of built-up areas in 
Tukums airport territory is clearly visible, were 
assessed. 

Figure 2. First research object orthophoto image, 
years 2005 – 2008.

Figure 3. First research object orthophoto image, 
years 2010 – 2011.

Comparing the first research object orthophoto 
images (Figure 2, Figure 3) from 2005 – 2008 and  
2010 – 201 1, land degradation in the form of 
agricultural land overgrowing with bushes can be 
observed.

Figure 4. Second research object orthophoto image, 
years 2005 – 2008.
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Figure 5. Second research object orthophoto image, 
years 2010 – 2011.

Comparing the second research object orthophoto 
images (Figure 4, Figure 5) from 2005 – 2008 and 2010 
– 2011, land degradation in the form of agricultural 
land over growing with bushes and cutting of forest 
land can be observed.

Comparing the third research object orthophoto 
images from 2005 – 2008 and 2010 – 201 1, land 
degradation in the form of abandonment of built-up 
areas in Tukums airport territory can be observed.

Figure 6. Third research object orthophoto image, 
years 2005 – 2008.

Figure 7. Third research object orthophoto image, 
years 2010 – 2011.

Comparing these three degraded territories in 
Smarde municipality rural territory in the period from 
2005 to 201 1, it can be seen that land degradation 
had already taken place in such a short period of 
time. Using the following definition and scale (Scale 
1:10000) orthophoto can already determine the impact 
of degradation in a relatively easy way, of course, the 

accuracy of such a scale and resolution orthophoto 
is not high, it could be said it is even low . However, 
such resolution orthophoto fulfils its function in the 
prevention of land degradation and using smaller 
scale, such as: 1:5000 or 1:2000 could achieve quite 
acceptable accuracy – up to 20 cm (‘Metrum’ veicis 
apbūves..., b.g.). 

In Latvia, the company ‘Metrum’ has produced 
orthophoto with such a high resolution.  Land surveying 
and territorial planning company ‘Metrum’, by using 
the company’s aircraft and special aerial photography 
equipment, has made flights over the Gulf of Riga 
and the Baltic Sea coastal zone in territory of Latvia, 
identifying volumes of shoreline erosion and housing 
development in 300 meters dune protection zone.

Within the frame of the project, aerophoto  
images of coastline in length of 500 km and width 
from 500 to 1000 meters, from Lithuanian border 
to Estonian border have been obtained. By using 
aerophoto images, the orthophoto map of coastal 
areas in scale 1:2000 with a spatial resolution – 20 cm 
in nature was created. These are the most accurately 
obtained cartographic data by scale and quality up 
to this date about coastal area of Latvia. Previous 
orthophoto maps were in scale 1:10000 (‘Metrum’ 
veicis apbūves..., b.g.).  

Newly acquired orthophoto materials were 
compared with the Latvian Geospatial Information 
Agency 2003–2005 orthophoto data. These data 
suggests that during last years around 65% of the total 
length of the Baltic Sea coastal  zone in the territory 
of Latvia is af fected by erosion in varying degrees. 
The main coastal erosion risk areas are in Limbazi, 
Tukums, Talsi, Ventspils and Liepaja municipality as 
well as Jurmala. There are places where coastal zone 
erosion in 3-4 years has washed away about 20 to 30 
meters.

Coastal area orthophoto materials developed by 
‘Metrum’ are applicable for development of spatial 
plan, for clarification of real property boundaries 
and protection  zones, for economic activities, 
for example, construction or road infrastructure 
development monitoring. These data are applicable 
also for manage ment of protect ed areas, monitoring 
of economic activity in the coastal zone, port 
development planning. 

At the same tim e, also the laser scanning data in 
the form of point cloud are acquired that characterize 
the measured territory – land, trees, buildings. This 
information could be used to determine the amount 
of erosion, as well as for 3D modelling of territory. 
Obtained cartographic information could be used 
for the develop ment of tourism and planning of 
infrastructure in the areas where there is an active 
vacationers flow (such as dune strip along the Talsi 
highway), as well as for control of the impact of 
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human activity on coastal nature (‘Metrum’ veicis 
apbūves..., b.g.). 

Services – aerial images, orthophoto maps, 
topographical plans and 3D models using the 
company’s specially equipped airplane PC-6, have 
been offered by ‘Metrum’ since 2007.

Currently, using aerial photography and laser 
scanning, ‘Metrum’ develops appropriate materials for 
specific needs, which could be applied for geospatial 
task solving in planning of territorial development, 
in research and development of communications, 
infrastructure and building solutions, as well as in 
disaster forecasting and liquidation, and other areas.

Researching the application of orthophoto maps 
in determination of land degradation, the Latvian 
Geospatial Information Agency orthophoto images 
from 2005 – 2008 and 2010 – 201 1 were compared 
and SWOT  analysis for applic ation of orthophoto 
maps in determination of land degradation was carried 
out.

SWOT analysis is a method by which strengths 
and weaknesses are identified, as well as the existing 
opportunities or future threats for application of 
orthophoto maps in determination of land degradation 
(Table 1).

When all four critical elements of information are 
identified, based on them, application of orthophoto 
maps in determination of land degradation – the 
planned strategy for achieving the objectives can be 
implemented.

The main task of SWOT  analysis is to split the 
available information to internal (strengths and 
weaknesses) and external (opportunities and threats) 
factors. When this work is done, the results of 
SWOT analysis show which factors (strengths and 
opportunities) can contribute to achieving the strategic 
objectives and which factors (weaknesses and threats) 
is an obstacle and which ef fects should be overcome 
or reduced (SVID analīze, b.g.).

Table 1 summarizes the SWOT  analysis factors – 
strengths, weaknesses, opportunities and threats. In 
each section, there are five factors that affect every 
section.

After the creation of SWOT analysis, survey, which 
was performed experts from Latvia University of 
Agriculture was developed. In the survey, assessment 
of the importance of each factor (1 – insignificant, 5 – 
very important) was asked. The compiled survey data 
are shown in the diagrams.

Figure 8 featuring the results of SWOT analysis 
survey on the strengths. As it can be seen, the most 
significant factors of application of orthophoto maps 
in deter mination of land degradation is regular 
monitoring of degraded territories, possible to make 
observations over wide areas and available high-
definition photo scenes; rating by experts – 4. While 
the factors – possibility to quickly assess the degraded 
territories, and it does not need to be located in area 
were evaluated on a scale from 1 to 5 with 3. None of 
the factors has been evaluated with 5.

Figure 9 features the results of SWOT  analysis 
survey on the weaknesses. As it can be seen, the most 
significant weakness is lack of experts in the industry, 
which according to experts rating is rated 4.

While the factors – a short period of time to carry 
out aerophotography, expensive hardware and impact 
of bad weather – were rated with mark – 3. Factor – 
changing situation in nature was rated with mark 2. 
None of the factors has been evaluated with 5.

Figure 10 features the results of SWOT analysis 
survey on the opportunities. The most significant 
factor is that studies could promote exploration of 
degraded territories – this factor is rated with the 
mark 5, according to experts. Factors – could reduce 
the generation of degradation and qualitative data 
extraction is rated with the mark 4, but factor – 
technological development is rated with the mark 3.

Table 1
SWOT analysis of application of orthophoto maps in determination of land degradation

Strengths Weaknesses
•	 possibility to make observations over wide areas;
•	 possibility to assess quickly the degraded territories;
•	 available high-definition photo scenes;
•	 no need to be located in area;
•	 regular monitoring of degraded territories

•	 lack of experts;
•	 changing situation in nature;
•	 expensive hardware;
•	 short period of time to carry out aerophotography;
•	 impact of bad weather

Opportunities Threats
•	 studies could promote exploration of degraded territories;
•	 qualitative data extraction;
•	 technological development;
•	 could reduce the generation of degradation;
•	 public funding for land degradation monitoring

•	 impact of national policy;
•	 legislative changes;
•	 impact of the economic situation;
•	 innovations of information technology;
•	 variable funding
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Figure 8. Results of SWOT analysis survey on the strengths.

Figure 9. Results of SWOT analysis survey on the weaknesses.

Figure 10. Results of SWOT analysis survey on the opportunities.

Impact of national policy, legislative changes and 
innovations of information technologies are assessed 
with the mark 4. Factors – variable funding and impact 
of the economic situation are assessed with the mark 
3. None of the factors has been evaluated with 5.

Application of orthophoto maps in determination 
of land degradation is an ef fective method for 

monitoring of land degradation, and in Latvia it is 
also possible to use Latvian Geospatial Information 
Agency’s Map Browser high-resolution Orthophoto 
maps from 1994 to 2015 which allows comparing 
the changes of degraded territories in 20 years. Of 
course, the situation changes in nature take place 
very rapidly and orthophoto materials are required for 
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shorter periods of time; therefore, there is a need to 
take aerophotos in shorter period of time rather than 
rely on freely available orthophoto maps that can 
be outdated and no longer entirely fulfil its task – to 
successfully determine the land degradation.

As the results of SWOT analysis and survey show, 
orthophoto maps must have high resolution in order 
to successfully identify land degradation impacts and 
where it is likel y to bring the greatest risks, because 
sometimes there is a need to book aerophotographs for 
certain areas with certain requirements and accuracy 
criteria that increase the costs of this process.

During the study , about 3,000 ha of degraded 
territories were inspected. For such an area, it is not 
required to use the aircraft that is designed for taking 
aerophotos, but it is fully sufficient to use the drone, 
which fully meets the criteria of orthophoto material 
definition.

Conclusions
1. To determine the land degradation and its occupied 

area, as well as to determine how the degraded 
land has changed over the years, it is possible to 
use publicly available orthophoto with high level 
of detail. 

2. The study results proved that, based on orthophoto 
maps of Engure municipality from 2005 to 2011, 
mainly the following land degradation processes 
– agricultural land overgrowing with bushes and 
abandonment of built-up areas can be detected.

3. SWOT analysi s proves that application of 
orthophoto maps in determination of land 
degradation is an effective method for monitoring 
land degradation process.

Figure 11. Results of SWOT analysis survey on the threats.
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Abstract
After height system replacement in Latvia, there is a transformation formula for point height difference theoretical 
value in any place of Latvia. Performing practical Global Navigation Satellite System (GNSS) measurements and 
obtained data mathematical processing, there is also a possibility to calculate point height dif ference, in this case 
– practical values. There were thirteen 1st class levelling network points selected in territory of Latvia and got the 
theoretical and practical values of them. As the result, it is possible to compare height differences between Baltic 
Normal Height System 1977 and Latvian Normal Height System 2000,5. The practical and theoretical values should 
coincide, but just 3 of selected geodetic points the height dif ference comparing practical and theoretical values is 
close to zero and point height difference of all measured points differs in 17 cm amplitudes indicating problems with 
transformation formula or need to improve geoid model.
Key words: Latvian Normal Height System, GNSS, elevation.

Introduction
Since 1 st December 2014 in Latvia Cabinet of 

Ministers and state laws as a national height system 
finds the European Vertical Reference System 
realization in Latvia – Latvian Normal Height System 
2000,5 (LHS-2000,5) (Celms, Bimane, & Reke, 
2014). Prior to this, the Baltic Normal Height System 
1977 (BHS1977) (Celms, Helfrica, & Kronber gs, 
2007) was used as the national height system.

Nowadays the Global Navigation Satellite System 
(GNSS) offers more and more advantages. So to test 
LHS-2000,5 authors using GNSS measurements of 
13 first class levelling points in the territory of Latvia 
obtained data compared with data calculated using 
the transformation formula for height dif ference 
calculation between two height systems ( Latvijas 
kvaziģeoīda modelis, 2015). The global positioning for 
obtaining practical values was chosen because of their 
simplicity – using global positioning and calculating 
ellipsoidal coordinates it is possible to see the height 
difference control in height system datum point and 
regional main geodetic points (Lazdans et al., 2009). 
On these points where direct GNSS observations 
are not possible to do there is still need for precise 
levelling works (Celms et al., 2013).

The levelling network is a national height 
system forming element. Levelling network ensures 
the realization of various functions in the national 
economy (Celms, Kronbergs, & Cintina, 2013). 

For precise GNSS measuring, it is necessary to 
have a precise quasigeoid model. Since 1 st December 
2014 Latvian specialists have developed a new 
quasigeoid model L V’14 with 4 cm accuracies 
(Latvijas kvaziģeoīda modelis, 2015).

The study aim is to figure theoretical and practical 
measurements obtained differences between BHS1977 
and LHS-2000,5. To achieve the goal, the following 
tasks are set: 1) to do global positioning measurements 

in the national 1st class levellin g network obtaining 
practical values of point height difference in two height 
systems; 2) to get point height dif ference theoretical 
values using height transformation formula; 3) to 
compare the obtained practical and theoretical values.

Materials and Methods
To do GNSS measurements to see practical values 

of point height dif ference in two height systems – 
BHS1977 and LHS-2000,5 – first of all, there was 
the national geodetic network point inspection done. 
There were some points selected and then visited on 
site to detect for each point the horizon above point 
and possibility to use GNSS methods for its height 
determination, the point location conformity to point 
abris. Also, global positioning real time measurements 
were done to detect the location of satellites above 
point. After inspection there were thirteen1 stclass 
levelling network points chosen as an appropriate 
geodetic point for GNSS mea surements – ground 
marks 1415, 1001, 37, 1155, 1537, 1636, 1676, 1727, 
8248 and fundamental marks 1484, 0608, 3389 and 
1463 (Fig. 1).

There are 3 measurement sessions performed – 
14th December 2012, 22 th November 2013 and 27th 
November 2014 in the territory of Latvia at the same 
time using global positioning in post-processing 
mode. The measurement has taken 4 hours long in the 
morning about 10 to 14 o’clock in Latvia Positioning 
System Base Station (LatPOS) network. LatPos is 
GNSS continuously operating the network of Latvia 
(Celms, Ratkevics, & Rusins, 2014). On each point 
was installed GNSS receiver – Leica, Trimble, Topcon 
or GeoMax receiver – and 4 hours long collected 
GNSS data. 

For precise data processing and adjustment after 
measuring, there were collected  data from 3 nearest 
LatPOS base stations from LatPOS home page 
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choosing respective base stations. The data from 
GNSS receivers and LatPOS stations were used 
for data adjustment and point height determination 
(Reiniks, Lazdans, & Ratkus, 2010). Fig. 2. shows the 
location of measured points and LatPOS base stations.

Setting relevant parameters during data processing 
the point height can be adjusted in both height systems 
– BHS1977 and LHS2000,5. The difference between 
both height systems is the practical value – using 
GNSS method measured height difference (Celms, 
Eglaja, & Ratkevics, 2015). For getting more precise 

results, an average value of point height from all 3 
measuring sessions was calculated.

Theoretical values of point height difference –  
the height dif ference between BHS1977 and  
LHS-2000,5 – has been determined by Cabinet 
Regulation No. 879 (adopted on 15 November 2011.) 
‘Regulations Regarding the Geodetic Reference 
System and the Topographic Map System’. The 
regulation defines the height transformation formula 
from BHS 1977 to LHS-2000,5:

Figure 1. Performed GNSS measurements in 1st class levelling network.

Figure 2. Vector lines between measured 1stclass levelling network points and  
location of LatPOS base stations.
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method measured height difference (Celms, Eglaja, & Ratkevics, 2015). For getting more precise results, an
average value of point height from all 3 measuring sessions was calculated.
Theoretical values of point height difference – the height difference between BHS-1977 and LHS-2000,5 – has 
been determined by Cabinet Regulation No. 879 (adopted on 15 November 2011.) ‘Regulations Regarding the 
Geodetic Reference System and the Topographic Map System’. The regulation defines the height transformation 
formula from BHS 1977 to LHS-2000,5:

𝐻𝐻𝐻𝐻(𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼) = 𝐻𝐻𝐻𝐻(𝐼𝐼𝐼𝐼) + 𝑎𝑎𝑎𝑎1 + 𝑎𝑎𝑎𝑎2 ∙ 𝑀𝑀𝑀𝑀0 ∙ (𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 − 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿0) + 𝑎𝑎𝑎𝑎3 ∙ 𝑁𝑁𝑁𝑁0 ∙ (𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑁𝑁𝑁𝑁 − 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑁𝑁𝑁𝑁0) ∙ cos(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿) (1)

Where H(I): height in BHS-1977 (m);
H(II): height in LHS-2000,5 (m);
Mo: radius of curvature in the meridian of GRS80 (m) in Po,63840416.7 m;
No: radius of curvature perpendicular to the meridian of GRS80 (m) in Po,6393195.1 m;
LAT: latitude in ETRS89 (radian);
LON: longitude in ETRS89 (radian);
Po(LATo,LONo): Reference point of the transformation LATo = 56°58’ = 0.994255897 radian; LONo = 24°53’= 
0.434296096 radian;
a1: vertical translation 1.49392900367864 E-0001 m;
a2: slope in the direction of the meridian 7.99066182789555 E-0008 m;
a3: slope in the direction perpendicular to the meridian 9.48289473646151 E-0008 m.

For unknown reasons, the regulation defines two parameters – slope in the direction of the meridian a2 and slope 
in the direction perpendicular to the meridian a3 – in meters, but it must be a mistake because parameters a2 and 
a3 can be determined only in radians or seconds. For the height difference calculations the authors of research 
adopted these values of both parameters in radians (Celms, Reke, & Ratkevics, 2015).
Calculating results with the transformation formula a height difference between BHS-1977 and LHS-2000,5 is 
not a constant value of a whole territory of Latvia but differs from 125 mm in the south-east part of the country 
to 173 mm in the north-west part of the country (Fig. 3.) and depends on point location in the territory 
(coordinates). The amplitude between south-east and the north-west part of the country is 48 mm.

Figure 3. Height difference between BHS 1977 and LHS-2000,5.

Using the transformation formula, the authors of research calculated point height difference between both height 
systems of the same 1st class levelling network points measured with GNSS. As point height in BHS 1977 H(I)
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 (1)

Where H(I): height in BHS1977 (m);
H(II): height in LHS-2000,5 (m);
Mo: radius of curvature in the meridian of GRS80 (m) 
in Po,63840416.7 m;
No: radius of curvature perpendicular to the meridian 
of GRS80 (m) in Po,6393195.1 m;
LAT: latitude in ETRS89 (radian);
LON: longitude in ETRS89 (radian);
Po(LATo,LONo): Reference point of the transformation 
LATo = 56°58’ = 0.994255897 radian; LONo = 24°53’= 
0.434296096 radian;
a1: vertical translation 1.49392900367864 E-0001 m;
a2: slope in the direction  of the meridian 
7.99066182789555 E-0008 m;
a3: slope in the direction perpendicular to the 
meridian 9.48289473646151 E-0008 m.

For unknown reasons, the regulation defines two 
parameters – slope in the direction of the meridian 
a2 and slope in the direction perpendicular to the 
meridian a3 – in meters, but it must be a mistake 
because parame ters a 2 and a 3 can be determined 
only in radians or seconds. For the height dif ference 
calculations the authors of research adopted these 
values of both parameters in radians (Celms, Reke, & 
Ratkevics, 2015).

Calculating results with the transformation formula 
a height dif ference between BHS1977 and LHS-
2000,5 is not a constant value of a whole territory of 
Latvia but differs from 125 mm in the south-east part 
of the country to 173 mm in the north-west part of the 

country (Fig. 3.) and depends on point location in the 
territory (coordinates). The amplitude between south-
east and the north-west part of the country is 48 mm.

Using the transformation formula, the authors of 
research calcula ted point height dif ference between 
both height systems of the same 1 st class levelling 
network points measured with GNSS. As point height 
in BHS 1977 H(I) was used with GNSS measured point 
height in BHS1977 average value from all 3 sessions.  

Results and Discussion
Adjusted results from performed GNSS 

measurements of all 3 sessions are listed in Table 1. 
The measured data can be adjusted both in BHS1977 
using geoid model LV 98 and in LHS-2000,5 using 
new geoid model L V’14. Next column shows the 
difference between both values and for more precise 
data there are calculated an average value of point 
height difference between BHS1977 and LHS-2000,5 
– practical values of point height dif ference in two 
height systems.

Unfortunately, sometimes, there were not possible 
to do GNSS measurements of the point in all 3 
sessions. Some points have changed their locations 
because of road construction works and in some cases, 
there was a problem with data adjustment.

Point No. 1636 – 0.268 m has the biggest average 
height difference, but point No. 1415 has the smallest 
average height difference – 0.058 m. Based on further 
results, these values are not comparable to each other, 
but they will be compared with theoretical values of 
point height difference in two height systems.

The theoretical values of point height dif ference 
in two height systems authors of research calculated 
using the transformation formula and as point height in 
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Figure 3. Height difference between BHS 1977 and LHS-2000,5.
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Table 1
Point heights and height difference between BHS1977 and LHS-2000,5 of measured points

Session 
year Point Measured height in 

BHS1977, m
Measured height in 

LHS-2000,5, m

Height difference 
between BHS1977 and 

LHS-2000,5, m

Point average height 
difference, m

2012
1001

138.649 138.820 + 0.171
+ 0.1752013 138.662 138.846 + 0.184

2014 138.677 138.848 + 0.171
2012

1155
94.520 94.731 + 0.211

+ 0.1752013 82.026 82.188 + 0.162
2014 82.016 82.169 + 0.153
2012

1415
76.842 76.900 + 0.058

+ 0.0582013 76.853 76.911 + 0.058
2014 76.861 76.918 + 0.057
2012

1484
156.812 156.946 + 0.134

+ 0.1012013 156.739 156.755 + 0.016
2014 156.731 156.783 + 0.152
2012

1537
80.589 80.661 + 0.072

+ 0.0752013 80.458 80.538 + 0.080
2014 80.381 80.454 + 0.073
2012

1636
6.857 7.124 + 0.267

+ 0.2682013 6.852 7.120 + 0.268
2014 - - -
2012

1676
58.536 58.650 + 0.114

+ 0.1112013 58.531 58.633 + 0.102
2014 58.509 58.625 + 0.116
2012

1727
32.393 32.575 + 0.182

+ 0.1822013 32.381 32.568 + 0.187
2014 32.387 32.565 + 0.178
2012

37
7.383 7.533 + 0.150

+ 0.1512013 7.357 7.509 + 0.152
2014 - - -
2012

8248
4.723 4.829 + 0.106

+ 0.1612013 4.722 4.935 + 0.213
2014 4.694 4.858 + 0.164
2012

0608
- - -

+ 0.1122013 5.727 5.838 + 0.111
2014 5.641 5.754 + 0.113
2012

3389
- - -

+ 0.1262013 12.474 12.633 + 0.159
2014 12.394 12.488 + 0.094
2012

1463
- - -

+ 0.1512013 - - -
2014 13.476 13.627 + 0.151
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BHS1977 H(I) using with GNSS measured point height 
in BHS1977 average value from all 3 sessions. The 
results are showed in Fig. 4. – the height difference in 
the territory of Latvia and the height difference of each 
measured point. No one of the measured point height 
differences coincides with the height differences from 
transformation formula except point No. 37 which is 
quite close to calculated height difference (Fig. 4.).

The exact values of point height difference 
between BHS-1977 and LHS-2000,5 using GNSS 
measurements (practical values) and transformation 
formula (theoretical values) are shown in Table 2.

The last column of Table 2 shows the difference 
between practi cal and theoretical values. The 
difference varies from -0.066 to 0.104  m compiling 
17 cm amplitude. Point No.  8248 has the smallest 
difference between practical and theoretical values 
– the height difference using GNSS measurements 
differs from height dif ference using transformation 
formula just about 0.002  m. Point No.  37 has next 
closest difference – 0.007 m. Points No. 1415; 1484; 
1537; 1676; 608 and 3389 have negative height 
difference. The negative aspect is that difference 
between practical and theoretical values has also 

Figure 4. Height difference between BHS1977 and LHS-2000,5 comparing practical and theoretical data.

Table 2
Calculated point height difference between BHS-1977 and LHS-2000,5

Point
Calculated point height difference between 

BHS1977 and LHS-2000,5 from GNSS 
measurements, m

Calculated point height difference 
between BHS1977 and LHS-2000,5 from 

transformation formula, m
Difference

1001 0.175 0.125 0.050
1155 0.175 0.163 0.012
1415 0.058 0.141 -0.083
1484 0.101 0.140 -0.039
1537 0.075 0.141 -0.066
1636 0.268 0.164 0.104
1676 0.111 0.150 -0.039
1727 0.182 0.151 0.031
37 0.151 0.144 0.007

8248 0.161 0.159 0.002
608 0.112 0.168 -0.056
3389 0.126 0.153 -0.027
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negative values, because the transformation formula 
shows homogeneity of height difference. The possible 
reason could be that the transformation formula does 
not work correctly or geoid model is not developed 
sufficiently precise. Consequently, this study requires 
a further research.

Conclusions
GNSS measure d data can be adjusted both in 

BHS1977 and in LHS-2000,5 using dif ferent geoid 

models – LV 98 and LV’14 – so giving an opportunity 
to calculate point height difference between BHS1977 
and in LHS-2000,5. The calculated height difference 
of thirteen 1st class levelling points in the territory of 
Latvia comparing with using transformation formula 
calculated point height difference differs from each 
other in 17  cm amplitudes indicating problems with 
transformation formula or need to improve geoid 
model.
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SIGNIFICANCE OF FACTORS AFFECTING CREEP DEVELOPMENT IN TIMBER 
BEAMS

Aivars Brokāns, Lilita Ozola
Latvia University of Agriculture
brokans.aivars@inbox.lv

Abstract
This study is a part of an extensive research of creep development in softwood (Pinus sylvestris) timber beams under 
natural environmental conditions. Large size test data sample obtained during long-term (approximately one and half 
year) static loading of timber beams in a four-point bending simulating the real service conditions of roof structures 
for winter and non-snow period has been processed and results presented. The correlation between creep deformation 
and its affecting factors, such as span to height ratio of beam, percent of latewood and width of year ring (a growth 
ring formed during a single year), orientation of year ring segments against main axis of cross section, number of 
year rings in 1 cm of wood, and density of wood have been analyzed and corresponding coefficients of correlation 
presented. It is concluded that the most significant creep development affecting factor is density of wood. Strong 
relationship between creep development and width of year ring, number of year rings in 1 cm of wood and density of 
wood was observed during test. Orientation of year ring segments against the main axis of cross section, amount of 
latewood and span/depth ratio do not have noteworthy direct influence on creep development in terms of this study. 
Temperature can be neglected as creep affecting factor in terms of this study but in the moments of sharp raise or fall 
of temperature, almost immediate effect on creep development was recorded.  
Key words: Duration of load (DOL), creep, bending, softwood lumber.

Introduction
Serviceability limit state of timber structures is 

seriously influenced by increase of deformation due 
to creep of material. Creep process is af fected by 
many physical and mechanical factors that leads to 
time-dependent increase of deformation of structural 
elements that can cause inadm issible deformations 
and even collapse of all construction.

According to the Burger body concept on physical 
model of deformation of wood, the mathematical 
model of total strain to be expected occurring in side 
fibers of timber beam has been proposed and proved 
in previous study by Ozola and Brokans (2013). 
Also, it has been revealed that the changes of relative 
humidity of air and sub sequential variation of the 
moisture content of wood in long-term performance 
do not affect the rate of creep significantly. The 
increase and decrease stages of creep taking place 
due to moisture  cycling lead to some compensation 
of total deformation and do not result in a significant 
increase of total deformation at the inspected moisture 
content level (Ozola & Brokans, 2014).

Materials and Methods
The aim of this study is to evaluate the significance 

of all other factors disclosed in this study as af fecting 
the creep development of timber beams subjected to 
approximately the same stress level during 478 days 
when moisture content of wood varied from 8 to 14%. 
Correlation analysis between creep rate (CRU) and 
creep development affecting factors is provided as the 
main task to reach the aim of this study.

Data processed in this study have been selected 
from measurements of static tests of timber beams 
under long-term load in four -point bending for 
approximately two years limiting deflection data 
sample corresponding to moisture content of wood 
from 8 to 14%. Test samples were cut out from tree 
trunk so they are free from knots and damages. Two 
groups of timber beams were selected: sample ‘KS-4’ 
which consists of four timber beams with span L = 
1500 mm and span/depth ratio 25 – 26, and sample 
‘KS-3’ which consists of eight beams, span L = 1320 
mm with span/depth ratio of 22. The bending stresses 
varied between 8.2 to 1 1.1 MPa. Timber specie is 
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(approximately one and half year) s tatic loading of t imber beams in a four-point bending s imulating the r eal 
service conditions of roof structures for winter and non-snow period has been processed and results presented. 
The correlation between creep deformation and its affecting factors, such as span to height ratio of beam, percent 
of latewood and width of year ring (a growth ring formed during a single year), orientation of year ring segments 
against main a xis of  c ross s ection, num ber of  year r ings i n 1 c m of  wood, a nd de nsity of  wood h ave be en 
analyzed and corresponding coefficients of correlation presented. It is concluded that the most significant creep 
development affecting factor is density of wood. Strong relationship between creep development and width of  
year ring, number of year rings in 1 c m of wood and density of wood was observed during test. Orientation of 
year ring segments against the main axis of cross section, amount of latewood and span/depth ratio do not have 
noteworthy direct influence on creep development in terms of this study. Temperature can be neglected as creep 
affecting factor in terms of this study but in the moments of sharp raise or fall of temperature, almost immediate 
effect on creep development was recorded.
Key words: Duration of load (DOL), creep, bending, softwood lumber.

Introduction
Serviceability limit state of timber structures is seriously influenced by increase of deformation due to 

creep o f m aterial. Creep p rocess i s a ffected b y many p hysical a nd mechanical f actors t hat l eads t o t ime-
dependent i ncrease o f d eformation o f s tructural el ements t hat ca n cau se i nadmissible deformations a nd e ven 
collapse of all construction.

According to the B urger body concept on physical model of deformation of wood, the mathematical 
model of  total s train to be  expected occurring in s ide f ibers of  t imber beam has been proposed and proved in 
previous study by Ozola and Brokans (2013). Also, it has been revealed that the changes of relative humidity of 
air and sub sequential variation of the moisture content of wood in long-term performance do not affect the rate 
of creep significantly. The increase and decrease stages of creep taking place due to moisture cycling lead to 
some compensation o f to tal deformation and do not r esult in a  s ignificant i ncrease o f to tal deformation a t t he 
inspected moisture content level (Ozola & Brokans, 2014).

Materials and Methods
The ai m o f t his study i s t o evaluate t he significance o f all o ther factors d isclosed in t his study as 

affecting the creep development o f t imber beams subjected to approximately the same stress level during 478 
days when moisture content of wood varied from 8 to 14%. Correlation analysis between creep rate (CRU) and 
creep development affecting factors is provided as the main task to reach the aim of this study.

Data p rocessed i n t his s tudy have b een s elected f rom measurements o f s tatic t ests o f t imber b eams 
under l ong-term l oad i n four-point be nding for a pproximately t wo years l imiting de flection da ta s ample 
corresponding to moisture content of wood from 8 to 14%. Test samples were cut out from tree trunk so they are 
free from knots and damages. Two groups of timber beams were selected: sample ‘KS-4’ which consists of four 
timber beams with span L = 1500 mm and span/depth ratio 25 – 26, and sample ‘KS-3’ which consists of eight 
beams, span L = 1320 mm with span/depth ratio of 22. The bending stresses varied between 8.2 to 11.1 MPa. 
Timber specie is Scandinavian Pine (Pinus Sylvestris). Long-term test models loading schedule was described in 
previous publications by Ozola and Brokans (2013, 2014). Tests were carried out in an unheated building under 
uncontrolled climate conditions. The timber beam cross section nominal dimensions (height and width) were 60
mm and 30 mm respectively. The bending test setup and static model are given in Figure 1.
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Figure 1. Long-term bending test setup and static model.
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Scandinavian Pine (Pinus Sylvestris). Long-term test 
models loading schedule was described in previous 
publications by Ozola and Brokans (2013, 2014). 
Tests were carried out in an unheated building under 
uncontrolled climate conditions. The timber beam 
cross section nominal dimensions (height and width) 
were 60 mm and 30 mm respectively. The bending test 
setup and static model are given in Figure 1.

Concentrated forces were represented by clay 
and silic ate bricks which were suspended on timber 
beams. The deflection measurements were made with 
dial indicators. Measuring precision of indicators is 
0.01 mm while measuring diapason of indicators – 
50 mm. The dial indicators were placed in the middle 
of the span on the compressed side of the beam. The 
environmental climatic condition parameters were 
recorded once during the day . Temperature (T, °C) 
in the room and outdoors was fixed with mercury-in-
glass (Hg) type thermometers.

Results and Discussion
In the correlation analysis the relative increment 

of deflection, here named as creep rate (CRU) and 
estimated according deflection measurements of 
beams during time periods of relatively constant 
moisture content of wood (8%-14%), was defined as 
dependent variable:

Figure 1. Long-term bending test setup and static model.

Concentrated forces were represented by clay and silicate bricks which were suspended on timber 
beams. The deflection measurements were made with dial indicators. Measuring precision of indicators is 0.01 
mm while measuring diapason of indicators – 50 mm. The dial indicators were placed in the middle of the span 
on the compressed side of the beam. The environmental climatic condition parameters were recorded once 
during the day. Temperature (T, °C) in the room and outdoors was fixed with mercury-in-glass (Hg) type 
thermometers.

Results and Discussion
In the correlation analysis the relative increment of deflection, here named as creep rate (CRU) and 

estimated according deflection measurements of beams during time periods of relatively constant moisture 
content of wood (8%-14%), was defined as dependent variable:
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where ufin,t is the final deflection of a beam, unit is the deflection value at the beginning of the dry period. The 
affecting factors measured, such as density of wood, amount of latewood, width of year ring, orientation of year 
ring segments against main axis of cross section, span/depth ratio and number of year rings in 1 cm of wood 
were defined as independent variables.

Quantity R (coefficient of linear correlation) for each relationship measures the strength and the 
direction of a linear relationship between CRU and affecting factors.

Results of correlation analysis present variable levels of relationships between CRU and affecting 
factors.

An assumption was made during test that CRU is significantly influenced by orientation of year ring 
segments against main axis of cross section of timber beam. This assumption was not proved and weak negative 
relationship with value rCRU, or = -0.245 was recorded between CRU and orientation of year ring segments 
against main axis of cross section. Significance level (α) for this and all other relationships in this study is 
defined as α=0.05. In this study moderate positive relationship between relative increment of deflection (CRU) 
and orientation of year ring segments against main axis of cross section has been characterized by Pearson’s 
coefficient of linear correlation. See Figure 2. Sections of all test beams and main characteristics are showed in 
Figure 3. This relationship showed that orientation of year ring segments against main axis of cross section can 
be neglected as significant affecting factor.

Figure 2. Relationship between CRU and orientation of year ring segments.
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where ufin,t is the final deflection of a beam, unit is the 
deflection value at the beginning of the dry period. The 
affecting factors measured, such as density of wood, 
amount of latewood, width of year ring, orientation of 
year ring segments against main axis of cross section, 
span/depth ratio and number of year rings in 1 cm of 
wood were defined as independent variables.

Quantity R (coefficient of linear correlation) 
for each relationship measures the strength and the 
direction of a linear relationship between CRU and 
affecting factors.

Results of correlation analysis present variable 
levels of relationships between CRU and af fecting 
factors.

An assumption was made during test that CRU 
is significantly influenced by orientation of year 
ring segments against main axis of cross section of 
timber beam. This assumption was not proved and 
weak negative relationship with value rCRU, or = 
-0.245 was recorded between CRU and orientation 
of year ring segments against main axis of cross 
section. Significance level (α) for this and all other 
relationships in this study is defined as α=0.05. In this 
study moderate positive relationship between relative 
increment of deflection (CRU) and orientation of year 
ring segments against main axis of cross section has 
been characterized by Pearson’s coefficient of linear 
correlation. See Figure 2. Sections of all test beams 
and main characteristics are showed in Figure 3. 
This relationship showed that orientation of year ring 
segments against main axis of cross section can be 
neglected as significant affecting factor.

It is found by Panshin and Zeeu w (1980), as well 
as by Cown (1992) and Dinwoodie (2000) that density 
is a general indicator of cell size, and it is a good 
predictor for strength and stiffness properties of wood. 
In this study moderate positive relationship between 
relative increment of deflection (CRU) and density of 
wood (r) has been found charac terized by Pearson’s 
coefficient of linear correlation rCRU, r = 0.67. See 
Figure 4.

Kubo and Jyodo (1996) stated that density of the 
wood increases directly with an amount of latewood in 
the growth ring, and density affects wood strength and 
stiffness significantly. Correlation analysis of current 
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Figure 2. Relationship between CRU and orientation of year ring segments.
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CRU= 8.0%
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Figure 3. Sections of test beams: orientation of year ring segments and main characteristics.

data samples does not approve this relationship – there 
is no meaningful effect of amount of latewood in year 
ring (LW, %) to the relative increment of deflection 
CRU; moreover, dependence is negligible as revealed 
by coefficient of correlation rCRU, LW = 0.029. See 
Figure 5.  

The assumption before study was made that 
the more year rings are in 1 cm of wood the higher 
is strength and stiffness of wood that leads to better 
behavior under long-term loading. This assumption 
was proved in this study by moderately good 
relationship (rCRU, n = 0.622) between relative 
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increment of deflection and number of year rings in 1 
cm of wood (n). See Figure 6.

Early conjecture was made before test that span/
depth ratio could be assessed as one of the most 
important affecting factor in terms of this test, but 

this statement was rejected by results of test. Span/
depth ratio showed low negativ e relationship rCRU,  
s d-1 = -0.38 with relative increment of deflection. See 
Figure 7.

Figure 4. Relationship between relative increment of deflection and density of wood.

Figure 5. Relationship between relative increment of deflection and amount of latewood.

Figure 6. Relationship between relative increment of deflection and number of year rings in 1 cm of wood.

Figure 7. Relationship between relative increment of deflection and span-depth ratio.
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Width of year rings can be used as an indicator of 
growth rate and good predictor of wood density which 
is one of the best indicators of wood quality, but there 
is no direct correlation witnessed. Results of this study 
confirm that there is moderate negative relationship 
(rCRU, w = -0.65) between width of year rings and 
relative increment of deflection. See Figure 8.

Conclusions
It was recognized during this study that width of 

year ring, the number of year rings in 1 cm of wood and 
density of wood are considered as the most significant 
factors affecting creep development in timber beams. 

Correlation analysis present strong relationship 
between creep development and density of wood, 

width of year ring and number of year rings in 1 cm 
of wood. Most significant affecting factor in terms 
of this study is density of wood with coefficient of 
correlation R = 0.67.

Other above stated factors such as orientation of 
year ring segments against main axis of cross section, 
amount of latewood and span/depth ratio do not have 
noteworthy direct influence on creep development in 
terms of this study.

Temperature can be neglected as affecting factor 
in terms of this study with low total effect on creep 
development during sharp rise or fall of temperature. 

Aivars Brokāns, Lilita Ozola
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Figure 8. Relationship between relative increment of deflection and width of year ring.
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Abstract 
Actual and reliable meteorological data are necessary for building performance analysis. Since meteorological 
conditions vary significantly from year to year, there is a need to create a test reference year (TRY), to represent the 
long-term weather conditions over a year. In this paper TRY data model was generated by analyzing every 3-hour 
weather data for a 30-year period (1984 – 2013) in Liepāja, Latvia, provided by the Latvian Environment Geology 
and Meteorology Centre (LEGMC). TRY model was generated according to standard LVS EN ISO 15927-4. The 
generated TRY contains from typical months that are included in TRY from a number of different years. The data 
gathered from TRY was compared with the climate data from the Latvian Cabinet of Ministers regulation No. 379, 
Regulations Regarding Latvian Building Code LBN 003-15. Average monthly temperature values in LBN 003-15 
were lower than the TRY values that indicate on climate changes in this location. The results of this study may be 
used in building energy simulations and heating-cooling load calculations for selected region. TRY selection process 
should include the latest meteorological observations and should be periodically renewed to reflect the long-term 
climate change.
Key words: test reference year; climate analysis, climate change.

Introduction
In Latvian legislation long-term climate data is 

reflected in the Latvian Building Code (LBN) 003-
15 ‘Būvklimatoloģija’ (Construction climatology), 
Cabinet of Ministers, 2015 (Ministru kabinets, 2015), 
where various climatic indicators that represent the 
climatic situation in the territory  of Latvia, providing 
information about the average monthly and yearly 
meteorological parameters are shown. But this 
information is not enough to fully describe the region’s 
climatic conditions, because there is a necessity to 
define every day and every hour meteorological data 
values. 

The need of such meteorological data worldwide 
led to the development of methodologies for generating 
the typical reference year (TR Y) in the USA  known 
as a typical met eorological year (TMY) (Hall et al., 
1978). TRY is a data set that contains a sequence 
of 8760 hourly values of chosen meteorological 
quantities. The requirement of TRY is that it has to 
correspond to an average year (Skeiker, 2004). TRY 
provides hourly climatic parameter values, enabling 
to use these parameters for heating, ventilation and 
air conditioning (HVAC) device management and 
capacity optimization. One of the most important 
tasks to optimize these devices is to choose correct and 
precise outdoor air temperature that can be determined 
with TRY model (Gaujēna et al., 2015).

Creation of TRY was introduced in 1978 by Hall 
et al. (Hall et al., 1978). For a network of statio ns in 
the United States, a representative database consisting 
of weather data was created. Hall’ s method has been 
used to successfully generate TRYs for a number 
of locations across the globe (Chan et al., 2006; 
Guggenberger, Elemore, & Crow, 2013; Hall et al., 

1978; Jiang, 2010; Kalogirou, 2003; Lee, Yoo, & 
Levermore, 2010; Skeiker, 2004; Skeiker, 2007; Yang, 
Lam, & Liu, 2007; Zang, Hu, & Biang, 2012; Zariņš, 
2001).

LBN 003-15 describes climate parameters for 
ten cities of Latvia. These parameters have been 
calculated using data from 1961 – 1990 (Ministru 
kabinets, 2015). The aim of this research was to 
generate a representative climate database for one 
of these cities – Liepāja, by employing the method 
according to standard LVS EN ISO 15927-4 (Latvijas 
Valsts Standarts, 2005). Generation of TRY of Liepāja 
would provide hourly climate data that LBN 003-15 
does not provide.

Geographical data for Liepāja: latitude 
56°28’31,35” N; longitude 21°01’14,36” E; on 
relatively flat surface, elevated 3,71 m (LAS-2000,5) 
above sea level. It is located 195 km from the capital 
city of Latvia – Rīga (Figure 1). Average year 
temperature is 6.7 °C. 

Figure 1. Location of Liepāja in Latvia.

The TRY is generated using the available weather 
data obtained from the station of Liepāja by the 
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Latvian Environment Geology and Meteorology 
Centre (LEGMC), covering the period from 1984 – 
2013. LEGMAC database provides 3-hour weather 
data values for the temperature and relative humidity. 
As TRY consists of every hour values, the necessary 
values are interpolated.  

In the region, there are only two studies that use 
LVS EN ISO 15927-4 standard with 30-year weather 
data: it is Estonian TRY (Kalamees & Kurnitski, 
2006) and TRY for Alūksne (Ruduks & Lešinskis, 
2015). The aim of this research  is to generate TRY 
for Liepāja with most recent 30-year (1984 – 2013) 
climate data.

Materials and Methods 
In this study , the ISO 15927-4 (Latvia State 

Standard, 2005) (Latvijas Valsts Standarts, 2005) 
method was used to construct the TRY. The primary 
selection was made on the basis of dry-bulb air 
temperature, cloud coverage (ISO 15927-4 suggested 
using direct normal solar irradiance, but this parameter 
is not available for this station, so it was replaced with 
cloud coverage), and relative humidity. The wind 
speed was used for secondary selection. To guarantee 
that the selected year represents the Liepāja climate 
as completely as possible, 30-year weather data were 
applied.

Climate data for TRY creation were obtained 
from LEGMC database from 1984 – 2013. LEGMC 
provides climate data with 3 hour interval, but TRY 
needs an hourly climate data. The necessary data for 
TRY were calculated by linear interpolation. 

In February, there may be 28 or 29 days, and it 
is not possible to compare years with different count 
of days; thus, 29 February was excluded from TMY 
creation. The rest of the days were rearranged in 
ascending order starting with the first hour of January 
till the last hour of December (8760 values). 

For each climatic parameter p (dry-bulb 
temperature, cloud coverage and relative humidity), 
daily means p  are calculated. For each cale ndar 
month m, the cumulative distribution function imp ,,Φ  
of daily means over all the years in the data set is 
calculated using equation (1):

1,, +
=Φ

N
Ki

imp
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where iK  – rank order of the i-th value of the daily 
means within that calendar month in the whole 
data set; 

 N – number of days in any calendar month in 
the whole data set.

For each year y of the data set, the cumulative 
distribution function imypF ,,,  of the daily means within 
each calendar month is calculated using equation (2):
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where iJ  – rank order of the i-th value of the daily 
means within that calendar month and that 
year; 

 n – number of days in an individual month.

For each calen dar month m the Finkelstein–
Schafer statistic for parameter p, 
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To normalize mypFS ,, for months of varying lengths, the results of equation (3) are divided by the number 
of days of the month (28, 30 or 31). For each calendar month individual months are ranked from the multiyear 
record in o rder o f increasing value o f mypFS ,, . Monthly a verage mypFS ,, values o f cl imate parameters dry-
bulb air temperature, cloud coverage and relative humidity are added together and the same months of all years 
are ranked in the order of the increasing value of mypFS ,, . From each calendar month, three candidate months 
with the lowest t otal r anking ar e s elected. T he monthly d eviation o f the wind speed o f t he t hree months is 
compared with the corresponding multi-year mean of calendar months. The month with the lowest deviation in 
wind speed is selected as the best month for inclusion in the TRY.

After the selection of the twelve calendar months for TRY, the months should be joined together. The first 
and the last eight hours of each month are adjusted by interpolation to ensure a smooth transition when months 
are joined to form a TRY. The adjustment also includes the last eight hours of December and the first eight hours 
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wind speed is selected as the best month for inclusion in the TRY.

After the selection of the twelve calendar months for TRY, the months should be joined together. The first 
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. From each calendar 
month, three candidate months with the lowest total 
ranking are selected. The monthly deviation of the 
wind speed of the three months is compared with the 
corresponding multi-year mean of calendar months. 
The month with the lowest deviation in wind speed 
is selected as the best month for inclusion in the TRY.

After the selection of the twelve  calendar months 
for TRY, the months should be joined together . The 
first and the last eight hours of each month are adjusted 
by interpolation  to ensure a smooth transition when 
months are joined to form a TRY. The adjustment also 
includes the last eight hours of December and the first 
eight hours of January, so that the test reference year 
can be used repeatedly in simulations (Latvia State 
Standard, 2005) (Latvijas Valsts Standarts, 2005).

Heating degree days (HDD)
HDD is a parameter used in the HV AC industry 

to estimate heating and cooling energy requirements. 
HDD can be calculated using equation (4) (Buyukalaca, 
Bulut, & Yilmaz, 2001):

∑ -=
days

mb TTHDD )(
 

(4)

where bT  - base temperature (18 °C); 

 mT  - outdoor temperature (at duration of 
heating period);

 
∑
days

 - duration of heating period.
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Results and Discussion 
TRY was created combining months from 

different years based on their ability to follow the 
criteria described in materials and methods. Selected 
month/year combinations from which the TRY was 
created are shown in Figure 2. Two months (June 
and November) were selected from the year 2005, 
and two months (April and August) from 2011, but 
other months were selected from different years. That 
displays that months were selected from all range of 
the observed period. 

After selected months (Figure 2) were connected 
and TRY was created, temperature fluctuation (Figure 
3), temperature  distribution (Figure 5), relative 
humidity fluctuation (Figure 4) and wind speed 
distribution (Figure 6) were displayed. Results show 
similar tendencies with data from Estonian TRY 
(Kalamees & Kurnitski, 2006) and TRY for Alūksne 
(Ruduks & Lešinskis, 2015).

Figures 3 and 4 show how temperature and relative 
humidity values change in TRY model starting from 
the beginning of January until the end of December.

When TRY model temperature distribution values 
are compared with 30-year average data (long term 
data) (Figure 5), TRY model shows a good agreement 
with the long-term data. TRY model’ s maximum 
temperature value deviation from long-term data is 
151 hours per year at 5 °C. The total TRY model’s 
temperature deviation from 30-year average data is 
1384 hours. TRY for Alūksne deviation from 30-year 
average data was 1044 hours (Ruduks & Lešinskis, 
2015).

Most typical wind speed value in TRY model is 
3 m s -1, it is observed for 1749 hours. TRY model’s 
maximum wind speed value deviation from long-term 
data is 162 hours per year at 4 m s -1. The total TRY 
model’s wind speed deviation from 30-year average 
data is 826 hours. (Figure 6). 

One of the most important results that can be 
obtained from TRY models is shown in Figure 7. 
This figure show how many hours per year each 
temperature and content of moisture combination can 
be observed. Most typical content of moisture and 
temperature combination in TRY model is 4 g kg -1 at 

Mārtiņš Ruduks, Arturs Lešinskis
GENERATION OF A TEST REFERENCE  
YEAR FOR LIEPĀJA, LATVIA

Figure 2. The month/year combinations for the composition of TRY.

Figure 3. Temperature fluctuation in TRY. 
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Figure 4. Relative humidity fluctuation in TRY. 

Figure 5. Hourly temperature distribution for TRY and 30-year average data.

Figure 6. Wind speed distribution for TRY and 30-year average data.
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2 °C. This combination can be observed for 432 hours 
(Figure 7). Most typical content of moisture value 
of TRY for Alūksne is also 4 g kg-1, but most typical 
temperature is two degrees lower – 0 °C (Ruduks & 
Lešinskis, 2015). These results can be used for HVAC 
system analysis and building energy simulations. Data 
from Figure 7 gives an ability to calculate how long it 
will be necesary to use heating and cooling devices for 
buildings in this region, and choose optimal capacity 
for these devices. 

Average year temperature value for TRY is 7.5 °C, 
but for 30-year average data it is 7.5 °C. Comparing 
results with LBN 003-15 values the dif ference is 0.8 
and 1.1 °C respectively (Table 1). The difference with 
LBN 003-15 value can be explained by the fact that 
they have been obtained from 1961 – 1990, but TRY 
values were obtained from 1984 – 2013. The climate 
change can be the factor for the dif ference. Average 
relative humidity value for TRY and LBN 003-15 
data is identical – 82%, but dif ference with 30-year 
average value is 1% (Table 2).

Mārtiņš Ruduks, Arturs Lešinskis
GENERATION OF A TEST REFERENCE  
YEAR FOR LIEPĀJA, LATVIA

Figure 7. Combination of temperature and content of moisture for TRY. 

Table 1
Average monthly temperature values (°C)

 
Month Jan Feb Mar Apr May Jun Jul

30 year average -1.0 -1.6 1.1 6.3 11.4 14.9 17.9

TRY -3.3 -2.8 2.7 6.7 11.2 13.7 17.9

LBN 003-15 -3.0 -3.0 -0.2 4.6 10.3 14.3 16.4

Month Aug Sep Oct Nov Dec Average

30 year average 17.6 13.4 8.8 3.9 0.6 7.8

TRY 17.4 12.7 8.7 4.5 –0.1 7.5

LBN 003-15 16.4 12.9 8.5 3.7 –0.3 6.7

Table 2
Average monthly relative humidity value (%) comparison from January to December

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
30 year average 87 85 82 77 75 79 79 79 80 83 86 84 81

TRY 87 86 83 77 73 80 81 79 83 83 87 87 82
LBN 003-15 85 84 83 79 76 78 80 80 80 83 85 86 82
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Average year wind speed value for TRY and 30-
year average data are similar , the dif ference is 0.1 m 
s-1, but dif ference with LBN 003-01 value is 1.5 and 
1.6 m s-1 respectively (Table 3). The difference can be 
explained by the fact that LBN 003-01 values have 
been obtained from 1961 – 1990, but TRY values were 
obtained from 1984 – 2013, and latest studies show 
that wind speed values decrease (Green et al., 2012). 

Comparing TRY and LBN 003-15 values (Table 
4), LBN 003-15 has the longest duration of heating 
period, the lowest average temperature in heating 
period, and it also has the greatest number of degree 
days. All these parameters show the impact of 
increased average temperature value (Table 1) that 
can be explained with global changes. This tendency 
has also been observed in TRY for Alūksne (Ruduks, 
Lešinskis, 2015). 

Conclusions
The aim of this research was to generate TRY for 

Liepāja, and it was generated based on the most recent 

30-year (1984 – 2013) climate data. The generation 
of a TRY is very useful for optimal HVAC system 
design and building ener gy simulations. With hourly 
climate data, provided by TRY, it is possible to make 
building energy simulations and make calculations to 
determine necessary power for HV AC devices that 
was not possible with data from LBN 003-15.

Comparing TRY model values with LBN 003-15 
ones, LBN003-15 has the longest duration of heating 
period, lower average temperature in heating period 
and has more HDD. All that can be explained with 
climate changes. These differences show that there is 
a need for TRY creation and the latest possible climate 
data should be used. In this paper , TRY is created for 
one city of Latvia, but results suggest that the research 
needs to be continued, and TRY models need to be 
generated for all 10 cities that are described in LBN 
003-15. 
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Table 3
Average monthly wind speed values (m s-1)

 

Month Jan Feb Mar Apr May Jun Jul

30 year average 4.5 4.1 3.8 3.5 3.2 3.3 3.2

TRY 4.1 4.2 4.5 3.3 3.2 3.3 3.1

LBN 003-15 5.9 5.3 5.4 5.1 4.6 4.5 4.6

Month Aug Sep Oct Nov Dec Average

30 year average 3.2 3.6 4.0 4.1 4.3 3.7

TRY 3.3 3.8 4.2 3.9 4.5 3.8

LBN 003-15 4.7 5.3 5.7 6.3 6.0 5.3

Table 4
Summary of climate parameters

Parameter TRY LBN 003-15

Maximum temperature, °C 28.7 31.5
Minimum temperature, °C -25.1 -26.1

Duration of heating period, days 189 193
Average temperature in heating period, °C 1.2 0.6

Number of heating degree days (HDD) 3175 3358
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Abstract
United States of America and European countries like Great Britain, Germany, Norway have long traditions in the 
development of scenic roads, special scenic routes for tourists, National Scenic Byway Programs. They have set 
criteria for road landscape planning and design, discussed the economic value of scenic roads. Scenic roads are 
also important for tourism, as well as visual and cultural countryside development in Latvia. Planning regions and 
regional communities in Latvia have strategic development plans and spatial plans. All of them include high value 
landscapes and protected, scenic territories. Some scenic roads are defined in these documents, but criteria for scenic 
road designation are set in every region individually. There are unlisted roads with high aesthetic value which could 
be protected. Common methods, criteria for the assessment of road landscapes and scenic road designation in Latvia 
are not developed. The aim of the research was to evaluate and understand the present situation of scenic roads in 
Latvia. An online questionnaire was carried out in order to find out peoples’ opinion about the road landscape quality. 
Spatial plans of regional communities and planning regions were examined. A field study of two sections of scenic 
roads was carried out. The research project was carried out from December 2014 to December 2015. Results show 
that current road landscape has a potential for development, and it needs improvements. The study gives a general 
insight into the scenic road situation in Latvia and provides basis for further research on scenic road planning and 
management.
Key words: road landscape, scenic road designation, scenic byway.

Introduction
Roads give access to the landscape and give us first 

impression of the place we are visiting. United States 
of America and European countries such as Great 
Britain, Germany, Norway have long traditions in the 
development of scenic roads, special scenic routes for 
tourists (Draper & Petty , 2001). The United States 
have National Scenic Byway Program which provides 
a formal way to identify, conserve, and promote roads 
that have special scenic, historic and recreational 
qualities. State byway designation process consisting 
of a basic description of the road, an inventory of 
each of the intrinsic qualities and a plan for how the 
road will be managed for promotion and resource 
protection is developed (Vermont Scenery …, 2000).

Researchers from Norway have elaborated 
theoretical framework for assessing the visual quality 
of roads (Blumentrath & Tveit, 2014), scenic road 
assessment met hods are developed in the United 
States of America (DeW an &T errence, 2008) and 
Spanish researchers have set the criteria for road 
landscape planning and design (Junta da Andalucia, 
2009). Views of the road users about the scenic beauty 
of roadside vegetation (Akbar , Hale, & Headley , 
2003), perceived quality of scenic tourism routes (Eby 
& Molnar, 2002; Denstadli & Jacobsen, 2011) and 
the economic impact of scenic byway designation is 
discussed (Timothy, Devitt, & Pizam, 1999).

In Latvia, the term scenic road is used by planning 
regions and regional communities in their strategic 
development plans and spatial plans. All of the plans 
include high value landscapes and protected, scenic 
territories. Some roads are defined as scenic in these 

documents. Tourism development plans of certain 
territories include information about scenic roads. 
The term is defined and explained in Landscape 
Policy Guidelines (Vides un …, 2013). Looking back 
in history, several roads in Latvia have been built as 
tourist roads or tourist demands have been considered 
in the road planning like the road from Sigulda to 
Turaida, from Riga to Saulkrasti (Dripe, 1940). Spatial 
development perspective ʻLatvia 2030ʼ sets areas of 
outstanding natural landscapes and historic sites in 
Latvia (Latvijas Republikas …, 2010). The objective 
is to save the diverse natural and cultural heritage, 
typical and unique landscapes. The road landscape 
is not marked out, but scenic roads are important for 
tourism, visual and cultural countryside development 
in Latvia. 

Some research has been done on the Latvian road 
landscapes (Vugule, 2013; Vugule, Bell, & Stokmane, 
2014); however, there is no overall information about 
the planned and existing scenic roads, and this field 
needs more attention.

The aim of the study was to understand and evaluate 
the present situation of scenic roads in Latvia. Three 
tasks were set in order to achieve the aim. The first 
task was to find out public opinion about the Latvian 
road landscape quality in the countryside. The second 
task was to examine how scenic roads are displayed in 
planning documents of planning regions and regional 
communities and the third – to carry out a field study, 
check the landscape features and quality of roads 
nominated as scenic roads as well as test the inventory 
method adopted from the United States for scenic 
road assessment and see if it is suitable for Latvian 
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conditions and for further research. Results from all 
three tasks were compared to see either results from 
document analyses conform with public opinion and 
real life situation.

Materials and Methods
An online questionnaire was carried out in 

December 2014. Information about the questionnaire 
was spread out through social networks and e-mail. A 
questionnaire form was open online for five weeks. 
The questionnaire consisted of nine questions. Eight 
of the questions were closed and one question was 
open, asking the respondents to name which features 
come into a person’ s mind when he/she thinks about 
the Latvian road landscape. The closed questions were 
about the age, gender, place of residence – city, village 
or countryside, region. The questions concerning 
landscape were about the level of management, how 
interesting or uninteresting it is. The survey was 
targeted both to drivers and passengers. Results of the 
survey were processed in SPSS (Statistical Package for 
the Social Sciences) software. Quantitative structure 
of respondents is analysed in the results section.

To obtain an overview of scenic roads named 
in planning documents spatial plans of 5 planning 
regions Kurzeme, Vidzeme, Zemgale, Latgale, Riga 
and 110 regional communities have been reviewed and 
compared. The authors looked for information about 
scenic roads in the community planning documents, 
checked which the most frequently used elements 
characterising scenic road landscape were.

Inventory of 2 road sections Ķipari - Nirmuži 
(V83) and Vējupīte-Jūdaži in Gauja National Park 
was carried out. The chosen road sections are situated 
in Sigulda region, one of the most visited regions 
by tourists in Latvia. The inventory took place on 
October 6, 2014. Evaluation method developed by 
the American Vermont Landscape Road Program was 
used (Vermont Agency …, 2000).

The surveyed roads were 4 km long each, and they 
were divided into 1 km long sections. Each section 
was evaluated using an inventory form consisting 
of two blocks with the list of positive and negative 
landscape features. Positive features are, for example, 
vegetation, road surface and functionality , presence 
of water bodies, manmade artificial objects like 
farmsteads, historic and cultural objects. Negative 
landscape features are, for example, landscape scars 
like lumbering scars, heavy erosion, disturbance, 
utility lines, buildings and manmade structures - 
unattractive, dilapidated buildings, structures out 
of context. The inventory led to the total amount 
of positive and negative landscape elements. This 
method allowed us to carry out the road assessment, 
to compare results of various road landscapes. 

GoPro Hero 3 camera, mounted in front of the car 
at 1.1 m height from the ground was used for filming 
the road landscape. The driving speed was 60 km h -1 
due to the uneven road surface. Photos were taken 
by Canon Power Shot A3300IS digital camera at the 
height of 1.3 m after each kilometre on both sides of 
the road. Panorama pictures were processed in Adobe 
Photoshop software.

Results and Discussion
Results of the questionnaire

The number of survey respondents was 1 14. 
Distribution of genders was 84% female and 16% 
male. It shows that women are more active and more 
interested in what is happening to the society and the 
environment where they live.

Average age of the respondents was 29 years. Forty 
seven percent of all respondents travel by car as drivers 
more often and 53% – more often as passengers. It 
was determined to find out whether drivers and car 
passengers perceive the landscape differently.

Results of the survey mainly represent the view of 
city residents while 75% of respondents live in cities, 
15% in villages and 10% in the countryside. 

The lar gest number of respondents was from 
Zemgale (39%) and the most common answer 
describing the landscape was – fields, meadows and 
open views are the most characteristic of the region.

Results of the questionnaire show that current 
countryside road landscape has a potential for 
development, and it needs improvements – 30% of 
respondents described the Latvian road landscape 
as intere sting, 57% as medium  interesting and 13% 
of the respondents as uninteresting. The majority of 
respondents, 86% believe that the Latvian countryside 
road landscape needs to be improved, 3% have an 
opinion that it does not need improvements and 11% 
of all respondents do not have a clear point of view 
on this issue. Female and male respondents have a 
similar opinion on this.

Respondents were asked to name the most 
characteristic elements of the road landscape in 
general. Landscapes consisting of fields, meadows, 
open views were mentioned most frequently (54.4%), 
the second most common response was the forest 
(45.6%) and the third – individual trees, groups 
of trees and shrubs, alleys (39.5%) (see Figure 1). 
Presence of these elements was checked in planning 
documents and is described further.

The answer ʻotherʼ includes the landscape 
characteristics and feelings expressed by people. For 
example, poor visibility , grey and gloomy overall 
picture, landscape enjoyment, visual landscape 
qualities - pictu resque, colourful, diverse, calming, 
open, chaotic. Respondents who have an opinion that 
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the Latvian road landscape is not interesting named 
such features like overgrown road sides, long grass, 
ditches, pot holes, pour quality of the road, garbage 
on road sides, forest clear -cuttings close to the 
road, trees, forests, abandoned buildings, no resting 
places along the road, fields, meadows. Research of 
S. Bell et al. and Z. Peneze on peoples’  perception 
of countryside landscape changes has proved that 
Latvian people are concerned about field abandonment 
and see over growing as a negative trend (Bell et al., 
2007; Peneze, 2009). Lack of management has been 
detected in previous research in the road landscape 
today (Vugule, 2013). 

Evaluation results of planning documents
All regional communities in Latvia have spatial 

plans, which include high value landscapes and 
protected, scenic territories. The map in Figure 2 
shows scenic roads listed in the spatial plans of 
regional communities, interregional scenic roads 
listed in the spatial plans of planning regions and 
outstanding nature areas marked in the Latvian spatial 
development perspective ʻLatvia 2030ʼ. 

There are 110 regional communities in Latvia 
(Vides aizsardzības ..., 2016). Thirty nine of them 
mention scenic roads, landscape roads or sections 
of scenic roads in their spatial plans or sustainable 

overgrowing as a negative trend (Bell et al., 2007; Peneze, 2009). Lack of management has been detected in 
previous research in the road landscape today (Vugule, 2013). 

Figure 1. Characteristic elements of the road landscape named by respondents.

Evaluation results of planning documents
All regional communities in Latvia have spatial plans, which include high value landscapes and protected, scenic 
territories. The map in Figure 2 shows scenic roads listed in the spatial plans of regional communities, interregional 
scenic roads listed in the spatial plans of planning regions and outstanding nature areas marked in the Latvian 
spatial development perspective ʻLatvia 2030ʼ.

Source: author’s marks on the map of the Latvian State Roads (Valsts akciju..., 2016).
Figure 2. Map of scenic roads in Latvia.

There are 110 regional communities in Latvia (Vides aizsardzības ..., 2016). Thirty nine of them mention scenic 
roads, landscape roads or sections of scenic roads in their spatial plans or sustainable development strategies. Some 
communities have information about scenic roads both in spatial planning and sustainable development strategies. 
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Figure 1. Characteristic elements of the road landscape named by respondents.

Source: author’s marks on the map of the Latvian State Roads (Valsts akciju..., 2016).

Figure 2. Map of scenic roads in Latvia.
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development strategies. Some communities have 
information about scenic roads both in spatial 
planning and sustainable development strategies. 
Sustainable development strategies describe the 
potential scenic roads. Twelve regional community 
planning documents mention road landscape elements 
that are present along the scenic roads.

The most frequently noted scenic road elements 
are cultural and historical objects and buildings 
(mounds, castles, manors, churches), forests and tree 
alleys, significant trees. Less frequently mentioned are 
farmsteads, agriculture land, open glades, lakes and 
rivers, and protected nature areas (swamps, bogs). 
Plains and hilly areas are mentioned least often.

There are 5 planning regions in Latvia. Each region 
has its spatial plan or regional strategy for sustainable 
development. They include information about scenic 
road development. 

The Spatial Plan of Riga Planning Region foresees 
development of interregional scenic roads connecting 
larger and smaller cities and regional scenic roads in 
several road sections (Rīgas reģiona…, 2007).

Twelve from 28 regional communities from Riga 
Planning Region have defined scenic roads in their 
planning documents. Only a few regional communities 
have included scenic roads defined by Riga planning 
region in their planning documents. And not all of 
interregional scenic roads are included community 
planning documents.

The Spatial Plan of Latgale Planning Region 
foresees develo pment of scenic roads in order to 
maintain cultural landscapes of Latgale and promote 
tourism there. It is stated that  road reconstruction 
and improvement of road surface is necessary, and 
it should be done taking into account the landscape 
character (Latgales reģiona..., 2006). Scenic road 
sections should be defined more precisely in the 
spatial plans of regional communities and local 
municipalities (Latgales reģiona ..., 2006a). Currently 
several of Latgale planning documents foresee the 
development of various scenic road sections.

Eleven out of 19 regional communities in Latgale 
Planning Region have defined scenic roads in their 
planning documents. Some regional communities 
like Aglona, Dagda, Rezekne foresee to develop 
scenic roads defined in regional spatial plans as 
interregional scenic roads and develop some local 
scenic roads (Aglonas novada..., 2013; Reģionālie 
projekti ..., 2012; Rēzeknes novada …, 2013). The 
interregional scenic road along the Daugava River 
has been taken into account only in the Daugavpils 
Regional Community, but not in other municipalities 
through which it is passing (Rīgas reģiona …, 2007). 
Sustainable development strategy of the Vidzeme 
Planning Region sets out a long-term plan to develop 
the region’s scenic roads (Vidzemes plānošanas 

…, 2014). Six out of 25 regional communities have 
defined scenic roads or sections of scenic roads in 
their planning documents. One community defines the 
criteria for high value landscape views. 

The Kurzeme Planning Region Spatial Plan 
mentions that local municipalities should foresee 
development of scenic and tourism roads in their 
spatial plans (Kurzemes reģiona…, 2007). Four out of 
18 regional communities have mentioned scenic roads 
planning documents. Two communities – Dundaga 
and Talsi – have defined precise scenic roads and some 
of the municipa lities have mentioned reconstruction 
of scenic roads.

Scenic roads are not mentioned in any of Zemgale 
Region planning documents. There are 20 regional 
communities in Zemgale and 6 of them have defined 
scenic roads or sections of scenic roads.

The results of document analyses show that 
regional communities of the Latgale Planning Region 
are most active. Next comes Riga Region, followed by 
Zemgale, Vidzeme and then Kurzeme as the last one. 
Table 1 features the overview of regional communities 
mentioning scenic roads in their planning documents.

Table1
Overview of scenic roads in planning documents 

of regional communities

Planning 
region 

Number 
of regional 

communities in 
planning region

Number of regional 
communities mentioning 
scenic roads in planning 

documents
Latgale 19 11
Riga 28 12
Zemgale 20 6
Vidzeme 25 6
Kurzeme 18 4

Some spatial plans include guidelines in the form 
of recommendations and compulsory requirements 
for landscapes with outstanding value along the roads 
and viewing points. The most frequent requirements 
are: road charac ter and landsca pe vividness should 
be preserved; af forestation, large buildings or other 
structures blocking valuable views from the road 
are not allowed; road surface quality needs to be 
improved; resting places and tourist infrastructure 
should be provided.These requirements are essential 
for the scenic road development (Vermont Agency …, 
2000) and should be considered for all scenic roads.

The distribution of scenic roads listed in the 
planning documents is uneven. There are unlisted 
roads with high aesthetic value and potential to be 
designated as scenic, for exam ple, roads along the 
Baltic sea coast in Kurzeme and Baltic Sea gulf, roads 
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in areas of outstanding natural landscapes and historic 
sites which are set in Spatial development perspective 
ʻLatvia 2030ʼ.

Comparison of questionnaire results and documents 
of planning regions and regional communities show 
that most frequently mentioned landscape elements by 
respondents like fields, forests, trees are mentioned in 
the planning documents as well. Cultural and historical 
objects are more often mentioned in the planning 
documents, while respondents do not mention them as 
characteristic. The reason could be that such elements 
do not stand out in the landscape, for instance, 
churches often are hidden behind old trees which 
are in the protection zone of historic monuments. 
Visibility of such landscape elements is a problem as 
noted by other researchers (Markova, 2014). Planners 
and road designers should pay special attention how to 
show the presence of cultural and historical features in 
the landscape for road users. 

Problems like bad road surface and poor visibility 
are recognized by people. Previous research shows 
that territories close to the road have maintenance 
problems (Vugule, 2013). Planning documents reflect 
it by foreseeing road reconstruction and management 
actions. Both people and planning documents name 
water bodies, farmsteads and buildings as important 
landscape elements. Road character and vividness is 
more stressed in the planning documents. Respondents 

and planning documents pay the least attention to the 
relief – hills and plains.

Definition from Latvian Landscape Policy 
Guidelines explains that scenic roads are those with 
significant landscape value for the identity of the 
territory, and they should be set in spatial planning 
documents on the bases of evaluation carried out by 
the society and might need specific management and 
planning (Vides aizsardzības …, 2013). Theoretically, 
the public should be involved in the process of scenic 
road designation process. The US Vermont Byways 
Program requires a nominating committee which 
seeks to represent the interests of a wide range of 
people and or ganizations along the road (V ermont 
Agency …, 2000). Meanwhile in Latvia, the scenic 
roads in the planning documents are mostly defined 
by experts.

Development and management plans of protected 
nature territories include information on scenic roads. 
No survey of these documents was included in this 
study. It is the next step to get a complete overview of 
present state of scenic roads in Latvia.

Results of field study
Results of the inventory of two road sections 

Ķipari - Nirmuži (V83) and Vējupīte-Jūdaži in Gauja 
National Park give insight about the scenic road 
landscape in Vidzeme Region (See Fig. 3 and 4).

Source: author’s photo (2014).

Figure 3. Vējupīte-Jūdaži. Positive landscape features - field and forest edge, agricultural pattern, significant 
tree, distant view, view with a dominant, wide panorama, gravel road surface.

Source: author’s photo (2014).

Figure 4. Ķipari - Nirmuži. Positive landscape features - field and forest edge in the distance, agricultural 
pattern, gravel road surface. Negative features – overgrown unmanaged road ditches and edges of the road.
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Agricultural landscape dominates in both sections 
of the road. Other visible features are forests, field and 
forest edges, solitary trees, alleys and farmsteads, the 
road conforming to landscape.

Negative features are neglected overgrown 
unmanaged edges of the road, power lines. Previous 
research on road landscape (Vugule, 2013) shows 
that overgrowing of agricultural  land is a problem in 
mosaic landscape. Results of the field study conform 
the public opinion detecting the negative aspects of 
road landscape, like unmanaged road side territories 
causing visibili ty problems. Values and features 
noticed by public like fields, open view to landscape, 
forests are present along the surveyed sections of 
scenic roads.

The total number of positive landscape elements 
in the section Vējupīte – Jūdaži is 29, total number 
of negative elements is 7. The average value of the 
landscape by kilometre after taking off negative 
features from positive features and dividing by 
number of kilometres is 5.5. The total number of 
positive landscape elements in the section Ķipari – 
Nurmiži is 21, total number of negative elements is 
9. The average value of the landscape in the second 
section is 3. The difference is mainly from the number 
of positive elements.

Conclusions
Results of the public survey show that current 

Latvian road landscape has a potential for development, 
and it needs improvements.

Scenic roads are mentioned in planning documents 
of planning regions and regional communities. Two 
terms – scenic road and landscape road are used in 

Latvian planning documents. The term ʻlandscape 
roadʼ appears mostly in plannin g region documents, 
the term ʻscenic roadʼ is used more often in regional 
community plans. The terms have the same meaning 
and this should be discussed further, which of the two 
should be used in planning documents. 

There is no consistency between different 
planning levels. Regional communities do not follow 
regional plans regarding scenic road designation. 
One of the reasons could be lack of information and 
communication between the planning levels. The 
criteria for scenic road nomination and landscape 
assessment methods are set individually in every 
region. A comprehensive approach for assessing 
aesthetic road qualities and classification of scenic 
roads is missing. It is necessary to examine what 
kind of methodology is used in regional communities 
for scenic road designation and see how public can 
be involved in this process. Experience from other 
countries show that initiatives about scenic road 
designation should come from local municipalities, but 
the process of road designation should be developed 
and regulated by one institution, which should provide 
common methodology for road landscape assessment 
and scenic road designation. 

The field study gives insight in the scenic road 
landscape qualities and highlights that negative 
features like overgrown and unmanaged road sides are 
present in a road landscape which is defined as scenic. 

The adapted inventory method is suitable for 
scenic road evaluation. Further research with more 
sample territories is necessary in order to draw up 
general conclusions about the state of scenic roads in 
Latvia.
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Abstract
This article deals with the use of the service learning method in the study courses of landscape architecture bachelor 
studies outcomes from a student’s perspective. This kind of research is unique with combining service learning method 
research and involvement of student’s perspective. The service learning method, which includes both theoretical 
studies and practical work in the planning of actual territories and communication with the customer, is important for 
the development of professional competences in the field of landscape architecture. The aim of the research was to 
state the benefits of students’ professional growth from using this method in the study process. The article summarises 
the evaluation of the experience of Latvia University of Agriculture landscape architecture studies in cooperation with 
3 non-governmental organisations, 8 municipalities and governmental organisations and 4 associations from 2013 to 
2016. The research was based on the students’ survey. The students had to answer close-ended questions about the 
knowledge they had acquired from the projects of different scales. As a result of the survey, it was concluded that 
the students’ main benefits of professional knowledge are mainly associated with a better understanding of specific 
features of particular places, which is not always possible within the framework of theoretical studies. The possibility 
of presenting projects to a real customer, thus improving one’s presentation skills was also positively evaluated.
Key words: service learning, work-based studies, landscape architecture, study projects.

Introduction 
An important stage in landscape architecture 

education is the territory planning of dif ferent types  
and scales, which, already in the study process, 
develops the future specia lists’ understanding  
of the scale of the territory in selecting an 
appropriate research and planning approach 
(McGarigal, s.a.; Benson, & Mackenzie, 1995; Saura 
& Martínez-Mil lán, 2001; Wu, Shen, & Sun, 2002; 
Wu, 2004). However, modern scientific publications 
are showing a trend that landscape architecture 
studies are becoming increasingly theoretical and 
comprehensive, focusing more on global issues such 
as clima te change and urbaniz ation. This approach 
does not allow a student to find a suitable solution 
in specific situations (Horrigan & Oles, 2015). 
Developing a project for an actual place with a real 
customer being interested in developing the territory, 
encourages the students to think systematically , 
sometimes even in inter -disciplinary perspective, 
including critical analysis of previously acquired 
theoretical knowledge and the use of this knowledge. 
Students take an active part in the project development 
process not only in communication with the customer, 
but also in af fecting the progress of the course and 
project development on the whole (Grandin et al., 
2010). Thus, landscape architecture studies are 
becoming even more effective.

Different types of teaching and learning aiming at 
practical use of theoretical knowledge

Most often the practice-oriented studies are 
implemented within the framework of work-based 
and project-base d learning (Marcia, 2008; Deming 

& Swaffield, 2011; Genca, 2015) service learning 
(Nelsona et al., 2010; Angotti, Doble, & Horrigan, 
2012; Grabbatina & Fickeya, 2012) and practice work 
(Wenger-Trayner et al., 2014). The advantage of these 
methods has been emphasized in several scientific 
articles. 

The project-based study process involves an 
active participation of students in it. The lectures 
which are conducted in a traditional way make 
up the basis of students’  theoretical knowledge, 
while the  project-based study activities provide 
an opportunity to apply this basic knowledge to 
solving existing problem issues in the development 
of real territories. Thus, a linkage between theory and 
practice is created and understanding of how to use 
various types of basic knowledge in life is reached 
(Amstrong, 1999; Chinowsky et al., 2006). Although 
the project-based studies are useful in improving the 
students’ knowledge, this approach involves an active 
participation of lecturers in developing cooperation 
and selection of the territories to be developed in the 
course projects.

The students’ work in their respective field 
during the study course is a kind of work-based 
studies (Freestone, Thompson, &  Williams, 2006) . 
This approach is important for the development of 
professional competences. An integral part of the 
study process which is based on the development of 
practical skills are discussions, exchange of opinions, 
as well as defending the chosen concepts, being aware 
of their pros and cons (Baum, 1997). The practical 
experience of the academic staff plays a great role 
here, not only in sharing the experience, but also 
in being able to most ef fectively organise the study 
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process and include theory and practice in a balanced 
way, so that these two parts could be linked. As a 
limiting factor of this approach, one should mention 
the professional competence of the academic staff 
required for work-based learning, to be able to ensure 
the quality monitoring of the study process. 

Service learning has become a widely used 
approach in higher education in different fields. It is 
considered to be an ef fective tool in increasing the 
importance of the studies not only for students, but 
also for people not related to the study process but who 
are participating in the project development (Eyler et 
al., 2001). Consequently, by using the service learning 
approach in territory planning, the community is also 
involved and educated. Service learning has several 
potential limitations. One of them can be the problem 
for the faculty workloads and rewards that directly 
relate to the motivation mentioned before, the lack of 
which may be a limiting factor. Another limiting factor 
can be dif fering traditions of planning and design. 
The quality of the design solution is undoubtedly 
evaluated as a risk factor, since the students are not 
professional designers yet. In general, it is believed 
that service learning can offer very useful services 
to neighborhoods while of fering students vital skills 
for working with multiple publices (Forsyth, Lu, & 
McGirr, 2000). Regarding the practice, it has been 
assessed that the major winners are the students. The 
most important benefit for the young professionals is 
that of working in a team, cooperating with customers; 
they have a chance to see how the project is being 
implemented, feel responsible, develop the culture of 
work (Burton, 2015).

The research of dif ferent scientists present the 
analysis of not only various teaching methods and 
approaches, but also the benefits the students have, 
the students’ understanding of the usefulness of these 
methods as well as the emotional experience in the 
study process (Deming & Swaffield, 2011). An 
emotional load is created by the study process which 
includes working in groups, discussions, defending 
the ideas, working under the guidance of a mentor , 
communication with the third party (municipality, 
association and or ganisation), communication with 
lecturers, research of theoretical materials. Defence 
and discussion process during the project elaboration 
stage are issues to be dealt with separately , but it 
definitely involves gaining experience (Smith & Boyer, 
2015). Quite often the research papers include the 
discussions about the landscape architecture students’ 
different experiences in the study subjects and with 
regard to the problem issues to be solved, not only 
compared with the lecturers’  or other professionals’  
experience, but also compare d to that of other 
students when acquiring (in the process of acquiring) 
similar subjects or themes (Swaffield, 2002).  

The similarity in the diference of viewpoints can be 
found also among the professionals of different fields. 
Consequently, dif ferent approaches and viewpoints 
of studies can be explained by the chosen profession 
and specifics of the sector. Landscape, due to its 
multidisciplinary and all-inclu sive nature, puts a 
burden on landscape agriculture students already from 
their early studies to look at things and issues in a 
broader sense.

Different ways of cooperation universities use in study 
process

Nowadays, more often society’ s participation in 
territory planning is being emphasized (Bloemers, 
2010). In several articles the importance of 
participation of local governments and communities in 
the planning process (Healey, 1997), associated with a 
direct interest in the development of a certain territory 
has been cooperation in territory planning at different 
levels is becoming more and more important and the 
cooperation in territorial planning at various levels, 
embracing both academic and scientific environment, 
businesses and municipalities.

Cooperation between university and municipalities 
can be or ganised according to dif ferent models.  
In Latvia, service learning is quite widely used by 
universities engaging in project development in various 
sectors of the economy. In the Latgale region, tourism 
development is very important, and the local regional 
university is actively engaged in it (Silinevica, 2015). 
Also, Dutch universities actively use the university 
knowledge in development planning, in this case the 
transfer of knowledge in the social sector (Postma, 
2013). 

Cooperation projects between universities and 
local governments have been described in several 
publications, where the main emphasis is on the study 
process and the benefits for the students from this 
cooperation. It mainly reflects the development of 
better understanding about the future profession and 
necessary knowledge and skills. Overall, the service 
learning approach is useful for the universities, since 
it provides the possibility for cooperation. Moreover , 
the aca demic staf f involved bears responsibility 
for implementing cooperation and its quality, thus 
offering students the opportunity  to be responsible as 
well (Forsyth, Lu, & McGirr, 1999).

The main aim of the research was to summarise 
and analyse the information about the benefits of 
students’ professional knowledge in the study courses 
which have been implemented by using the service 
learning method  as well as to summarise problem 
issues they have addressed within the territories of 
different scales within the framework of landscape 
architecture studies from the year 2013 to 2016. 
The focus is on landscape architecture studies that 
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are carried out by trilateral cooperation ‘university, 
student, municipality’.

Materials and Methods
The Landscape architecture 5-year professional 

bachelor’s programme of Latvia University of 
Agriculture is composed of  study courses which 
help improve the basic knowledge required for the 
profession, e.g.: drawing skills, sense of space, 
analysis, planning, etc. To improve this basic 
knowledge in practice, the study courses in Landscape 
architecture and design are elaborated, within the 
framework of which, cooperating with a real customer, 
the development projects of real territories are carried 
out. Prior to developing the diploma thesis the students 
strengthen the acquired knowledge by having practice 
in landscape designing companies or municipalities. 

The service learning method according to which 
the cooperation  between the local governments, 
faculty/university and students takes place during the 
course project analysed in research is schematically 
shown in Figure  1. One party is the university – the 
academic staff and students but the other one - the local 
government – city or municipality council, unions and 
organisations. This is a horizontal cooperation, since 
it is formed between two autonomous organisations.

From the experience and knowledge roles of 
each participant are defined in trilateral cooperation.  
The aim of the local government is to develop a specific 
territory through project development in cooperation 
with the specia lity of landscape architecture, while 
the aim of the study programme and study course is 
to provide students – the future specialists with the 
knowledge and skills required in the specific field.  
The knowledge and skills are different within each 
study course, so that the students are able to acquire 
and strengthen the professional competences required 
for each subsequent level or task. 

The faculty/local government cooperation was 
implemented in certain course project within the 
framework of research. The local government is 
the contracting authority, which defines its needs, 
sets tasks and results to be achieved, providing 
the necessary cartographic, photographic, archive 
materials, thematic lectures and other related materials. 
Taking into acco unt the customer ’s interests as well 
as the theoretical knowledge to be strengthened and 
the competencie s to be acquire d during the course, 
the lecturers prepare the tasks to be completed by 
the students in a more detailed way. The tasks can 
be connected with the research of landscape spatial 
structure and value, heritage studies, design solutions, 
planning at dif ferent levels of detail and taking into 
account the specifics of the territory. In the course of 
8 weeks (1 semester at LLU) the lecturers introduced 
theoretical material to the students. This material was 
related to the type of a specific area and the problem 
to be solved, such as forming the identity and image 
of a populated area.

The students have field trips to the territory once 
or twice. During these trips, based on the previously 
prepared cartographic material (topographic and other 
types of maps), they carry out deeper research of 
the site and make markings on maps; they also take 
photos and attend lectures prepared by municipalities. 
Then, alongside with the acquisition of the theoretical 
material, the work on the sketch of ideas and the 
development project of the territory takes place. 
During the designing period there are several interim 
reports in which the lecturers evaluate the progress 
of each student or each group if the work is done in 
groups. If necessary , the issues, which need to be 
addressed more thoroughly are pointed out. Students 
are also trained to use questionnaires, landscape 
analysis, the techniques of presenting their ideas 
and communica tion with the customer , or ganising 

Figure 1. Trilateral cooperation through service learning (modified by authors).
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discussions in interim reports and working on the 
design of visual material.

The project’s final presentation to the customer 
is an integral part of service learning, because in this 
way the students have an opportunity to observe how 
the knowledge acquired during the study course, 
presentation skills and project execution skills work 
in practice. Customer’s representatives attend the final 
presentation, participate in discussions, ask questions 
and comment on the students’ results. After the final 
presentation the customer has an opportunity to review 
the development potential of the territory, find new 
ideas and obtain a wide range of research material. 

Students` survey. In this research the experienc e 
of using service learning method in 18 course 
projects was analysed. Those were: Aldaris park 
(Riga); vicinity of Anniņmuiža (Riga) Reņķis garden 
(Ventspils); Sarkanmuiža park (Ventspils); Swedish 
rampant (Ventspils); courtyards of Jelgava’s multi-
storey residentia l buildings; Oskars Kalpaks square 
and Strūve park (Jēkabpils); the state social care 
centre ‘Allaži’, Šlokenbeka manor ensemble; greenery 
territories (Bauska); ‘Raganu park’ (Krimulda 
municipality); Greenery territory in the vicinity of 
Turaida; Brukna manor house; central part of Ranka 
village; Central part of Slampe village; Coastal nature 
park in Saulkrasti; Courtyard of 2, Daugava Street, 
Salaspils and the territory next to Griva boulevard 
in Ogre. These 18 projects were carried out in the 
framework of cooperation with 3 non-governmental 
organisations, 8 municipalities and governmental 
organisations and 4 associations. 

The students’  survey was carried out after the 
stucturing and analysis of the objects in order to ensure 
a transparent comparison of the tasks set, the students’ 
opinions about the experience gained in conjunction 
with the scale of the design areas. Course project 
territories were divided into 3 groups – territories of 
up to 5 ha (small-scale), 6 to 30 ha (medium-scale) 
and over 30 ha (lar ge-scale). Survey results were 
converted in percents and rounded to full figures.

Evaluating the territory development course 
projects, the lecturers involved in them indicated 
that addressing the territories with an area of up to 5 
hectares, the students were given tasks mainly aiming 
to obtain the skills and knowledge of the composition 
of the territory planning, functional zone, the road 
network and parking lot development, lighting, 
greenery and design elements planning, as well as a 
detailed 3D visualization development. This can be 
explained by the high degree of course project details 
elaboration for this planning scale (most often M/S1: 
200). In some thematic projects the tasks about specific 
issues were given, such as the location of the territory 
in the overall structure of the populated area, cultural 
and historical research, relief and environmental 

accessibility solutions. Tasks according to acquiring 
public interviewing skills have been only within the 
framework of one project, which is explained by the 
seclusion of the territory and limited public access to 
most of the designed territories. 

Tasks aiming to obtain the most comprehensive 
knowledge and professional skills were in the design 
of the territories with an area of 6 to 30 ha, since the 
planning scale requires both conceptual and general 
solutions for M/S 1:500 or M/S 1:1000, as well as a 
separate place detailing M/S1: 200. Consequently, the 
given tasks in the planning of these territories are related 
to both conceptual solutions of territory development 
- spatial structure, the common infrastructure of the 
territory and links with the surrounding landscape, 
the blue-green networks, visual and physical access, 
as well as with detailed solutions - roads, lighting, 
greenery, terrain and water and design elements. In the 
design process students were working on landscape 
analysis and dif ferent methods of analyses. Public 
interviewing was also used in the designing of these 
territories, so that the students could develop the 
ability to analyse the needs of the population in the 
context of landscape architecture technologies.

In the territory group, having an area of over 30 
hectares, the students were given tasks aiming to obtain 
knowledge and professional skills related to the design 
of  large-scale territories (M/S 1:1000, M/S 1:10000). 
These territories are characterized by design tasks and 
issues more appropriate to a large scale. Consequently, 
the given tasks were related to the elaboration of the 
vision of territory development, planning of spatial 
structure and the blue-green networking, infrastructure 
solutions, in-depth analysis of the landscape, 
including the research of herit age, ecological, etc. 
landscapes. In dealing with these territories wider 
use of public interviewing is approved, since in the 
developing of such scale projects questionnaires play 
an important role, because the territory included in the 
project affects a large part of society. In the planning 
of these territories, fewer tasks were given relating to 
the project detai l, such as environmental availability 
solutions, detailed elaboration of greenery, solutions 
of design elements, etc.

The students` survey was conducted in the winter 
of 2016, involving 41 respondents – students who 
had participated in the elaboration of course projects 
of different scales. The students had to explain what 
knowledge they had acquired in each of the project 
groups. The survey was based on four close-ended 
questions. Three questions of the survey were made 
based on the results obtained from the first part of 
the research that the course project territories have 
to be divided according to the scale of those areas. 
Those were: ‘Was it possible to acquire the following 
skills and benefits from small-scale / medium-scale 
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‘Was it possible to acquire the following skills and benefits from small-scale projects (the state social care 
centre ‘Allaži’, Š lokenbeka m anor en semble, C ourtyard of 2 , D augava S treet (Salaspils), g reenery 
territories (in the centre of Bauska), Oskars Kalpaks square and Strūve park (Jekabpils), ‘Raganu p ark’
(Krimulda municipality), Greenery territory in the vicinity of Turaida)?’ more than 75% of the respondents 
consider that within the framework of the projects they have acquired knowledge in the following fields -
elaborating d evelopment vision, planning o f road ne twork a nd p arking l ots, environment a ccessibility, 
planning of greenery, p lanning o f d esign elements, developing visualisation. It should be mentioned t hat 
the lecturers never a ssign t he t ask of e laborating development vi sion t o small-scale te rritories, s ince the 
solutions for these territories do not affect a large part of public or development at a larger scale. More than 
a ha lf o f the respondents consider that they have acquired knowledge in such f ields a s developing spatial 
structure, infrastructure solutions, analysis of landscape and its elements, heritage research, terrain 
solutions, planning of lighting, elaborating project details of project parts. From the tasks mentioned above 
the lecturers have never given the tasks dealing with developing spatial structure in any of the projects. The 
respondents a lso mentioned that they had dealt with d eveloping t he b lue–green network a nd planning o f 
design e lements. I n a ddition, th e s tudents a lso mentioned th at o verall it c ould be c onsidered th at a ll th e 
questions listed in the survey had been addressed. When dealing with small-scale territories, the students 
consider that they had also dealt with larger scale issues in both social and territorial context.

Figure 2. Summary of students` evaluation of acquired knowledge in:
small-scale projects (first question); medium-scale projects (second question); large-scale projects (third 

question); 1. elaborating development vision, 2. developing the blue–green network; 3. developing spatial 
structure; 4. infrastructure solutions; 5. analysis of landscape and its elements; 6. heritage research; 7. developing 
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differences occur based on the public acessibility of the territory, or, on the contrary – on its seclusion. Likewise, 
when doing their pr oject, work, t he students have al so tried t o f ind t he balance, dealing with th e te rritory in 
different perspectives.

Responding to the third question – ‘Was it possible to obtain the following skills and benefits from the large-
scale projects (the coastal nature park in Saulkrasti, the territory next to Griva boulevard in Ogre, courtyards of 
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Figure 2. Summary of students` evaluation of acquired knowledge in:  
 small-scale projects (first question);  medium-scale projects (second question);  large-scale projects 

(third question); 1. elaborating development vision, 2. developing the blue–green network; 3. developing 
spatial structure; 4. infrastructure solutions; 5. analysis of landscape and its elements; 6. heritage research; 

7. developing and using surveys and interviews; 8. planning of road network and parking lots; 9 terrain 
solutions; 10. environment accessibility; 11. planning of lighting; 12. planning of greenery; 13. planning of 

design elements; 14. developing visualisation; 15. elaborating project details of project parts.

/ large-scale projects?’. The students could choose 
several answer options from 15 given. Those were 
the following: 1.elaborating development vision; 2. 
developing the blue–green network; 3. developing 
spatial structure; 4. infrastructure solutions; 5. analysis 
of landscape and its elements; 6. heritage research; 
7. developing and using surveys and interviews; 8. 
planning of road network and parking lots; 9. terrain 
solutions; 10. environment accessibility;11. planning 
of lighting; 12. planning of greenery; 13. planning 
of design elem ents; 14. developing visualisation; 
15. elaborating project details of project parts. They 
were given a chance to add their own answer as well. 
The fourth question was adressed to the evaluation of 
cooperation with the local governments. The question 
was formulated as follows: ‘Is cooperation with local 
governments important within the framework of the 
study course projects?’.

Results and Discussion
The students’  survey was conducted after  

the first part of research was completed, thus the 
questions were formulated according to the course  
project parts and the defined scales. Answering 
the first question – ‘Was it possible to acquire 
the following skills and benefits from small-scale 
projects (the state social care centre ‘Allaži’, 
Šlokenbeka manor ensemble, Courtyard of 2,  
Daugava Street (Salaspils), greenery territories (in  
the centre of Bauska), Oskars Kalpaks square and  
Strūve park (Jekabpils), ‘Raganu park’ (Krimulda 
municipality), Greenery territory in the vicinity  
of Turaida)?’ more than 75% of the respondents 

consider that within the framework of the projects  
they have acquired knowledge in the following  
fields - elaborating development vision, planning 
of road network and parking lots, environment  
accessibility, planning of greenery , planning of  
design elements, developing visualisation. It should 
be mentioned that the lecturers never assign the task 
of elaborating development vision to small-scale  
territories, since the solutions for these territories  
do not affect a large part of public or development  
at a larger scale. More than a half of the respondents 
consider that they have acquired knowledge  
in such fields as developing spatial structure, 
infrastructure solutions, analysis of landscape and  
its elements, heritage research, terrain solutions,  
planning of lighting, elaborating project details  
of project parts. From the tasks mentioned above  
the lecturers have never given the tasks dealing  
with developing spatial structure in any of the  
projects. The respondents also mentioned that they  
had dealt with developing the blue–green network  
and planning of design elements. In addition, the  
students also mentioned that overall it could be  
considered that all the questions listed in the survey 
had been addressed. When dealing with small-scale 
territories, the students consider that they had also  
dealt with larger scale issues in both social and 
territorial context.

Responding to the second question – ‘Was 
it possible for the students to gain the following 
skills and benefits from medium-scale projects 
(Brukna manor house, Aldaris park (Riga), vicinity 
of Anniņmuiža (Riga), Reņķis garden (Ventspils); 
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Sarkanmuiža park (Ventspils); Swedish rampant 
(Ventspils); central part of Ranka village, Central 
part of Slampe village)?’ - more than 75% of the 
respondents consider that  within the framework of 
the projects they have acquire d knowledge in the 
following fields - elaborating development vision, 
developing spatial structure, analysis of landscape 
and its elements, heritage research, planning of road 
network and parking lots, environment accessibility, 
planning of lighting, planning of greenery, planning of 
design elements, developing visualisation. More than 
half of the respondents consider that they have acquired 
knowledge in such fields as - infrastructure solutions, 
developing and using surveys and interviews, terrain 
solutions and in elaborating details of project parts. The 
respondents have also mentioned that they had been 
dealing with such tasks as developing the blue-green 
network as well as mentioning (in the open section) 
that the acquired knowledge and competencies depend 
on each student’ s abilities and desires. The tasks for 
the medium-scale territories differ from the aim set in 
the project, but in total, all the 15 tasks defined were 
dealt with. The differences occur based on the public 
acessibility of the territory, or, on the contrary – on its 
seclusion. Likewise, when doing their project, work, 
the students have also tried to find the balance, dealing 
with the territory in different perspectives.

Responding to the third question – ‘Was it 
possible to obtain the following skills and benefits 
from the lar ge-scale projects (the coastal nature 
park in Saulkrasti, the territory next to Griva 
boulevard in Ogre, courtyards of Jelgava’s multi-
storey residential buildings)?’ - more than 75% of 
the respondents consider that within the framework 
of the projects they have acquired knowledge in the 
following fields: elaborating development vision, 
planning of road network and parking lots, planning 
of greenery, developing visualisation. More than half 
of the respondents consider that they have acquired 
knowledge in the fields of developing spatial structure, 
infrastructure solutions, analysis of landscape and 
its elem ents, environment accessibility , planning of 
design elements. The respondents have also stated that 
they have dealt with such tasks as developing the blue–
green network, heritage research, developing and using 
surveys and interviews, terrain solutions, planning of 
lighting, elaborating details of project parts.  From the 
tasks mentioned here, the lecturers have not asked the 
students to deal with the following tasks: planning of 
road network and parking lots, planning of greenery , 
developing visualisation, planning of design elements, 
planning of lighting, elaborating details of project 
parts. These dif ferences could be explained by the 
fact that quite often the large-size territories are dealt 
with in later years of studies after different kinds of 
detailed plans are solved. Although it was not required 

to submit a detailed plan for the territory, the students 
had thought about it and they had presented their 
ideas on that. In the open part of the questionnaire the 
students had mentioned that they had improved their 
presentation skills, acquired knowledge about the 
influence of the limited resources on the scope of the 
project design in Latvia.

In addition, in the fourth question the students were 
asked how they evaluated the cooperation with the 
local governments. Most respondents acknowledged 
that this cooperation was important. This positive 
evaluation indicates the attractivenes of the service 
learning method and its ef fectiveness not only from 
the lecturers’ but also from the students’ point of view.

Overall, it should be noted that the results of the 
survey reflect the different issues dealt with in the course 
projects of different scales, reflecting the tendency that 
the issues pertaining to large-scale territories are more 
general, whereas in medium-scale and small-scale 
territories the issues to be addressed are more detailed.  
It was quite surprising to learn that at all the levels the 
respondents consider that they acquire knowledge in a 
wide range of issues. The students consider that they 
have managed to deal with a wider range of tasks and 
acquired more than the lecturers had asked them to do. 
It is explained by a holistic nature of landscape. This 
holism (a complex whole) of landscape does not allow 
to unequivocally approve of any of landscape research 
or modeling theories, unless multidisciplinary 
approach is used. Therefore, understanding starts 
with the concept of landscape, the connections and 
interactions present in landscape and only then the 
analysis of separate constituent parts of landscape 
follows (European Council, 2002; Stewart, Liebert, & 
Larkin, 2004; Stephenson, 2010). The students have 
perceived this characteristic feature of landscape as 
something commonly known, that is reflected in their 
work within the context of their course projects. The 
results obtained from the research on the use of the 
service learning should be evaluated in the context of 
the particular field – landscape architecture, where it 
has been applied. 

Conclusions
Service learning has a positive influence on the 

study process, since both lecturers and students are thus 
able to solve topical problem issues for real territories. 
For lecturers this trilateral cooperation has provided 
the opportunity to build a very broad theoretical 
basis, pertainin g to territories of dif ferent scales 
with examples dealt with in the form of cooperation. 
For students, the course projec ts implemented with 
the service learning method provide an opportunity 
to improve their knowledge with a wide range of 
issues to be addressed. In developing the course 
projects, students become more convinced about the 
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comprehensive nature of landscape, as evidenced 
by their desire to solve not only the required tasks, 
but also to reflect on different aspects of the project 
solutions and scales. The results of the research 

should be researched and explained in more detail, by 
conducting a wider students’ survey focusing more on 
the emotional experience in the development of course 
projects by applying the service learning method.
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Abstract
The information about gardens of the Duchy of Courland in the 17 th century is scarce and fragmentary , as part of 
documents is lost or exported abroad during the war. The time of the Duchy and its baroque gardens is attributed to 
reign of E. J. Biron in the first half of the 18th century, when impressive palace ensembles were created the help of 
architects F. B. Rastrelli and S. Jensen, building of summer residences in Rundāle, Vircava, Svēte, Luste. They served 
as summer amusement gardens or parks. In their arrangement, a compositional connection with the palace, the front 
courtyard, outbuildings and the garden was sought. These summer residences were located in rural plain areas, thus, 
the features of natural area - water, floodplains, terrain, nature of plantations and materials were used. The choice 
of planting materials was influenced by the climatic conditions - harsh winters, short summers, late spring frosts or 
early autumn frosts. Therefore, in the Duke’s time gardens, there are no delicate plants such as jews, boxwood plants, 
peach and mandarin fruit trees imported from the Western Europe. The local trees and shrubs, fruit trees, spice plants 
were used, vegetable beds made. The study examines two of the Duchy’s summer residences at Vircava (Wūrzau) and 
Svēte (Swethof), the study of which, as already mentioned, is made difficult due to the relatively scarce information.
Key words: landscape protection zones, central axis, compositional structure, cultural heritage, historical landscape.

Introduction
Like at Rundāle, in the construction of the Vircava 

palace in the 70s – 80s of the 18th century, the architect 
S. Jensen and the sculptor J. M. Graff were also invited 
by the Duke of Courland E. J. Biron (1690 – 1772). 
The Svēte palace was built under the control of his 
son Peter Biron in the period from 1774 to 1775. The 
style of S. Jensen and J. M. Graff is also felt here. 
After 1775, J. M. Graff leaves the Duchy of Courland. 
The creative cooperation of both has been admired to 
the present day , that is, for more than 250 years. In 
addition, the masterful and highly artistic level that 
has been achieved in the visually appealing external 
image of the palace never ceases to astonish us. It is 
also attributed to the architectural form of the Vircava 
and Svēte palaces, as well as to the emerging park’s 
space, and, of course, to the natural elements that are 
already in front of us. There is the scale, proportion 
and harmony of the form of the language, maintaining 
style trends of that time. Undeniably , it is based on 
talent. The study includes the aim, which is linked to 
a detailed research of the cultural heritage, evaluating 
the composition al structure of the outdoor space 
and transformation processes. The examples of the 
landscape space of the Vircava and Svēte palaces are 
used.

The main assignments of the study are related to 
- The mutual  connection searches of the 

compositional structure of historical building, 
park and natural area;

- The assessment of the impac t of the 
anthropogenic load on the historical values of 
the landscape space;

- The possibilities of the planning areas to 
regulate the landscape protection zones, not 
defined in the municipal planning tasks.

Materials and  Methods 
The methodology of the study includes the 

description of the historical archives, the comparison 
of engravings and photographic materials from the 
beginning of the 18 th century to the present day , 
where under the ef fect of the economic and political 
conditions the values of the historical landscape space 
have been transformed. Over the last century , both 
ensembles of the palace have been severely affected 
by political battles. Partly, it is due to the proximity 
of the Svēte and Vircava palaces to Jelgava, which 
easily served for military purposes. Three other 
Duchy’s summer residences are built far from cities, 
and they are not affected by political passions. They 
are positioned at Rundāle that is near to Bauska, 
Zaļenieki which is not far from Jelgava, and Luste 
that is close to Dobele. Today, the landscape is well 
shaped by the old tree planting sites and recognized 
by the compositional concept in the construction 
of the garden. It also allows to assess the impact of 
the transformati on processes on cultural values. For 
further progress of the study , it is required to recover 
the historical paths, the pond line, the foundations 
of the park’s tea house in nature. According to the 
basic principles of the compositional structure of the 
space, both the Vircava and Svēte buildings have an 
expressed longitudinal axis and transverse axis, which 
connect the palace to the park and natural area.The 
establishment of the Vircava park was mentioned in 
1721, when E.J. Biron wrote to the chamberlain P. 
Bestuzhev-Ryumin to the Court of Duchess Anna 
Ivanovna, “. .. with this I report that during my absence 
the gardener has planted 300 linden trees. On Saturday 
and Monday, there are planted 700 more linden trees 
and 200 cherry trees ... I have ordered the folks to 
bring another 500 linden seedlings here, as without 
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the mentioned ones we need much more. I mercifully 
beg you to deliver 1000 seedlings from the rest of the 
manors”. During the inventory in 1793, this park was 
named “Duke’s great amusement park and orchard” 
(Rundale palace museum, 1991).

Opposite the building of the Vircava manor, 250 
m in length, the river Vircava forms a clear linearity, 
which is confirmed by the left bank slope. Here one 
might say-a bluff, if such a comparison could be 
attributed to the Zemgale plain. The flow of the river 
is slow and alongside with the manor garden forms 
a romantically expressive landscape space both 
upstream and downstream. The garden of the palace 
was often ruined by spring floods, as the right bank 
of the river was much lower and formed a floodplain.

The map drawn in 1779 by J. G. Schulz shows 
the compositional structure of the palace’s ensemble 
(Janelis, 2010), where the symmetry of the common 
structure of the ensemble is readable, consisting of the 
palace building and the baroque garden (Fig.1). The 
map shows the intersection of the two main axes: one 

of them connects the palace and the park, where the 
expressiveness of the axis is intensified by a tree alley 
(Fig. 2). The second axis of the composition is the 
riverbed, as well as the linden transverse alley, which 
is perpendicular to the first one. The longitudinal axis 
and the intersection point of the river is a dominant, 
where the palace was positined. The culmination was 
complemented by a tower built in the central part of 
the palace by S. Jensen, as well as the side blocks of the 
palace. The expressiveness of the park and the palace 
is intensified by the linden alley, without reaching 100 
meters in length (Fig. 3). On both sides of it there are 
ponds, and the alley forms a kind of a green bridge, 
leading across the pond system. In the sight line from 
the palace through the alley, one of the five park ponds 
serves as a culm ination. Behind it – a wide regular 
garden, which adds expression to the central axis. 
The other summer residence belonging to the Duchy 
– the Svēte palace, which is about 7 km away from 
the winter residence, located alongside the river Svēte, 
which is winding and rapid, and in springs and rainy 
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Figure 1. The location of the Vircava palace is restored 
at present park (author’s sheme).

Figure 2. The central longitudinal axis as a  
view line across the river from Vircava  

palace to the (Janelis, 2010).

.

Figure 3. The historical tree alley on the longitudinal 
axis of palace Vircava (author’s photo, 2015).

Figure 4. The alley with a rampart along the  
western side of the canal  of  parks  

Vircava (author’s photo, 2015).
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summers forms extensive flood areas. Therefore, 
the river Svēte is characterized by huge floodplain 
meadows, but the building on its banks is distanced. 
Possibly, that is why the locati on of the old palace 
was chosen there, as the natural  picturesqueness and 
the view from the right bank is really impressive. In 
spring, when the river turns into a huge lake at this 
place, tremendous amounts of migratory birds can be 
seen here. 

Results and Discussions 
By studying the spatial structure of the Vircava 

ensemble, it is concluded that its central axis had 
several depth plans, which formed an overall 
composition, counting from the northern part of the 
axis -

- The inner courtyard part of the palace;
- The palace and the left bank slope of the river, 

which is characterized by the Southern exposure to the 
sunlight;

- The picturesqueness of the river flow and shading 
on the right bank from the park trees, thus, creating 
a contrast game for both banks; the aspect should be 
taken into account that the right bank is lower and 
more inclined, thus emphasizing the greatness of the 
palace;

- The part of the alley , which is shady and 
mysterious, and during the summer sultriness pleasant, 
is located between the ponds. The plantations of tree 
rows bring a rhythmic dynamics to the park;

- A pond closing the alley, which is full of sunlight 
and forms a contrast with the shadowy alley . There 
is also the shift of the scale of the space from a 
closely-dense tree line parallelism and the tree canopy 
coverage – to a widely open and light, and exhilarating 
part of the park that should be mentioned.

- The northern part of the garden with a front 
square, where the paths of the two garden diagonals 
meet, coming from the corners of the perimetral 
rampart. The Baroque garden design is based on a 
strict regular path layout with plantings. On both sides 

of the promenade in the southeastern edge of the park 
there were two salons (intersection points of the alley), 
where in one of which there was a round pond, visible 
even now. In the second garden salon, there was a 
hillock, which was destroyed, when a new highway 
was constructed. Initially, in the garden alleys (17th – 
18th centuries) cherries, currants, gooseberries, birch 
trees were planted. All this, except the birch trees, had 
low enough height, so as the garden would be well 
seen from the left, the high bank of the river Vircava 
(Janelis, 2010).

The park around the perimeter was concluded by 
a ditch, the ground was piled inside of the park to 
create a rampart, dividing the park. Along the sides 
of the rampart, rows of trees were planted to form 
an alley with a walking path (Fig. 4). The Vircava 
neighborhood is typical of fertile clay soils that 
provide a good tree and shrub root development. In 
the park’s western and northern sides, ramparts, the 
steep edges of the ditches, rows of tree plantations 
along the rampart and the walking path on the top of 
the rampart are well readable. On the opposite side 
of the ditch, on the west side of the park – the old 
highway and bridge (Fig. 5). It was the most direct 
way of commu nication between the Salgale and 
Vircava churches. From the old bridge site, a view 
opens along the river up to the floodplain meadows, in 
turn, from the bridge to the east - a view to the palace 
building ensemble and the river downstream. The 
sight line from the former bridge location marks the 
above mentioned compositional axis, which is parallel 
to the river. No matter how weird it would sound, but 
there has never been a bridge opposite the palace that 
would connect it to the park. The river Vircava close 
to the palace is as a unique parterre (Fig. 6). Today, the 
park’s northwest part, like the entire park as a whole, 
has lost much of the historic tree plantings, the path 
network, the pond banks, creating a sports ground 
in this place. The southwestern part of the park is 
crossed by a road and a bridge. The road bed was built 
(1931) through the park’s diagonal path location. Only 

.

Figure 5. The location of the old Vircava  
bridge and the road (author’s photo, 2015).

Figure 6. The intersection of two compositional axes: 
one axis – the Vircava palace and the park, the other 

axis – the riverbed (author’s sheme).
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individual 100-years old larch trees still tell about the 
plantations of the historical park. In the northeastern 
side of the park, the pond sites are bogged up, but the 
park is over grown, and it is hard to pass it through. 
The ditch surrounding the eastern part of the park and 
the rampart have survived, as well as the old road 
along the outer edge of the park. Between the river 
and the northern part of the park, there is a floodplain 
meadow, giving the possibility of distant sight lines 
from the left bank of the river to the northeastern 
part of the park. The Vircava palace is built close to 
the driveway that ran along the left bank slope of the 
river, creating approximately 5 m distancing between 
the slope and the building. Researching the riverbed 
of the river Vircava upstream and downstream of 
the palace, it is evident that the flow of the river in 
this historic place is expressly straight. In turn, the 
upstream and downstream at the palace is winded. 
Until today, the Vircava park retains its historical scale 
that allows to recover its compositional structure. In 
1870, the Duke’ s summer residence was transferred 
to the military department (Lancmanis, 1991). The 
palace was burned down in 1919 during the attack 
of the army of Bermont, and only a fragment of the 
eastern passage of the palace has survived. There is an 
intention to initiate the restoration of the palace, but 
it will be partly prevented by the distribution of land 
ownership. The Baroque garden of the palace was 
begun to be built (but, maybe, renewed) around 1736, 
which by its magnitude is char ged to small gardens 
(Janelis, 2010). There is no cartographic material of 
the 17 th, 18 th centuries about Svēte; therefore, it is 
not known where the palace was located, which was 
probably pulled down in the 18 th century before the 
last construction of the palace. And, perhaps, it had a 
closer connection with the compositional longitudinal 
axis of the garden (Janelis, 2010). Like the ensemble 
of the Vircava palace, the Svēte palace and the park 

also have two compositional axis. The central axis 
or the main sight line from the driveway to the 
place is formed by the landscape space. It is like the 
foreground – in the view from the historic road in the 
northern part of the palace, which consists of a broad 
floodplain. The depth plan is concluded by the palace, 
which is well readable in the K. J. R. Minckelde’s 
engraving (the beginning of the 19 th century, Fig. 9). 
This broad sight line is preserved even today . The 
second axis connects the park part with the palace’ s 
longitudinal facade in the part of the inner courtyard, 
where the driveway to the palace is located. The 
connection of the parts of the park has been formed in 
the eastern part of the palace with its regular planning. 
Like the park of the Vircava palace, the Svēte park 
was also delimited by a ditch around the perimeter and 
a rampart with tree plantation lines, creating walking 
paths. Compare d to Vircava, the delimiting ditch of 
the Svēte park is shallower and the rampart is more 
inclined. In the southeastern part, this axis winds in 
the direction of the Vircava palace, over the so-called 
Ruļļu kalni (Reel hills), where even today the old road 
through the Lapu krogs (Lapu pub) is apparent. In the 
beginning of the 20th century, from the palace’s garden 
side the road had a linden alley (Janelis, 2010).The 
Swethof palace was built from 1774 to 1775 (architect 
S. Jensen). In 1799 – 1800, barracks and stables were 
built in the manor, but in 1875 the palace was rebuilt, 
completely destroying the interiors and facades (Fig. 
10). A rough idea of the palace’s park is given by the 
survey of 1876, showing a square four boskets created 
by cruciform alleys. J. Bernoulli, who saw the palace 
in 1778, wrote: “Near this amusement palace, there 
is ... a great, with waters rich garden which the Duke 
ordered to look more beautiful with pleasing English-
style formations” (Rundale palace museum, 1991).). 
There was also a stone pavilion with 6 columns and a 
small gallery above the roof in the park.

Figure 7. Sight line towards the location of the  
old road Svete (author’s photo, 2012).

Figure 8. Stage bank of the Svēte river in front  
of the Svete palace. Taking away of the tree 

overgrowth in order to expose the distant  
sight lines (author’s photo, 2012).
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A serious transformation of the historical area of 
the Svēte palace dates back to the middle of the 19th 
century, when a new road between the palace and the 
park was built, as well as in the central part of the 
park horsemen cavalry barracks and stable buildings 
were built for the Imperial Army needs. The opulent 
conservatory was rebuilt, minimizing the window , 
door and floor height. This also applies to the central 
hall, which disappeared after the rebuilding. In the 
second part of the 19 th century , solid long barracks 
were built in the courtyard side of the palace. The 
length of the perimetrally located building volumes is 
competing with the palace building. Their position is 
symmetrical against the palace and its courtyard, in 
the center creating the green area of a stretched form 
with a detour road. Following the above, it is apparent 
that the ensemble of the Svēte palace consists of three 
main compositional spaces – the floodplain grasslands 
in the northern part of the palace, the park in the 
southeastern part and the palace’s courtyard in the 
west. Each of them has a dif ferent nature and scale 
of the construction. Here, another aspect should be 
mentioned. 1 km away from the park, the Vilce road 
is located in the southern direction, where in the far 
sight lines across the pasture, the park of the palace is 
readable, since the mentioned road is positioned in the 
terrain’s elevation or the so-called neighborhood of of 
the Ruļļu kalni with the level difference against the 
position of the palace - about 12 m. In the perception of 
the historical landscape space, it plays a big role. Over 
the centuries, with the transformation of the functional 
meaning of the buildings, the composition structure of 
the historical building is broken. The park’s northern, 
eastern and southern side edge with the line of the 
historic trees. Part of the park has survived and may 
be renewed. In turn, 

in the park’s western edge, both the ditch and the 
tree plantation line have disappeared. The central 
part of the park has been transformed into a housing 
area. Industrial buildings with a wide hard coverage 
area and a residential building are situated here. The 

military function of the palace remained until the 90s 
of the 20th century. As a result of the above conditions, 
the historic area of the park is away from the palace, 
so it is impossible to connect both cultural spaces. The 
unity of the palace and the park is recoverable only to 
the condition if the preserved historical road along the 
left bank of the river Svēte is renewed, thus bypassing 
the historic landscape space. These stable buildings 
(the second half of the 19th century) are positioned 
transversely to the longitudinal axis of the park, thus 
breaking the historical structure of the park. The rest 
of the industrial buildings (90s of the 20 th century) 
have a standard metal frame that is easily dismantled 
and removed from the park (Fig. 1 1). The northern 
end of the palace is located very closely to the right 
bluff of the river . Here, the similarity is found both 
with the location  of the Vircava palace near the river 
and the nature of the river bluff. It is a rare feature of 
the natural area, which can be found in rivers of the 
Zemgale Plain. For the area of the ensemble of the 
Svēte palace, 5 cultural room transformation periods 
of time are readable:

–  The end of the 18th centur y – the time of 
the construction  of the palace and the park 
(architect S. Jensen);

–  The mid-19th century – rebuilding of the palace 
for military needs;

–  60s of the 20th century – high-rise residential 
building;

–  90s of the 20 th century – establishment of 
industrial areas;

–  The beginning of the 21st century – privatization 
of the northeastern part of the park and building 
of a mansion.

When studying the protection zones of the palace 
and the park’s landscape, we can see that  the eastern 
part of the park is surrounded by mansion building, but 
on the southern side there is a small agricultural area, 
which is possible to transform into a building area in 
a perspective. It would not be permissible, as then the 
sight line from the Vilce road would be hidden. The 

Figure 9. Svēte palace Gravure K.J.R. Mincelde  
20th of the 19th century  

(Rundale palace museum, 1991).

Figure10. Places unclosed with walls of the  
historical window of Svēte palace  

(author’s photo, 2004).
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current industrial area in the park is on lease, which is 
harmonized with the monument inspection. Thanks to 
the large areas of the floodplain of the river

Svēte, the landscape space of the northern part of 
the palace is not threatened by the load of the wave of 
the building intensity in Jelgava, which would block 
the silhouette of the palace. This is only possible on 
the right bank of the river, where the mansion building 
of the Svēte village tends to merge with the city’s 
building areas. Like the ensemble of the Vircava 
palace, the ensemble of the Svēte palace consists of 
two compositions axes. The longitudinal axis of the 
park unites the longitudinal facade of the palace, 
touching the palace’s entrance zone. The second axis 
is positioned perpendicularly , and within the inner 
courtyard of the palace. It forms the nature of the 
longitudinal axis of the courtyard. The courtyard has 
a form of a stretched rectangle, where the stables are 
positioned in the northern and western edges. In the 
middle of the courtyard, there is a wide, green area. 
Both axes do not unite the park and the part of the 
courtyard of the palace, as each of them is shifted. 
The northern end of the palace is located very closely 
to the right bluff of the river. Here the similarity is 
found both with the location of the Vircava palace 
near the river and the nature of the river bluf f. It is a 
rare feature of the natural area, which can be found in 

rivers of the Zemgale plain. The building of the Svēte 
palace was rebuilt several time s, but not destroyed, 
and its restoration is possible. However, the park has 
vanished. In its place, there is a huge industrial zone. 
The old trees have only survived along the historic 
canal, so giving the opportunity to read in the park’s 
volume in nature. The palace was rebuilt several times 
and adjusted to military purposes. This sight point 
should be a landscape protection area. In the spatial 
development plan, the construction is not permissible, 
as it would block the sight lines. The Svēte valley 
is readable here as from a unique platform. The 
difference in the terrain is most accurately readable 
from the old burial mound located in Ruļļu kalni (Reel 
hills). 
 
Conclusions

Given the current situation of the landscape space 
of the Svēte and Vircava manors, it is noted by two 
different visual sides of quality. 
1. The landscape space of the Swethof palace retains 

its historical expression in the northern part, which 
for centuries has been protected by the character of 
the natural site or the flood plain of the river Svēte, 
which fills with water in springs. It has allowed 
to retain the historical sight points to the palace, 
which are not obstructed by building construction 

The palace

The courtyard

The park

Figure 11. The comparison of the plan of the historic manor lands (1870) and  
today’s situation (author’s sheme, 2015).
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and tree plantat ions. Consequently, the character 
of the historical engravings of K.J.R. Mincelde is 
readable in nature even today. 

2. The southeastern part of the Swethof palace 
ensemble or the area of the historical park is 
almost gone as it is exposed to a strong industrial 
building construction. The sight points of the 
landscape space on the plain from the Vilce road 
are not interrup ted by tree groups; therefore, the 
production area is readable in the silhouette. 

3. The characte r of the bank line, the volume of 
the old Vircava park, the park’ s ditch and pond 
system have remained in the landscape space of 
the Vircava manor ensemble. The palace is lost, 
but its location is not built over and in the sight 
points from the palace’ s historical location, the 
upstream and downstream of the river Vircava are 
well readable. New building volumes have not 
interrupted these sight angles. Naturally enough, 
this is not true for the road through the park built 
in the 30s of the 20th century. 

4. In the case of the reconstruc tion of the landscape 
space Vircava, it is possible to restore the historical 

bridge and the lost road bed that are now clearly 
readable in nature.

5. The restoration of the Vircava manor park is 
realistic with the recovery of the historical sight 
points of the tree alleys, rows and groups of 
individual tree plantations, as well as cleaning up 
ditches and old ponds. 

6. The building and construction of the Vircava and 
Svēte manors once again prove that the expressive 
compositional solution of the two ensembles 
is based on the architect Jensen’s masterly 
understanding of the expression of the existing 
natural site, connecting the architectural spatial 
form of the buildings to it. It should be mentioned 
that the natural site at the Svēte palace has an 
expressed form of plastic lines, where a regular 
garden form is brought in. In the compositional 
overall image of the landscape space, S. Jensen 
has intoduced the turning angles of sight points, 
view line lengths, side wings and the depth cue, 
thus increasing the expressiveness of the overall 
landscape space.
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Abstract
From the 1920s through the 90s, most streams in Lithuania were channelized. Channelization is the deepening, clearing 
and straightening of meandering streambeds resulting increase of water flow velocity and the rate at which water 
drained away from agricultural land. Channelized and straightened streams have better hydrodynamic parameters 
and different morphological properties, but at the same time that caused more unfavourable conditions for natural 
biodiversity along stream beds and banks reducing the amount of vegetation which means less food and cover for 
wildlife. Most of West European countries have a good practice for restoring of channelized rivers. This experience is 
quite new in Lithuania and starting with pilot projects. The most important purpose of these projects is to choose the 
appropriate restoration measures and evaluate their effectiveness under conditions of dense channel network and tile 
drainage systems in Lithuania. Two channelized streams, selected for a pilot project are discussed in this paper. The 
main purpose is to restore stream meandering with minimal efforts allocating artificial obstructions at a right place 
and reach the necessary stream velocities to initiate the stream bed deformation. For this purpose detailed channel 
geometry data were collected and 1D hydrodynamic model applied. The results of different scenarios revealed that 
installed obstructions can accelerate deformations processes initiate the meandering process and at the same time it 
will not have any significant effect on the agricultural land along restored stream.
Key words: regulated streams, current velocity, discharge and streams restoration means.

Introduction
Land reclamation was the most frequent reason 

for channelizing of streams in Lithuania. Over 46 
000 km stretche s of streams were straightened and 
over 17 000 km the new ditches  excavated during the 
intensive reclam ation period in Lithuania (Gailiusis 
et al., 2001). That caused alterations in streams 
morphometry including changes of furrow line, forms 
of the shoreline, the bottom substrate and changes 
of flow hydrodynamic. The riverbed straightening 
increased flow velocity, sediment transport and 
longitudinal gradients. More intensive erosion 
processes in appeared the upper reaches caused by 
increased stream power what lead to broadening and 
shallowing of straightened streams beds. Meanwhile, 
the sediment accumulation processes dominate 
in downstream reaches of straightened streams. 
Therefore, straightened streams with monotonous, 
fast currents and silty bed caused water ecosystems 
with poor conditions for fishes and invertebrates. Due 
to these modifications, the regulation of the rivers 
was named as one of the greate st threats to wildlife 
biodiversity and ecosystems (Rosenberg et al., 2000; 
Nakamura & Yamada, 2005; Horsák et al., 2009).

In order to restore morphometric, hydraulic and 
especially ecological conditions close to the natural 
ones the straightened reaches should be restored. This 
can return conditions close to previous (natural) which 
is much more favourable for the natural flora and 
fauna. Therefore, restoration of channelized streams is 
a prerequisite for more favourable water ecosystems. 
A good practice of stream restoration already exists 
in many countries and restoration projects are very 

popular over some decades in Europe and other 
continents (The river..., 1998; Coops & Geest, 2007; 
Morten e t al., 2007; Aulaskari, 2008; Pavils, 2003, 
2006, 2007; Living..., 2006; Jormola et al., 2007). 
In many cases restoration or self-restoration of 
channelized streams covers the measures which can 
be defined as full or partial recovery of morphological 
parameters and ecological functions in rivers almost 
completely destroyed by channelization. The main 
purpose of river restoration projects is to restore the 
disturbed natural balance, increase natural biodiversity 
and improve water quality in the channelized streams.

The aim of river and stream restoration is achieved 
using dif ferent methods and tools. Restoration 
tools directly modify hydraulic and morphometric 
parameters of flow. To evaluate the direct and indirect 
effects on the bed processes the hydrodynamic 
modelling can be used (Guidelines..., 2005; 
Paškauskas e t al., 2000; Vaikasas, 2007). It enables 
to predict the impact of the implemented measures on 
river morphometric and hydrodynamic characteristics, 
and the living conditions for ichtiofauna (Ward, 1998; 
Ward et al., 2002; Dave, 2003).

The aim of the article is to assess the effect of river 
restoration tools on flow hydrodynamics and stream 
bed changes consequently.

Materials and Methods
Identification of channelized and natural stream 

parts was carrie d out on the basis of GIS database –  
‘GDB10LT’ employing data layer ‘Hidro_L’ and 
database of orthorectified images ‘ORT10LT’ for 
controlled process. The recognition was done using 
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automated data processing by standard tools of ArcGIS 
and visual imag e analysis. Finally , all streams were 
separated into natural and channelized/straightened 
reaches and straightened stream sections divided into 
7 groups, which were identified by stream catchment 
area, bed slope and river surrounding areas (forest, 
urban area or arable land).

For this study two streams - Viešinta and Vašuoka 
were selected. These streams belong to the fifth group 
of identified streams. The main characteristics of 
selected streams are presented in Table 1.

The location of Viešinta and Vašuoka rivers 
straightened stretches are presented in Figure 1.

In both selected stream parts by restoration project 
are foreseen to install artificial obstacles and is 
expected to achieve the start of stream meandering. The 
purpose was to verify that the threshold velocity will 
be reached. For that purpose 1D numeric model was 
developed using HEC-RAS software. The simulation 
of obstructions was performed modelling steady 
state flow for selected stream section. Geometrical 
characteristics for the model were obtained by 
field surveying. Using ArcGIS tools digital terrain 
model was created. Latter the by user interface Hec-
GeoRas all data transferred to HEC-RAS. Model 
was cali brated under natural channel conditions for 
boundary conditions using measured flow rate, water 
level etc. An acoustic device ‘Stream-Pro ADCP’ 
was used for dischar ge, bed depth and velocity 

measurements. Topography was surveyed with the 
Trimble GPS/RTK. The shear stress coefficients were 
estimated visually in the field and latter corrected by 
calibration procedure. After calibration procedure, the 
channel geometry was corrected allocating artificial 
barriers along the stream. Model with modified 
channel geometry is continuously used simulating 
different stream flow and analysing distribution of 
velocities along the stream. 

The differences of velocities with natural channel 
geometry and modified one enable to estimate the 
effect of obstructions for initiating stream bed erosion 
of the opposite side and the starting of meandering 
process. Threshold velocities depend on type of 
soil that is in a particular place. Composition of soil 
particles was found in each of the relevant section 
using data of 4 geological wells.
 
Results and Discussion

Water bodies differ in their natural characteristics, so 
there are differences between the aquatic communities 
that live there. According to the fact that Lithuanian 
water bodies are divided into separate types, each 
type is described by such natural factors that have the 
greatest impact on the aquatic communities structure 
(Nemuno..., 2010). Three main factors that describe 
the types of rivers and lead to the major differences 
in aquatic comm unities are: the absolute height, the 
catchment area and the river bed slope. According 

Table 1
The main characteristics of streams Viešinta and Vašuoka (Gailiušis et al., 2001)

Stream 
name

Main river 
name

Length 
of 

stream 
L, km

Stream 
catch-

ment area 
A, km2

Average 
dischar-ge 

Q,
m3 s-1

Total natural 
length of 
stream Ln, 

km

Total regulated 
length of 

stream Lr, km

Average 
flow 

velocity v, 
m s-1

The 
gradient of 
section i, 
m km-1

Viešinta Lėvuo 24 235.5 1.16 8.5 15.5 0.6 0.87

Vašuoka Viešinta 34 128 0.66 0 30 0.46 2.25

a)       b) 

Figure 1. The fragments of Viešinta and Vašuoka streams.  
(In yellow – parts of streams selected for restoration).
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to Lithuania’ s accepted river typology , the selected 
objects - Viešinta and Vašuoka belong to the third type 
of streams.

Regulated streams are divided into 7 groups 
according to the natural environment. The allocation 
of straightened sections into groups takes into account 
the fact that restoration of streams (basin area < 100 
km2) with regulated segments are associated with the 
emission-cleaning function along the way to lar ger 
bodies of water. It was decided that regulated streams 
with catchments area less than 100 km2 can be restored 
without engineering tools to achieve good ecological 
status (Nemuno..., 2010). Natural instability, periodic 
drying, light vulnerability and a very high percentage 
of straightening are the main factors to leave regulated 
streams and their ecosystems for self-naturalisation 
with the proper protective bands. So all streams’  
sections of the first type are assigned to the first group.

For better ecological conditions, restoration 
engineering tools are suggested to be used only in 
water bodies with catchments area bigger than 100 
km2. Table 2 presents the groups of regulated streams 
considering different microclimatic and natural 
biodiversity conditions. 

These groups include all straightened streams and 
rivers in Lithuania. The first group of streams (basin 

area < 100 km2) consists of the majority of regulated 
streams. Due to this lar ge group amount of regulated 
streams (24 371.6 km), ecological instability and other 
reasons, this group was not analysed. Groups of river 
stretch from No. 2 to No. 7 cover river basins area 
– 100-1000 km 2. River group No. 2 flows through a 
forest area, No. 3 flows through the fields, No. 4 flows 
through the outskirts. The slope of these three groups 
does not exceed 0.7 m km-1. Meanwhile, rivers of 
groups No. 5 – 7 flow through the appropriate fields, 
forest and outskirts, and the slope is greater than 0.7 
m km -1. The summary table of straightened streams 
sections in Lithuania is presented in Table 3.

Channelized stream segments were explored and 
grouped. Two straightened streams – Viešinta and 
Vašuoka – have been selected as the fifth stream group 
for the pilot project. The investigated segments of 
streams are located in agricultural lands. Channel bed 
slope of along selected segments are greater than 0.7 
m km-1. That makes it possible to expect more rapid 
and effective impact of applicable restoration tools.

The numerical simulation using 1D model was 
performed for two scenarios: with obstacles and 
without obstacles. The purpose was to find out the 
difference of flow velocities in the absence of obstacles 
and install them. The differences of velocities enabled 

Table 2 
Groups of straightened streams’ sections in Lithuania

Group The type of river The environment of 
biodiversity

Gradient
m km-1

Area of catchment A, 
km2

The absolute 
height, m

1 1 - - <100 <200
2 2 forest <0.7 100-1000 <200
3 2 field <0.7 100-1000 <200
4 2 outskirts <0.7 100-1000 <200
5 3 field <0.7 100-1000 <200
6 3 forest <0.7 100-1000 <200
7 3 outskirts <0.7 100-1000 <200

Table 3
Summary table of straightened streams’ sections in Lithuania

River basin 
Group

Length L, km
2 3 4 5 6 7

Venta 1.163 16.153 2.997 6.325 0.821 0.143
Lielupė 10.236 82.276 23.481 24.723 2.776 2.620
Dauguva - 15.785 - - - -
Nemunas 14.355 228.892 15.273 - - -

Total: 25.754 343.106 41.751 31.048 3.597 2.907
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to estimate the effect of obstructions for channel bed 
erosion and the beginning of meanders formation. 
Threshold velocities depend on a type of ground in a 
particular place. The distribution of velocity in cross 
sections is presented in Figure 2.

After installatio n of obstructions the highest 
differences of velocities in these cross-sections are at 
the flow rate, when water level reaches the height of 
obstructions. The average flow rate when water level 
becomes equal to top of obstruction was 0.65 m 3 s-1. 
The changes of velocity vary in the range from 15 
to 50%. Increasing flow rate over 0.65 m3 s -1 water 
level is overtopping the barriers. The average flow 
velocity in cross-section increases, but the dif ference 
between velocities with obstructions and without them 
decreases. It means that overall effect of obstructions 
on channel erodibility gradually decreases. To avoid 
large distribution of velocities along the channel bed, 
the parameters of barriers should be similar and any 
cross-sectional configuration should be taken into 
account.

Each implemented barrier must be designed in 
such a way as to reduce one-third of the flow cross-
section. However, if it is not reached, barriers should 
have the same dimensions. At this case the efficiency 
can be insignificant in the deeper and wider areas of 
stream bed. The changes of velocity occur not only in 
places where obstacles were installed. This takes place 

in intermediate cross sections, because hydrodynamic 
changes take place throughout the flow after 
installation of barriers. The changes of water level due 
to installed obstructions are insignificant and fluctuate 
in the range of 3-7 cm. This means that implemented 
measures will not have significant impact on flood 
risk. The highlights of the flow velocity distribution in 
the river bed with barriers and without it at 1.5 m3 s-1 
flow are presented in Figure 3.

Figure 3 shows that the effect of barriers is 
significant. High-speed curve peaks indicate changes 
of the flow velocity around them. Velocities between 
the barriers slightly reduce after the installation of 
barriers and this enables to accumulate washed silt.

The impact of the installed barriers to the channel 
bed formation can be assessed by the flow rates and 
prevailing soils. According to the soils of Viešinta 
river (gravel sand, fine sand with gravel impurities, 
and dust) and the table of threshold velocities, it was 
found that gravel sand is washed when stream velocity 
is 0.70-0.75 m s-1 and fine sand is washed when stream 
velocity is 0.35- 0.45 m s -1 (flow velocities are taken 
at 1-2 m water depth of the bed). Figure 3 shows that 
some barriers are inef fective and do not reach the 
threshold velocities. If the velocities are inef fective, 
the setti ngs of barrier paramete rs are changed until 
the desired velocity is obtained. In order to determine 
the long-term impact of the barriers, it is necessary 
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Figure 2. The distribution of velocity in profiles No. 608 (no barrier) (a) and  
No. 599 (installed barrier) (b), when the flow rate 0.65 m3 s-1.

Raimundas Baublys,  
Antanas Dumbrauskas, Ramūnas Gegužis

THE RESEARCH OF HYDRODYNAMIC PROCESSES 
IN REHABILITATING RIVERS OF LITHUANIA



208 ReseaRch foR RuRal Development 2016, volume 1 

to carry out the hydrological calculations and to 
determine the selected flow pattern within a year. This 
remains an actual topic of future research.

The obtained geological data from straightened 
part of Vašuoka stream showed that the loam 
dominates with threshold velocities from 1.30 to 
1.40 m s -1. Flow velocities  may exceed 1 m s-1 in the 
selected stream after removing the existed thresholds 
and implementing restoration tools. The results show 
that only a theoretical possibility of the bed erosion 
processes remains. However, only minimal washouts 
are expected due to the loam soil with grass and 
bushes along the riversides.

In conclusion, it can be noted that it is possible 
to achieve such a flow velocity variation that causes 
the primary deformations of channel and initiates 
the stream meandering if the proposed methodology 
of artificial barriers is properly implemented along 
the riverbed. One dimensional model of steady flow 
cannot evaluate the future development of the process, 
but the results show that this methodology proposes 
fast and low cost for streams’ restorations.

Conclusions
1. The analysis of straightened streams’  databases 

shows that straightened streams cover 1-3 type of 
rivers in Lithuania.

2. The stretches of straightened streams were divided 
into 7 groups depending on river type, bed gradient 
and type of environment (forest, outskirts and 
field).

3. The first type of river sections assigned to the 
first group of straightened streams (A <100 km2). 
Self-naturalization is proposed to the first group of 
streams.

4. Good ecological status (biological, chemical) 
could be achieved by artificial tools. Depending 
on the different microclimatic conditions and 
biodiversity, lar ge straightened  streams (> 100 
km2) were divided into 2-7 groups.  The partial and 
full restoration by using bioengineered means can 
be used for mentioned groups. 

5. The lar gest distribution of velocities appears 
during the minimum flow discharge (0.65 m3 s-1). 
In this case water level stays beside of obstruction 
top level and cross sections of flow change in the 
biggest level. In these cases the distribution of 
velocities varies from 15 to 50%.

6. The changes of water level due to installed 
obstructions are insignificant and fluctuate in the 
range of 3-7 cm. This means that implemented 
measures will not have significant impact on flood 
risk. 

7. The fluctuation of flow velocities will increase 
the initial bed deformations depending on the 
dominated types of soil, which initiate the formation 
of meanders. According to the calculations and 
visual assessment of the current situation, it is very 
likely that the riverbed meanders will form in the 
area of river floodplain.

Figure 3. Comparison of velocities with barriers and without at flow rate 1.5 m3 s-1  
(In red – with barriers, in blue – without barriers).
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Abstract
Groundwater is the main drinking water source in Latvia, and Quaternary groundwater is widely used in households 
due to shallow occurrence. The identification of vulnerable areas is important for better water management and 
protection of deeper, more intensively used aquifers. The existing groundwater vulnerability map of Latvia does 
not take into account land use which can be an important factor affecting natural groundwater quality. Multivariate 
statistical methods - principal component analysis (PCA) and hiera rchical cluster analysis (HCA) - were applied to 
identify groundwater groups with distinct water quality in Quaternary sediments in Latvia. On the basis of major 
ion concentrations and nitrogen compounds four distinct groundwater groups were identified. First group represents 
natural and most common calcium- magnesium bicarbonate water type  in Latvia with low nitrate and ammonium 
concentrations. Samples from second and third group both reflect anthropogenic influence: diffuse agricultural 
contamination mostly with nitrates and/or contamination derived from artificial surfaces. Fourth group belongs to 
calcium bicarbonate water type and is characterised as a very young groundwater formed in sandy deposits. The 
results show that the highest concentrations of nitrogen compounds can be found in areas with agricultural land use or 
in artificial surfaces which are often classified as medium low or low vulnerability areas (mostly samples from group 
two and three). Meanwhile the lowest values of nitrogen compounds are present in areas where dominant land covers 
are forests and semi-natural areas or wetlands, and groundwater vulnerability classes are medium to high (samples 
from the first and fourth group). 
Key words: Groundwater chemistry, principal component analysis, hierarchical cluster analysis, land use.

Introduction
The thickness of Quaternary deposits in Latvia 

varies from a few to 200 m and can reach even more in 
the areas where buried valleys occur . Due to shallow 
occurrence and ease of access Quaternary groundwater 
is widely used for small household needs in the whole 
territory of Latvia (Dēliņa, 2007). 

Groundwater vulnerability reflects the ability of 
groundwater system to maintain natural condition and 
its sensitivity to contamination. Various parameters 
can be used as vulnerability indicators (for instance, 
site lit hology, hydraulic conductivity, surface/
groundwater interaction, groundwater flow directions) 
and there are many approaches to evaluate aquifer 
vulnerability (Saidi et al., 2010; Valle Junior et al., 
2014). Such factors as land use, type of contamination 
and groundwater exploitation are important factors 
affecting natural groundwater quality and should be 
taken into account.

Groundwater vulnerability map (Dēliņa & Prols, 
2008) of Latvia outlines five vulnerability classes of 
water table aquifer based on lithological composition, 
hydraulic conductivity of the sediments, specific yield 
and recharge. It was made on the basis of Quaternary 
sediments map. As a result, five groups according to 
five vulnerability classes (starting from lowest) were 
outlined: 1) glaciolacustrine clay, 2) glacial till loam 
and sandy loam, 3) water saturated peat, 4) sand of 
different origin, 5) sand- gravel- pebbles sediments, 
mainly of glaciofluvial origin. The map of groundwater 

recharge modulus was used to adjust the contours 
of areas of dif ferent vulnerability classes.  The map 
shows intrinsic vulnerability of water table aquifer, 
but it does not take into account land use or presence 
of sporadic shallow groundwater and its quality.

There have been several extensive studies on 
Quaternary groundwater in Latvia (Dēliņa, 2007; 
Levins & Gosk, 2007; Retike et al., 2016); however, 
there is a lack of research dealing with land use 
and groundwater vulnerability. The identification 
of vulnerable areas is necessary for sustainable 
groundwater management, in particular to meet the 
requirements of the Water Framework Directive. The 
aim of the study is to identify groundwater groups 
with distinct water quality in Quaternary sediments in 
Latvia using multivariate statistical analysis (principal 
component analysis (PCA) and hierarchical cluster 
analysis (HCA)) and compare the results with existing 
groundwater vulnerability map and land use data. 
This research demonstrates the validity of applying 
multivariate statistical methods (PCA  and HCA) 
on groundwater chemistry to assess the compliance 
of the existing groundwater vulnerability map with 
observation data. 

Materials and Methods
In this research, available data about Quaternary 

groundwater chemistry from previous studies (Levins 
& Gosk, 2007; Retike et al., 2016) and new data 
from national groundwater monitoring programme 
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carried out by the Latvian Environment, Geology and 
Meteorology Centre in years 2014 and 2015 were 
analysed. 

In the beginning, samples having incomplete 
records of major ions (Ca2+, Mg2+, Na+, K+, Cl-, SO4

2-,  
HCO3

-) were excluded from further analysis. Then 
samples having an ionic balance error greater that 
± 10% were rejected from further analysis (Güler, 
Thyne, & McCray, 2002). For multiple samples from 
the same location median values were calculated. 
Data preparation for multivariate statistical analysis 
consisted of two steps: firstly data were log-
transformed (except HCO3

-) to achieve close to normal 
distribution, then data were standardized (Cloutier et 
al., 2008; Güler , Thyne, & McCray, 2002). In total, 
a data set of 650 samples collec ted from monitoring 
springs and wells, springs, project wells, drainage, and 
water supply wells was used for further multivariate 
analysis. Hierarchical cluster analysis was made using 
Squared Euclidean distance as a similarity measure 
and Ward’s method as a linkage method. The number 
of principal components was extracted based on the 
Kaiser criterion (Kaiser, 1958), and Varimax rotation 
was used (Cloutier et al., 2008; Güler , Thyne, & 
McCray, 2002). Multivariate statistical analysis was 
performed on the basis of major ions (Ca2+, Mg2+, Na+, 
K+, Cl-, SO4

2-, HCO3
 -) and nitrogen compounds (NO3

-, 
NO2

- and NH 4
+). Data pre-treatment and multivariate 

statistical analysis were performed using SPSS 
Statistics 22 and MS Excel 2013. CORINE land cover 
(2012) data were used to analyse the distribution of 
first level land use classes within clusters.

Results and Discussion
Based on Kaiser criterion (Kaiser, 1958), three 

principal components (PC) having eigenvalues 
greater than 1 were retained explaining 68% of the 
total variance in the data set (T able 1). PC1 explains 
the greatest amount of the variance and groups the 
high positive loadings of Ca2+, Mg2+ and HCO3

-. This 
component reflects the most common Ca-Mg-HCO3 
water type in Quaternary sediments in Latvia (Dēliņa, 
2007). Highest positive loadings of parameters Na+, 
K+, Cl- and NH4

+ suggest that PC2 outline groundwater 
samples affected by mixing with Na-Cl dominated 
water (Retike et al., 2016). PC3 groups highest 
positive loadings of NO2

- and NO3
-. Probably the PC3 

indicate active nitrification process (Valle Junior et al., 
2014).

Dendrogram is the main result of hierarchical 
cluster analysis and the number of clusters was 
visually selected by moving the Phenon line (Güler, 
Thyne, & McCray, 2002). As a result, all samples were 
divided into four groups based on their geochemical 
similarities and dissimilarities, distribution of clusters 
can be seen in Figure 1. Median major ion and 
nitrogen compound concentrations as well as pH, total 
dissolved solids (TDS) and PC loadings in each of the 
distributed clusters are summarised in Table 2. 

It can be observed that the highest median values 
of major ions (except HCO3

-) can be found in C2. The 
highest median positive loading of PC2 and highest 
median TDS confirm the hypothesis of groundwater 
mixing with NaCl dominated water. Similar results 
were obtained in previous studies (Levins & Gosk, 
2007; Retike et al., 2016), although they were mostly 

Table 1
Principal component loadings and explained variance for three components with Varimax rotation

Parameter PC1 PC2 PC3
Ca2+ 0.89 0.19 0.07
Mg2+ 0.88 0.28 0.08
Na+ 0.40 0.74 -0.08
K+ 0.20 0.68 0.22
HCO3

- 0.89 0.09 0.07
Cl- 0.40 0.69 0.11
SO4

2- 0.32 0.49 0.23
NH4

+ -0.19 0.70 -0.11
NO2

- -0.12 0.19 0.82
NO3

- 0.29 -0.08 0.82
Eigenvalue 4.03 1.46 1.34
Explained variance (%) 40.32 14.63 13.36
Cumulative % of variance 40.32 54.95 68.30

Variables with principal component loadings greater than 0.5 are considered to be significant and are marked in bold.
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from aquifers of greater depth. In some cases very 
high Na + and Cl - values and Na/Cl ratio close to 1 
were found in Quaternary groundwater as well (Retike 
et al., 2016) and can be explained as a result of halite 
dissolution delivered by roads de-icing (Cloutier et 
al., 2008). According to Dēliņa (2007), higher Na+, 
Cl- and K + values in Quaternary groundwater were 
found only in sandy deposits near the coastline and the 
distribution of sampling sites for C2 often match the 
previous observations (Figure 1). However , majority 
of the sampling sites in C2 are placed in the area near 
the capital city Riga and in Lielupe river basin, which 
is the most intensively used area for agricultural needs. 

C4 shows the lowest median concentrations of 
all major ions, TDS and pH, as well as lowest median 
PC1 loading compared with other clusters (Table 2). 
All listed parameters in C4 have concentrations much 
lower than in slightly altered precipitation water found 
in earliest study (Retike et al., 2016). It can be seen 
(Figure 2) that C4 reflects Ca-HCO3 water type and 
there are relatively low Mg2+ concentrations compared 
to Ca 2+ concent rations (Table 2). For this reason C4 
can be interpreted as very young groundwater formed 
in sandy deposits. C1 groups Ca-Mg-HCO 3 type 
groundwater with most typical chemical characteristic 
for Quaternary sediments in Latvia (Dēliņa, 2007) 

and sampling sites are distribute d widely (Figure 1). 
Groundwater samples from C3 also belong to Ca-Mg-
HCO3 water type and C3 has highest median Ca2+, 
HCO3

- and NO 3
- values, highest positive PC1 and 

high positive PC3 loading. Moreover, very similar 
results were obtained in previous study (Retike et 
al., 2016) suggesting that such high median values 
of Ca 2+, HCO 3

- and NO 3
- as well as highlighted 

SO4
2- and Cl- values are not typical for groundwater 

and may indicate to diffuse agricultural influence. 
For example, Valle Junior et al. (2014) suggest that 
ploughing may promote the dissolution of carbonate 
and gypsum in the soils and increase the value of TDS 
in groundwater. Likewise, the placement of sampling 
points for C3 (Figure 1) in most intensively used area 
for agricultural needs- Lielupe river basin- supports 
the theory. 

As it can be seen in Table 2, the highest NO 3
- 

concentrations can be found in C2 and C3. According 
to CORINE land cover data (Figure 3), C3 mostly 
represents agricultural areas and then artificial surfaces, 
but C2- artificial surfaces and then agricultural areas. 
Consequently, this explains the highest Na+ and Cl- 

concentrations in C2 and supports the theory of possible 
road de-icing influence. Likewise, the C3 shows the 
highest NO3

- concentrations most likely produced via 

Figure 1. Distribution of sampling sites for four clusters obtained using hierarchical cluster analysis  
a) cluster 1; b) cluster 2; c) cluster 3; d) cluster 4.
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the nitrification of N-fertilizers (Valle Junior et al., 
2014). The lowest median NO 3

- concentrations are 
found in C1 and C4. In both clusters dominant land 
covers are forests and semi-natural areas or wetlands. 

However, the distribution of existing vulnerability 
classes within four clusters shows unexpected results. 
For example, groundwater from C1 and C4, which 
are considered to be of good quality and non-affected 
by pollution are placed in the areas with high to 
medium groundwater vulnerability (Figure 3). Unlike 
the samples in C3 and C4, which have the highest 
nitrate concentration and indicate anthropogenic 
influence, they are placed in areas with medium to 
low vulnerability, especially for C3. In conclusion, the 
existing vulnerability classes at this point are useless 
as a tool for water management. More research should 

be carried out to improve the methodology how 
groundwater vulnerability classes are defined and the 
first step should be taking into account the pressures 
from diverse land use. 

Conclusions
1. Four distinct groundwater groups were identified 

using multivaria te statistical analysis. All groups 
belong to bicarbonate water type. The first group 
represents natural and most common calcium- 
magnesium bicarbonate water type  in Latvia with 
low nitrate and ammonium concentrations that 
can be found in the whole territory of Latvia. 
Samples from second and third group both reflect 
anthropogenic influence: diffuse agricultural 
contamination mostly with nitrates produced 

Table 2
Chemical characteristics of four clusters and whole data set (median values)

Parameter C1 (N = 298) C2 (N = 121) C3 (N = 194) C4 (N = 37) All samples 
(N = 650)

Ca2+ (mg l-1) 65.5 105.0 105.0 18.0 81.0
Mg2+ ( mg l-1) 16.0 34.0 30.0 3.1 22.6
Na+ ( mg l-1) 4.1 20.0 7.2 2.2 5.7
K+ ( mg l-1) 1.5 9.9 2.5 1.4 2.2
HCO3

- ( mg l-1) 252.5 360.0 412.5 60.0 315.0
Cl- ( mg l-1) 6.0 33.0 15.0 4.0 11.0
SO4

2- ( mg l-1) 13.0 52.0 26.5 8.2 20.0
NH4

+ ( mg l-1) 0.18 0.48 0.14 0.19 0.18
NO2

- ( mg l-1) 0.01 0.01 0.01 0.01 0.01
NO3

- ( mg l-1) 1.20 10.23 11.60 1.68 3.19
pH 7.4 7.3 7.4 6.5 7.4
TDS1 ( mg l-1) 383.8 776.1 630.5 100.9 495.7
PC1 -0.29 0.37 0.78 -2.27 0.10
PC2 -0.50 1.46 -0.16 -0.33 -0.16
PC3 -0.41 0.57 0.34 0.38 0.02

The highest values are marked in bold and the lowest are underlined; N- number of samples; 1TDS calculated as the sum of 
major ions Ca2+, Mg2+, Na+, K+, HCO3

-, Cl-, SO4
2- and NO3

-; PC- principal component loading.

Figure 2. Median values of four clusters on Stiff diagram (meq/L).
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via the nitrification of N-fertilizers and / or 
contamination derived from artificial surfaces, for 
example, high Na + and Cl - concentrations from 
road de-icing. Fourth group belongs to calcium 
bicarbonate water type and is characterised as 
very young groundwater located mostly in sandy 
deposits. 

2. The results show that the highest concentrations 
of nitrogen compounds can be found in areas 
with agricultural land use or artificial surfaces 
which mostly are classified as medium low or 
low vulnerabilit y areas. Meanwhile, the lowest 
values are present where dominant land covers 
are forests and semi-natural areas or wetlands and 
groundwater vulnerability classes are medium to 
high. 

3. Fertility of the soil depends on the amount of clay 
minerals in it; therefore, areas with the highest clay 
content are mostly used in agriculture. Likewise, 
areas with more clay in soil are considered to 

be of lower vulnerability . As a result, areas with 
lowest groundwater vulnerability are mostly used 
in agriculture and have the highest anthropogenic 
pressure on groundwater.

4. The results show that all Quaternary groundwater 
in Latvi a becomes vulnerable at a certain level 
of pressure and that the existin g knowledge on 
groundwater vulnerability assessment in Latvia 
is insufficient; therefore, further researches are 
encouraged.
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Abstract
This paper presents first results of monthly water stable isotope monitoring programme covering the most important 
surface and groundwater types in the Salaca River basin. The aim is to characterise the isotopic values of dif ferent 
water types in the Salaca River basin, and test if their contribution can be identified in the Salaca river runoff. A 
monthly groundwater and surface water stable isotope monitoring programme was initiated in August 2015 covering 
the most of the important surface and groundwater types in the study region – groundwater and surface water in 
the raised bogs, free-surface groundwater including artificially drained agricultural lands, water emerging from the 
Lake Burtnieks as well as Burtnieks and Arulika confined aquifers. Preliminary results show that stable isotopes are 
useful tool to identify distinct water components and their evolution. However, it is needed to continue monitoring 
programme to draw significant conclusions.
Key words: surface-groundwater interaction, stable isotopes, monitoring, Salaca river basin.

Introduction
The ratios of the stable isotopes in the water 

(18O/16O and 2H/1H) routinely presented as the delta 
value (δ18O and δD) are a natural conservative 
tracer of the hydrological cycle with the exception 
when condensation of water vapour or evaporation 
from open water surface takes place (Mook, 
2001). Terrestrial part of the hydrological cycle is 
dominated by the precipitation  water input that is 
channelled back to the world ocean as surface and 
groundwater runoff if not returned to the atmosphere 
by evapotranspiration. Precipitation water has a 
characteristic isotopic composition controlled by the 
air temperature, the source of the water vapour and 
distance for the vapour transport. Around the world 
the isotopic composition of the precipitation water can 
be described by the global meteoric water line (Craig, 
1961) that is found to be valid in the Baltic region as 
well. The precipitation water has a strong seasonality 
with more depleted values during the winter and more 
enriched values during the summer (IAEA/WMO 
2014). During evaporation remaining liquid water is 
enriched in heavy isotopes and values of the δ18O and 
δD are shifted away from the meteoric water line. In 
contrast, due to unidirectional transport of the water 
transpiration from plants and evaporation from soil 
surface, the isotopic composition of the remaining soil 
water does not change noticeably. 

The aim of this research is to characterise the 
isotopic values of dif ferent water types in the 
Salaca River basin and test if their contribution can 
be identified in the Salaca river runoff. A monthly 
monitoring programme is initiated to observe the 
primary inputs postulated to be precipitation water and 
discharge from the Lake Burtnieks and compare their 
isotopic signature to the water sampled from Rivers 
Salaca and groundwater discharging into it. Here the 
first results are reported. 

Study Area
The study region is the drainage basin of the 

Salaca River between its source from Lake Burtnieks 
and bridge near Vīķi in northern Latvia (Figure 1). 
The discharge of the Salaca River in the study region 
is dominated by the Lake Burtnieks that given its 
large surface area (40.06 km2; Apsīte et al., 2012) has 
a moderating effect on the discharge fluctuations. The 
total drainage area of the lake is 2215 km2; while the 
rest of the drainage area in the study region is 684 
km2. The largest tributaries of the Salaca in the studied 
section are Ramata and Iģe. 

Lake Burtnieks is a shallow lake located in the 
North-Eastern part of Latvia. It is a flow lake: the 
water turnover time is 6 to 7 times a year, 2-3 weeks 
during the spring and 3 months during the summer 
(Apsīte et al., 2012). The lake surface area is 40 km 2. 
Long term mean water level of the Lake Burtnieks 
is 40.07 m a.s.l. The agricultural lands in the studied 
catchment cover 30 to 40%, bogs are 10% and forests 
are around 50% (Apsīte et al., 2012).

Glacial deposits of the Pleistocene glaciations 
form the upper part of the geological section within 
the study area. The thickness varies from a few meters 
up to 40 meters in elevated territories (Brangulis et al., 
2000). The predominantly plain terrain is dominated by 
glacial (gQ3), glaciolimnic (lgQ3), glaciofluvial (fQ3), 
and peat deposits (bQ4) and numerous raised bogs are 
found. Water abstraction wells are usually installed 
in aquifers formed by the terrigenous Burtnieks 
and Arukila formations underlying the Quaternary 
deposits in the study region. The undulating plain is 
intersected with the valley of the Salaca river cutting 
Quaternary and Devonian deposits.

Materials and Methods
A monthly groundwater and surface water stable 

isotope monitoring programme was initiated in August 
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2015. The programme is designed to cover most of the 
important surface and groundwater types in the study 
region:
•	 Groundwater and surface water in the raised bogs: 

a weighted mean of the precipitation water to some 
extent modified by the evaporation from open 
surface (PP, P1 and PU1)

•	 Free-surface groundwater in sandy soils that might 
be biased towards the recharge of the  depleted 
autumn-winter precipitation (GAA1)

•	 Free-surface groundwater in loam (till) soils, 
including artificially drained agricultural lands 
that is likely to be closer to the weighted mean 
of the yearly precipitation in comparison to the 
groundwater in the sandy soils (RU1, RU2 and 
RU3)

•	 water emerging from the Lake Burtnieks that is fed 
by a mix of groundwater and precipitation water 
and seasonally modified by the evaporation from 
free surface (S1)

•	 Burtnieks and Arukila confined aquifers: an integral 
value controlled by the local rechar ge conditions, 
likely more closely related to groundwater in the 
sandy-soil (GAU1).
Water samples were collected in 25 ml HDPE 

double-cap bottles and stored refrigerated until 
analysis. δ18O and δ2H were measured in all samples. 
Analysis was performed in Environment Dating 
Laboratory at the University of Latvia on Picarro 
laser cavity ring down spectrometer . Each sample 
was measured five times, but to prevent memory 

effect from previous sample, only average of the last 
3 measurements were used to calculate mean value. 
Standards were placed between  every 3 samples as 
well as at the beginning and at the end of each set of 
measurements. The repetitiveness of particular data set 
is ± 0.07‰ for δ18O and ± 0.5‰ for δ2H respectively; 
however, it is suggested to use result error ± 0.2‰ 
for δ18O and ± 1‰ for δ2H (Clark & Fritz, 1997). All 
samples were measured against internal laboratory 
standard calibrated against international standard 
i.e., VSMOW (Vienna standard mean ocean water); 
accordingly, results can be compared internationally 
(Aggrwal et al., 2007).

Results and Discussion
During the five month observation period, 57 

monthly samples were collected from 15 sampling 
points. Due to unusually low groundwater level in 
case of shallow wells near Ramata (RU1, RU2 and 
RU3) or technical problems in case of precipitation 
traps some sampling points have discontinuous 
observations. During the first sampling campaign, it 
was conducted that two sampling points for the river 
Salaca are insufficient, which explains missing SV3 
sample during September 2015. 

The slope of precipitation line at Ramata station 
between δ18O and δ2H is 7.50 that is similar to long 
term Riga meteoric water line (RMWL) with slope of 
7.45 (IAEA/WMO, 2014). Evaporatio n probably did 
not affect the results as all precipitation samples fit on 
the calculated line with determination coefficient 0.99.

Figure 1. Study area and location of sampling points.
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Figure 2. δ18O versus δ2H values by sampling groups.

Figure 3. Five month time series of δ18O at all sampling locations.

Isotope values of surface samples are spread 
within a wider range if compared to precipitation (Fig. 
2) even though correlation between surface samples 
is significant i.e., 0.89. Observed values in rivers 
form essentially different regression slope 3.9. Such 
shift can be explained by evaporation of river or the 
source of river. In case of rivers Ramata and Piģele, 
the impact of raised bog dischar ge can be the case. 
In case of the river Salaca, evaporation comes from 
Lake Burtnieks. It is found that downstream form the 
Salaca source (SV1 observation point) the evaporation 
signal is diluted by admixture of more depleted water 
(Fig. 5). 

Govs spring (GAA1) shows constant values in 
time i.e., range is 0.1  ‰ for δ18O and 0.2‰ for δD, 
even narrower than receptiveness of measurements. 
Observed tempe rature and electric conductivity are 
also constant indicating longterm recharge. Isotope 
values of Govs spring plot on precipitation line; 
therefore, we suggest a direct meteoric recharge for 
Govsala spring. 

Wells are within the widest range of isotope values 
compared to other groups and show more depleted 
values than surface samples. The most depleted well 
samples represent samples from the shallow Govsala 
(GAU1) well in the Burtnieks formation. 
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Figure 4. Five month time series of δ2H at all sampling locations.

The evaporation signal also appears in samples 
from raised bog (PP , PU1) (Fig. 2) Bog samples 
change insignificantly during last months (Fig. 3 and 
Fig. 4) and have somewhat similar character of time 
series to the river Piģele (PV1). The river Piģele is an 
outflow from Saklauru raised bog; therefore, similar 
results were predicted. 

Difference between the spring and well at Govsala 
station (GAA1 and GAU1) is almost 1 ‰ for δ18O 
and 5 ‰ for δD, although both the well and the spring 
show constant values during the observation period. 
The isotopic signal, as well as dif ferent electrical 

conductivity (518 and 118 µS/cm respectively) clearly 
points to different groundwater sources. Probably the 
Govsala spring (GAA1) emerging from Devonian 
sandstones represent locally recharge unconfined 
groundwater. The Govsala well (GAU1), on the other 
hand, more likely represent the regionally rechar ged 
confined groundwater.

Every subsequent month the river Salaca depicts 
more depleted isotope values (Fig. 5). A significant 
change in values between October and November 
corresponds to the end of the dry period in November 
and air temperature drop limiting the evaporation. 

Figure 5. Change of δ18O (A) and δD (B) along the flow path of the river Salaca.
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Nevertheless, all months depict depletion of stable 
isotope values between Salaca observation points 
along the flow path. 

Conclusions
During this study, stable isotopes are found to be a 

useful tool to identify distinct water components and 
their evolution, although a longer observation period 
is needed to draw robust conclusions. 

We have found that:
1. Spring Govsala shows stable isotopic values, 

temperature and electric conductivity during the 
observation period; therefore, it portrays stable 
local rechar ge conditions with water source 

distinct from that found just a few meters deeper 
in the Burtnieki aquifer. 

2. The water emer ging from Lake  Burtnieks at the 
source of the river Salaca in late summer and 
autumn has a strong evaporation signal, which is 
gradually diluted downstream. 

3. Precipitation trend of Ramata observation station 
shows an equal slope as observed in Riga weather 
station 7.41 and 7.45 respectively. 
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Abstract
Due to intensive agricultural activities being developed in Middle Lithuania, the water quality of rivers in this region 
significantly decreases. Rivers, flowing through the town territory, should provide aesthetic delight to the residents, 
however, because of pollution, especially at the end of summer, they are usually covered in duckweed and algae layer.
The paper presents the change of the main water pollution indicators (BOD7, Ntotal, NH4-N, NO3-N, Ptotal, PO4-P and 
O2) in Dotnuvele and Smilga streams during 2013 – 2015. The aim of research is to determine the change of the main 
surface water pollution factors in Dotnuvele and Smilga streams, depending on the meteorological conditions. Data 
analysis showed that dissolved oxygen, nitrate and total nitrogen concentrations are affected by air temperature: the 
lower the air temperature, the more of these elements were found in the water of the streams, (r = -0.61), (r = -0.83) 
and (r = -0.64) respectively. An increasing precipitation was also increasing the amount of O2 and NO3-N in streams‘ 
water, (r = 0.44), (r = 0.49) respectively. Meteorological conditions did not have a significant impact on concentrations 
of other chemical elements, however, correlation analysis showed that concentrations of BOD7 in streams’ water were 
increasing as precipitation level was falling (r = 0.41), and PO4-P – when air temperature was increasing (r = 0.46). 
It was determined that in every spring the streams‘ water quality according to the concentrations of Ntotal and N-NO3 
was in a bad or average ecological condition. This was caused by the farming fields from which these streams are 
collecting drainage water during the spring melt.
Key words: ecologial status, concentration, surface water.

Introduction
In 2013, European Commission prepared a report 

to the Council and the European Parliment, where, 
according to the 2008 – 201 1 yr. data from all EU27 
states river observation stations, it can be claimed 
that 16.3% and 6.3% of rivers respectively were in 
eutrophic and hypertrophic condition, while 35.4% 
and 20.6% of rivers were in oligotrophic and ultra-
oligotrophic condition. The biggest percentage of 
stations in rivers with ultra-oligotropic condition were 
in Spain, Bulgaria, and Slovenia, while the biggest 
percentage of stations in rivers with hipertrophic 
condition were in Belgium and the Netherlands, 
also in the Check Republic and Finland. A high 
eutrophication level was also observed in Lithuania 
and Luxembourgh (Report..., 2013).

In order to accomplish the goals set in the water 
framework directive (2000/60EB), both surface 
and ground water monitoring is being undertaken 
in Lithuania. Even though there  is a lot of ef fort put 
into reducing the water pollution, according to the 
national monitoring data, the ecological condition 
of Lithuanian water bodies is not good. From 822 
researched water bodies in river category, 75 of them 
were in a very good (9%), 327 – good (40%), 291 – 
average (35%), 85 – bad (1 1%) and 42 – very bad 
(5%) ecological condition (Mereškevičienė, 2015).

Nevezis basin lies in the Middle Lithuania lowland, 
where there are the most fertile soils. Due to intensive 
agricultural activities, the water quality in rivers of 
this region significantly deteriorates. Nowadays water 

bodies‘ ecological condition in Kedainiai town is not 
good: in summer , water surface very often becomes 
covered in algae and duckweed layer , slowing 
down the self-cl eaning process and deteriorating the 
aesthetic view of the town. 

There are 4 inflows of Nevezis in Kedainiai town, 
the biggest of these are Smilga and Dotnuvele. These 
streams are waterless, therefore, due to low debit, the 
streams‘ condition is bad during the dry season. Point 
pollution sources in basins of Dotnuvele and Smilga 
streams are municipal wastewater treatment plants, 
storm water treatment plants, and JSC ‚Kedainiai 
Canning Factory‘. Not all residential houses are 
connected to the central sewer system, and part of 
the surface water from the town territory flows into 
the river. Wastewater accesses Dotnuvele and Smilga 
from various villages that are in their basins.

During 2009 – 2012 an environmental cleaning 
and restoration of these streams took place. Streams‘ 
water and shores were cleaned from pollutants. After 
this type of project, it is important to ensure a 5-year 
annual maintenance of cleaned water bodies and carry 
out streams‘ water monitoring. The aim of the research 
is to determine the change of the main surface water 
pollution factors in Dotnuvele and Smilga streams, 
depending on the meteorological conditions.

Materials and Methods
Dotnuvele and Smilga streams, flowing through 

Kedainiai town, are the right inflows of Nevezis river 
(Figure 1).
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Figure. 1. The scheme of research object.  
D – Dotnuvele stream‘s water sampling location,  

S – Smilga stream‘s water sampling location.

Even though Smilga stream is almost twice shorter 
(32 km) than Dotnuvele (60.9 km), its basin is almost 
the same (208.8 km2) compared to Dotnuvele‘s (192.7 
km2).

The cleaning of 1.95 km length of Dotnuvele 
stream (measured from the estuary of the stream) as 
well as restoration of 10 m width of coastal strip was 
completed in 2012. In 2013, 1.98 km length of Smilga 
stream and 2 ha of coastal land was cleaned, and 5157 
m3 of sludge removed.

Water samples were taken from the source of 
Dotnuvele (D) and Smilga (S) streams four times a year 
– in March, May , August, and November. Chemical 
analysis, was done by ASU Chemical Analytical 
Laboratory of Water Resources Engineering Institute.

In the samples total nitrogen (Ntotal) was determined 
by applying the spectrometric method, by mineralizing 
with potassium persulphate (LAND 59:2003), P total 

was determined  by spectrometric method after 
mineralization with potassium persulphate (LAND 
59:2003), amm onium nitroge n (NH 4-N) – by 
spectrometric method, with Nessler‘s reagent (LAND 
38:2000), nitrate nitrogen (NO3-N) – by spectrometric 
with phenol sulfonic acid (LAND 65:2005), 
phosphorus residue (PO 4-P) – by spectrometric with 
ammonium molibdate and ascorbic acid. (LAND 
59:2003) 

BOD7 was determined by estimating the difference 
in oxygen level after seven days of incubation (LAND 
47-2:2007). Dissolved O 2 amount in water was 
determined using the electrochemical probe method 
(LST EN ISO 5814-2012).

According to this methodology , the ecological 
state of rivers is divided into 5 classes from a very 
good state, when Ntotal <2, Ptotal <0.1 to a poor state, 
when Ntotal >12, Ptotal >0.47 mg l-1 (Paviršinių..., 2011).

Statistical analysis of the data was performed 
using the computer program Excel and STATISTICA.

Results and Discussion
Average concentrations of researched chemical 

elements in the streams were changing unevenly: some 
of them were determined to be higher in Dotnuvele, 
others – in Smilga (Table 1). 

Statistical data analysis showed that there is no 
significant difference between all researched chemical 
elements in both streams‘ water, because the calculated 
Student‘s t-test was lower than the 95% confidence 
level. The probability of confidence was also higher 
than the 0.05 level. 

Oxygen amount in water is its pollution indicator. 
Therefore, the more oxygen is in water , the cleaner it 
is.

It was determin ed that water in both streams, 
according to the amount of dissolved oxygen, 
corresponded to a good and very good ecological 
condition (Figure 2). Data showed a tendency that there 

Table 1
Average concentrations of researched chemical elements in streams‘ water 

Indicator
Concentration, mg l-1

tfact. ttheror.95% p
In Dotnuvele In Smilga

BOD7 2.54 2.94 -0.74 2.23 0.48
O2 6.40 6.76 -0.14 2.18 0.89

NH4-N 0.05 0.03 1.52 2.18 0.15
NO3-N 3.60 4.38 -0.50 2.14 0.62

Ntotal 0.09 0.03 1.90 2.36 0.099
Ptotal 0.06 0.009 1.89 2.36 0.100

PO4-P 9.64 11.14 -1.74 2.14 0.104
Note: tfact. – calculated Student‘s t-test, ttheor.95% – 95% Student‘s t-test probability; the difference between streams‘ water 
concentrations is significant when ttheor.95%<tfact., p – confidence probability; when p<0.05 the relationship is significant.
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was less oxygen dissolved in Dotnuvele (6.22 – 12.3 
mg l-1) than in Smilga (8.7 – 13.9 mg l-1), however, as 
literature states, open flow aeration directly depends on 
rivers‘ flow speed (Tilickis, 2005). The measured dry 
period lowest debits of Smilga (0.028 m3 s-1) are twice 
as big as those of Dotnuvele (0.015 m 3 s-1) (Vaikasas 
& Poškus, 2004). The lowest oxygen concentrations 
in Dotnuvele were observed in August 2013, 2014, 
and November 2015, as there was the longest dry up 
period and water speed was the lowest. As there is a 
dam on Dotnuvele stream, its water speed has reduced 
even more, and this had an impact on the reduction of 
oxygen amount in water as well.

Organic matters reach rivers with industrial and 
household waste water, also large amounts of these 
materials accummulate in eutrophic river waters 
during vegetatio n degradation processes. A bigger 
organic matter amount essentially shows the pollution 
of that water body (Tilickis, 2005; Jouanneau et al., 
2014; Simon et al., 201 1; Gustavsson & Engwall, 
2012; Chen et al., 2012). An increase in or ganic 
pollution was observed in Smilga stream in May 
2013, when BOD7 concentration had increased to 6.08 
mg l-1, and it corresponded to a bad ecological sream 
water condition (Figure 3).

In November 2015, or ganic pollution in both 
Dotnuvele and Smilga was the highest compared 
to the whole research period and was 5.13 and 8.37 
mg O 2 l

-1 respectively , and corresponded to a very 
bad ecological water condition. This was af fected by 
precipitation that had fallen after a long and dry period, 
which washed town‘s streets from pollutants and 
increased organic pollution in the streams. According 
to Mallin et al. (2009), higher BOD concentr ations 
can be found in rain water from urbanised territories, 
because town territories with impermeable coating 
increase surface wastewater and have an impact on 
hydrology and geomorphology of the streams (Paul & 
Meyer, 2008). During other seasons, Dotnuvele and 
Smilga streams‘ water was in a very good and good 
ecological condition.

In surface water bodies, even not affected by 
anthropogenic pollution, nitroge n and its compounds 
can be found all the time. According to literature, the 
most of total nitrogen can be found in rivers in Middle 
Lithuania, however, this is affected not only by human 
activity, but also by natural factors (Tumas, 2003; 
Šileika, 2012).

Ammonium nitrogen in both streams was 
observed to be very low; therefore, their water quality 
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Figure 2. The change in dissolved oxygen concentrations in streams‘ water.
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Figure 3. The change in BOD7 concentrations in streams‘ water.
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corresponded to a very good ecological condition, 
except November 2015, when NH4-N concentration in 
Smilga stream was determined to be 0.287 mg l -1 and 
according to this element water quality was average 
(Figure 4).

This was probably affected by a lar ge amount of 
precipitation (8.5 mm) that fell after a long dry period, 
as rain water dischar gers from the town streets are 
installed on Smilga stream. 

The analysis has shown that nitrate concentration 
in summer is lower: in August 2013, 2014, and 2015 
it was 0.369, 0.651 and 0.814 mg l -1 respectively in 

Dotnuvele, and 1.08, 0.846 and 0.85 mg l-1 respectively 
in Smilg a (Figure 5). This can occur due to water 
vegetation intensive assimilation.

In autumn, intensive rain washes a lot of organic 
and inorganic pollutants from the soil, which flow 
into streams and rivers. Besides, vegetation and algae 
start to decompose; therefore, nitrate concentration in 
water increases: it was determined to be 2.87, 0.973 
and 1.17 mg l-1 in Dotnuvele, and 9.57, 2.09 ir 0.922 
mg l-1 in Smilga. At the end of the cold period nitrate 
concentration in ecosystems was the highest and 
corrersponded to a bad ecological streams‘ condition: 
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Figure 4. The change in NH4-N concentrations in streams‘ water.
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Figure 5. The change in NO3-N concentrations in streams‘ water.
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Figure 6. The change in Ntotal concentrations in streams‘ water.
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in Dotnuvele it was 7.78, 7.15 and 11.4 mg l-1, while in 
Smilga it was 7.01, 6.35 and 13.2 mg l-1. 

Due to human activity, nitrate nitrogen inflow into 
water bodies increases a lot; however, it depends on 
the season of the year (Gustavsson & Engwall, 2012; 
Stankevičienė, 2012; Kutra & Berankienė, 2006). 
There can be times when nitrat e concentrations can 
depend not only on river‘s runoff, but also on other 
factors, such as plant vegetation, winter conditions, 
soil freezing depth, and snow cover (Tilickis, 2005).

In order to determine eutrophication tendencies of 
rivers, it is very important to analyse the fluctuation 
in total nitrogen  in their water . Figure 6 shows that 
higher concentrations of this element as well as nitrate 
nitrogen were observed during the cold season or at 
the start of vegetation – at this time water condition 
in both streams was in a bad or very bad ecological 
condition. Dotnuvele and Smilga streams‘ water 
receives biogenic matters from agricultural lands, as 
higher concentrations of these elements were observed 
most often in spring, when, during the snow melt, 
water with dissloved nutrients reaches these streams 
by drainage.

PO4-P concentrations in Dotnuvele and Smilga 
streams were observed to be very low and fluctuated 

between 0.006 and 0.061 mg l -1 in Dotnuvele and 
between 0.0049 and 0.038 mg l-1 in Smilga (Figure 7).

Only in August 2014 and 2015, phosphates and 
total phosphorus concentrations  in Dotnuvele stream 
increased significantly (up to 0.235 and 0.237 as well 
as 0.32 and 0.298 mg l -1 respectively) and the water 
quality was in a bad ecological condition (Figures 7, 
8). This was possibly affected by secondary pollution 
from algae accummulated in the stream. 

Considering the ratio of total nitrogen and total 
phosphorus in the streams‘ water, it was determined 
that the most nitrogen in the streams was observed in 
the first, second, and fourth quarters of the year, while 
more phosphorus was observed in the third. This 
means that the third quarter provides good conditions 
for water vegetation to develop and thus streams 
become covered in duckweed.

The statistical data analysis has revealed 
a relat ionship of between concentrations of 
some chemical elements in streams‘ water and 
meteorological conditions (Table 2).

The data analysis has shown that dissolved 
oxygen, nitrate and total nitrogen concentrations 
are lar gely af fected by air temperature: the lower 
the temperature, the higher is the concentration of 
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Figure 7. The change in PO4 – P concentrations in streams‘ water.

0

0.1

0.2

0.3

0.4

0.5

20
13

 0
3 

20
20

13
 0

5 
10

20
13

 0
8 

08
20

13
 1

1 
12

20
14

 0
3 

23

20
14

 0
5 

15
20

14
 0

8 
06

20
15

 0
3 

08
20

15
 0

5 
18

20
15

 0
8 

16

20
15

 1
1 

08
20

14
 1

1 
03

20
13

 0
3 

20
20

13
 0

5 
10

20
13

 0
8 

08
20

13
 1

1 
12

20
14

 0
3 

23

20
14

 0
5 

15
20

14
 0

8 
06

20
14

 1
1 

03
20

15
 0

3 
08

20
15

 0
5 

18

20
15

 0
8 

16
20

15
 1

1 
08Pt

ot
al

 c
on

ce
nt

ra
tio

n,
 m

g 
l -1 Dotnuvele Smilga

Bad

Moderate

Good

Very good

Figure 8. The change in Ptotal concentrations in streams‘ water.
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these elements in streams‘ water (r = -0.61), (r = 
-0.83) and (r = -0.64), respectively. An increase in 
precipitation also increased O 2 and  NO 3-N amount 
in streams‘ water, (r = 0.44), (r = 0.49) respectively. 
Meteorological conditions did not have a significant 
impact on concentrations of other chemical elements, 
except BOD7 and PO 4-P. Correlation analysis was 
used to determi ne what ef fect precipitation and air 
temperature had on BOD 7, NH 4-N, P total and PO 4-P 
concentrations in streams’ water individually. It  
showed that concentrations of BOD7 in streams’ water 
were increasing as precipitation level was falling (r 
= 0.41) (ttheor.95% = 2.07<2.10), and PO4-P – when 
air temperature was increasing (r = 0.46) (ttheor.95% = 
2.07<2.44).

Conclusions
1. There was enough dissolved oxygen in streams‘ 

water – this corresponded to a good and very good 
ecological water condition. More oxygen was 
found when the water temperature was low (r = 
-0.6) and after more precipitation (r = 0.44).

2. It was determin ed that the quality of Dotnuvele 
and Smilga streams‘ water is mostly diminished 
by total and nitrate nitrogen. At the end of the cold 
period the concentations of these elements in the 
streams were found to be the highest and were 
19.6 and 15.1 mg l-1 as well as 7.78 and 13.2 mg l-1 
respectively. This corresponded to a very bad and 
bad streams‘ ecological water condition. This was 
influenced by the fact that these streams collect 
water from farming fields, which are fertilised 
and during the spring melt water containing the 
mentioned elements reaches the streams through 
drainage. It was determined that an increase in 
NO3-N and N total concentrations in streams‘ water 
were affected by meteorological conditions (r = 

0.84 and r = 0.65) respectively. As air temperature 
fell, the amount of both these elements was 
observed to be higher in the water of both of the 
streams (r = -0.83) and (r = -0.64) respectively: 
NO3-N when there was higher precipitation (r = 
0.49), while N total – when precipitation was lower 
(r = -0.11).

3. Ammonium nitrogen concentrations in streams‘ 
water corresponded to a very good ecological 
water condition, except in Smilga on the 1 1th 
November 2015, when 0,287 mg l -1 was observed 
and acco rding to this element water quality was 
average. This was influenced by accidental 
pollution. Meteorological conditions had no effect 
on the concentration of streams‘ water (r = 0.19).

4. BOD7 concentrations in the streams were found to 
be low, except in Dotnuvele in May 2013 (5.13 mg 
O2 mg l -1) as well as in May 2013 and November 
2015 in Smilga streams when the pollution with 
organic matters was determine d to be 6.08 and 
8.37 mg O 2 l

-1. Meteorologica l conditions had a 
minor effect on it (r = 0.44): however correlation 
analysis showed that as there is less precipitation, 
organic pollution increases (r = 0.41).

5. According to the concentrations of phosphates 
and total phosphorus, streams‘ water was clean, 
except three samples from Dotnuvele stream in 
August 2014 as well as in August and November 
2015, and Smilga stream in November 2015, when 
the amounts of these elements corresponded to a 
bad ecological condition. It was determined that 
meteorological factors had weak impact on the 
increase of these chemical elements (r = 0.49 and r 
= 0.43) respectively. Correlation analysis showed 
that as air temperature increases, phosphates 
concentrations in streams’ water increase 
statistically significantly (r = 0.46). 

Table 2
The influence of meteorological factors to the change in concentrations of chemical  

elements in streams‘ water

Indicator Equation n r
Coefficient of partial correlation

Ffact. p
r1 r2

BOD7 z=5.1-0.037x1-0.013x2 24 0.44 -0.19 -0.39 2.52 0.10456
O2 z=9.6-0.162x1-0.016x2 24 0.65 -0.61 0.44 7.79 0.0294

NH4-N z=0.07+0.001x1-0.0002x2 24 0.19 0.13 -0.15 0.38 0.68587
NO3-N z=4.65-0.42x1-0.024x2 24 0.84 -0.83 0.49 24.65 0.0000

Ntotal z=11.45-0.45x1-0.009x2 24 0.65 -0.64 -0.11 7.86 0.00282
Ptotal z=0.09+0.005x1-0.0004x2 24 0.43 0.41 -0.23 2.41 0.11388

PO4-P z=0.03-0.004x1-0.0002x2 24 0.49 0.49 -0.18 3.36 0.05409
Note: z – concentration of chemical element; x1 – air temperature ºC; x2 – precipitation amount mm; n – sample data points, 
r – sample correlation coefficient, coefficients of partial correlation: r1 – air temperature, r2 – precipitation, Ffact. – calculated 
Fisher criterion, Ftheor.95% – theoretical 95% probability of Fisher criterion = 3.44; relationship is significant when Ftheor.95% 
<Ffact., p – confidence probability; relationship is significant when p<0.05.

Stefanija Misevičienė

ANALYSIS OF THE MAIN  
INDICATORS OF POLLUTION IN THE  

DOTNUVELE AND SMILGA STREAMS



227ReseaRch foR RuRal Development 2016, volume 1 

References
1. Chen, C-H., Lung, W-S., Li, S-W., & Lin, C-F. (2012). Technical challenges with BOD/DO modeling river 

in Taiwan.  Hydro environ Res. 6, 3-8. DOI: 10.1016/j.jher.2011.08.001.
2. Directive 2000/60/EC of the European Parliament and of the Council establishing a framework for 

Community action in the field of water policy. Retrieved February 18, 2016, from http://www.europa.eu. 
3. Jouanneau, S., Recoules, L., Durand, M.J., Boukabache, A., Picot, V., Primault, Y., Lakel, A., Sengelin, M., 

Barillon, B., & Thouand, G. (2014). Methods for assessing biochemical oxygen demand (BOD): A review. 
Water Res. 49(1), 62-82. DOI: 10.1016/j.watres.2013.10.066.

4. Gustavsson, L., & Engwall, M. (2012). Treatment of sludge containing nitro-aromatic compounds in reed-
bed mesocoms – Water, BOD, carbon, nutrient removal, Waste Manage. 32:104-109. DOI: org/10.1016/j.
wasman.2011.08.016.

5. Report from Commission to the Council and the European Parliament. COM (2013). 683 final. 
Brussels. Retrieved February 18, 2016, from http://eu r-lex.europa.eu/LexUriServ/LexUriServ.
do?uri=COM:2013:0683:FIN:EN:PDF.

6. Kutra, S., & Berankienė, L. (2006). Azoto koncentracijos vidutinio dydžio upių vandenyje priklausomybė 
nuo nuotėkio modulio (Mid-sized river specific water runoff influence on nitrate nitrogen concentration). 
Water Manage Eng. 30(50), 57-66. (in Lithuanian).

7. Mallin, M.A., Johnson, V.L., & Ensing, S.H. (2009). Comparative impacts of stormwater runoff on water 
quality of an urban, a suburban, and a rural stream. Environ Monit Assess. 159(1–4), 475-491. DOI: 
10.1007/s10661-008-0644-4.

8. Mereškevičienė, I. (2015). Aplinkos būklė 2014. Tik faktai. (Environment condition 2014. Only facts.) 
Vilnius: Lututė. (in Lithuanian).

9. Paul, M.J., & Meyer, J.L. (2008). Streams in the Urban Landscape. Marzluff, J.M., Shulenberger, E., 
Endlicher, W., Alberti, M., Bradley, G., Ryan, C., Simon, U., ZumBrunnen, C. (Eds.), Urban Ecology, 
(207-231), US: Springer. DOI: 10.1007/978-0-387-73412-5.

10. Paviršinių vandens telkinių būklės nustatymo metodika. (Surface water bodies’ state evaluation 
methodology). (2011). Valstybės Žinios, No. 109-5146. (in Lithuanian).

11. Simon, F.X., Penru, Y., Guastalli, A.R., Llorens, J., & Baig, S. (2011). Improvement of the analysis of the 
biochemical oxygen demand (BOD) of Mediterranean seawater by seeding control. Talanta, 85:527-532. 
DOI: 10.1016/j.talanta.2011.04.032.

12. Stankevičienė, R. (2012). Mūšos baseino upių metinės ir sezoninės vandens taršos bendruoju azotu taikant 
fyris modelį (FYRIS model application for analysis annual and seasonal total nitrogen pollution in the 
Mūša catchment) Water Manage Eng. 40(60), 54-63. (in Lithuanian).

13. Šileika, A.S. (2012). Bendrojo azoto ir bendrojo fosforo tendencijos Nevėžio upėje (Tendencies of the 
total nitrogen and total phosphorus changes in the Nevėžis river) Water Manage Eng. 40(60), 14-21. (in 
Lithuanian).

14. Tilickis, B. (2005). Vandens cheminės sudėties kaita Lietuvos baseinuose (Water chemical composition 
alternation in Lihuanian cathments) Klaipėda: Klaipėdos universiteto leidykla. (in Lithuanian).

15. Tumas, R. (2003). Vandens ekologija (Water ecology). Kaunas: Naujasis lankas. (in Lithuanian).
16. Vaikasas, S., & Poškus, V. (2004). Dotnuvėlės ir Smilgos upelių vagų Kėdainiuose nuosėdų užterštumo 

tyrimai (Investigations on sediment pollution in the stresams Dotnuvele and Smilga in Kedainiai) Water 
Manage Eng. 26(46), 31-39. (in Lithuanian).

Stefanija Misevičienė

ANALYSIS OF THE MAIN  
INDICATORS OF POLLUTION IN THE  
DOTNUVELE AND SMILGA STREAMS



228 ReseaRch foR RuRal Development 2016, volume 1 

GROUND-PENETRATING RADAR (GPR) SCREENING IN SHALLOW  
ENGURE AND PAPE LAGOON LAKES
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Abstract
Geophysical studies in mapping and screening applications are widely applied for archaeological, environmental, 
geological, hydrological and many other applications. Ground-penetrating radar (GPR) is one of methods from 
geophysical toolbox that is also called a ground-probing radar , subsurface radar , surface-penetrating radar and 
‘georadar’ or impulse radar – it is a non-invasive and non-destructive technique. Pulsed electromagnetic signal is 
recording the reflected energy and scattering from subsurface objects. Studies were performed in former Littorina Sea 
lagoons that became lakes after the further Limnea Sea stage in the Baltic Sea established with comparatively lower 
absolute sea level that is close to present day situation. Characteriz ation of sediments as well as full sediment core 
description for comparison with GPR signals were performed. Major results show that GPR as non-destructive method 
in combination with geological coring followed by laboratory analysis of sediment properties can be successfully 
used to describe layering conditions, topography and depth of shallow lakes. Although there are some limitations 
regarding the electromagnetic (EM) noise and similar EM properties of analysed sediments, proper treatment of data 
gives complementary insight thus diminishing the necessity of dense coring network establishments in analysed areas 
of lakes. The aim of this screening study is to analyse potential advantages of GPR use for mapping sediments and 
topography of sandy bottom in shallow lagoon lakes as well as pinpoint problems during field and cameral works 
considering electromagnetic, geological and topographical disturbances.
Key words: ground-penetrating radar (GPR), benthic sediments, lagoon lakes, geophysics.

Introduction
Characterization of various environments (e.g., 

glacial, fluvial, aeolian or lacustrine) is influenced by 
obstacles of previous geological environment such as 
accumulation and erosion processes. The influence 
of these processes is mostly recorded in sedimentary 
architecture (Slowik, 2014). Geophysical methods 
might be useful tools for studies of internal structures 
as well as obtaining information about relief forms 
and their historical evolution. Nowadays geophysical 
data is becoming a primary source for such 
information versus traditional methods (e.g., coring 
and trenching) (van Dam, 2000; van Dam, 2012). In a 
variety of archaeological, environmental, engineering, 
geological, and hydrological applications, ground-
penetrating radar (GPR) has become a popular 
geophysical tool with which to image the shallow 
subsurface (Bristow & Jol, 2003; Daniels, 2004; Jol, 
2009). 

In principle, GPR emits a pulsed electromagnetic 
signal and records the energy reflected and scattered 
at subsurface structures and objects. Data can be 
processed in a similar way to reflection seismic studies 
for obtaining a relatively structural image of the 
subsurface. GPR is a non-invasive and non-destructive 
geophysical technique that detects electromagnetic 
discontinuities in the shallow subsurface (< 50 
m) (Neal, 2004). Despite some difficulties, GPR 
surveys are widely used in different scientific and 
applied fields: geosciences, structural and health 

monitoring, archaeology, forensic, exploration and 
mining, sedime ntology (Ansellmetti et al., 2004). 
A key step in processing acquired data sets is the 
use of an appropriate migration scheme moving 
dipping reflections to their real position, eliminating 
electromagnetic (EM) noise, crossing and dif fraction 
events resulting from point reflectors (Yilmaz & 
Doherty, 2001). During complex structural settings, 
the migration itself becomes an essential processing 
step for imagin g subsurface structures and, thus, is 
a prerequisite for a relevant interpretation of GPR 
information. Despite all positive applications provided 
by GPR and diminishing technological weaknesses, it 
is still a research technique that can be called as the 
‘state-of-the-practice’ rather than ‘state-of-the-art’ - it 
is developing and geophysicists  are still elaborating 
the or ganisation of the multitu de of parameters to 
enhance data quality and elaborating interpretation by 
improving technological tools (Parker et al., 2010). 
The shallow water environment creates operational 
problems with geophysical surveying in general 
matter as was pinpointed already by Dobinson et al., 
1990. Case studies onshore as well as of fshore by 
using GPR methods in combi nation with of fshore 
high-resolution reflection seismic methods have been 
used for sedimentological analysis, e.g., Geneva Bay 
area (Switzerland) (Ansellmetti et al., 2004; Beres et 
al., 2006). GPR allows the imaging of sedimentary 
structures with some exceptions in the shallow sub-
surface. It provides a near -continuous record both 
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above and beneath the groundwater sometimes 
even impossible by using conventional techniques. 
Therefore, it is used in a variety of depositional 
environments: wetland (Comas et al., 2004; Sass et 
al., 2010), glaciofluvial (Asprion & Aigner, 1999), 
fluvial (Leclerc & Hickin, 1997; Vandenberghe & van 
Overmeeren, 1999; Hickin et al., 2009; Słowik, 2012), 
aeolian (Tatum & Francke, 2012), glacial (Sadura et al., 
2006), and finally technogenic (Blumberg et al., 2004; 
Słowik, 2011). Fluvial and wetland environments are 
most challenging for geophysical surveys in general 
due to high groundwater level standings and presence 
of clay and organic. These have properties of relatively 
low EM wave (Neal, 2004). Groundwater saturation 
and porosity are important factors causing GPR 
reflections. By the increase of moisture, the effect 
of free water in sediments affects GPR reflections 
(van Dam & Schlager , 2000; Koh, 2012). Sediments 
with significant admixture of clay give attenuation 
of the GPR signal (van Heteren et al., 1998; Bano et 
al., 2000). EM wave propagation has been detected 
also in Sass et al., 2010. Studies reveal that 2 m 
penetration in clayey sediments might be doable 
(Barone et al., 2013) hence are marked significantly 
lower than in unsaturated sands and gravels (Jol & 
Smith, 1995). Depth range and resolution of GPR 
surveys are dependent on antennae frequency (Neal 

2004), hydrogeology (Boll et al., 1996; Steelman & 
Endres, 2010; Koh, 2012; Barone et al., 2013), climate 
conditions (Lunt et al., 2005; Tran et al., 2012).

In Latvia, scientific studies by using GPR have 
been performed mostly for peat properties and 
mapping studies as well as hydrological applications 
(Karuss & Berzins, 2014; Karuss, 2015).

The aim of this screening study is to analyse 
potential advantages of GPR use for mapping 
sediments and topography of sandy bottom in shallow 
lagoon lakes as well as pinpoint problems during 
field and cameral works considering electromagnetic, 
geological and topographical disturbances. GPR 
data in joint analysis with coring and laboratory 
information from experimental screening case studies 
in Engure and Pape lakes ela borate understanding 
of geophysical screening potential for mapping 
applications in shallow partly overgrown lagoon lakes. 

Materials and Methods
Screening case study lakes and their geological 
description

Engure and Pape Lakes (Fig. 1) are relatively large 
and shallow lakes in Coastal Lowland developed 
during Littorina Sea stage and are separated (from the 
Gulf of Riga and Baltic Sea, respectively) by 1.5 to 2.5 
km wide dune strips. At present, the Engure Lake depth 

Figure 1. Location of sediment sampling and geophysical profiling sites in Pape (A) and Engure Lakes (B).
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does not exceed 2 m and the Pape - 1 m (Eberhards et 
al., 2000), with an average depth of only 0.40 m for 
Engure and even less for Pape where depending on 
season the lake almost disappears (Prieditis, 2002). 
Banks of flat, open coastal landscape dominate, coasts 
of both lakes in several places are grazed and are 
severely overgrown. Sediment samples of various 
types were derived from both shallow over growing 
freshwater lakes containing rich organic sediment 
layers, located in Engure and Rucava Districts, in 
Latvia (Figure 1). 

Sediment sampling cores in lakes were carried out 
in certain points selected according to the established 

network and coupled with geophysical study profiles 
(Fig. 2-5). Texture analysis, ele mental and moisture 
content, loss of ignition, pH, conductivity were 
determined and are given in Table 1-3. Mostly organic 
material, mud and gyttja (sapropel) are covering 
mineral soil layer which is mostly sand, gravelly sand 
and rarely glacial till. 

Coring of sediments was done using a Russian-
type peat sampler equipped with a 1.0  m long 
(d=5 cm) camera. Every cored sample was put into a 
non-transparent air-tight plastic bucket with a lid and 
stored at constant temperature (+4 ºC) to achieve in 
situ conditions during the storage. Sediment core was 

Table 1
Description of sediment profiles pH, ash, dry matter content in studied lakes (Engure, Pape) 

Sample 
No. Depth, m pH

Content 
of organic 
matter, %

Content of 
carbonates, % Ash, % Moisture, %

Content of 
dry matter, 

%

Engure Lake

1

1.33-1.50 6.74 17.08 1.65 84.58 78.99 21.01

2.00-2.10 6.84 26.98 0.69 73.71 80.04 19.96

2.35-2.50 8.5 10.53 8.53 98.00 76.42 23.58

2 1.50-1.60 7.15 34.06 0.19 66.14 91.76 8.24

3 2.60-2.70 6.65 3.61 0.12 96.51 45.16 54.84

Pape Lake

4
1.50-1.60 6.65 15.58 0.14 84.56 82.68 17.32

2.80-2.90 6.81 12.94 0.10 87.17 73.46 26.54

5
1.50-1.65 6.45 14.95 0.08 85.13 83.38 16.62

2.50-2.60 6.91 17.02 0.20 83.18 82.58 17.42

Table 2 
Lithology of Engure Lake sediments

Engure Lake
Coring 

coordinates
57°27’39,49” N 
23°09’19,16” E

57°22’56,55” N 
23°13’10,55” E

57°21’07,24” N 
23°12’31,40” E

No. Depth, m Lithology of 
sediments No. Depth, m Lithology of 

sediments No. Depth, m Lithology of 
sediments

1

0-0.7 Water

2

0-0.9 Water

3

0-2.2 Water

0.7-0.95 Mud 0.9-1.2 Mud 2.2-2.25 Mud

0.95-1.85 Sapropel 1.2-1.8 Mud/sapropel 2.25-2.45 Peat

1.85-2.1 Peat 1.8-2.3 Sapropel 2.45-2.5 Sapropel

2.1-2.20 Sandy sapropel 2.3-2.6 Sand 2.5-2.6 Sapropel

2.20-2.25 Sand with shells 2.6-2.75 Sand with shells 2.6-2.7 Sand

2.25-2.30 Peat 2.75-2.85 Sand

2.30-2.35 Sand
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characterised by type of sediments. Loss on ignition 
(LOI), pH and metal content analyses has been done 
for samples of sediments (Heiri et al., 2001)

GPR studies
The theoretical background to the GPR 

technique and the practical methodology of data 
collection are comprehensivel y described in the 
current literature (Davis & Annan, 1989; Reynolds, 
1997; Neal & Roberts, 2000). The Zond-12e GPR 
Advanced equipped with shielded 500 MHz antenna, 
manufactured in Latvia by Radar Systems was used 
for the measurements. In Engure Lake, transects with 
length ~200 m were scanned, but in Pape Lake ~500 
m. After test runs for better results there was decided 
to use dielectric permittivity – 81 with scanning rate 
– 512 samples per trace. Sounding (time) range was 
used 300 ns, which is equally 5.00 m in nature with 
used dielectric permittivity. Also, strong high-pass 
filter was applied for soundings. 

Results and Discussion
GPR like other geophysical method characterises 

the subsurface and can identify inhomogeneous 
features or objects that differ from homogenous 

material. Identification of these anomalies is often 
the objective of a geophysical survey or buried tar get 
identification (Robinson et al., 2008; Kearey et al., 
2002). The use of geophysical methods on water bodies 
is slightly different to terrestrial as the freshwater is 
chemically less variable in axial and planar directions 
than soil. Water bodies and their chemical composition 
are changing faster over shorter periods of time in 
comparison to soil (Parker et al., 2010). Objects can 
be identified when a contrast is sufficiently large to 
alter the geophysical signals of the subsurface. GPR 
survey success is dependent on complexity of soil or 
water body and dif ferences of physical and chemical 
properties of material; also complexity of structures 
and textures influences interpretation quality (Parker 
et al., 2010) . Lagoon lakes in this case can provide 
even more complexities, e.g., conductivity and 
suspended matte r in water masses have certain EM 
noise effects creating additional wave propagation and 
reflection that leads to difficulties within interpretation 
works. The main reason is that fresh and saltwater 
have similar dielectric properties (about 80 each) and 
radar velocities (freshwater has 0.033m ns-1, saltwater 
– 0.01m ns -1); however , both mentioned have very 
incompatible conductivity parameters (freshwater has 

Table 3 
Lithology of Pape lake sediments

Pape lake
Coring 

coordinates
56°20’56,20” N 
21°04’28,11” E

56°18’55,26” N 
21°04’45,17” E

No. Depth, m Lithology of sediments No. Depth, m Lithology of sediments

4

0-0.73 Water

5

0-0.6 Water

0.73-1.15
Reed roots with partly 

decomposed mud 0.6-1.25
Reed roots with partly 

decomposed mud

1.15-1.35 Mud 1.25-1.62 Mud with reed roots

1.35-3.00 Sapropel 1.62-2.5 Mud/sapropel with reed roots

3.00-3.25 Sapropel with organic material 2.5-3.3 Sapropel

3.25-3.5 Sandy sapropel 3.3-3.45 Sandy sapropel

Figure 2. Scanned transect with GPR in Engure Lake (No.1).
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0.5 mS m-1, saltwater even up to 30 000 mS m -1). All 
radar signals in such water bodies are simply soaked 
up. Nevertheles s, in majority of freshwaters GPR 
response is good enough to operate with radar signal 
and discover layers and buried objects (Ruffell, 2006).

Studied lagoon lakes are shallow with several 
sediment layers with slight dif ferences between 
Engure and Pape Lakes (Table 2, 3). High content of 
mineral compounds (also clays) and minor differences 
among layers in Pape Lake (Table 1) causes problem 
to analyse and even see the GPR signal. Most of 

the signal dissipates in sedimen ts and deeper layers 
cannot be seen (Fig. 5, 6). Problems of permittivity in 
that kind of material correspond to results in literature, 
where is suggested that GPR is not a viable choice 
for surveying in clay rich areas where 5 – 10% clay 
content can reduce penetration depth to less than 1m 
(Parker et al., 2010; Karušs et al., 2012). 

In GPR profiles with horizontal lines, sub-surfaces 
of sediments detected with GPR and confirmed by 
coring (vertical line) simultaneously are marked. For 
example, in Engure Lake (Fig. 2, 3, 4) easily can be 

Figure 3. Scanned transect with GPR in Engure Lake (No.2).

Figure 4. Scanned transect with GPR in Engure Lake (No.3).

Figure 5. Scanned transect with GPR in Pape Lake (No.4).
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distinguished upper sedimentary layers, but problems 
appear with detection of deeper layers. One of key 
problems is too slight difference among sediments 
(high homogeneity) of metal content as well as 
relatively uniform sediment composition. Sandy 
bottom clearly can be identified only in GPR profile 3 
(Fig. 4) in Engure Lake where noticeable differences 
between sub-surface and upper (Holocene) sediments 
are detected. Other factor are differences of EM wave 
propagation among sediment layers, respectively , 
propagation speed in peat is significantly faster than 
in gyttja (sapropel) with high clay content above the 
peat layer. In the theory of EM wave propagation it 
is known that if bottom layer dielectric permeability 
is greater than the divisional layer complex dielectric 
permeability of the environment, the reflected GPR 
signal will have the opposite phase of the emitted 
signal (Reynolds, 1997). Due to dif ferences of 
sediment permittivity ε in comparison to water, there 
can be slight of fset of total depth of deeper sediment 
layers which can be corrected with adjusted ε or by 
linking with coring data.

In studied GPR profiles, there are different kinds of 
disturbances and reflections. For example, noise level 
and several disturbances can originate from air bubbles 
in water (boat engine, waves) (Fig. 2, 3, 6). In edges of 
GPR profile 5 (ellipse in right side) (Fig. 6), there is a 
strong reflection from upper layers bothering analysis 
of bottom layers. On the one hand, it is possible to 
partly identify the bottom layer with sand, but on the 
other hand, the middle part of sediments (homogenous 
sapropel layers with high content of reed roots) cannot 
be analysed even with inequalities of raw data straight 
form radar. There are differences in GPR profile 4 

(Fig. 5.), where slight transition (high homogeneity) 
of sediments allow us to identify only the upper layer 
of sediments (marked with lines), but the gain profile 
(right side of Fig. 5) shows small differences of EM 
wave reflection in deeper layers (with ellipse marked 
deeper layers), regarding to composition of sandy 
sapropel (3.25-3.5 m).

Conclusions
The screening studies in Engure and Pape Lakes 

have shown that despite technical difficulties of 
GPR use in field environment on water bodies and 
complicated procedures of EM noise reduction, the 
research work can be performed in optimized mode if 
coupled with coring and laborat ory analyses. Crucial 
aspects in gaining success are careful preliminary 
study of available geological and paleogeographical 
information, experience of the personnel in field 
work, good establishment of GPR profiles and coring 
points, careful interpretation of gained data as well as 
appropriate preparation of set of recommendations for 
further works if more detailed study is needed. Hereby 
GPR profiles have shown main topography features, 
approximate boundaries between various stratigraphic 
and lithological complexes and helped significantly 
reduce the number of coring points in study and 
simultaneously keep the quality of dataset.
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Abstract
Peat is still mined in many parts of the world for production of peat substrates and ener gy. Many peatlands were 
affected by drainage in the past also for forestry and agricultural needs. Nowadays a raised attention to peatlands is 
focused, especially to drained peatlands due to their carbon reserves and their potential influence to the climate on 
the one hand, but on the other hand - due to raising awareness on protection of environment, habitats and biotopes. 
There are many examples on restoration activities in peatlands found worldwide, especially their water regime is the 
subject of regulation, which plays the major role to bring back original functions. In most cases in Latvia as the aim 
for protection and restoration of degraded peatlands was protection of EU biotopes and habitats. Of course, peatlands 
play an important role in emissions of the greenhouse gases CO2, CH4 and N2O, produced during mineralization of 
the drained peat organic matter. In literature, we can find only few cases where hydrological regimes are described 
for natural raised as well as restored block-cut peat extraction fields. This research analyses block-cut peat extraction 
field water level fluctuation influence on naturally raised bog hydrological regimes. Hourly data is analysed for six 
groundwater monitoring wells as well as for determination needs of water level fluctuations in excavated peat quarry 
as a response to precipitation. 
Key words: Hydrological regime, block-cut peat, bog.

Introduction
The bog is a poorly drained usually acid area 

rich with accumulated plant material, with specific 
flora and fauna (Walker & Lowe, 1981; Nusbaums & 
Rieksts, 1997; Holden, 2009). The world’s bogs cover 
around 3% of the total land area, but in Latvia even 
approximately 10% of the total land area is covered by 
bogs (Nusbaums & Rieksts, 1997). The bog formation 
is very importa nt component of carbon, nitrogen, 
water and other substances in biogeochemical cycles 
(Brown, 2000). Latvian bog classification is mainly 
determined by the water regime and vegetation.  Three 
groups of bogs are classified: a raised bog or high 
moor; transition mire, transitional fen or mixotrophic 
mire; fen or minerotrophic mire (Overbeck, 1975). In 
Latvia, raised bogs are mostly formed on watersheds 
of catchments in plains and lowlands (Brakšs, 1961). 
During accumulation of peat layer the central part of 
a bog rises above the surface (Edom, 2001). A raised 
bog is one of the most important terrestrial ecosystem, 
which acts as significant carbon accumulator, 
stabilizes water regime, reduces nutrient run of f and 
plays significant role in climate regulation (Bragg, 
2002). Although bogs make up only 3% of the land 
surface of the world, they contain 30% of soil carbon. 
Raised bogs hydrological regime is determined 
by precipitation , surface water and groundwater 
(Laitinen et al., 2007). Raised bogs are characterised 
by accumulation of precipitation in dome thus 
supplementing surface waters and groundwater in 
surrounding areas (Price, 1996; Edom, 2001; Bragg, 

2002). Raised bogs are significant water accumulators. 
Bogs consist of 89-94% of water and only 6-11% of 
dry matter , which mostly consists of peat. Water is 
associated with peat-forming dry matter , and water 
flow in bog body is formatting only form free water 
(Romanov, 1968). Peat upper layers are characterized 
with relatively low decomposition level <20% and 
have good filtration properties; however, deeper 
layers - higher decomposition level and are densely 
compacted where water flow is rather low. Normally 
the water flow dominates in active layer around 
+0.4 till +0.9 m from bog surface level (Romanov, 
1968; Маслов, 2008). The water flow at active layer 
of raised bog regarding characteristics is of dual 
nature: surface water and groundwater. This active 
layer also incorporates activity of surface water and 
groundwater runoff, which determines the water level 
in the raised bog. Raised bog hydrological regime 
and runoff fluctuate naturally. By increasing the size 
of a bog dome, a link with groundwater declines. 
However, more significant changes are caused by 
digging ditches in the raised bogs thus promoting the 
water outflow out of the dome. Ditches are splitting 
active layer, intercept therein water and drainage in 
bog domes are becoming more rapid. Within ditch 
influence zones there are significant increases of water 
level fluctuations. 
•	 Normal groundwater regime in raised bogs is from 

+0.15 to +0.20 m;
•	 Disturbed groundwater regime amplitude in raised 

bogs may exceed ± 1 meter (Delina, 2011).

WATER MANAGEMENT



237ReseaRch foR RuRal Development 2016, volume 1 

In study area more than fifty years after peat 
extraction drainage ditches in the edges of quarries 
are still functioning and are affecting the hydrological 
regime of the raised bog. As a result of more than fifty 
years drainage, the peat decomposition is elaborated; 
more active compaction takes place and invaded 
vegetation comes in raised bogs. Peat extraction has left 
significant amounts of degraded areas and territorially 
separated the Zalais bog and Caukciems bog domes. 
Peat pits sites are developed as two water reservoirs 
of Zalais bog (Purmalis, 2014). The water level in the 
peat layer of natural part of Zalais bog is only slightly 
below the bog surface and is characterized as normal 
raised bog water level regime. Two peat pit and ditch 
drainage systems with a run off to Slocene River and 
the Baltic Sea significantly influence bog hydrological 
regime (Purmalis, 2014).

In literature, we can find several studies of affected 
peatlands, but there is limited knowledge about former 
mining quarries effects to hydrological regimes in 
raised bogs. The aim of this research is to identify the 
distance of disturbed hydrological regime of raised 
bogs affected by block-cut peat extraction fields. 

Materials and Methods
Zalais Bog

The research was performed in the Zalais bog 
near Kemeri National Park nature reserve, around 
3.5 km east from Smarde village in Latvia. It covers 

an area of 1,586 ha, most of them (1,047 ha) are 
occupied with raised bog, transition mire takes 286 
ha and minerotrophic mire - 253 hectares. Raised bog 
maximum peat layer thickness is 6 m, the average 
depth of the peat layer is approximately 3.3 m. In 
100 ha of Zalais bog area from 1950 to 1960 the 
drainage and peat extraction works were performed. 
A peat extraction quarry was developed there, and 
the western part of the bog was drained. The drainage 
flow was redirected to Smirdgravis (Sera gravis), 
which discharges in the Slocene river. A block-
cut peat extrac tion method with having two peat 
excavation pits and water pumping station was used. 
Peat was extrac ted in two pits with a length of 2.35 
km and 1.20 km and a width of 120 m and 130 m 
respectively (Fig. 1). In 1960, peat extraction works at 
Zalais bog were interrupted and the area included into 
the Kemeri resort sanitary protection zone, because of 
hydrogen sulphide minerals formation process under 
Zalais bog peat layer. Currently, drainage ditches with 
the length of ~300 m each are functioning around 
water reservoirs. Although there are monitoring wells 
in edges of water reservoirs, hereby we analyze only 
hydrological regimes in the bog part without drainage 
ditches (direction of south-east).

Data collecting
In the territory, six chemically inactive perforated 

PVC monitoring  wells with the length of 2 m and 

Figure 1. Location of Zalais Bog and water level monitoring points.
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diameter of 50 mm were established. Additional 
points of study in peat quarry pond were established. 
Hydrological monitoring data were collected with the 
frequency of each 30 minutes by using Mini-Diver 
data loggers with barometric diver to compensate 
fluctuations of atmosphere pressure. Data treatment 
was performed by using Diver-pocket software.

Results and Discussion
Research field was affected by peat mining and 

establishment of drainage ditches. Drainage system 
during past 60 years was working extremely well and 
now around water reservoirs there are functioning 

drainage ditches with length ~300 m each. Final 
succession of vegetation (mostly birches, shrubs, 
marsh tea) is established that is not corresponding 
to typical raised bog vegetation. Moreover, upper 
peat layers are decomposed and compressed and 
natural renewal of raised bog in this scenario is not 
prospective. First of all, a forest has already formed 
there, the drainage system is still operating; however, 
hydrogen sulphide under the peat layer is forming. 
In this particular case, it causes lar ge problems as 
during restoration we should prevent infiltration 
of oxygenated groundwater. During block-peat 
excavation peat producers have excavated peat down 

Figure 2. The scheme of monitoring wells and relative heights of water level peat quarry.

Figure 3. The groundwater fluctuation and precipitation daily rates.
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to the sandy bottom. In between this contact zone 
water conductivity increases up to 1618 µS cm -1 and 
pH level to 6.1 disturbing development of sphagnum 
mosses. Additionally affected territory by these 
drainage ditches has unknown effects to hydrological 
regime in relatively undisturbed part of bog (direction 
of south-east), where there are no drainage ditches, 
but major influence to undisturbed bog part could be 
form water reservoir , especially, taking into account 
differences of absolute altitude  to bog surface and 
water reservoir (Fig. 2). 

Groundwater level fluctuation dependence on 
rainfall over the trial period from 1 February 2013 to 
31 January 2014 is shown in Fig. 3. It can be concluded 
that the groundwater level fluctuations are closely 
dependent on rainfalls and dominant evaporation 
from bog surface rather than run-of f through active 
layer, because even af fected water reservoir shows 
lower response to precipitation . Of course, in this 
case water reservoir water level fluctuations cannot be 

same as bog surface, as the water regime is completely 
different in bogs in comparison to water reservoirs. 
Monitoring well No. 6 represents results of natural 
hydrological regime for the bog with a fluctuation 
margin of ± 0.27 m.

To improve understanding of groundwater level 
fluctuations in the period of time, we analysed 
annual data with the boxplot diagram (Fig.4.). From 
the boxplot chart we can conclude that the quarry 
has af fected hydrological regime with gradually 
decreasing effect in the next few wells (No. 1; 2; 3; 
4) where a wider asymmetric statistical distribution 
of water  levels is represented. The boxplot diagram 
clearly identifies the area with affected hydrological 
regime with directly detectable influence of the quarry 
to the fourth monitoring well (Fig. 2.).

Paired samples Mann-Whitney (Lehmann, 1975) 
(Table 1) was used to determin e average differences 
among monitoring points with control point (well 
no.6) and their correlation to chosen control point  

Figure 4. The yearly water level fluctuations in monitoring wells.

Table 1 
Paired samples Mann-Whitney test results between pairs of monitoring wells in Zalais Bog

Pair Mean difference Std. Deviation Std. Error Mean
Pair 1(Well 7 and Well 6) 2.09136* 0.04737 0.00204
Pair 2 (Well 1 and Well 6) 1.37566* 0.11459 0.00493
Pair 3 (Well 2 and Well 6) 1.12282* 0.13558 0.00583
Pair 4 (Well 3 and Well 6) 0.88925* 0.08236 0.00354
Pair 5 (Well 4 and Well 6) 0.73739* 0.05902 0.00305
Pair 6 (Well 5 and Well 6) 0.34342* 0.02270 0.00098

*-p<0.05
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(well no.6). Similarities in disturbances in  
hydrological regimes can be seen in boxplot diagram 
and paired samples Mann-Whitney as well as 
approved by correlations between pairs of monitoring 
wells (Fig. 5). Correlation between couples of wells 
shows that the control point (no. 6) located further 
away from the peat quarry has a weaker link with 
the other monitoring wells, showing relatively 
undisturbed conditions of water regime. Mean water 
level fluctuation in monitoring wells decreases with 
the distance from water reservoir , and statistically 
the mean value of variable per meter changes around 
122 m from the water reservoir. It means that the peat 
quarry impact on hydrological regime of undisturbed 
bog falls from around 122 m distance in Zalais Bog 
case.

Conclusions
Lately there is an increasing number of restoration 

activities for bog ecosystems as well as increased 
knowledge gained on restoration activities and 
hydrological regimes in bogs, sensitivity of these 

systems. Quality of biotopes and hydrological regimes 
for whole bog catchment basins are influenced 
additionally to greenhouse gas emissions due to 
economic activities. Nevertheless, similarities in 
various bog ecosystems there can be identified also 
plethora of differences, e.g., in Zalais Bog. There are 
significant differences in groundwater levels, type of 
vegetation, peat density and decomposition degree in 
undisturbed bog dome and edges of water reservoir . 
Even further away from explored bog areas, also in 
an undisturbed bog we can detect influenced water 
regimes, which remain af fected by gravity forces 
due to the eleva tion of bog surface in comparison to 
the water reservoir. The decreasing influence can be 
identified up to 122 m from water reservoir. 
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Abstract
Results of various studies show that the most prevailing risk factors on workers of agricultural sector are noise and 
vibration. These hazards are especially important in transportation and most field works. Results from previous studies 
show that vibro-acoustic environment in tractors operated in Lithuania usually cannot be attributed as acceptable, but 
technical solutions implemented by manufacturers had definitely positive influence on working conditions. Noise 
level reduced from 90 dB(A) (tractors of 1980 – 1990 years of manufacture) to 73 dB(A) (tractors manufactured from 
year 2000). As renewal of tractors is not sufficient, there is still a large number of old machinery i.e. noise levels might 
be as high as 92 dB(A) which allows to work safely only one hour per day without personal protection. It was found 
that values of whole body vibration (WBV) during ploughing operation might be as high as 1.5 m∙s-2 which excess 
the vibration limit value of 1.15 m·s-2, while hand-arm vibration (HAV) did not exceed the vibration action value 
of 2.5 m·s-2. Significant effect of tyre pressure was noticed on vibration values measured on driver’s seat. Vibration 
acceleration values may be reduced to safe 0.5 m·s-2 by selecting appropriate tyre pressure. 
Key words: Tractor, noise, vibration, noise exposure, vibration exposure.

Introduction
Agriculture is attributed to one of the most 

risky economic activity sectors. Lar ge number of 
occupational injuries and diseases are diagnosed to 
operators of tractors and combine harvesters in various 
countries. The most common risk factors in tractor 
cabs are noise, vibration and dust. According to the 
results obtained by Spirgys and Vilkevičius, 70% of 
work accidents occur because of incorrect operators’ 
actions or inappropriate work organization. More than 
70% of all occupational diseases are diagnosed to the 
operators of various mobile machinery, which are 
usually caused by high levels of noise and vibration 
(Spirgys et al., 2008). Research findings provided by 
Melemez & Tunay (2010) show that noise and vibration 
levels at tractor cabs are mostly influenced by a tractor 
type, exploitation duration and operating conditions. 
Technical solutions used for cab noise insulation 
and vibro-isolation as well as tyre pressure and soil 
conditions are also influencing factors. Construction 
of tractor cab depends mostly on technology, which 
means that modern machinery offers better working 
conditions (Melemez & Tunay, 2010). Futasuka 
provides the results of 10 tea plucking machines and 
their WBV effects on workers in Japan. 68.6% of 
these workers have complaints manifesting as stif f 
shoulders syndrome, while 31.4% are complaining 
about backache (Futasuka et al., 1998). 

Research results provided by Strelkauskis, 
Merkevičius & Butkus (2012), reveal the fact that 
WBV might be 1.38 times higher for used machinery 
in comparison to modern tractors when driving on 
gravel road at speed of 7.5 km∙h-1. Similar results 
were also presented in the study of Starkus & Butkus 
(2010) and Butkus & Vasiliauskas (2013), where they 
found that noise levels in cabs of old tractors might 
exceed the exposure action values. Their results 

also revealed that noise levels might be as high as 
95 dB(A) in tractors, manufactured around 1980. 
Such machinery  constitutes approx. 50% of tractors 
operated in Lithuania.

The EU Directive 2003/10/EC regulates the 
minimum health and safety requirements to workers 
arising from noise. Limit values and exposure action 
values in respect of the daily noise exposure levels 
(LEX, 8h) and peak sound pressures (ppeak) are fixed at:

a) peak sound pressure ( ppeak): maximum value of 
the C-weighted instantaneous noise pressure;

b) daily noise exposure level (LEX,8h) for a nominal 
eight-hour working day as defined by ISO 1999:2004;

c) weekly noise exposure level as a time-weighted 
average of the daily exposure levels for 5 working 
days.

The exposure limit values and exposure action 
values in respect of the daily noise exposure levels 
and peak sound pressure (LC,peak ) are fixed at:

•	 Exposure limit values: LEX,8h = 87 dB(A), ppeak 
= 200 Pa, LC,peak = 140 dB(C);

•	 Upper exposure action values: LEX,8h = 
85 dB(A), ppeak = 140 Pa, LC,peak = 137 dB(C);

•	 Lower exposure action values: LEX,8h = 
80 dB(A), ppeak = 120 Pa, LC,peak =135 dB(C).

Vibration exposure values according to EU Directive 
2002/44/EC (Directive 2002/44/EC, 2002) are as  
follows:
Hand arm vibration:

•	 Exposure limit value (EL V) calculated for 8  
hours: A(8)≤5 m∙s-2;

•	 Exposure action value (EAV) A(8)≤2.5 m∙s-2.
Whole body vibration:

•	 ELV: 1.15 m s-2 or vibration dose of 21 m∙s -1.75;
•	 EAV: 0.5 m s-2 or vibration dose of 9.1 m∙s -1.75.
Aim of the work was to investigate noise and 

vibration levels in agricultural tractors and to 
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determine exposure levels and provide safe work 
recommendations.

Materials and Methods
Results obtained in this study were gathered by 

several stages. Tendencies of noise level were derived 
from 30 agricul tural tractors, while vibration values 
were collected from 10 tracto rs. All tractors were 
manufactured over the time period 1980 – 2013. 
Detailed measurements of noise and vibration were 
carried out in five wheeled tractors (three of them were 
made over 2006 – 2012 period and two – 1988 – 1999) 
which were: Massey Fer guson 6480  (manufactured 
in 2008, 1900 moto hrs.), Claas Atles 926 RZ (2006, 
2100 hrs.), Belarus 920.4 (2012, 860 hrs.), T–150K 
V8 (1988, 6860 hrs.) and New Holland 8870 (1999, 
9200 hrs.).

Noise level measurements and exposure 
calculations were carried out according to the 
requirements of international standard ISO 9612. 
Noise level measurements in tractor cabs were 
done by using first class sound pressure level meter 
DELTA OHM HD-2010. Parameters, such as 
continuous equivalent A-weighted sound pressure 
level (LA,eq), equivalent C-weighted sound pressure 
(LC,eq) and peak C-weighted sound pressure level 
(LC,peak) were measured. Measurements were carried 
out in the tracto rs’ cabs when all doors and windows 
were closed. Position of the measurement microphone 
was at the driver ’s ear level approx. 100 mm from 
the ear . Tractor crankshaft rotation frequency was 
1500 – 1800 min -1 and the driving speed was 7.5 
km∙h-1. Noise and vibration measurements were 
carried out on asphalt paving, while detailed analysis 
and noise exposure calculations were done from 
the measurement results which were carried out on 
gravel paving and ploughing operations. Duration of 
noise level measurements was at least 60 s and the 
measurements were repeated three times. Results of 
noise levels are presented as arithmetic average and 
standard deviation. Noise exposure was calculated as 
follows:

    

Aim of the work was to investigate noise and vibration levels in agricultural tractors and to determine 
exposure levels and provide safe work recommendations. 
 
Materials and Methods

Results obtained in this study were gathered by several stages. Tendencies of noise level were derived from 
30 agricultural tractors, while vibration values were collected from 10 tractors. All tractors were manufactured 
over the time period 1980 – 2013. Detailed measurements of noise and vibration were carried out in five wheeled 
tractors (three of them were made over 2006 – 2012 period and two – 1988 – 1999) which were: Massey 
Ferguson 6480 (manufactured in 2008, 1900 moto hrs.), Claas Atles 926 RZ (2006, 2100 hrs.), Belarus 920.4 
(2012, 860 hrs.), T–150K V8 (1988, 6860 hrs.) and New Holland 8870 (1999, 9200 hrs.). 

Noise level measurements and exposure calculations were carried out according to the requirements of 
international standard ISO 9612. Noise level measurements in tractor cabs were done by using first class sound 
pressure level meter DELTA OHM HD-2010. Parameters, such as continuous equivalent A-weighted sound 
pressure level (LA,eq), equivalent C-weighted sound pressure (LC,eq) and peak C-weighted sound pressure level 
(LC,peak) were measured. Measurements were carried out in the tractors’ cabs when all doors and windows were 
closed. Position of the measurement microphone was at the driver’s ear level approx. 100 mm from the ear. 
Tractor crankshaft rotation frequency was 1500 – 1800 min-1 and the driving speed was 7.5 km∙h-1. Noise and 
vibration measurements were carried out on asphalt paving, while detailed analysis and noise exposure 
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Results and Discussion
Equivalent A-weighted sound pressure ( LA,eq) and 

C-weighted peak (LC,peak) levels  of 30 tractors were 
divided into three categories by manufacturing year. 
Tendencies in noise levels are shown in Figure 1.

As shown in Figure 1, technical modernization 
and manufacturing quality had significant influence 
on noise levels which reduced from 92 dB(A) 
(manufacturing period of 1980 – 1990) to 73 dB(A) 
(manufacturing period of 1991 – 2000). These results 
were obtained by using the methodology ,which 
complies with the requirements of EU Directive 
2009/76/EC.

Measured noise levels LA,eq and LC,peak are presented 
in Figure 2 for ploughing and transportation (on 
gravel paving). Maximum A-weighted SPL registered 
in tractors was as high as 92.3 dB(A) in transport and 
89.7 dB(A) when ploughing. This means that 8 hour 
exposure would exceed the exposure limit value of  
87 dB(A). Lowest noise levels were found 74.2 dB(A) 
in transport operations and 71.5 dB(A) in ploughing. 
Considering the fact, that LEX,8h should not exceed  
80 dB(A) it is recommended to shorten work duration 

or to use hearing protection. Exposure durations 
to reach the exposure of 80 dB(A) for five different 
tractors are presented in Table 1.

Average WBV and HAV acceleration values are 
shown in Figure 3.

Hand-arm vibration acceleration values changed 
from 0.81 m·s-2 to 2.28 m·s -2 and did not exceed the 
action value of 2.5 m·s-2. Maximum WBV acceleration 
value was 1.4 m·s -2, while it was slightly lower in 
other cabs. Special attention must be given to if the 
work duration is full work shift, i.e. 8 hours. This 
would exceed the vibration action value of 0.5 m·s -2 
and in 2 tractors  would exceed vibration limit value 
of 1.15 m·s-2 and in one tractor exposure level close to 
1.15 m·s-2. Values of vibration exposure are presented 
in Table 1 and these results show that noise exposure  
action value of 80 dB(A) or vibration action value of  
0.5 m∙s-2 is reached over 1 or 2 hours of operation when  
used old tractors are exploited.

Noise exposure might be reduced to acceptable 
level by using personal protection, meanwhile 
reduction of vibration and its effects on operators is 
complicated. One of the most effective and practicable 
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Figure 3. Average values of WBV and HAV in tractor cabs when driving on gravel road (a) and ploughing (b). 

Hand-arm vibration acceleration values changed from 0.81 m·s-2 to 2.28 m·s-2 and did not exceed the action 
value of 2.5 m·s-2. Maximum WBV acceleration value was 1.4 m·s-2, while it was slightly lower in other cabs. 

y = -9.7x + 99.3
R² = 0.89

y = -10.3x + 123.77
R² = 0.90

40

50

60

70

80

90

100

110

120

1  (1980–1990) 2 (1991–2000) 3  (2001–2013)

So
un

d 
pr

es
ur

e 
le

ve
l d

B

Period

LA, eq Lc, peak

50

60

70

80

90

100

110

So
un

d 
pr

es
ur

e 
le

ve
l, 

dB

Ploughing Transport

LA, eq Lc, peak LA, eq Lc, peak

0

1

2

3

4

5

A
cc

el
er

at
io

n,
 m

·s-2 WBV HAV

0.0

0.5

1.0

1.5

2.0

A
cc

el
er

at
io

n,
 m

·s-2 WBV HAV

Figure 1. Tendencies of LA,eq and LC,peak sound pressure levels according to manufacturing year.

Equivalent A-weighted sound pressure (LA,eq) and C-weighted peak (LC,peak) levels of 30 tractors were divided 
into three categories by manufacturing year. Tendencies in noise levels are shown in Figure 1.

Figure 1.Tendencies of LA,eqand LC,peaksound pressure levels according to manufacturing year.

As shown in Figure 1, technical modernization and manufacturing quality had significant influence on noise 
levels which reduced from 92 dB(A) (manufacturing period of 1980–1990) to 73 dB(A) (manufacturing period 
of 1991–2000). These results wereobtained by using the methodology,which complies with the requirements of 
EU Directive 2009/76/EC.

Measured noise levels LA,eqand LC,peakare presented in Figure 2for ploughing and transportation (on gravel 
paving). Maximum A-weighted SPL registered in tractors was as high as 92.3 dB(A) in transport and 
89.7 dB(A)when ploughing. This means that 8 hour exposure would exceed the exposure limit value of 87 
dB(A). Lowest noise levels were found 74.2 dB(A) in transport operations and 71.5 dB(A)in
ploughing.Considering the fact, that LEX,8h should not exceed 80 dB(A) it is recommended to shorten work 
duration or to use hearing protection. Exposure durations to reach the exposure of 80 dB(A) for five different 
tractors are presented in Table 1.

Figure 2. LA,eqand LC,peaknoise levels in tractor cabs for ploughing and transportation.

AverageWBV and HAVacceleration values are shown in Figure 3.

a) b)
Figure 3. Average values of WBV and HAV in tractor cabs when driving on gravel road (a) and ploughing (b).

y = -9.7x + 99.3
R² = 0.89

y = -10.3x + 123.77
R² = 0.90

40

50

60

70

80

90

100

110

120

1  (1980–1990) 2 (1991–2000) 3  (2001–2013)

So
un

d 
pr

es
ur

e 
le

ve
l d

B

Period

LA, eq Lc, peak

50

60

70

80

90

100

110

So
un

d 
pr

es
ur

e 
le

ve
l, 

dB

Ploughing Transport

0
1
2
3
4
5

A
cc

el
er

at
io

n,
 m

·s-2 WBV HAV

0,0

0,5

1,0

1,5

2,0

A
cc

el
er

at
io

n,
 m

·s-2

WBV HAV

Equivalent A-weighted sound pressure (LA,eq) and C-weighted peak (LC,peak) levels of 30 tractors were divided 
into three categories by manufacturing year. Tendencies in noise levels are shown in Figure 1.

Figure 1.Tendencies of LA,eqand LC,peaksound pressure levels according to manufacturing year.

As shown in Figure 1, technical modernization and manufacturing quality had significant influence on noise 
levels which reduced from 92 dB (A) (manufacturing period of 1980–1990) to 73 dB(A) (manufacturing period 
of 1991–2000). These results wereobtained by using the methodology,which complies with the requirements of 
EU Directive 2009/76/EC.

Measured no ise le vels LA,eqand LC,peakare p resented in Figure 2 for ploughing and transportation (on gr avel 
paving). Maximum A -weighted S PL registered i n t ractors was as high as 9 2.3 dB (A) i n tr ansport a nd 
89.7 dB(A)when ploughing. T his m eans th at 8  hou r e xposure would e xceed t he e xposure lim it v alue of  87 
dB(A). L owest n oise le vels w ere f ound 74 .2 dB(A) i n t ransport ope rations a nd 71.5 dB (A)in
ploughing.Considering th e fact, th at LEX,8h should n ot e xceed 8 0 dB (A) it i s r ecommended t o s horten w ork 
duration or  to use hearing protection. Exposure durations to reach the exposure of 80 dB(A) for five different 
tractors are presented in Table 1.

Figure 2. LA,eqand LC,peaknoise levels in tractor cabs for ploughing and transportation.

AverageWBV and HAVacceleration values are shown in Figure 3.

a) b)
Figure 3. Average values of WBV and HAV in tractor cabs when driving on gravel road (a) and ploughing (b).

y = -9.7x + 99.3
R² = 0.89

y = -10.3x + 123.77
R² = 0.90

40

50

60

70

80

90

100

110

120

1  (1980–1990) 2 (1991–2000) 3  (2001–2013)

So
un

d 
pr

es
ur

e 
le

ve
l d

B

Period

LA, eq Lc, peak

50

60

70

80

90

100

110

So
un

d 
pr

es
ur

e 
le

ve
l, 

dB

Ploughing TransportLA, eq Lc, peak LA, eq Lc, peak

0
1
2
3
4
5

A
cc

el
er

at
io

n,
 m

·s-2 WBV HAV

0,0

0,5

1,0

1,5

2,0

A
cc

el
er

at
io

n,
 m

·s-2

WBV HAV

Figure 2. LA,eq and LC,peak noise levels in tractor cabs for ploughing and transportation.
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solutions might be tyre pressure reduction. Vibration 
acceleration values and time history (passing the same 
distance and time of 40  s) of acceleration values at 
different tyre pressures (2.6 and 0.8 bar) are presented 
in Figure 5.

As seen in Figures 4 and 5, tyre pressure decrease 
has a significant effect on vibration values, which 
might decrease by 0.5 m∙s-2 when comparing the case 
1 (2.6 bar) and 7 (0.8 bar). Vibration dose VDV(8) 
analysis show similar results, as vibration dose 
reduced from 43.8 m∙s-1.75 to 25.1 m∙s-1.75 and from 
28.5 m∙s-1.75 to 19.0 m∙s-1.75 respectively for different 
test objects.

Results presented in this study clearly show the 
necessity to perform risk assessment arising from 
noise and vibration in the workplaces of machine 
operators. Farmers should also consider either the use 
of personal protection or any or ganizational changes 
in order to reduce the negative effects of noise and 
vibration in agriculture.

Conclusions
1. Results of noise measurement in tractor cabs 

of dif ferent manufacturing year revealed that 
technical development of tractor cabs had a 
significant effect on noise level, which decreased 

Equivalent A-weighted sound pressure (LA,eq) and C-weighted peak (LC,peak) levels of 30 tractors were divided 
into three categories by manufacturing year. Tendencies in noise levels are shown in Figure 1. 
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Figure 3. Average values of WBV and HAV in tractor cabs when driving on  
gravel road (a) and ploughing (b).

Table 1
Durations to reach exposure lower value of noise and action value of vibration (LA, eq / aw) in ploughing

Tractor 1 2 3 4 5
LA, eq / aw  74 / 1.12 72 / 0.96 72 / 1.25 90 / 0.99 83 / 1.48

t, H:MM >8:00 / 1:30 >8:00 / 2:10 >8:00 / 1:18 0:48 / 2:00 4:00 / 0:55

Figure 4. Time history of whole body vibration acceleration values at different tyre pressures 
(peak Max is the above curve in all cases).
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from 90 dB(A) (manufacturing year 1980 – 1990) 
to 73 dB(A) for newer machine ry (the year 2000 
and later).

2. Noise measurement results carried out in the 
cabs of tractors Massey Fer guson 6480, Claas 
Atles 926 RZ, T–150K, Belarus  920.4 and New 
Holland 8870 during ploughing and transportation 
operations show that noise levels were in the range 
from 71.5  dB(A) to 92.3  dB(A). Safe working 
conditions with exposure value of less than 80 
dB(A) are satisfying when working duration is 
30 min (when LA,eq=92 dB(A)) and 4 hrs. (when 
LA,eq=83 dB(A)).

3. Results of whole body vibrati on measurements 
during ploughing operations show that vibration 
acceleration values varied from 0.96 m·s-2 to 
1.48 m·s -2, which means that action value of 
0.5 m·s-2 was exceeded in all tractors when work 
shift duration is 8 hours. Exposure limit value of 
1.15 m·s-2 was exceeded in two tractors. Hand-arm 
vibration action value was not exceeded in any 
case. 

4. Tyre pressure decrease from 2.6 to 0.8 bar 
significantly influence whole body vibration, 
which was reduced on average by 0.5 m·s-2 while 
vibration dose value was reduced by one third.

Special attention must be given to if the work duration is full work shift, i.e. 8 hours. This would exceed the 
vibration action value of 0.5 m·s-2 and in 2 tractors would exceed vibration limit value of 1.15 m·s-2 and in one 
tractor exposure level close to 1.15 m·s-2. Values of vibration exposure are presented in Table 1 and these results 
show that noise exposure action value of 80 dB(A) or vibration action value of 0.5 m∙s-2 is reached over 1 or 2 hours of 
operation when used old tractors are exploited. 

Table 1 

Durations to reach exposure lower value of noise and action value of vibration (LA, eq / aw) in ploughing

Tractor 1 2 3 4 5
LA, eq / aw 74 / 1.12 72 / 0.96 72 / 1.25 90 / 0.99 83 / 1.48 
t, H:MM >8:00 / 1:30 >8:00 / 2:10 >8:00 / 1:18 0:48 / 2:00 4:00 / 0:55 
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Figure 5. Dependence of WBV acceleration (a) and dose (b) to tyre pressure. 
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Abstract
The aim of the article is to ascertain the interaction between weather conditions and electric energy consumption 
in the Latvia household. The electric energy consumption data in the Saurieši village, Riga region, Latvia, for the 
year 2012 were collected, and the climate data for the same period including the duration of the sun-shine, ambient 
air temperature, precipitation intensity, and wind speed were obtained. The research hypothesis that there is strong 
relation between weather conditions and electric energy consumption was proved partially – there is rather strong 
correlation between household electric energy consumption and air temperature (r = 0.91), and medium correlation 
between household electric energy consumption and precipitation (r = 0.61), as well as between household electric 
energy consumption and duration of the sunshine (r = 0.67).
Correlation found between weather conditions and electric energy consumption in the household allows to forecast 
the trends in energy consumption based on weather measurements, and even to use the weather forecasts for electric 
energy future demand trends development. The equations developed explain the household ener gy consumption 
patterns in Latvia with its geographical location and economic conditions, but the methodology developed can be 
applied for any region if  necessary data are available.
Key words: electric energy consumption, weather impact, ambient air temperature, duration of sunshine, precipitation, 
wind speed, seasonal changes.

Introduction
New electric energy supply line development 

is rather complicated task, because of several 
factors influencing the final decision. One of them 
is electric power consumption regularity – if power 
consumption fluctuates, the electricity supply line 
must be established at the maximum power level. The 
main question for power line designer is – when to 
acquire the energy consumption data which will be 
used for the calculations. The same problem arises 
for elec tric energy producer – it would be nice to 
have possibility to forecast electricity consumption 
beforehand. In order to ease the life for both electric 
net designers and electricity suppliers, it was decided 
to find out, how the weather conditions influence the 
power consumption. If there is a clear trend observed, 
then this relation can be used for power consumption 
forecasts.

Common sense tells us that electric appliances use 
is somehow – directly or indirectly, linked to external 
conditions, especially to the weather conditions 
outside of a human being living space. One can 
call electricity as the supplier of the comfort in the 
household, because almost all devices used in the 
kitchen, living room or bedroom (lighting appliances 
– lamps, communication devices – phones, computers 
with internet connection, entertainment devices – TV 
and radio sets, processing devices – mixers, microwave 
and convenient ovens, grinders and cookers, etc.) use 
electric power, and they increase comfort level.  At 
the same time current living standards state that lack 
of these devices will be recognized as discomfort, and 
almost inappropriate conditions for living.

Geographic location on the globe sets specific 
conditions for weather – there are countries and 

states, where the average annual temperatures are well  
above 0 °C, at the same time lar ge part of mankind is 
living in the conditions where there are four dif ferent 
seasons – dark winter, which is cold and snowy, 
spring with rising temperatures and high precipitation, 
sunny, dry and rather hot summer, and windy and wet 
autumn. These conditions lead to different patterns in 
electric appliances use in household, which could be 
revealed. 

If trends in electric energy use have substantial 
correlation with weather conditions, this can help 
electric energy suppliers and producers to forecast 
consumption, and thus or ganize and manage 
production of electric energy, which at the end will 
lead to much more stability in energy supply. 

Previous research (Jakusenoks & Laizans, 2015b)
substantially raising the electric energy consumption 
in private sector. On other hand, serious technological 
developments like luminescent (fluorescent also 
revealed that the number and variety of electric 
appliances used in Latvia household have been 
increasing substantially within the last decade, 
which leads to serious changes in electricity supply 
grid operation quality and efficiency. Power factor 
is particularly affected by this trend, and any result 
which could support energy consumption forecasting 
would also lead to more efficient quality management 
in the electric grid.

Current power factor forecasting model developed 
(Jakusenoks & Laizans, 2015)and the research 
revealed that the power facto r there has visually 
recognizable repeated daily (day/night allows to 
describe the dependence of power factor from the time 
period during the year only by 86 %. If substantial 
correlation with other factors besides date in the 
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calendar will be revealed, the power factor forecasting 
quality could also be improved. 

Human behavior is being affected by seasonality - 
if it is cold and dark, people will rather stay home, and 
use lot of energy to provide heat and light (inside and 
outside lights – to reduce darkness depression). Rainy 
and windy conditions can also increase household 
energy consumption – because of drying and house 
heating needs. While staying at home people will 
more extensively use local entertainment devices (TV, 
radio, etc.,) and use kitchen appliances to prepare food 
and drinks. As the opposite – when days are sunny and 
hot, people tend to get out of their houses, and try to 
spend as much as possible time having rest near water.

Research shows that people feel comfortably when 
the room temperature is 19 – 22 °C (winter period) and  
22 – 25 °C (summer period) – values established 
by bioener getics processes in the human body and 
thermodynamic heat exchange between the human 
body and extern al environment (Dwyer , 2007). The 
temperature level, which is recognized by human 
body as neither cold nor hot, is 23 – 24 °C, (‘Human 
Comfort and Health Requirements,’ n.d.).

Extensive use of electric ovens is one of the 
reasons for substantial increase in household electric 
energy consumption – data of Latvia Central Statistic 
Bureau for 2010 show that electric ovens and other 
food processing appliances (18.7% of all electric 
devices used at home) consumed 1 1.4% from total 
annual household electric energy (Latvia Central 
Statistical Bureau, n.d.-a), but 79.5% of electric 
energy were used to produce comfortable temperature 
at home – for heating and conditioning (‘Types of 
energy resource consumption (%),’ n.d.). 

Materials and Methods
The research and data collection took place in 

Latvia – a country with wide set of weather conditions, 
which is growing its electric energy consumption in 
the household sector, but still is rather far from EU 
average annual electric energy consumption, because 
of economic conditions.

The research object chosen was the village 
Saurieši, which is located in Riga county, Latvia. This 
village is a private individual and multistore house 
area, inhabited by people working nearby and in Riga 
city. Economic conditions of the inhabitants are rather 
homogenous, with above-the-average income and 
medium class living conditions , which have also a 
particular set of household electric appliances. 

Some of common features for this environment are 
the following:
•	 Set of electric appliances rather homogenous;
•	 There is a variety of house design used in Saurieši, 

and the insulation/heat losses level fluctuates from 
house to house substantially;

•	 No particular household behavior trends are 
recognized in Saurieši;

•	 Although this might be the fact that dif ferent 
people have different comfort settings, the average 
behavior trends do not dif fer from the behavior 
of people from other Latvia regions with similar 
economic conditions too much;

•	 Results revealed  can be adapt ed to the ener gy 
consumption trends in other villages in the 
countryside of  Latvia.
Electric energy consumption data for the village 

Saurieši were collected from the commercial electric 
energy measuring and counting device belonging to 

 

Figure 1. Electrical energy consumption in calendar seasons. 
 

Weather data obtained were presented graphically in order to make visual observation of trend and correlation 
presence between different weather conditions. Monthly based sun shining duration and air temperature is 
presented in Fig. 2, showing common trends of temperature and sunshine over the year.  

 

Figure 2. Sunshine duration and air temperature monthly data, 2012. 
 

Statistical analysis revealed rather strong positive correlation, which was calculated for these two variables - r = 
0.76, which means that 76% of air temperature changes can be described by the sunshine duration at a particular 
month of the year (Table 1). As the Sun is the main energy supplier to the Earth in general, this positive 
correlation makes sense. Variations in this relation can be described by local temperature changes due to air 
mass movement from North and South. 
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Figure 2. Sunshine duration and air temperature monthly data, 2012.

JSC ‘Sadales tīkls’ using the automatic electric energy 
counting system and particular data reading and 
collecting device. Electric energy consumption data 
with time step 10 minutes were obtained.

Weather data (monthly air temperature, 
precipitation, sun shining time, and air moisture 
content) for the year 2012 were used in this research, 
because the available weather conditions were 
available for this year (Latvia Central Statistical 
Bureau, n.d.-b).

Results and Discussion
Electric energy consumption data were divided in 

four parts based on annual seasonality (‘Gadskartas 
(Anniversary),’ n.d.) – spring, summer, fall and winter 
(Fig.1). Visual graphical data analysis revealed that 
there is a substantial difference in energy consumption 
between these time periods. Also, colder the season, 
more ele ctric energy consumption took place in the 
village Saurieši.

Weather data obtained were presented graphically 
in order to make visual observation of trend and 

correlation presence between dif ferent weather 
conditions. Monthly based sun shining duration and air 
temperature is presented in Fig. 2, showing common 
trends of temperature and sunshine over the year. 

Statistical analysis revealed rather strong positive 
correlation, which was calculated for these two 
variables - r = 0.76, which means that 76% of air 
temperature changes can be described by the sunshine 
duration at a particular month of the year (Table 1). 
As the Sun is the main ener gy supplier to the Earth 
in general, this positive correlation makes sense. 
Variations in this relation can be described by local 
temperature changes due to air mass movement from 
North and South.

Average (medium strong) negative correlation  
(r = -0.617) was revealed between air temperature  
and precipitation intensity. This can be described 
by the fact that snowfalls take place at temperatures 
below zero, and strong rains – in spring and fall, 
as well as in summer , so this could not be revealed 
by statistical analysis as a positive relation between 
temperature and precipitation.

Table 1
Weather data and electrical consumption data correlation

   Electrical energy 
consumption, kWh per 

month

Air temperature, 
°C

Precipitation, 
monthly sum, mm

Sun shining 
duration, monthly 

sum, h
Electrical energy 
consumption, kWh per month

1

Air temperature, °C -0.875 1

Precipitation, monthly sum, 
mm

-0.617 0.609 1

Sun shining duration, 
monthly sum, h

-0.670 0.755 0.210 1
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Medium strong negative correlation (r = -0.57) 
was revealed between air temperature and relative 
air humidity – with increase in air temperature air 
humidity decreases (result not included in Table 
1). This is usual condition in Latvia in summer, but 
this correlation does not describe the air humidity 
decrease in cold winter days, so this relation should be 
researched more deeply, and was not analyzed further 
in this article. The same was found for wind speed and 
electric energy consumption in the household. 

The trend-line describing the relation between 
sunshine duration and ambient air temperature is 
presented in Fig. 3. This is linear regression – with the 

increase in sunshine duration ambient air temperature 
increases.

Monthly changes in electric energy consumption 
and air tempera ture (Latvijas vides, geologijas un 
meteorologijas centrs (Latvian Environment, n.d.) are 
presented in Fig.4. Visual analysis reveals negative 
correlation, and statistical data analysis proves this 
hypothesis - r = -0.875, showing a strong negative 
correlation.

Trend line and the equation describing electric 
energy change based on air temperature change is 
presented in Fig.5.

Weather data and electrical consumption data correlation

    Electrical energy 
consumption, 
kWh per month 

Air 
temperature, 
°C 

Precipitation, 
monthly sum, 
mm 

Sun shining 
duration, 
monthly sum, h 

Electrical energy 
consumption, kWh per 
month 

1    

Air temperature, °C -0.875 1   
Precipitation, monthly 
sum, mm 

-0.617 0.609 1  

Sun shining duration, 
monthly sum, h 

-0.670 0.755 0.210 1 
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a positive relation between temperature and precipitation. 
Medium strong negative correlation (r = -0.57) was revealed between air temperature and relative air humidity – 
with increase in air temperature air humidity decreases (result not included in Table 1). This is usual condition in 
Latvia in summer, but this correlation does not describe the air humidity decrease in cold winter days, so this 
relation should be researched more deeply, and was not analyzed further in this article. The same was found for 
wind speed and electric energy consumption in the household.  
The trend-line describing the relation between sunshine duration and ambient air temperature is presented in Fig. 
3. This is linear regression – with the increase in sunshine duration ambient air temperature increases. 
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Monthly changes in electric energy consumption and air temperature (Latvijas vides, geologijas un 
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Figure 4. Ambient air temperature and electrical energy consumption monthly trends, 2012. 
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Monthly changes in electric energy consumption and monthly sunshine duration are presented in Fig. 6.  
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Monthly changes in electric energy consumption 
and monthly sunshine duration are presented in Fig. 6. 

Visual analysis reveals negative correlation, and 
statistical data analysis proves this hypothesis - r = 
-0.670 – the correlation is medium to strong. As this 
variable has lower correlation with electric energy 
consumption, and both air temperature and sun shining 
duration are related, showing positive correlation, only 
the one – the strongest correlation showing variable, 
can be used for the model development. In this case 
ambient air temperature substantially better describes 
the electric energy consumption trends in household 
in Saurieši village.

As a result, mathematic model of village Saurieši 
electric energy consumption dependence on ambient 
air temperature  can be described by the linear 
regression formula 1:

E = 1658.9 - 44.397 ∙ T, (1)

where  E – energy consumption, kWh ∙ month-1;
 T – temperature, °C.

In order to use this model, the ambient air 
temperature forecast results can be used. 
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Figure 5. Electric energy consumption and average air temperature data correlation, 2012.

 

Figure 6. Sunshine duration and electrical energy consumption monthly data. 
 

Visual analysis reveals negative correlation, and statistical data analysis proves this hypothesis - r = -0.670 – the 
correlation is medium to strong. As this variable has lower correlation with electric energy consumption, and 
both air temperature and sun shining duration are related, showing positive correlation, only the one – the 
strongest correlation showing variable, can be used for the model development. In this case ambient air 
temperature substantially better describes the electric energy consumption trends in household in Saurieši 
village. 
As a result, mathematic model of village Saurieši electric energy consumption dependence on ambient air 
temperature can be described by the linear regression formula 1: 
 E = 1658.9 - 44.397 ∙ T, (1) 
where   E – energy consumption, kWh ∙ month-1; 
  T – temperature, °C. 
 
In order to use this model, the ambient air temperature forecast results can be used.  

 
Conclusions

• Annual electric energy consumption data splitting by seasons showed significant difference in 
household electric energy consumption.  

• Statistically significant evidence was revealed that the electric energy consumption in household is 
affected by weather conditions: 

o It is possible to forecast the electric energy consumption using ambient air temperature – the 
model explains 87.5% of variation; 

o Sunshine duration data can explain 67% of household electric energy consumption variations.  
o At the same time there is a strong correlation (r = 0.755) between sunshine duration and 

ambient air temperature, the model developed should include only one variable – the one with 
the strongest impact; 

o Precipitation intensity and wind speed have substantially smaller impact on electric energy 
consumption – more information is needed to include these weather conditions in the model. 

• Electric energy consumption and weather data from more places and for longer time must be collected 
in order to improve model validity. 
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Conclusions
•	 Annual electric energy consumption data splitting 

by seasons showed significant difference in 
household electric energy consumption. 

•	 Statistically significant evidence was revealed that 
the electric energy consumption in household is 
affected by weather conditions:
o It is possible to forecast the electric energy 

consumption using ambient air temperature – 
the model explains 87.5% of variation;

o Sunshine duration data can explain 67% 
of household electric energy consumption 
variations. 

o At the same time there is a strong correlation 
(r = 0.755) between sunshine duration and 
ambient air temperature, the model developed 
should include only one variable – the one with 
the strongest impact;

o Precipitation intensity and wind speed have 
substantially smaller impact on electric energy 
consumption – more informatio n is needed to 
include these weather conditions in the model.

•	 Electric energy consumption and weather data 
from more places and for longer time must be 
collected in order to improve model validity.
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Abstract 
In this study , forest type mapping data set taken from UCI (University of California, Irvine) machine learning 
repository database has been classified using different machine learning algorithms including Multilayer Perceptron, 
k-NN, J48, Naïve Bayes, Bayes Net and KStar. In this dataset, there are 27 spectral values showing the type of three 
different forests (Sugi, Hinoki, mixed broadleaf). As the performance measure criteria, the classification accuracy has 
been used to evaluate the classifier algorithms and then to select the best method. The best classification rates have 
been obtained 90.43% with MLP, and 89.1013% with k-NN classifier (for k=5). As can be seen from the obtained 
results, the machine learning algorithms including MLP and k-NN classifier have obtained very promising results in 
the classification of forest type with 27 spectral features. 
Key words: Forest types, Multilayer perceptron, k-NN classifier, Data Mining.

Introduction
Today, as the number of measuring devices 

increases, so does the number and types of data.  As 
a result of these advancements,  it is required that so 
much informati on is stored in databases, and that 
this stored information is needed to be analyzed by 
intelligent and automated processes which convert the 
data into useful information and knowledge (Dener , 
Dörterler, & Orman, 2009). Consequently, data 
mining has become an important research area.

Data mining is a computational process that 
reveals patterns in data sets by using such methods 
like artificial intelligence, machine learning, statistics 
etc (Chen, Han, & Yu, 1996). The methods used 
in data mining are investigated in two groups as 
predictive and descriptive. In predictive methods, 
a model is created by using a dataset whose results 
are known. For example in a bank, the properties of 
customers who pay their credits back can be revealed, 
and a model can be created by using previous data sets 
about funding of them. Afterwards this model can be 
used on new customers for determining the possibility 
of paying their credits back. In descriptive methods, 
a relationship can be searched between two data sets. 
For example, the shopping haAabits of two dif ferent 
cultures may be investigated for similarity (Özekes, 
2003). 

Data mining methods can be divided into three 
groups due to their function.

•	 Classification and Regression
•	 Clustering
•	 Association Rules
In this study data mining methods are used 

to classify the data set. In classification, training 
examples are used to learn a model that can classify 
the data samples into known classes. The classification 

process involves following these steps: creating a 
training data set, identifying class attributes and 
classes, identifying useful attributes for classification, 
relevance analysis, learning a model using training 
examples in the training set and using the model to 
classify the unknown data (Sharma & Jain, 2013). The 
causes of selecting of machine learning algorithms in 
data mining are that we can identify the tree types 
automatically based on the spectral features of trees 
and we can get very high identification success by 
means of machine learning algorithms. 

There are many studies in the literature in which 
data mining classification algorithms are used. The 
main areas are medical, food and agriculture. Jamuna 
et al. (2010) used different classification algorithms 
and compared these methods in order to ascertain the 
productivity of cotton seed in the oncoming stages of 
development. Although Decision Tree Classifier and 
Multilayer Perceptron Methods produce results at 
the same level of accuracy , it was observed that the 
Decision Tree Classifier method produces results in 
a much shorter time. Sabanci and Aydin (2014) used 
image processing techniques to detect and spray weeds 
on rows in sugar beet fields. The images captured with 
the CCD camera on the spraying robot were processed 
using image processing algorithms in Matlab software. 
Weeds in the row were detected by using Multilayer 
Perceptron Algorithm with the data which are obtained 
from the images and spraying liquid was applied 
on them. Kiani et al. (2010) pointed out at the fact  
that the use of chemicals for weed control in wheat 
fields caused environmental pollution. Due to this 
pollution, they stated that alternative methods such as 
image processing could be used for detecting weeds. 
Accordingly, Multilayer Perceptron Algorithm was 
used in the study in order to classify and analyze the 
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properties of energy, entropy, contrast, homogeneity 
and inertia. Babalik et al. (2010) used artificial 
neural networks and image processing techniques to 
determine the vitreousness of hard wheat, they used 
artificial neural networks to classify the vitreous 
and non-vitreous kinds of Type-1252 wheat. In this 
study, the classification success rates of self-regulated 
mapping (SRM) and multilayer perceptron (MP) were 
examined. Sabanci et al. (2012) classified potatoes in 
terms of their size with the help of image processing 
techniques and artificial neural network. Before the 
classification process, potatoes with surface defects 
and deformities  were detected using Otsu method 
and morphological processes, and they were excluded 
from the classification. Then potatoes were classified 
based on their sizes. For this process, the images of 
small, medium and big sized potatoes were captured 
and the system was trained using multilayer artificial 
neural networks. Using image processing techniques 
and artificial neural networks, the classification 
success rates of potatoes were analyzed. Karthikeyan 
et al. (2015) obtained the dataset values (from the 
UCI database) of hepatitis disease that occurs on 
the liver and applied J48, Naïve Bayes, Multilayer 
Perceptron, random forest classification algorithms 
using these datasets. As a result of the study, the 
highest percentage rate in the classification of 
hepatitis patients based on sick cells was obtained 
using the Naïve Bayes algorithm. Polat and Gunes 
(2009) offered a genuine hybrid classification system 
that is based on the C4.5 decision tree classifier and 
a one-against-all approach to classify the multi-class 
problems including image segmentation, dermatology 
and lymphograp hy datasets obtained from the UCI 
MRL database. Sabanci et al. (2015) used the EEG 
eye state dataset obtained from the UCI machine 
learning repository database. 14 continuous EEG 
measurements constitute the basics of the dataset. 
The duration of the measurement was 1 17 seconds 
(each measurement had 14980 samples). They used 
Multilayer Perceptron Neural Network Models 
and k-Nearest Neighbor Algorithm to calculate the 
classification success rate. The classification success 
rates were measured for varying number of neurons in 
the hidden layer of the Multilay er Perceptron Neural 
Networks model. The highest classification success 
rate was achieved when the number of neurons in the 
hidden layer was 7. And the success rate was 56.45%. 
The classification success rates were measured 
using k-Nearest neighbor algorithm for varying 
neighborhood values. The highest classification 
success rate was achieved using kNN algorithm. In 
k-Nearest neighbor model, the success rate regarding 
3 nearest neighbors was measured as 84.05%. Yu et 
al. (2015) classified the forest trees in Zijin Mountains 
National Forest Park in Nanjing, China. The data is of 

the year 2011. Three types of band combinations were 
compared based on the accuracy of the classification. 
Using the obtained optimal band combination, 
decision tree classifier, neural networks and support 
vector machine classification methods were 
compared. The best result was obtained using 8-bant 
combination for decision tree classification, and the 
success rate was 87.10%. It was determined that 
artificial neural networks produced the worst results 
with the success rate of 73.85%. Aguiar et al. (2010) 
identified forages in the state of Mato Grosso do Sul 
in Brazil and their varying decomposition levels. In 
order to obtain the plant cover index and fractional 
images, MODIS duration series were used. Using 
ripple technique at various decomposition levels, the 
input parameter required for WEKA J48 classifier 
was obtained. This way, forages were successfully 
selected from Cerrado. The segregation between 
different forages caused lower performance; the best 
results were obtained for forages that include common 
plants. Yang et al. (2014) classified trees in Boreal 
forests in Canada. Using LiDAR, RapidEye and the 
combination of these two data along with the support 
vector machine classification method, the success 
rates were compared. The data they used composed 
of six components. These are digital elevation model, 
slope, red-edge NDVI, red-edge, canopy height and 
near infrared bands of RapidEye data. The best result 
was obtained using the combination of LiDAR and 
RapidEye data.

In this paper, the forest type mapping including 
three tree types have been automatically classified 
based on mach ine learning algorithms including 
k-NN, Multilayer Perceptron, J48, Bayes Net, Naïve 
Bayes and K-Star classification methods using spectral 
features belonging to these tree types. 

Materials and Methods
Dataset

In this study , Advanced Spaceborne Thermal 
Emission and Reflection Raidometer (ASTER) 
satellite images (15m resolution) in a forestland 
of approximately 13 x 12 km in Ibaraki Prefecture, 
Japan were used. In this area, there were mainly 
Cryptomeria japonica (Sugi) trees, Chamaecyparis 
obtuse (Hinoki) trees, mixed broadleaf, angiosperm 
natural trees and also a few non-forest structures (such 
as buildings, roads and cultivated areas) (Johnson, 
Tateishi, & Xie, 2012). The orthorectificated ASTER 
images were obtained at three different dates in order 
to determine the coniferous and broadleaf tree types. 
Each pixel identifies a distance of 15m. The images 
were obtained at green (0.52 – 0.60 µm), red (0.63 – 
0.69 µm) and near infrared (NIR) (0.76 – 0.86 µm) 
bands (as a total of nine bands) (Johnson, Tateishi, & 
Xie, 2012). The data obtained from the UCI Forest 
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type mapping data set are composed of two parts as 
training and test. There is a total of 524 data. The 38% 
of the data is for training and 62% is for test. Each 
data consists of 27 attributes. Each data is classified 
as Sugi, Hinoki, mixed broadleaf and others (UCI, 
2016). Using the data obtained for each channel by 
processing the orthorectificated ASTER images 
using the inverse distance weighting (IDW) method, 
a map for Sugi and Hinoki type trees was created. 
The nearest 15 neighbor pixels were used for IDW  
process. Using the training data, the average spectral 
values of Sugi and Hinoki types at each band were 
obtained. For Sugi, pred_minus_obs_S was obtained 
by subtracting the values obtai ned with IDW  from 
average values. For Hinoki, pred_minus_obs_H was 
obtained by subtracting the values obtained with 
IDW from average values. Therefore, a 27 attribute 
set composed of 9 original values, 9 pred_minus_obs 
values and 9 pred_minus_obs_H values was obtained 
(Johnson, Tateishi, & Xie, 2012).

Software-WEKA
Developed by Waikato University in New Zealand, 

WEKA is an open-source data mining software with 
a functi onal graphical interface which incorporates 
machine learning algorithms (Witten, Frank, & Hall, 
2011.). WEKA includes various data pre-processing, 
classification, regression, clustering, association rules, 
and visualization tools. The algorithms can be applied 
on the data cluster either directly or by calling via Java 
code (Patterson et al., 2008; Hall et al., 2009). They 
are also suitable for developing new machine learning 
algorithms.

Machine learning algorithms
K-Nearest Neighbor Algorithm: The k-NN is a 

supervised learning algorithm that solves classification 
problems. Classification is the examination of the 
attributes of an image and the designation of this 
image to a predefined class. The important point is 
the determination of the features of each category in 
advance (Wang, Neskovic, & Cooper, 2007). According 
to the kNN algorithm used in the classification, based 
on the attributes drawn from the classification stage, 
the distance of the new individual that is wanted to be 
classified to all previous individuals is considered and 
the nearest k class is used. As a result of this process, 
test data belongs to the k-nearest neighbor category 
that has more members in a certain class. The most 
important optimization problems in the kNN method 
are the identification of the number of neighbors and 
the method of distance calculat ion algorithm. In the 
study, the identification of the optimum k number 
is performed with experiments, and the Euclidean 
Distance Calculations method is used as a distance 
calculation method. 

Euclidean calculation method (Zhou, Li, & Xia, 
2009):

xi and x j are two dif ferent points, and we need 
distance calculation process in between.

Multilayer Perceptron: It is a feed forward type 
artificial neural network model which maps input 
sets onto appropriate output sets. A multilayer 
perceptron (MLP) is composed of multiple layers of 
nodes where each layer is connected to the next. Each 
node is a processing element or a neuron that has a 
nonlinear activation function except the input nodes. 
It uses a supervised learning technique named back 
propagation and it is used for training the network. 
The alteration of the standard linear perceptron, MLP 
is capable of distinguishing data which are not linearly 
separable (Hall et al., 2009).

J48: It is a widely used machine learning algorithm 
that is based on J.R. Quilan C4.5 algorithm. Data that 
will be examined will belong to the categorical type, 
so continuous data will not be examined at this step. 
However, the algorithm will leave room for adaptation 
in a way to incl ude this capability (Hall et al., 2009; 
Arora, 2012).

Bayes Net: Bayes Net is a probabilistic graphical 
model and a statistical model representing a group 
of random variables in addition to their conditional 
dependencies through a directed acyclic graph. 
For instance, a Bayesian network can represent 
the probabilistic relations between diseases and 
symptoms. When the symptoms are given, the network 
can calculate the probabilities of the existence of 
various diseases (Hall et al., 2009). 

Naive Bayes: In a learning problem, Naïve Bayes 
classifiers have a high degree of scalability and they 
entail a number of parameters that are linear with 
the number of variables (predictors/features). The 
maximum-likelihood training could be performed by 
examining a closed-form expression that takes linear 
time instead of by expensive iterative approximation 
unlike many other types of classifiers (Hall et al., 
2009).

KStar: K* or K-Star is a classifier based on 
instance. A test instance class depends on the training 
instances that are similar to it, and it is determined by 
various similarity functions. The point it is dif ferent 
from other instance-based learners is that it uses a 
distance function that is based on entropy (Cleary & 
Trigg, 1995).
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Results and Discussion
In the study , WEKA software was used in order 

to classify 3 dif ferent forest types (Sugi, Hinoki, 
mixed broadleaf). Using the kNN algorithm, the 
classification success rates of different forest types 
were obtained for dif ferent k-neighbor values. Also, 
root mean square error (RMSE) and mean absolute 
error (MAE) values were obtained. The classification 
success rates obtained with kNN algorithm, and MAE 
and RMSE values can be seen in Table 1. The diagram 
demonstrating the changes in MAE and RMSE error 
values based on the number of neighbors in the 
classification performed with the kNN algorithm is 
shown in Figure 1.

The data in the same dataset were processed using 
the multilayer perceptron model, and the classification 
success rates of different forest types were obtained. 
The classification success rates of different number of 
neurons in the hidden layer, and MAE and RMSE error 

values were obtained. In the multilayer perceptron 
model, the training was performed by taking the 
learning rate value as 0.3, momentum value as 0.2 and 
iteration number as 500. The classification success 
rates, and MAE and RMSE values obtained using the 
multilayer perceptron model can be seen in Table 2. 
The diagram demonstrating the changes in MAE and 
RMSE error values based on the number of neighbors 
in the hidden layer is demonstrated in Figure 2.

Then the same data was processed using J48, Naïve 
Bayes, Bayes Net, KStar machine learning algorithms 
and classification success rates and MAE and RMSE 
error values of dif ferent tree types in the forest were 
obtained. The success and error rates obtained using 
6 different classification algorithms (Multilayer 
Perceptron, kNN, J48, Naïve Bayes, Bayes Net, KStar) 
can be seen in Table 3. The diagram demonstrating 
the error values obtained based on dif ferent machine 
learning algorithms can be seen in Figure 3.

Table 1
The Success Rate and Error Values Obtained by using kNN Classifier

Neighborliness Number (k) Classification accuracy (%) MAE RMSE

1 83.3652 0.0856 0.2872
2 83.3652 0.0839 0.2412
3 88.1453 0.0834 0.2271
4 87.9541 0.0836 0.2198
5 89.1013 0.0877 0.2169
6 88.7189 0.0903 0.2181
7 88.7189 0.0908 0.2158
8 88.1453 0.0922 0.2139
9 88.9101 0.0941 0.2145
10 88.3365 0.0954 0.2141

Figure 1. Variation of error rate based on the number of neighborhood.
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Table 2
Success Rate Obtained By Using Multilayer Perceptron Classifier Error Values

The number of neurons in the 
hidden layer Classification accuracy (%) MAE RMSE

5 88.9101 0.0611 0.2157
10 90.0574 0.0585 0.2068
15 88.7189 0.0621 0.2127
20 90.0574 0.0563 0.2007
25 89.4837 0.059 0.2091
30 89.6750 0.0569 0.2094
40 90.0574 0.0563 0.2054
50 89.6750 0.0566 0.2062
60 89.6750 0.0549 0.2056
70 89.8662 0.0543 0.2027
80 88.9101 0.0601 0.2146
90 90.4398 0.0572 0.2078
100 89.8662 0.0557 0.204

Figure 2. Variation of error rate based on the number of neurons in hidden layer.

Table 3
Success Rate Obtained By Using Various Machine Learning Algorithms

Machine learning algorithms Classification accuracy (%) MAE RMSE

Multilayer Perceptron 90.4398 0.0572 0.2078
kNN 89.1013 0.0877 0.2169
J48 86.0421 0.0810 0.2543

Naive Bayes 85.6597 0.0708 0.2562
Bayes Net 85.4685 0.0729 0.2593

KStar 81.4532 0.0933 0.2933
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Figure 3. Variation of error rate based on the machine learning algorithms.

Conclusions
In this study, three different forest types in Japan 

(Sugi, Hinoki, mixed broadleaf) were classified using 
machine learning algorithms (Multilayer Perceptron, 
kNN, J48, Naïve Bayes, Bayes Net, KStar). The 
classification success and error values of machine 
learning algorithms were calculated. It was observed 
that the success rate was higher for the classifications 
performed using the Multilayer Perceptron Algorithm. 
The highest classification success rate was achieved 
when the number of neurons in the hidden layer was 
80 and the success rate was 90.4398%. The MAE error 

value was 0.0572 and the RMSE error value was 0.2078 
for the number of neurons in the hidden layer. For the 
classification success rates obtained using K-Nearest 
Neighbor Algorithm, the highest classification success 
rate was achieved for 5 neighborhood values, and it 
was 89.1013%. For this neighborhood value, the MAE 
error value was 0.0877 and the RMSE error value was 
0.2169. The success rates obtained using J48, Naïve 
Bayes, Bayes Net and KStar classification algorithms 
were found as 86.0421%, 85.6597%, 85.4685% and 
81.4532% respectively.
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Abstract
Due to the globalization, the financial sector has undergone major changes in the way services are provided and 
delivered. Customers increasingly prefer to receive services remotely, which is a more convenient and faster way, 
but the majority of European banks are not ready to provide it. 90% of European banks invest less than 0.5% of total 
spending on service digitization; therefore, only 20 – 40% of the processes are digitized. The service digitization 
can be a major challenge for banks in the future. Only banks that provide a full range of digitized services will be 
able to increase profitability and revenues and reduce costs. Therefore, it is necessary to analyse the satisfaction of 
international corporate customers and define the role of digitized services to improve international activities of banks. 
Quantitative and qualitative research methods, including the statistical data analysis, graphical analysis, linear and 
multiple regression analysis, correlation, comparison and grouping methods, as well as survey have been used for 
the research, and SPSS 20 has been used for data processing. So far there are no analyses of the digitized services in 
Latvia that would be based on international customer experience and needs. The results of the research concluded 
that the higher usefulness indicator, the higher is the possibility that international corporate customers will continue 
to use internet banking services. The digitized services strategy ensures the availability of essential daily digitized 
services in internet banking and ensures the savings in time and in financial resources for the bank and its international 
corporate customers.
Key words: service digitization, banking sector, internet banking.

Introduction 
Technological developments over the last 20 

years have opened up even greater possibilities for 
cooperation throughout the world, and both personal 
and professional life is inconceivable without them. 
Companies try to provide services accessible to 
everyone, and the distance is not an obstacle to 
successful mutual cooperation. The competition 
between companies influences the development of 
innovative solutions to ensure digital services, with 
the possibility to use them remotely.

Theoretical and practical research is being 
conducted in the financial industry looking closely 
at banking sector . The digitized services strategy 
applies to the banks internet banking to improve their 
international activity; therefore, the aspects of internet 
banking usage and its advantages and disadvantages 
have been studied in depth.

The aim of the research is to analyse the role of 
digitized services to improve activities of banks 
in order to cla rify the trends of digitized service 
development, to ensure digitized banking services in 
Latvia. In order to achieve the objective, the following 
tasks have been set:

1. To explore the historical aspects of the digitized 
services and previous research carried out in the 
framework of digitization and its connection with 
banking activities;

2. To summarize and analyse the statistical 
information on the internet banking users and the 
digitization impact on banks’ activities;

3. To make a structured survey for international 
banking customers who use digitized services.

Materials and Methods
Quantitative and qualitative research methods 

have been used for the research. The statistical 
data analysis, comparison, graphical analysis and 
grouping methods have been used for the collection 
of statistical data.  In order to analyse the factors 
affecting the choice of internet banking included in 
the developed questionnaire, the linear and multiple 
regression analysis, as well as correlation have been 
used. A 5-point Likert scale (where 1 – strongly 
disagree; 5 – strongly agree) have been used in the 
survey to measure the quality of internet banking and 
the respondents’ satisfaction with the received service. 
The program of statistical calculation SPSS (Statistical 
Package for the Social Sciences) 20 has been used 
for data processing. The research was done in the 
period from October 23 to November 4, 2015. The 
target audience was international corporate customers 
who are using internet banking services. During 
the research period 65 questionnaires were sent to 
respondents via e-mail. 57 completed questionnaires 
were received and analysed.

Results and Discussion
Digitized services and banking activities

As a result of the digitization, the world economy 
gained almost 193 billion US dollars and 6  million 
jobs were created in 2011. (Sabbagh, Friedrich, & El-
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Darwiche, 2013, 37) Such developed regions as North 
America and Western Europe accounted for 29% in 
gross domestic product (GDP) and created just 7% of 
new jobs. In the developing countries the situation is 
dramatically different. For example, in East Asia and 
the Pacific, Latin America and Africa the impact of 
digitization on GDP  accounted for 50%, and there 
were created more than 50% new jobs. The world’s 
population, which uses the Internet, is increasing 
every year. This means that in the number of internet 
banking users will also increase in the future. Since 
September 2000 the number of internet users has 
increased by 806% to nearly 3.3 billion. The number 
of internet users in Latvia is 1.6 million. (Internet 
Usage..., 2015) Analysing data on the internet 
banking use in different regions of the world, it can be 
concluded that the leader is North America. In 2012, 
45% of North American Internet users used also the 
internet banking services. It is almost 1.5 times more 
than average worldwide (28.70%). 

According to the statistics, Europe was lagging 
behind North America with 37.80% internet banking 
users. The least number of internet banking users was 
in Middle East and Africa (8.80%). (Global online…, 
2012). If the indicators of European internet banking 
users are analy sed separately , the internet banking 
users in 2014 has increased to 44%, approaching the 
figures of North America in 2012. Most active internet 
banking users have been in Iceland (91%). In the first 
ten positions there are also Scandinavian countries, 
the Netherlands, Estonia, Luxembour g, Belgium and 
France. It is mai nly related to the developed banking 
systems of these countries. 57% active internet banking 
users are in Latvia, and it is 11th place on the list. The 
least internet banking users in Europe are in Bulgaria 
and Romania 5% and 4%. (Online banking…, 2015) 
respectively.

In 201 1, a research on Latvian internet banking 
users was carri ed out by Association of Latvian 
Internet Banking. (Latvijas internetbanku…, 2011, 6) 
The aim  of this research was to follow up with the 
internet banking development trends in Latvia, as well 
as to assess the dynamics of internet banking users 
and their activities in the usage of of fered digitized 
services. The authors conclude that the largest number 
of internet banking users in the private individual 
segment in 2011 was for Swedbank – 831 202 users, 
followed by SEB Bank with 617 042 users while 
61 026 legal entities were using SEB Bank internet 
banking, followed by Swedbank – 55 268 users. The 
least number of internet banking users both in the 
private individual segment and legal entities was for 
UniCredit Bank (Figure 1). 

Comparing the proportion of private individuals 
and lega l entitie s which are using internet banking, 
research shows that 92% of internet banking users 
are private individuals, while only 8% legal entities; 
therefore, it is important to ensure the high level 
service for digitized services to promote the loyalty 
of legal customers. During the period from 2007 to 
2011, the number of internet banking users increased 
from 1.4 million to 2.5 million users. The rapid 
increase is explained with the introduction of new 
digitized services in banks’  internet banking and the 
modernisation of user interface, which improved 
the customer satisfaction with the services provided 
by banks. However, starting from January 2012 the 
number of customers had decreased. As part of the 
banks’ custome rs and internet banking users are 
foreign individuals and companies, the decrease in the 
number of internet banking users during this period is 
due to the fragile international economic relations, as 
well as changes in bank lending policies. However, 
there is a positive trend in 2015. The number of 

Figure 1. Number of internet banking users in Latvian commercial banks in 2011, in units:  
1 – Legal entities, 2 – private individuals, units (Latvijas internetbanku…, 2011, 6).
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internet banking users in second half 2015 is higher 
than figures in 2012 and 2014, reaching 1.4 million 
users. A result of globalization, which is affected by 
changes in the financial sector, the large Scandinavian 
banks have developed successful operation in the 
Baltic countries, which allows to strengthen the 
leading position in the Baltic financial markets. Baltic 
financial market is one of the most open in the world. 
Estonia, Lithuania and Latvia are characterized by 
the ability to attract foreign direct investment and 
promote trade within the country and beyond national 
borders, in cooperation with other EU Member States, 
because Estonia and Latvia already have become 
the members of Eurozone, followed by Lithuania 
on January 1st, 2015. Baltic banking sector is mainly 
dominated by foreign banks. The largest Baltic banks 
are subsidiaries or branches of Scandinavian banks, 
which account for 95% of total assets and domestic 
loans in Lithuania and Estonia, while this ratio is 
slightly different in Latvia – 53% of total assets and 
80% of domestic credit. This difference is explained 
by the non-resident deposits, as well as foreign assets 
held by domestic banks. (Tůma, 2014, 7) In all three 
Baltic countries foreign banks mainly provide credits 

to private individuals, therefore it is necessary to 
pay more atten tion to cooperation with companies 
in the future to promote the competitiveness in the 
legal entities segment. Despite the global financial 
crisis the number of internet banking users in Baltic 
countries has grown (Figure 2). The largest increase 
in the number of internet banking users took place 
in Lithuania. 27% of bank customers used internet 
banking in Lithuania in 2008. In 2014, the number 
doubled (54%), increasing by 27 percentage points, 
while in Estonia and Latvia there was a moderate 
increase in numbers of internet banking users.

Digitization impact on banks’ activities
While banks provide similar digitized internet 

banking services, one of the biggest drawbacks is 
insufficient range of digitized services. Companies in 
other sectors are able to of fer most of their services 
remotely; therefore, customers want to receive 
digitized services offered by banks at a lower cost. This 
is one of the risk moments when the number of loyal 
customers could also decrease in major commercial 
banks. In order to implement digitized services, it 
is necessary to understand whether the customer 

Figure 2. Number of internet banking users in Baltics 2008 – 2014 (%):  
1 – Estonia, 2 – Latvia, 3 – Lithuania (Figure made by authors).

(Tůma, 2014, 7) In all three Baltic countries foreign banks mainly provide credits to private individuals, therefore 
it is necessary to pay more attention to cooperation with companies in the future to promote the competitiveness 
in the legal entities segment. Despite the global financial crisis the number of internet banking users in Baltic 
countries has grown (Figure 2). The largest increase in the number of internet banking users took place in 
Lithuania. 27% of bank customers used internet banking in Lithuania in 2008. In 2014, the number doubled (54%), 
increasing by 27 percentage points, while in Estonia and Latvia there was a moderate increase in numbers of 
internet banking users.

Digitization impact on banks’ activities
While banks provide similar digitized internet banking services, one of the biggest drawbacks is insufficient range 
of digitized services. Companies in other sectors are able to offer most of their services remotely; therefore, 
customers want to receive digitized services offered by banks at a lower cost. This is one of the risk moments when 
the number of loyal customers could also decrease in major commercial banks. In order to implement digitized 
services, it is necessary to understand whether the customer changes will affect the banks’ performance; therefore, 
authors analysed the main indicators characterizing the operation of major Latvian commercial banks firstly.

Figure 2. Number of internet banking users in Baltics 2008 – 2014 (%): 1 – Estonia, 2 – Latvia, 3 – Lithuania
(Figure made by authors). 

In the 2nd quarter of 2015, 17 banks and 7 bank branches were operating in Latvia. Their total assets amounted to 
31.4 billion euro and have risen by 10.9% compared to 2nd quarter of 2014. (Banku aktīvi…, 2015). The largest 
market share in terms of assets is held by five Latvian commercial banks (Figure 3), which will be analysed in 
detail.

Figure 3. The market share of the largest Latvian commercial banks in the 2nd quarter, 2015 (%) (Figure made by 
authors). 

The largest Latvian bank in the 2nd quarter, 2015 was AS ‘Swedbank’ with a market share of 16.2% or 5.1 billion 
euro. The market share has risen by 0.6% compared to 2nd quarter of 2014. The second largest Latvian bank in 
terms of asset value was AS ‘ABLV Bank’ with a market share of 4.6 billion or 14.6% of the total banking sector.
Among five largest banks, AS ‘ABLV Bank’ had the biggest asset growth, it increased by 26.4% compared to the 
2nd quarter of 2014. AS ‘Rietumu Banka’ had 11.8% market share, its assets increased by 17.8% during the year, 
reaching EUR 3.7 billion euro. AS ‘SEB banka’ ranked in the fourth place with 11.5%, increasing the market share 
by 0.2%, and reached 3.6 billion euro. AS ‘Nordea Bank AB Latvijas filiāle’ concluded the top five of the largest 
Latvian commercial banks with 9.2%. The market share in terms of asset value has remained unchanged (2.9 
billion euro). Successful banking is based on the ability to attract new customers and ensure customer satisfaction

16.2%

14.6%
11.8%

11.5%

9.2%
Swedbank

ABLV Bank

Rietumu banka

SEB banka

Nordea Bank AB
Latvijas filiāle

Figure 3. The market share of the largest Latvian commercial banks  
in the 2nd quarter, 2015 (%) (Figure made by authors).
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changes will affect the banks’ performance; therefore, 
authors analysed  the main indicators characterizing 
the operation of major Latvian commercial banks 
firstly.

In the 2nd quarter of 2015, 17 banks and 7 bank 
branches were operating in Latvia. Their total assets 
amounted to 31.4 billion euro and have risen by 10.9% 
compared to 2nd quarter of 2014. (Banku aktīvi…, 
2015). The largest market share in terms of assets is 
held by five Latvian commercial banks (Figure 3), 
which will be analysed in detail.

The largest Latvian bank in the 2 nd quarter, 2015 
was AS ‘Swedbank’ with a market share of 16.2% or 
5.1 billion euro. The market share has risen by 0.6% 
compared to 2 nd quarter of 2014. The second lar gest 
Latvian bank in terms of asset value was AS ‘ABLV 
Bank’ with a market share of 4.6 billion or 14.6% of 
the total banking sector. Among five largest banks, 
AS ‘ABLV Bank’ had the biggest asset growth, it 
increased by 26.4% compared to the 2nd quarter of 
2014. AS ‘Rietumu Banka’ had 11.8% market share, 
its assets increased by 17.8% during the year, reaching 
EUR 3.7 billion euro. AS ‘SEB banka’ ranked in the 
fourth place with 1 1.5%, increasing the market share 
by 0.2%, and reached 3.6 billion euro. AS ‘Nordea 
Bank AB Latvijas filiāle’ concluded the top five of 
the largest Latvian commercial banks with 9.2%. The 
market share in terms of asset value has remained 
unchanged (2.9 billion euro). Successful banking 
is based on the ability to attrac t new customers and 
ensure customer satisfaction providing high quality 
internet banking services; therefore, within the 
framework of this report the changes in the number of 
bank customers were analysed. In 2015, the number 
of active clients (client, which carried out at least two 
transactions within 6 months, with the exception of 
the bank fee deduction) reached 2.2  million, which 
has decreased by 2% of 41 thousand since September 
2014. AS ‘Swedbank’ has taken the first place in 
both volume of banking assets and the number of 

customers. The number of customers has continued 
to increase in the last four years, reaching almost 
950 thousands in the 2nd quarter 2015. In contrast, the 
number of customers has slightly decreased for other 
four largest banks at the same period. The number of 
customers of AS ‘SEB banka’ is twice as low as AS 
‘Swedbank’ – 478 thousands. In turn, the number of 
customers of AS ‘Nordea Bank AB Latvijas filiāle’ 
does not exceed 100,000. AS ‘Rietumu banka’ and 
AS ‘ABLV Bank’ the client base is less than 30,000. 
Comparing customer changes since September 2012, 
there were no significant differences in terms of 
number of clients. The number of customers in the 
major banks is stable. Minor changes in the number 
of clients in banks indicate positive trend. The trend 
shows that the collaboration partners are chosen 
deliberately by customers and the choice has been 
changed rarely. Despite the changes of the total 
number of bank customers, the number of internet 
banking users continues to increase. Due to this fact, 
the banks’ interest is to ensure wider range of digitized 
services via internet banking to attract new users.

The statement that banking customers increasingly 
prefer to do business remotely is true. It is also reflected 
in the changes of the bank branch network, which 
includes branches, settlement groups and customer 
service centres. Since 2008 the number of customer 
service centres has been rapidly decreasing. There 
were 647 comm ercial banks branches or settlement 
groups in 2008 in Latvia, while the number dropped to 
297 in 2015. The most rapid decrease in branches and 
settlement groups in absolute figures were in 2012, 
when 406 units continued to provide services for 
customers compared to 538  units at the end of 201 1 
(Banku sektors..., 2015).

Evaluating the dynamics of number of the lar gest 
Latvian commercial banks’ customer service centres 
from 2012 to 2015, the authors conclude that the 
sharpest reduction was carried out by AS ‘SEB banka’ 
(Figure 5). In 2.5  years, the number of customer 

Figure 5. The dynamics of the largest commercial banks’ customer service locations  
(branches, settlement groups) 2012 – 2015, by units: 1 – Swedbank, 2 – SEB banka,  

3 – Nordea Bank AB Latvijas filiāle, 4 – ABLV Bank, 5 – Rietumu banka (Figure made by authors).
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service locations has decreased by 19 units, because 
of the lack of customer attendance at branches and 
increase in the use of remote services. AS ‘Swedbank’ 
has decreased the number of branches and settlement 
groups by 7 units, however, AS ‘Swedbank’ still has 
the biggest network of branches and settlement groups 
in Latvia – 47 customer service locations. AS ‘Nordea 
Bank AB Latvijas filiāle’ has less branches and 
settlement groups. In 2012, the bank had 14 units that 
decreased to 12 in 2014. Since 2012 AS ‘ABLV Bank’ 
and AS ‘Rietumu banka’ have had a fixed number 
of customer service centres – only 2 and 1 (Banku 
darbība, 2015).

In order to determine the exac t changes of the 
number of customer service locations’ in banking 
sector, the chain and the absolute increase was 
calculated, as well as the growth rates of the banking 
sector as a whole and the lar gest commercial banks. 
Calculating the chain absolute growth of branches 
and settlement groups, there was the biggest absolute 
reduction by 132 units of 24.5% in 2012 compared 
with 201 1. The second lar gest reduction in the 
numbers of units was in 2010 compared with 2009, 
when the number of branches and settlement groups 
was reduced by 70 of 1 1.4%. The authors conclude 
that the negative dynamics of units in 2010 is due to 
the cost optimization, which was carried out by banks 
in the post-crisis period. Analysing the base absolute 
growth, the trend is negative, because the number of 
customer service locations was reduced by 350 units 
of more than 50% in 2015 compared with the base 
period of 2008. Based on previous research, it can 
be expected that the negative trend will continue in 
upcoming years. Banks will continue to reduce the 
number of branches and settlement groups.
AS ‘SEB banka’ branch network decreased by 27.27% 
in 2015 compared with 2014. The base growth rate is 
negative (-37.25%) compared with 2012. Comparing 

data of AS ‘SEB banka’ and AS ‘Swedbank’, it can be 
concluded that the number of customer service centres 
for AS ‘Swedbank’ has decreased three times slower. 
The reduction in the base rate was 12.96% in 2015. 
The most rapid reduction of AS “Swedbank” branches 
and settlement groups was in 2014, when the total 
branch network was cut by 5 units compared to 2013. 
In 2012, the customer service centres of AS ‘Nordea 
Bank AB Latvijas filiāle’ were four times less than AS 
‘Swedbank’ and AS ‘SEB banka’; therefore, the bank 
has not taken such a sharp reduction in the branch 
network as the other two banks. In 2013 and 2014, 
the number of bank’s branches and settlement groups 
were reduced by 2 units. The chain reduction was 
7.14% and 7.69%, while the base reduction was 14.29 
% in 2015.
Not only in Latv ia, but also in the EU there has been 
a similar trend – the liquidation of bank branches. The 
number of bank branches and settlement groups in the 
EU has decreased by almost 19,000 or 9% (Šteinfelde, 
2015). Due to the decrease of bank branches, there 
were about 200,000 branches in the EU at the end of 
2013 (Data shows…, 2014).
The assets of banks, the number of customers or 
branch network provides the conception of the bank’s 
market power, however , one of the major banks’  
profitability indicators is return on assets (ROA), 
which indicates how profitable a bank is relative to its 
total assets (Return On…, 2015). The formula (1) is 
used to calculate ROA:

Assets Total
IncomeNet ROA =   (1)

where ROA – return on assets;
 Net Income – gross profit-administrative costs;
 Total Assets – average total assets of a business 
during a financial year.

Figure 6. ROA of the largest Latvian commercial banks 2008 – 2015 (%):1 – Swedbank, 2 – ABLV Bank,  
3 – Rietumu banka, 4 – SEB banka, 5 – ROA in banking sector (Figure made by authors).
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The equity of AS ‘Nordea Bank AB Latvijas filiāle’ 
is not separated from Nordea Bank group; therefore, 
ROA for this bank cannot be compared with other 
major commercial Latvian banks, thus authors analyse 
the four major commercial banks in Latvia.

Based on ROA  analysis, the authors conclude 
that the largest banks’ ROA began to decrease in 
2009. Three out of four lar gest Latvian commercial 
banks had negative ROA in 2009 and 2010. Only 
AS ‘Rietumu banka’ ROA was positive. In 2009, the 
bank’s ROA was 0.83%, and it decreased to 0.29% 
in 2010. AS “ABLV Bank” experienced the lar gest 
ROA drop (-9.88% in 2009). In the 2nd quarter of 
2015, the best asset management efficiency was shown 
by AS ‘Swedbank’. The bank’s ROA was 2.21%. 
The second highest level is for AS ‘Rietumu banka’ 
(2.00%), followed by AS ‘ABLV Bank’ with 1.19%. 
ROA of AS ‘SEB banka’ is 0.98%. Due to the global 
financial crisis in 2009, the banking sector’s efficiency 
and performance was significantly reduced. The crisis 
affected not only the global economy in general but 
also the economy of each country individually.

Since 2010 performance indicators continue to 
improve every year, and the overall trend remains 
positive. Since 2011 the average ROA of the largest 
Latvian commercial banks is higher than on average 
level of ROA in banking sector. From 2013 to 2015 AS 
‘SEB banka’ had not been able to exceed the average 
level, while the difference between AS ‘ABLV Bank’ 
and the average level of banking sector was 0.22 
percentage points in 2015. It can be concluded that AS 
‘Swedbank’ achieved the highest efficiency (2.21%) in 
2015, while it decreased by 0.03 percentage points in 
2014 compared to 2013. The reduction could probably 
be explained by the geopolitical  situation worldwide, 
the government ’s decisions relating to the issue of 
temporary residence permits to non-residents and 
changes of banks’  lending policy for non-residents. 
The less effective was AS ‘SEB banka’ (0.98% in 

2015). ROA decreased from 0.91% in 2012 to 0.68% 
in 2014. AS ‘ABLV Bank’ and AS ‘Rietumu banka’ 
focus mainly on the co-operation with non-residents. 
Evaluating the banks’ approaches for the operations, 
the authors conclude that various strategies of banks 
affect also ROA. 

Analysis of international banking customers’ survey
Authors carried out banks’ international corporate 

customers’ survey via e-mail in 2015. In order to find 
out as broad view as possible, the survey was sent out 
to international companies in dif ferent sectors with 
different number of employees (Figure 7). 

To assess the use of internet banking, 6 factors – 
Usefulness, Easy to use, Trust, Security, Confidentiality 
and Satisfaction with internet banking were included 
in the survey. In order to evaluate the credibility of 
respondents’ view regarding the satisfaction with 
internet banking, the reliability test of factors was made 
using Cronbach’s Alpha coefficient. The Cronbach’s 
Alpha coefficient indicated high confidence level – 
0.924 or 92.4%. 87.8% of respondents believe that the 
usefulness of the internet banking is very important, 
because using 5-point Likert scale the most selected 
answers are 4 and 5. 12.2% of respondents have given 
a neutra l evalua tion. 87.7% of respondents consider 
that the use of internet banking services provides 
economic benefits, and that the digitized reports 
provide the necessary information. Respondents 
have given the highest assessment for the factor 
‘Trust’ (93%). Almost one-third of the respondents 
assessed the security of the internet banking neutral, 
which means that customers do not pay increased 
attention to security issues when they use digitized 
services. However , 73.6% of the respondents are 
convinced about the security of transactions in the 
internet banking and the stability of the system and 
its protection. The lowest average rating (3.47 of 5) is 
given for satisfaction with the range internet banking 

Analysis of international banking customers’ survey
Authors carried out banks’ international corporate customers’ survey via e-mail in 2015. In order to find out as 
broad view as possible, the survey was sent out to international companies in different sectors with different 
number of employees (Figure 7).  

Figure 7. Allocation of respondents by sectors (%); 1 – Trade and services, 2 – Construction and real estate, 
3 – Food and drinks, 4 – Information Technologies, 5 – Transport and logistics, 6 – Financial services, 7 – 
Manufacturing, 8 – Insurance. (Figure made by authors). 

To assess the use of internet banking, 6 factors – Usefulness, Easy to use, Trust, Security, Confidentiality and 
Satisfaction with internet banking were included in the survey. In order to evaluate the credibility of respondents’ 
view regarding the satisfaction with internet banking, the reliability test of factors was made using Cronbach's 
Alpha coefficient. The Cronbach's Alpha coefficient indicated high confidence level – 0.924 or 92.4%. 87.8% of 
respondents believe that the usefulness of the internet banking is very important, because using 5-point Likert scale 
the most selected answers are 4 and 5. 12.2% of respondents have given a neutral evaluation. 87.7% of respondents 
consider that the use of internet banking services provides economic benefits, and that the digitized reports provide 
the necessary information. Respondents have given the highest assessment for the factor ‘Trust’ (93%). Almost 
one-third of the respondents assessed the security of the internet banking neutral, which means that customers do 
not pay increased attention to security issues when they use digitized services. However, 73.6% of the respondents 
are convinced about the security of transactions in the internet banking and the stability of the system and its 
protection. The lowest average rating (3.47 of 5) is given for satisfaction with the range internet banking services. 
17.6% of respondents are not satisfied with digitized services in the internet banking in general, while satisfaction 
level for 48.2% of respondents is high. The main factor for dissatisfaction on international corporate customers is 
the condition that they cannot receive daily banking services remotely. Based on the correlation analyses, it was 
concluded that there is a strong correlation between satisfaction with the internet banking and usefulness (0.694), 
as well as a moderate correlation between satisfaction with internet banking and security (0.674) and trust (0.585). 
Low correlation exists between satisfaction with internet banking, confidentiality (0.389) and ease of use (0.148).
The ease of use means that customers can make transactions very fast, and it is convenient. Further, multiple 
regression analysis examined which factors influence the international corporate customers’ satisfaction with 
internet banking the most. Using stepwise method, only statistically significant figures were included in the 
multiple regression equation. The results demonstrate that usefulness and security contribute significantly and 
predict 59% (R Square – 0.59) of variation with satisfaction with internet banking. The ANOVA results also 
confirm that the variables are significant (p<0.001), and the coefficient summaries bring out the β values of 
usefulness (β=.454, p<0.05) and security (β=.407, p<0.05). According to these results, usefulness is the major 
variable that affects the satisfaction with internet banking, followed by security. 91% of respondents have pointed 
out that there should be a possibility for customers to make automatic bank financial transaction limit increase to 
improve business efficiency and ensure faster circulation of financial resources. 84% of the respondents indicated
that it is important for them that they are able to submit financial reports in the internet banking. This service could 
save the time and financial resources for customers and also for the bank. The originals of financial reports must 
be submitted quarterly, half-yearly or annually. From the customers’ perspective the third most important 
improvement is the possibility to fill in and approve the AML or anti-money laundering reports in internet banking. 
The bank currently offers already existing solution for different digitized services, which gives customers the 
ability to receive remote digitized services that are the most important for them, for example, to increase the limits 
of the financial transactions. To receive this service, it is necessary to give the permission to one or more of the 
company’s employees to make all transactions and other activities in internet banking. 75% of respondents 
indicated that they do not use this service, because companies’ managers do not want to give the power to one 
employee to manage unrestricted activities in companies’ bank accounts. 10% were not informed about this kind 
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Figure 7. Allocation of respondents by sectors (%); 1 – Trade and services, 2 – Construction and real estate, 
3 – Food and drinks, 4 – Information Technologies, 5 – Transport and logistics, 6 – Financial services,  

7 – Manufacturing, 8 – Insurance. (Figure made by authors).
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services. 17.6% of respondents are not satisfied with 
digitized services in the internet banking in general, 
while satisfaction level for 48.2% of respondents 
is high. The main factor for dissatisfaction on 
international corporate customers is the condition that 
they cannot receive daily banking services remotely. 
Based on the correlation analyses, it was concluded 
that there is a strong correlation  between satisfaction 
with the internet banking and usefulness (0.694), as 
well as a moderate correlation between satisfaction 
with internet banking and security (0.674) and trust 
(0.585). Low correlation exists between satisfaction 
with internet banking, confidentiality (0.389) and ease 
of use (0.148). The ease of use means that customers 
can make transactions very fast, and it is convenient. 
Further, multiple regression analysis examined which 
factors influence the international corporate customers’ 
satisfaction with internet banking the most. Using 
stepwise method, only statistically significant figures 
were included in the multiple regression equation. 
The results demonstrate that usefulness and security 
contribute significantly and predict 59% (R Square 
– 0.59) of variation with satisfaction with internet 
banking. The ANOVA results also confirm that the 
variables are significant (p<0.001), and the coefficient 
summaries bring out the β values of usefulness (β=.454, 
p<0.05) and security (β=.407, p<0.05). According 
to these results, usefulness is the major variable that 
affects the satisfaction with internet banking, followed 
by security . 91% of respondents have pointed out 
that there should be a possibility for customers to 
make automatic bank financial transaction limit 
increase to improve business efficiency and ensure 
faster circulation of financial resources. 84% of the 
respondents indicated that it is important for them 
that they are able to submit financial reports in the 
internet banking. This service could save the time and 
financial resources for customers and also for the bank. 
The originals of financial reports must be submitted 
quarterly, half-yearly or annually. From the customers’ 
perspective the third most important improvement 
is the possibility to fill in and approve the AML or 
anti-money laundering reports in internet banking. 
The bank currently offers already existing solution 
for different digitized services, which gives customers 
the ability to receive remote digitized services that are 
the most important for them, for example, to increase 
the limits of the financial transactions. To receive 
this service, it is necessary to give the permission to 
one or more of the company’s employees to make all 
transactions and other activities in internet banking. 
75% of respondents indicated that they do not use 
this service, because companies’  managers do not 

want to give the power to one employee to manage 
unrestricted activities in companies’  bank accounts. 
10% were not informed about this kind of digitized 
service, and 15% of companies ’ managers approved 
the payments in the internet banking by themselves.

The results of the research concluded that the 
higher usefulness indicator the higher is the possibility 
that customers will continue to use internet banking 
services. For international corporate customers 
it is important to receive daily banking services 
remotely. Internet banking functionality at the 
moment is incomplete, because customers do not 
use the proposed self-service options, due to the fact 
that in the framework of existing service there is big 
responsibility for one employe e of the company to 
do wide range of actions in the internet banking. The 
digitized services strategy ensures the availability of 
essential daily digitized services in internet banking 
and ensures the savings in time and in financial 
resources for the bank and its international corporate 
customers.

Conclusions 
1. The digitization is one of the tools by which 

companies can provide competitive products 
or services in the market to meet customers’ 
expectations and needs.

2. Comparing the Baltic States, Estonia has the 
highest ratio in the digital development index of 
EU Member states, followed by Lithuania, and the 
lowest – Latvia, however, the digitized services 
provided by banks in all countries are similar, and 
banking customers consider the internet banking 
as the most appropriate channel for digitized 
transactions.

3. The results of the research demonstrate that 
usefulness, security and trust have an influence on 
international corporate customers satisfaction with 
the internet banking.

4. The higher the usefulness of internet banking 
is, the stronger intention international corporate 
customers use internet banking services offered by 
banks.

5. The higher the security of internet banking is, 
the greater possibility that international corporate 
customers will continue to use these services.

6. While banks provide similar digitized internet 
banking services, one of the biggest drawbacks is 
insufficient range of digitized services.

7. To improve business efficiency and ensure faster 
circulation of financial resources, there should be 
a possibility for customers to make automatic bank 
financial transaction limit increase.
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