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Abstract

Animal production and meat processing in general, regardless of their traditional nature and
established social status, have a negative image because they are associated with a live animal, with
handling practices and slaughter conditions, with the presence of blood, with environmental issues,
and with religious, ideological, ethical, or moral concerns. Paradoxically, all of these negative factors
associated with meat seem to have limited impact on meat consumption as it has increased in recent
decades. However, such strong pressure on the meat industry opens up opportunities for alternatives.
Proteins from meat can be replaced or substituted with proteins from plants, fungi, algae, or insects.
Eventually, meat products could be produced through in vitro cultivation and three-dimensional
printing techniques. Meat substitutes are expected to gain a higher market share in the future due
to competition from low-quality cuts of meat, sausages, ground meat, and processed meat. On the
other hand, synthetic meat and meat substitutes face significant barriers to commercialization and
widespread adoption that will affect their presence, at least in the premium segment of the market. To
meet the growing demand for protein and in the face of increasing competition from other sectors,
the conventional meat industry will need to adopt new technologies and management systems to meet
consumer demands and a changing market.

Keywords: meat, sustainability, reformulation, meat alternatives, industry 4.0, cultured meat

Introduction

Since the beginning of the 21st century, the meat industry has become increasingly global and interconnected,
and worldwide consumption is on the rise. Compared to other commodities, meat is characterised by high
production costs and high producer prices. Demand for meat is associated with higher incomes and a shift in food
consumption driven by urbanisation, which favours a higher share of proteins from animal sources in the diet.
Therefore, meat consumption is related to living standards, nutrition, livestock production, and consumer prices, as
well as macroeconomic uncertainty and shocks to GDP. Current per capita meat consumption is around 34 kg and
is projected to increase only slightly over the next decade (OECD/FAQ, 2022). However, as the world population
increases to over 8 billion people, meat production is also expected to increase. This is evident between 2016 and
2022, when global meat production increased from 317 million metric tonnes to about 345 million metric tonnes
(OECD and FAO, 2022), despite growing concerns about the impact of meat on health and the environment. This was
fuelled primarily by growing demand in developing countries, where populations are more affluent and urbanised.
Meanwhile, markets for organic, grass-fed, and other specialty meats continued to grow as concerns about animal
welfare and health increased. In response, major meat companies launched organic, green-fed and pasture-raised
product lines. In addition, meat companies have begun to invest in plant-based alternatives and lab-raised meats,
suggesting that they recognised that such options could reshape the market.

Consumer behaviour of meat and meat products is becoming less predictable and even controversial (de Araujo
et al,, 2022). According to analysts, consumers will increasingly demand fresh products with lower environmental
impact, fewer antibiotics, and good animal welfare-all at low prices. In the past, meat was a prized food and eating it
at certain times was a privilege that only someone with funds or who produced it themselves could afford. Nowadays,
consumers are often confused due to the abundance of information (Sahin and Gul, 2022). Consumers expect
government agencies to ensure food safety and science to provide definitive information about what is good and
what is bad. However, such a clear distinction is rarely found (Spitery Cornish and Moraes, 2015). It is noted that the
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food sector plays a critical role in both the economy and society, and food safety will become increasingly important
in the coming years (Scherhaufer et al., 2020).

Relation of meat and meat producing system to humans

Meat is considered as basic food (Pereira and Vicente, 2013). It is a very important commodity and an essential
component of a balanced and varied diet (Chouraqui, 2022). It may even have a positive effect on nutrient intake in
terms of the profile of beneficial fatty acids, digestible protein, minerals, and vitamins (Binnie et al., 2014). Concerns
about fat content in meat are not fully justified (Craigie et al. 2017), but lower consumption of red meat and animal
fats is considered by some researchers to be a protective factor against colorectal cancer. Other negative factors such
as obesity, smoking, and alcohol also play a role in human health (Azeem et al., 2016), especially when they all occur
together. On the other hand, factors such as nutritional quality, chemical and biological hazards, animal welfare,
beliefs, and fraud could influence consumers’ perceptions of meat product safety. Meat consumers perceive sensory
attributes positively and recognise the nutritional value but are still concerned about fat content.

Unable to distinguish between credible and unreliable sources of nutrition information, many participants blame
policymakers for their confusion and express frustration and cynicism in the face of vague and often contradictory
messaging (Spitery Cornish and Moraes, 2015). As beef, poultry, and pork producers try to figure out how to keep
up with growing global demand for meat, policymakers and consumers worry about industry consolidation and
its impact on the environment and human health. Currently, sustainable development efforts are colliding with the
goals of animal welfare advocates. In recent decades, scientific findings have been continuously translated into animal
welfare policies. Unfortunately, the proportion of people who actively harm farm animals rather than just slaughter
them is increasing (Kolbe, 2018). Therefore, animal welfare and environmental impacts have become important
factors in consumers’ perceptions and as such are implemented in regulations. Images of carcass halves hanging
from hanging rails in cold storage and meat processing plants often leave people feeling uncomfortable. These images
evoke the notion that humans have no right to inflict suffering and death on other sentient creatures simply to
obtain food. The currently growing vegan movement seeks to minimise the suffering of farmed animals as much as
possible (Kolbe, 2018). Although the information consumers receive through the media has a strong influence on
their perceptions and behaviours, there is a need to improve consumer knowledge about different aspects of food
health (de Araujo et al., 2022).

New challenges in the meat processing

With the expected increase in meat production over the next decade and reported labour problems and viruses
attacking human and animal health, there is a growing need for slaughterhouse automation (Ross et al., 2022). In
addition, the integration of systems and greater efficiency thanks to more sophisticated logistics are also a means
to reduce the negative impact of the industry on humans and realise sustainable development (Barbut, 2020). It is
described that we are currently at the beginning of the fourth phase of the industrial revolution. The components of
Industry 4.0, such as robotics, the Internet of Things, Big Data, augmented reality, cybersecurity, and blockchain, have
recently transformed many industrial and manufacturing sectors, including agri-food, such as the meat industry.
The need for digitised and automated solutions throughout the food supply chain has increased significantly during
the pandemic COVID -19 (Echegaray et al., 2022). However, the problem should be considered more in employment
policies. In developed countries, it is very difficult to find enough people for these jobs. Meat processing plants
require physical labour in cold environments, work in noisy conditions that require workers to get up very early in
the morning, and the plants are located outside of city centres, raising the issue of housing and travel. The interest of
young adepts in apprenticeships such as butcher is declining. So there is a lack of young people to move and assure
the field for the future. Every sophisticated system and advanced technology carries with it concerns about jobs and
the quality of work in the resulting products. Every human advance in the past has naturally generated doubts and
fears. Let us recall Karel Capek’s novel R.U.R. It is an immortal work in which the word robot first appeared and was
included in the dictionary of all languages.

Many factors such as consumer acceptance, benefits and risks, high initial investments, and regulatory frameworks
influence the adoption of novel technologies in the food industry and need to be considered and thoroughly analysed
(Hassoun et al., 2023). Industry 4.0 has significant potential to improve meat processing, preservation, and analysis;
reduce food waste and loss; develop safe, high-quality meat products; and prevent meat fraud. Despite the current
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challenges, a large amount of literature shows that the meat sector can be highly automated through the use of
smart technologies such as robots and smart sensors based on spectroscopy and imaging technology (Echegaray et
al., 2022). Economic sustainability assessment is an important prerequisite for entrepreneurial activities. However,
environmental sustainability assessment can be a strategic tool to increase product value and structure green
marketing strategies (Stillitano et al., 2017).

A very detailed study (de Silveira et al., 2022), which could be considered fundamental, states that researchers
describe Agriculture 4.0 differently and consider the adoption of new technologies as its pillar. They propose a
definition of Agriculture 4.0 based on the results of the systematic literature review. In addition, this study provides a
comprehensive overview of Agriculture 4.0 technologies in the agricultural production chain that are responsible for
revolutionising the way commodities are produced, processed, traded, and consumed (de Silveira et al., 2022). There
are five main dimensions: technological, economic, political, social, and environmental. These dimensions address
a range of challenges that need to be studied, analysed, and addressed to help countries implement Agriculture 4.0
(de Silveira et al., 2022).

Nearly all sectors of the global meat industry are facing unprecedented challenges. Globally, meat companies are
increasingly interconnected, with feed, livestock, and meat shipped across the planet. The global meat industry is
struggling with increasing dependence on overseas trade, particularly in Asia. Greater reliance on overseas markets
also means greater vulnerability to protectionist measures and other trade barriers. At the same time, the meat
processing industry continues to lag behind other sectors in automation, largely due to the difficulty of designing
machines that can handle the many sizes and shapes of animals and animal parts. Economic uncertainty, changes
in supply and demand, and a growing role for technology are among the factors shaping the near future of the meat
industry. Increasing global demand for meat raises environmental concerns. Many experts believe the meat industry
is exacerbating climate change and threatening the world’s food supply. Other experts disagree, saying animal
agriculture is a relatively small source of greenhouse gases that are warming the planet. Critics of the industry say
factory farming poses a risk to human health because of the routine use of antibiotics, the storage of large amounts
of manure and the fact that it serves as an ideal incubator for pathogens that can pass from animals to humans.
However, there are also some positive aspects, such as the elimination of antibiotics in poultry (Muaz et al., 2018)
and beef with lower methane emissions (Thompson and Rowntree, 2020).

Are the reformulated recipes or various alternatives as cultured meat the answer?

Providing the world’s growing population with sufficient sustainable and nutritious food is one of the greatest
challenges. Dietary proteins are nutrients required for the maintenance of various functions and human health.
Some conventional plant and animal protein sources are essential food ingredients, but reformulating recipes by
replacing animal proteins with alternative proteins could be the answer. The further development required to expand
our knowledge of bionanomaterials production, including food industry and biodegradable packaging materials,
poses a challenge to various scientific fields. With the discovery of new nanoscale materials, new application areas
will emerge (Matecki et al., 2021).

Reformulation of meat product recipes is a hot topic in many European countries. On the one hand, the protection
of traditional food recipes is solved in Europe and regional production is promoted. On the other hand, the impact
of processed meat and its consumption on human health remains a major concern. In a way, these are incompatible
attitudes within the strategy for food quality and nutrition for the future. Another issue is sustainability, the effort to
reduce the impact on the amount of emissions, the reduction of by-products in production, or the substitution for
existing and new raw materials.

In recent years, scientists have addressed the issue of reducing the amount of salt (sodium) in meat products in their
studies (Juzl et al., 2018). Some studies deal with the elimination or reduction of the content of additives in meat
products without major impact on quality parameters (Jiizl et al., 2019). Another issue is the reduced fat content and
substitution for a healthier alternative. It can be an addition to the feed (Komprda et al., 2020) or directly during the
technological process of processing and meat production (Komprda et al., 2021).

Many plant-based meat substitutes target meat eaters and have gained attention after appearing on fast-food
restaurant menus. Surveys also show that younger consumers are more interested in these products. Meat companies
have begun to respond to this emerging competition by investing in plant-based meat alternative start-ups or
launching their own plant-based products. Meanwhile, livestock producers fear losing market share to plant-based
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proteins after observing that cow’s milk consumption is declining as soy, oat, almond, and other alternative products
have captured about 10 percent of total milk sales in recent years (Haddon and Bunge, 2019). As a result, they
have launched campaigns highlighting the purported benefits of animal meat and successfully lobbied for laws
requiring that plant-based products be labelled as “imitation meat”. The impact of additives on human health is
strictly monitored, and labelling policy is a very important element of EU legislation (Hong et al., 2022). The fact that
plant-based alternatives contain several unknown and highly processed ingredients such as soy leghemoglobin and
expeller-pressed canola oil will also hold them back as consumers want fewer and recognizable ingredients.

Vegan alternatives and substitutes offer are some benefits as well as challenges. Benefits include new jobs, salary
increases, better working conditions, entrepreneurial opportunities, easier access to protein, healthier products, and
animal welfare. Challenges include reduced demand from animal meat producers, unemployment, low worker skills,
high prices for alternative meats, and lower consumer acceptance. However, policy is critical to ensure that the
transition process is inclusive and fair (Morais-da-Silva et al., 2022).

Cultured meat is a novel product of future organic food production and a breakthrough in the global food industry.
Safety evaluation of cultured meat is important for its commercialization. The cultured meat industry is booming,
but the potential benefits and the problems that may arise in the commercialization of cultured meat still need to be
critically analysed (Ye et al., 2022). The development of economical and efficient bioreactor machines in which to
grow the meat and the nutrient-rich liquid culture media is also a hurdle for lab-grown meat. And while the energy
and resources required to grow it are certainly less than those needed to raise, feed and slaughter farm animals, it’s
not yet known exactly how much energy will be needed.

An important aspect for the future is the fact that not only the labels and labelling of food, but also the food
packaging itself will be improved by new materials and production technologies. Much solved is the possibility of 3D
food printing, the use of bio-protective films and biodegradability of packaging. Multimaterial 3D printers enable
the production of recombined meats. Designing appetizing soft meat products is possible with this 3D printing
technology but using low-temperature 3D printers. The application of heat- and cold-curing binders improves the
rheology of the meat paste (Dick, 2019).

Some food analysts remain sceptical of predictions that lab-grown meat and plant-based meat alternatives will shake
up the meat sector in the foreseeable future because of the difficulty of changing consumer habits, the unsafe nature
of the products, and their higher cost. There is still a larger percentage of people who are not interested in limiting
their meat consumption. Similarly, many consumers will try new products, but few will buy them again.

Conclusions

The global meat industry faces many challenges, from safety and authenticity scandals to animal and human health
issues, animal handling and slaughter, and environmental impacts. Yet consumption continues to rise, especially in
emerging and developing countries. More issues are emerging, such as higher production costs and competition from
other proteins, while consumer concerns about food safety and animal welfare, as well as environmental impact, are
becoming more prominent. The use of advanced technologies can lower costs and reduce waste, meat products
can be prepared to meet consumer needs and attitudes, and nowadays meat can be produced in the laboratory.
Alternative sources of protein such as plants, mushrooms, algae, or insects can be incorporated into meat products
to make them healthier. Many animal husbandry techniques are available to reduce environmental impact, although
ethical issues remain. The overall challenge for the meat industry is to meet consumer expectations and projected
increases in meat consumption while supporting sustainable goals.
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Abstract

This paper is part of the plenary lecture at the 58th Croatian and 18th International Symposium on
Agriculture organised by the University of Zagreb, Faculty of Agriculture. The title of the presentation
expresses the scientific question frequently asked in the last decade about the nature of values and
their contribution to the improvement of food supply chains. The case studies were analysed based
on Slovenian cases from the food sector. The aim of this paper is to present the types of values in food
supply chains, to analyse different types of food supply chains in Slovenia and to discuss the results
about bottlenecks and shortcomings. Multicriteria decision modelling was used as the method for
evaluating food supply chains.

Keywords: supply chains, added-values, quality, food sector, Slovenia

Introduction

Various definitions of agri-food value chains can be found in the academic literature, varying from author to author
or differing in certain details. Some of these definitions are listed below. Stevenson and Pirog (2008), Pirog and
Bregendahl (2012), European Parliament (2013) state that value added is expressed in three ways:

« through agricultural products or foods made from raw materials, which demonstrate the origin of the food
and thus the added value and consequently a higher price on the market,

o through protected food designations that express either geographic location, higher quality of raw materials
and/or food safety, and

» asanetwork of proper business relationships and interactions between the different actors in the food chain.

Below, Stevenson and Pirog (2008), Pirog and Bregendahl (2012), Stevenson et al. (2011), and Stevenson (2013)
developed a definition that defines value-added agri-food chains. The definition is essentially based on a description
of the differences between chains that do not express value added and chains that do read:

o Value-added agri-food chains can be said to exist when the following important principles are taken into
account and they differ from conventional agri-food chains in these segments:

» The business relationships between the strategic partners in the chain are based on common principles,
primarily based on trust. In the chain, one of the strategic partners is the one who contributes a large part to the
good and organized functioning of the chain.

o In the chain, the producers/farmers are treated equally as strategic partners with all rights and obligations
in terms of risk taking, management and decision making.

o The obligations and rights in the chain apply equally to all actors in the chain.

» Coordination of actors in the chain is effectively coordinated at local, regional, national and/or international
levels.
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In addition to the primary positive impact of high value-added agri-food chains on intra-chain relationships, we can
see that this type of chain also has a positive impact on the socio-economic status of the actors involved in the chain,
and thus on the wider local environment.

In summary, high quality agri-food chains or value chains are those that maximize production value for the
individual partners (actors) in the chain, and consumers of agri-food or food products from such agri-food chains
are recognized as high quality, produced on the basis of environmentally friendly production systems, and with
a positive indirect and direct contribution to the local economy and the community as a whole (Stevenson et al.
(2011)). The primary producer itself also occupies an important position in such chains, or the farmer, who is seen
as an important and equal strategic partner, taking risks and participating in management or decision-making. The
business relationships between the actors of each chain must be correct, honest and based on trust, which means an
equal and fair distribution of duties and rights.

Based on the assessments of agri-food chains conducted so far in the Slovenian and international space, it was found
that so far they have been conducted mainly with qualitative methods (in the form of interviews), and much less
empirical research examining the influences or links between different groups of actors and the agri-food value
chains themselves. A large body of research has been published that examines the socioeconomic impacts of short
agri-food chains on the development of local areas and local economies. Kneafsey et al. (2013) explain that the main
social benefits of short food chains are the following:

o the development of trust relationships between consumers and buyers in various forms of “face-to-face”
sales,

 the improvement of the social situation of all actors along the chain, and

 improving consumers’ knowledge of nutritional, agricultural, and environmental issues (known as consumer
education).

They also identified the economic benefits of short food chains:
o increase in local sales,
o lower unemployment in the region, and
« higher profits for producers/farmers or key players in the chain.

Using a variety of qualitative methods, the foreign authors found that consumers believe that by buying locally
produced food, they are supporting local producers and thus helping to improve their socioeconomic situation.

The aim of this research was to define the added value of food chains based on individual indicators from different
areas such as economic, social and environmental. Based on the data obtained from the set of indicators, we used
the multi-criteria decision model DEX, which has proven useful in solving such research questions. In the context
of individual evaluation of indicators, it allows us to identify those that show opportunities for improvement within
food chains.

Material and methods

We used DEX® multicriteria decision modelling for the evaluation approach. The DEX method is commonly used
in multicriteria decision analysis. It begins with the creation of a collection using software tools to model preference
knowledge for multi-parameter decision making. The method DEX was developed in 1988 in cooperation with the
Faculty of Organisational Sciences of the University of Maribor and the Jozef Stefan Institute in Ljubljana. Finally,
the researchers became familiar with the subject of the computer programme DEXi, which was developed in 1999
with the help of the Ministry of Education and Sports; it is based on the method DEX and works in a developed
environment. An important aspect of the programme is its freely accessible online version, which can be used
anytime, anywhere and by anyone (PriSenk et al., 2022).

In creating the DEXI multicriteria model, we focused on the livestock and meat production sector and developed a
food chain assessment model for beef, pork, and dairy production. The decision to focus on the livestock sector was
primarily due to the availability of the data itself, as we did not collect data for individual chains (fruits, vegetables,
...) in the crop production sector. We chose a beef and pork chain because beef and pork are substitutes, which makes
the comparison between the two chains meaningful.
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The added value of the chain is a broad concept that considers several areas of sustainable development (economic,
social, and environmental). These three aspects of sustainability were also key in the creation of the DEXI multi-
criteria model, whose evaluation parameters or criteria were divided into three groups: Economic, Social and
Environmental.

We decided to choose four indicators for each type of parameter (economic, social, environmental). All four indicators
that make up a parameter have the same weight in the final evaluation, i.e. the weighted sum is distributed equally
among all four indicators. Similarly, the influence of a single parameter on the final score is equal. In our case, all
three parameters are equally important, so this weighted sum of individual preferences is not particularly important.

Table 1: The economic indicators used as sttributes in the DEXI model

ECONOMIC INDICATORS

INDICATOR

DESCRIPTION OF THE
INDICATOR

AND METHODOLOGY

MEANING OF THE INDICATOR

The relationship between the prices
of agricultural products and the
costs of agricultural inputs

Change in the ratio between retail
price and own price

The relationship between the prices
of purchased products and the own
price

Weekly market price change

Average (multi-year) relationship
between the producer price index
for agricultural products and the
annual cost index for agricultural
inputs (between 2012 and 2021)

Average annual change in the
ratio of the average retail price of
agricultural products to the price
of production, on an annual basis,
in %

Average (multi-year) ratio between
average prices of purchased
agricultural products and own price
(between 2018 and 2021)

Average weekly change in product
market price in %

Value added as a positive economic
situation for the primary producer
(farmer) occurs when the cost of
inputs increases more slowly than
the price of agricultural products
for producers. The ratios above
1.00 may represent the positive
economic situation for the primary
producer.

Value added as a positive economic
position for each participant in

the chain (from primary producer
to consumer) exists when the
average annual change in the ratio
is positive, which means that in

the period from 2018 to 2021, the
retail price of agricultural products
increased on average faster than
their own production costs.

Added value as a favorable
economic position for the primary
producer arises when the prices of
purchased agricultural products are
higher than their own price.

Since the goal of any producer is to
make a profit, it is very important
that the proceeds of sale are higher
than the cost of production.

Added value as a positive economic
position for the primary producer
occurs when the average weekly
price change over a long period is
positive.
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Table 2: The social indicators used as sttributes in the DEXI model

SOCIAL INDICATORS

INDICATOR

DESCRIPTION OF THE
INDICATOR

MEANING OF THE INDICATOR

The ratio between the average gross
wage in each chain and the average
gross wage in agriculture

Change in the ratio of employed
persons in individual sectors of the
economy to employed persons in
all sectors of the economy in the
Republic of Slovenia

The relationship between the change
in the wage level and the change in
the consumer price level

Level of self-care

Average (multi-year) ratio between
the average gross wage in each
production chain and the average
gross wage in the Republic of
Slovenia (between 2014 and 2021)

Average annual change in the ratio
of the labour force in individual
sectors of the economy to the
labour force in all sectors of the
economy combined in the Republic
of Slovenia, in % (based on the
situation in 2012)

Average (multi-month) relationship
between the wage index for
individual agricultural activities and

the consumer price index (between
2014 and 2021)

Average degree of self-sufficiency
with individual products or with

products from individual sectors

(between 2012 and 2021)

It shows how much the primary
producers in the considered

chains are financially compensated
compared to the average payments
in agriculture, which, in case of an
above-average payment in the single
considered chain (beef, pork and
dairy), indicates a certain added
value of these chains.

It shows the trend of change in the
share of the employed population

in each chain compared to the

total employed population in the
Republic of Slovenia. An added
value is given if the trend of the
change in the share in relation to the
level or value of the ratio in 2012 is
positive.

This criterion expresses a certain
added value for the subjects of each
agricultural activity when their
wages increase faster than the prices
of consumer goods.

The degree of self-sufficiency
indicates the extent to which
domestic production (from

the basic domestic product)
covers domestic consumption
(consumption for feed, food, and
consumption in industry).
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Table 3: The environmental indicators used as sttributes in the DEXI model

ENVIRONMENTAL INDICATORS

INDICATOR DESCRIPTION OF THE MEANING OF THE INDICATOR
INDICATOR
Food miles Food kilometers - the average The path or distance traveled

Change in the proportion of
animals of native breeds compared
to all animals combined

Change in the number of farms
included in the animal welfare
submeasure

Change in the share of organically
raised animals

distance/distance of imports in

the last 10 years, the distance or
distance is calculated on the basis
of the distance between Ljubljana
and the capital of the respective
importing country and on the basis
of the share of imports from the
respective country (between 2012
and 2021)

Average annual change in the
proportion of all native breeds of a
given species compared to all bred
animals of a given species in %
(based on the situation in 2014)

Average annual % change in the
number of livestock farms included
in the animal welfare sub-measure
(based on the situation in 2015 and
2016, respectively)

Average annual change in the
proportion of organically kept
animals of a single species
compared to all animals kept of that
species in % (based on the situation
in 2012)

during the average transport when
importing products in a single
chain is an important indicator of
the sustainability of the chain itself,
since transport has a significant
impact on CO2 emissions, the
welfare of live animals during
transport, the freshness of the
products, etc.

The added value of a single chain

is given if the value of the average
change is positive, which means that
the proportion of native races in a
single chain increases compared to
the situation in 2014.

There is an added value in a given
chain if the value of the average
annual changes is positive, which
means that the number of farms
included in the animal welfare sub-
measure in each chain increases
compared to the situation in 2015
or 2016.

There is an added value in a

single chain if the value of these
average annual changes is positive
compared to the situation in 2012,
which means that the proportion of
ecologically raised animals increases
compared to the total population of
a given raised species.

The multicriteria decision model is designed as a decision tree consisting of attributes at different levels. The attributes
of the first qualification level are composed of the individual attributes of the second qualification level and the
attributes of the third qualification level. With such an approach, one obtains the so-called decision tree, which is

shown in Figure 1.
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Attribute tree

Attribute

VALUE ADDED FOOD SUPPLY CHAIN ASSESSMENT

—Set of ECONOMIC INDICATORS

—The relationship between the prices of agricultural products and the costs of agricultural inputs
—Change in the ratio between retail price and own price

—The relationship between the prices of purchased products and the own price

—Weekly market price change

—Set of SOCIAL INDICATORS

—The ratio between the average gross salary in each chain and the average gross salary in agriculture
—Change in the ratio between the working population in each chain and the working population in all activitie
—The relationship between the change in the wage levels and the change in the level of consumer prices
—Level of self-care

—Set of ENVIRONMENTAL INDICATORS

—Food miles

—Change in the proportion of animals of indigenous breeds compared to all animals combined

—Change in the number of farms included in the animal welfare sub-measure

—Change in the share of organically raised animals

Figure 1: Attribute tree of DEX model.

Results and discussion
Beef food supply chain

Using the DEXI model, the beef chain was evaluated as an average agri-food chain based on the defined indicators and
the established criteria. Two of the three parameters (economic, environmental), composed of individual indicators
that together give the overall score of each chain, were rated as average, while the social parameter was rated as good.

As for the economic aspect of the added value in the cattle breeding chain, it was found in the changes in the ratio
between the retail prices of beef and the own price of cattle breeding, as well as in the changes in the market price of
the products.

However, the indicators of the average ratio between the prices of agricultural products and the cost of agricultural
inputs, as well as the ratio between the prices of purchased products and own price, were evaluated as poor.

From all four economic indicators, it can be concluded that the position of primary producers or growers (farmers)
in the beef chain could be better if one of the poorer rated indicators improves. This suggests a greater increase
in the retail price of beef relative to its own price and an average monthly increase in the price of beef of about
1% per month, while the price of farm products increases more slowly on average than the cost of farm inputs or
production inputs. By recording additional calculations along the chain, we might be able to draw conclusions about
the economic proportionality or fairness among the links in the chain. Using the indicators of change in the ratio
between the retail price and own price, we can see that, on the one hand, the retail price increases more than the own
price, while, on the other hand, primary producers do not even cover the costs of primary production.

The social aspect of value added in the beef chain can be seen in the average change in the proportion of the working
population in each agricultural activity compared to all activities combined, the average relationship between the
wage index in each agricultural activity and the general consumer price index, and the degree of self-sufficiency in
beef.

As for the environmental aspect of added value in the beef production chain, it was found in the average annual
change in the proportion of all native breeds of a single species compared to the total livestock of a single species,
and in the average annual change in the proportion of organically raised animals of a single species compared to the
total livestock of that species.
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Pork food supply chain

Using the DEXI model, the pork production chain was evaluated as an average agricultural food chain for animals
based on the defined indicators and the established criteria. The groups of economic and social indicators representing
the economic and social parameters were evaluated as average, while the evaluation of environmental parameters
was good.

The economic aspect of the value added in the pork production chain was determined by the average ratio between
the prices of agricultural products and the costs of agricultural inputs, as well as by the changes in the ratio between
the retail prices of pork and the own price of pork production.

The average ratio between farm product prices and farm input costs calculated for a 10-year period (between 2012
and 2021) is 1.03, which means that pork prices have changed somewhat faster or more intensively than farm input
costs over this period. However, it should be noted that these changes in favor of pork prices are minimal.

However, the indicators of the average relationship between the prices of purchased crops and own price, as well as
the average changes in the market price of pork in the representative market, were evaluated as poor.

From all four economic indicators, it can be concluded that the average retail prices of pork have increased faster
than the cost of production itself or the own price. This is also confirmed by the average relationship between the
price indices for agricultural products and the price indices for agricultural inputs. On the other hand, even in the
pork production chain, primary producers or breeders do not, on average, cover all the costs they incur in producing
or breeding themselves by selling their products. Another interesting finding is that in the period from the beginning
0f 2020 to the end of 2021, the market price of pork in the representative market decreased, which contrasts with the
price changes in other chains.

The social aspect of value added in the pork chain was determined by the average ratio between the average gross
wage in the pork chain and the average gross wage in agriculture.

The environmental aspect of value added in the pork production chain was determined using the average annual
change in the proportion of all indigenous breeds of a single species compared to all farmed animals of a single
species, the average annual change in the number of livestock farms included in the animal welfare submeasure, and
the average annual changes in the proportion of organically raised animals of a given species compared to all raised
animals of that species.

Dairy food supply chain

Using the DEXI model, the dairy chain was evaluated as an average agri-food chain based on selected and defined
indicators and established criteria. The groups of economic and social indicators (economic and sociological
parameters) were rated as average, while the group of environmental indicators (environmental parameters) was
rated as good.

The economic aspect of value added in the dairy chain was determined based on the average ratio between the prices
of agricultural products (milk) and the costs of agricultural inputs.

Based on all four economic indicators, it can be observed that the market price of milk in the representative market
has increased on average on a monthly basis in the period from the beginning of 2020 to the end of 2021, similar to
the increase or change in the price of milk compared to the increase or change in the cost of agricultural inputs has
also increased or changed on average. Taking into account these two positively evaluated attributes, the economic
situation of each link in the chain should improve, but this is not certain, since in the period 2018 to 2021, the
relationship between the retail price of milk and the own price of milk production is, on average, to the detriment
of the average retail price of milk. Similar to the beef and pork chain, in the dairy chain, the purchase prices of milk
from primary producers do not reach the prices of production or processing itself.

The social aspect of value creation in the dairy chain was found to be at the level of milk self-sufficiency.

In contrast to the positive or good evaluation of the indicator of self-sufficiency in milk, the indicators of the average
ratio between the average gross wage in milk production and the average gross wage in agriculture and the average
ratio between the wage index in milk production and the consumer price index were evaluated as average, which
means that the situation indicated by the two indicators remained unchanged.

The evaluation of the environmental indicators in the dairy chain is very similar to that in the beef chain, since the
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same data are used for three of the four indicators. Only for the indicator showing the average nutritional value
kilometer of the imported products, or in the case of the dairy chain for the milk import, different data are used.

Conclusions

Based on the established criteria that we used to cover all three aspects of sustainable development (economic,
social, environmental), we found that all three chains evaluated are very similar in terms of final score, but with
the difference that they have different degrees of individual indicator added values. In all three chains, we found
indicators that indicate the added value of the chains themselves, as well as those that hinder further development.
For the future development of all agri-food chains, it is crucial to maintain the indicators that represent added value
or positive practices, but at the same time to try to improve those that have been assessed as poor or inhibiting.

These indicators are mainly related to the economic and social status of primary producers or farmers. In all three
chains, the purchase prices of products received by primary producers cannot cover all production costs with them
(the purchase price is lower than their own price), which means that their existence depends on additional forms
of employment or various forms of state support (direct payments,...). An important negative indicator is also the
development of the number or percentage of employees in individual farms, which has been decreasing in recent
years. One of the reasons for the low purchase prices of Slovenian products is the oversupply of products on foreign
markets, where products are available at lower prices due to lower production costs and the oversupply itself, which
leads to an increase in the volumes of products imported from abroad in particular in world trade. Import itself, or
in particular the average length of import routes, is another important negative indicator in the three chains studied.

With the help of additional analyzes in the DEXi program, we were able to define those value-added indicators
that represent an opportunity for the further or future development of all three chains, which would make the
aforementioned chains more sustainable or whose (added) value would increase as a result. Above all, the
improvement of socio-economic conditions in the form of more adequate payments is the key to reducing imports
in the chains of cattle breeding and milk processing, since Slovenia can already meet the needs of the market with
its own production and processing.
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Abstract

Plant protection is a significant component of modern agriculture. Different agricultural systems rely
on integrated crop management (ICM) as a sustainable solution. The new ICM model provided a more
holistic approach and promoted preventive measures and combinations of different management
strategies. Therefore, plant biostimulants positively impacting nutrient use efficiency, tolerance to stress,
crop quality, or soil health could be part of the ICM toolbox. This review will explore the agricultural
functions of different biostimulants categories in tomatoes, wheat, and apples. Agricultural functions
of biostimulants are classified according to ICM elements, confirming contribution to cultural control
and preventive measures. More dedication from different stakeholders is needed to translate the
enormous potential of biostimulants into farmer practices for various crops.

Keywords: integrated crop management, sustainable agriculture, biostimulant, abiotic stress,
biodiversity

Introduction

Global agriculture and associated food systems face a significant challenge due to climate change and biotic and
abiotic stressors (Arora, 2019; Oerke and Dehne, 2004). Simultaneously, it is necessary to satisfy increasing demands
for food and make agricultural production more sustainable and environmentally friendly (FAO, 2018). Regarding
crop protection, different low- and high-input agricultural systems need to rely on integrated crop management
(ICM), referred to as integrated pest management (IPM) as well (Richard et al., 2021). Richard et al. (2021) suggested
using the term Integrated Crop Management (ICM) to avoid any confusion with the definition of the term “pest”
in Integrated Pest Management (IPM). This review will use IPM and ICM terms in the same context, referring to
integrated pests, diseases, and weeds management.

Trends in modern agriculture indicated a need to clarify the ICM concept and include a sustainability aspect that
covers economic viability, environmental safety, and social acceptability (Dara, 2019; Stenberg, 2017; Deguine et al.,
2021).

In European Union (EU), IPM has been mandatory since 2014. IPM in Directive 2009/128/EC focused on eight
principles (European Parliament and the Council, 2009), which do not address economic, social, and environmental
aspects or organization between the relevant stakeholders (Barzman et al., 2015). Driven by Green Deal and Farm
to Fork Strategy, the new Common Agricultural Policy (CAP) Strategic plans should contribute to the resilience
of the EU farming systems and food security and enable the transition to sustainability over 2023-2027 (European
Parliament and the Council, 2021). Member States should set eco-schemes in their strategic plans, including organic
farming and IPM (European Parliament and the Council, 2021). In the adopted proposal for a new Regulation on
the Sustainable Use of Plant Protection Products (SUR), the European Commission points out that increasing the
implementation and uptake of IPM strategies will be vital in achieving the SUR objective (European Commission,
2022). Furthermore, the proposed SUR defines biological control agents and emphasizes preventive measures and
non-chemical alternatives (European Commission, 2022).

The industry is crucial in promoting biological solutions, including plant biostimulants, for sustainable agriculture
(Du Jardin, 2015; Rouphael and Colla, 2020; Ricci et al., 2019; EBIC, 2021). Although industry initially developed
biostimulants for organic production, their use in other agricultural systems is increasing. The European market,
approximately half of the global market, is estimated to be around USD 1.5-2 billion in 2022 (EBIC, 2021).
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This review will explore definitions of biostimulants and their physiological and agricultural functions and group
them according to ICM elements (Stenberg, 2017; Dara, 2019) on the example of tomato, wheat and apple.

Biostimulant Definition and European Regulatory Framework

Prof. V.P. Filatov introduced the concept of the “biogenic stimulant” theory in 1933, which Blagoveshchensky further
developed in 1956 (Yakhin et al., 2017). According to Du Jardin (2015), Zhang and Schmidt introduced the first
definition of “biostimulants” in a web journal in 1997, while Kaufmann et al. defined biostimulants in the scientific
literature in 2007. Furthermore, Du Jardin (2015) concluded that the nature of biostimulants and physiological
functions are diverse, definitions of economic and environmental benefits depend on agricultural and environmental
policies and that effects of all biostimulants cover at least one or several agricultural functions.

Different categories of substances can be considered as plant biostimulants in publications and reviews: humic
substances and fulvic acids, protein hydrolysates, free amino acids, and other N-containing compounds, seaweed
extracts (hormone-containing products), inorganic compounds (salts), chitosan and other biopolymers, botanicals,
carboxylic fatty acids, unsaturated fatty acids, phenolic acids, and phenolic aromatic acids containing several benzene
rings and vegetable oil. In addition, biostimulants can also include microorganisms such as beneficial bacteria and
fungi, including inoculants and plant-growth-promoting microorganisms (Yakhin et al., 2017; Du Jardin, 2015; Du
Jardin, 2012; Calvo et al., 2014; Halpern et al., 2015).

In Europe, the first legal definition of biostimulants under the European Fertiliser Regulation (EU) No 2019/1009
is based on the agricultural function of the products (claims-based), stipulating that plant biostimulant refers to “a
product stimulating plant nutrition processes independently of the product’s nutrient content with the sole aim of
improving one or more of the following characteristics of the plant or the plant rhizosphere: a) nutrient use efficiency,
b) tolerance to abiotic stress, c) quality traits, and d) availability of confined nutrients in soil or rhizosphere” (European
Parliament and Council, 2019). In the European Fertiliser Regulation (EU) No 2019/1009 (European Parliament and
Council, 2019), the function of biostimulants is captured under the specific product function category six (PFC 6),
as microbial and non-microbial plant biostimulants, while component material categories (CMC) addressed diverse
nature of the substances.

Biostimulants are neither fertilizers nor plant protection products. The European Fertiliser Regulation (EU) No
1009/2019 distinguished biostimulants from plant protection products and provided guidance for products with one
or more functions covered by the scope of the European Plant Protection Product Regulation (EC) No 1107/2009
(European Parliament and the Council, 2009a).

Du Jardin (2015) indicated that there was a growing consensus to separate biostimulants from biocontrol (plant
protection products) while developing the EU regulatory framework. The EU regulatory framework narrows the
products which could be registered as plant biostimulants when compared with the plant biostimulant definitions and
categories in scientific reviews (Yakhin et al., 2017; Calvo et al., 2014; Halpern et al., 2015). Ricci et al. (2019) outlined
some general principles for setting the biostimulant claims, which they proposed to incorporate into harmonized
European standards (hEN) that are under the development of the European Committee for Standardization (CEN).

The European Fertiliser Regulation (EU) No 2019/1009 affixes the CE mark for biostimulant products and enables
free movement in the single market compared to the registered products according to national legislations (European
Parliament and Council, 2019).

Biostimulant claims in the context of ICM

Crop vyield is a crucial parameter for farmers. Biostimulants positively impact yield; vegetables showed the highest
yield benefits (+28%), followed by legumes, while yield response in fruits and cereals was less significant (Li et al.,
2022).

Publications indicated the potential uses and benefits of various biostimulant categories in tomatoes, wheat, and
apples (Table 1 and Table 2).

From the ICM perspective, the central claims in tomatoes, apples, and wheat (Table 1 and 2) refer to cultural
control (nutrition efficiency improvement, abiotic stress tolerance, and crop quality improvement, growth) as part
of the preventive measures within the new revised ICM (Dara, 2019; Stenberg, 2017). Some biostimulants, such
as Trichoderma sp., seaweed Laminaria sp., chitosan, or neem, can show multi-effects and address different ICM
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elements, cultural control, and biocontrol, depending on the specific product claims (D’Addabbo et al., 2019; Agarwal
et al., 2016; Butkeviciené et al., 2022; European Commission, Health and Food Safety Directorate General, 2022).

Additionally, European Biostimulant Industry Council (EBIC) (Ricci et al., 2019) proposed claims that could
positively impact biodiversity, referring to the reinforcing biological regulation and interactions and improving
biogeochemical cycles. Humic substances (Pane et al., 2016.), algal extracts (Renaut et al., 2019; Bentley et al., 2022),
plant growth promoting rhizobacteria (PGPR), and other bacteria (Lee et al., 2022; Bellotti et al., 2022; Beceril-
Espinosa et al., 2022.), and fungi (Derkowska et al., 2017) positively impact soil microorganisms in tomato and
apples. Furthermore, abiotic stress tolerance (salinity, drought) claims in tomatoes and wheat (Table 1 and 2) are
directly linked to climate change adaptation.

The queries in the scientific database (www.scopus.com) showed a continuous increase in the publications and
interest of scientists in biostimulant topics. Simultaneously, industry members reported investment in R&D in this
sector (EBIC 2021). Social and environmental trends include climate resilience, biodiversity, and greenhouse gas
emissions into innovation and research, in addition to the usual drivers such as agronomic needs and human and
environmental safety (FAO, 2018).

Table 1. Biostimulant categories and their agricultural functions in tomato, wheat, and apples

Crop Tomato Wheat Apple

Biostimulant Category

Humic substances
Protein Hydrolysates
Algal extracts

+ + 4+ +

Inorganic substances

Fungi

+ + + 4+ + 4+ o+

+
+
+
Botanical extracts +
+
+
+

plant growth promoting
rhizobacteria (PGPR)

Other bacteria + + +
Chitosan +

Biowaste, bioslurry +

Agricultural functions Suppression of parasitic Fungal activity, Positive impact on quality
weed, nematodes, suppressive pematodes suppression, ~ Parameters — secondary
for diseases, mechanism metabolites — phenolic
against bacterial and fungal compounds, anthocyanin
diseases, induction of defence (color), antioxidant
(secondary metabolites potential (potentially plant
e.g.,, flavonoid synthesis), defense), positive impact
positive impact on yield, on growth,
growth, seed germination

increase resistance
against disease (plant
defence), positive impact
on growth, yield, quality
parameters, tolerance to
abiotic stress (salinity,
drought), nutrient uptake N> B K uptake, increase in

quality parameters, macro- (N, P), decrease N micronutrients (Fe, Mn),
apd mlch—nutrlent uptake, pollution (in wheat-rice quality parameters (prevent
b19d1versfty (e.n‘har?ced rotation system). physiological disorder of
microbes, positive impact fruits, storage), biodiversity
on mycorrhizal symbiosis, (positive impact on
nutrient uptake), tolerance population of fungi,

to abiotic stress (salinity, Fe- bacteria and actinomycetes
deficiency, drought). in rhizosphere).

20 58th Croatian & 18th International Symposium on Agriculture | 11-17 February, 2023, Dubrovnik, Croatia



Biostimulants as an integrated crop management tool

References: Disciglio et al., 2016; Pane et al., 2016; Choi et al., 2022; Zou et al., 2022; Rouphael et al., 2021; Buffagni
et al,, 2021; Celletti et al., 2020; Cozzolino et al., 2021; Ali et al., 2022; Bentley et al., 2022; D’Addabbo et al., 2019;
Chantini et al., 2019; El Arroussi et al., 2018; Renaut et al., 2019; Agarwal et al., 2016; Mutale-Joan, 2021; Sudiro
et al., 2022; Chele et al., 2021; Colman et al., 2019; Vieira et al., 2022; Papa et al., 2022; Joshi et al., 2021; Lee et
al., 2022; Alzate et al., 2022; Bellotti et al., 2022; Beceril-Espinosa et al., 2022; Fragala et al., 2022; Funes-Pinter
et al,, 2022; Pacuta et al. , 2021; Gaidau et al., 2017; Langowski et al., 2022; Sharma et al., 2019; Szpunar-Krok et
al., 2022; Mathlouthi et al., 2022; Butkeviciené et al. 2022; Chalfoun et al., 2018; Cheng et al., 2022; Blyuss et al.,
2019;Swierczynski et al. 2021; Graziani et al. 2020; Kiczorowski, 2019; Soppelsa et al. 2018; Derkowska et al., 2017.

Table 2. Biostimulants categories and integrated crop management (ICM) elements in the example of tomato

Biostimulants  Integrated pest management (IPM) Type of
. . C . References
Category Element /Agricultural function Application
Humic Biocontrol: suppression of parasitic . P o
- . Soil application Disciglio et al., 2016; Pane et al.,
Substances weed, suppressive for diseases Soravi 2016
. rayin .
Vermi-compost  Cultural control: biodiversity praying
Compost tea (enhanced microbes), nutrient uptake
ltural ol i Spraying
. Cu t.u ral contro’: plant quality, Root drench Choi et al., 2022; Rouphael et
Protein nutrient uptake (N), tolerance to .
. . . Substrate al., 2021; Celletti et al., 2020;
Hydrolysates abiotic stress (salinity, Fe-deficiency, Cozzolino et al.. 2021
drought), growth treatment at > .
transplanting
Biocontrol: nematode suppression, Spraying Alj et al., 2022; Bentley et
induction of defence mechanism al., 2022; D’Addabbo et al.,
against bacterial and fungal diseases 2019;Chantini et al., 2019; El
Algal extracts, A {etal. 2018: R tet
seaweed Cultural control: growth, plant rroussi et al, > Renaut €
quality traits, biodiversity (positive al., 2019;Agarwal et al,, 201.6;
impact on mycorrhizal symbiosis), Mutale-Joan, 2021; Cozzolino et
tolerance to abiotic stress (salinity) al,, 2021.
. Biocontrol: suppression of nematodes  Spraying D’Addabbo et al., 2019; Sudiro et
Botanical o 12022
extracts Cultural control: tolerance to abiotic al, :
stress (drought)
Inorganic Cultural control: tolerance to abiotic ~ Spraying Chele et al., 2021.
substances stress (salinity), flavonoid synthesis
(silicates)
Biocontrol: impact on defence Spraying at Colman et al., 2019.
Chitosan mechanisms transplanting
Cultural control: growth
Fungi and/ Cultural control: growth, macro- and ~ Substrate Vieira et al., 2022; Papa et al,,
or fungi micro-nutrient uptake Seed treatment 2022; Joshi et al., 2021.
metabolites (priming)
Plant growth Cultural control: growth, quality, Inoculation Lee et al., 2022.
promoting soil nutrient availability, biodiversity
rhizobacteria  (positive impact on soil bacteria)
(PGPR)
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Cultural control: abiotic stress Spraying Alzate et al., 2022; Bellotti et al.,
(salinity), growth, germination, plant 2022; Beceril-Espinosa et al.,
Other bacteria  quality (secondary metabolites), 2022.
and/or biodiversity (enrichment for
metabolites operational taxonomic unit of
plant-growth-promoting microbes,
symbiotic relations)
. Biocontrol: fungicidal potential Seed treatment Fragala et al., 2022; Funes-Pinter
Biowaste, Cultural I seed eerminati etal, 2022
bioslurry ultural control: seed germination,
growth

Conclusions

Biostimulants are compatible with the ICM principles and should be promoted as a preventive tool in the ICM

toolbox. The

positive impact of biostimulants on biodiversity and climate adaptations are benefits that go beyond

the new ICM paradigm and fit with the overall sustainability trends in the EU. More dedication from different

stakeholders

(scientists, industry, policymakers, farmers, advisory services) is needed to explore the enormous

potential of biostimulants, including translation into the farmers practices for various crops and local conditions.
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ORIGINAL SCIENTIFIC PAPER

Heavy metals and nutrients in the leaves of
Paulownia grown on polluted soils in Bulgaria

Violina Angelova

Agricultural University-Plovdiv, 12 Mendeleev str., Plovdiv, Bulgaria (vileriz@abv.bg)

Abstract

A field study was conducted to determine the content of heavy metals and micro and macroelements
in Paulownia leaves grown on heavily metal-contaminated soils. The experiment plots were performed
on an agricultural field contaminated by the Non-Ferrous-Metal Works near Plovdiv, Bulgaria, situated
at different distances (0.1 km, 2.0 km, and 11 km) from the source of pollution. Contamination of
Paulownia leaves with heavy metals was primarily by aerosol, and the amount depends primarily on
the distance to the source of contamination and the heavy metal content of the soil. The increased
heavy metal content of the soil resulted in less uptake of the nutrients Ca, Mg, and P in Paulownia
leaves. It can be concluded that Paulownia is tolerant to heavy metals and can successfully be grown on
heavy metal-contaminated soils. Paulownia can be used as an indicator plant for air (and soil) pollution
and to build buffer strips around industrial plants.

Keywords: nutrients, Paulownia, toxic metals, soil contamination

Introduction

In Bulgaria, about 61% of the areas contaminated with heavy metals above the maximum permissible content of
harmful substances in soil are located in the areas of metallurgical plants. In the regions of smelters, combined
contamination of plants is observed - (i) uptake of accumulated heavy metals in the soil by the root system of plants
and (ii) by aerosols from the atmosphere on the leaf surface. The aerosols’ concentration varies with distance from
the source, weather conditions and particle size. Larger particles settle quickly to the ground surface, in contrast to
smaller particles which can be lifted by air currents to high altitudes and disperse over considerable distances. The
height of smelter stacks, wind speed, rainfall and the character of the terrain also have an influence. Aerosols cling
to plant leaves, and some trace elements may be adsorbed. Pb remains mainly as a surface deposit, while Zn and Cd
penetrate partially into the leaves (Kabata-Pendias, 2001).

The area around a Non-Ferrous Metal Works-Plovdiv (NFMW) is one of the ,,hot“ ecological spots of the country.
The plant's production activities are associated with the emission of industrial gases and dust (aerosols), which are
the primary pollutants of the region. These emissions are dominated by aerosols of Pb and Zn, accompanied by Si,
Cd, and Hg. The metals in the emissions are predominantly in the form of oxides. In recent years, there has been a
downward trend in the amount of heavy metal and sulphur oxide emissions to the air as a result of improvements in
Pb and Zn production technology at NFMW. However, accumulated heavy metals from previous years remain in the
surface soil layer (Dimitrov et al., 2019).

Paulownia tomentosa (Thunb.) Steud and other tree species belonging to the genus Paulownia (Paulownia fortunei
Hemsl., Paulownia elongata S.Y. Hu) have received increasing attention in recent years for cultivation in areas with
aerosol and soil pollution (Doumett et al., 2008; Stankovic et al., 2009; Wang et al., 2010; Azzarello et al., 2011,
Tzvetkova et al., 2015) as a result of their tolerance to heavy metals combined with rapid growth. The high biomass
production of Paulownia fortunei Hemsl. within a short period results in significant contaminant removal from
contaminated soil despite low metal uptake rates (Doumett et al., 2008). There has been a great deal of interest in the
species Paulownia elongata and Paulownia fortunei, which in urban settings are grown in parks or boardwalks at the
expense of their ornamental qualities. Owing to the large leaf surface, which is heavily girdled on the underside, these
species absorb significant amounts of sulphur dioxide in combination with dust particles from the air (Stankovic et
al., 2009). The most important characteristic of these species is their extremely rapid growth, which places them
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among the fastest-growing trees in the world (Stankovic et al., 2009; Wang et al., 2010).

The aim of the present work was to conduct a comparative study in order to determine the heavy metal (Pb, Cd,
Hg), micro (Fe, Cu, Zn, Mn), and macro (N, P, K, Ca, Mg) element contents in the leaves of Paulownia tomentosa
x fortunei, as well as the possibilities to use the Paulownia trees for phytoremediation of heavy metal contaminated
soils.

Material and methods

Paulownia (Paulownia tomentosa x fortunei) was used as a test plant. The Paulownia, selected by BIOTRI OOD,
Bulgaria, was cultivated according to the generally accepted technology in areas at different distances from the
pollution source NFMW - Plovdiv (0.1 km, 2 km and 11 km). The field trials were laid out using the block method
in four replications with an experimental plot size of 100 m? Planting of Paulownia seedlings was carried out in
spring on the previously prepared plots on each sampling location. The plots were ploughed to a depth of 40 - 60 cm
to break up the soil and eradicate the rhizomes of perennial weeds. After the initial tillage, the land was disked, and
planting holes were dug. Six saplings were planted in a 2x3 m scheme (distance of 2 m between plants of each row
and 3 m between rows) in each 100 m?. At the end of the growing season, leaves from 3 Paulownia trees from each
experimental plot were collected for analysis. Leaves were taken from the lower, middle and upper parts of the tree
canopy on the east, west, north and south sides. Samples were dried at room temperature without pre-washing the
leaves until an air-dry mass was obtained, then dried at 75°C and analysed. Soil samples were also collected from
individual plots prior to planting the Paulownia seedlings. Soil samples 1 and 2 are located at the same distance from
NFMW - Plovdiv (0.1 km). Sample number 1 was collected from a site located south of the NFMW - Plovdiv and
sample number 2 from a site located southwest of the NFMW - Plovdiv. Sample 3 was taken at a distance of 2 km
from NFMW - Plovdiv and sample 4 from the experimental field of the Agricultural University-Plovdiv (11 km). Soil
samples were collected using a hand probe at a depth of 0 - 30 cm. One average sample was taken from each plot,
which was formed from 10 stitches taken diagonally. Soil from all stitches from each plot was homogenized, air-dried
and sieved through a 2 mm sieve.

Before heavy metals content detection and quantification soil samples for total content determination (Pb, Cd,
Hg, Fe, Cu, Zn, Mn) were digested by aqua regia (ISO 11466), while for mobile metals forms (Pb, Zn, Cd, Cu)
determination digestion was performed by 0.005 M DTPA (ISO 14870). Element content (Pb, Cd, Hg, Fe, Cu, Zn,
Mn, P, K, Ca, Mg) in plant samples previously before detection was mineralised by microwave method. An atomic
emission spectroscopy technique (AES) was used for all elements determination (Jobin Yvon Emission, model JY
389).

Results and discussion

To elucidate the extent of soil contamination with heavy metals and their localisation in the leaves of Paulownia,
soil samples were collected from the areas at different distances from the NFMW (0.1 km, 2.0 km and 11 km). The
physical and chemical properties of the soil samples are presented in Table 1. The soils are characterised by a slightly
alkaline reaction, medium organic carbon content and medium to high nutrient (N, P, K) availability. Total Zn, Pb
and Cd contents are high and exceed the maximum allowable concentrations (MAC) (Table 1).

Table 1. Soil characteristics of the study areas

Soil 1 Soil 2 Soil 3 Soil 4
Parameter

(0.1 km) (0.1 km) (2 km) (11 km)
pH 7.32 7.84 7.63 7.52
EC,dS m*! 0.20 0.15 0.15 0.15
Org.content,% 2.39 1.56 2.24 1.54
N Kjeldal,% 0.17 0.34 0.22 0.13
P, mg kg™ 733 607 823 355
K, mg kg™ 6094 8030 5648 6780
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Ca, mg kg™ 51981 24356 33262 16061
Mg, mg kg 10674 12574 10799 10040
Pb, mg kg 26221 2509 2429 24.6
Cu, mg kg 2610 222 170 16.0
Zn, mg kg™ 10596 2424 2476 33.9
Cd, mg kg 357 64.3 45.0 2.7
Fe, mg kg™ 33008 27388 21207 27113
Mn, mg kg 1216 1045 844 884
Hg, mg kg™ 2.50 0.58 0.83 1.33

MAC according to Bulgarian legislation (Regulation No. 3 of 1 August 2008 on the norms for the permissible
content of harmful substances in soils) (pH 6.0-7.4) - Pb -60 mg kg, Cd-2.0 mg kg, Zn-320 mg kg, Cu-150 mg
kg', Hg-1.5 mg kg

MAC (pH >7.4) - Pb -100 mg kg', Cd - 3.0 mg kg, Zn -400 mg kg', Cu-300 mg kg, Hg - 1.5 mg kg'*

The results presented in Table 1 show that with distance from NFMW - Plovdiv, there is a well-defined tendency for
decreasing the total content of heavy metals in the soil. In soil samples taken from the area 0.1 km and 2.0 km away
from the NFMW, values for Pb exceeding the MAC (100 mg kg") were recorded. In soil samples from S1 and S2 (0.1
km from the NFMW), Pb values ranged from 2509 mg kg to 26221 mg kg™. The Pb content in soil from S3 (2 km
away from the NFMW) reached 2429 mg kg™, while in the area 11 km away from the NFMW (S4), the Pb content
decreased to 24.6 mg kg™'. Similar results were obtained for Cd and Zn. The reported values significantly exceed the
MAC. Soil 1 (0.1 km from the NFMW) recorded 10596 mg kg Zn and 357 mg kg Cd, soil 2 recorded 2424 mg kg™
Zn and 64.3 mg kg' Cd, and the area 2 km from the NFMW (soil 3) recorded 2476 mg kg Zn and 45 mg kg Cd. In
the more remote area (11 km from the NFMW), 33.9 mg kg Zn and 2.7 mg kg Cd were detected. The Cu content
in the soils of the study areas was significantly lower compared to the accepted MAC of 300 mg kg™ (except for the
sample from soil 1). The difference observed between the S1 and S2 spaced at the same distance (0.1 km) from the
NEMW is due to the spatial location of the points relative to the NFMW. Soil 1 and soil 2 were taken at a distance
of 0.1 km from the NFMW (along the length of the NFMW). Soil 1 is located opposite the lead raw material storage
facilities. The warehouses are semi-open, allowing the drift of dry concentrates containing primarily PbS, Zn§, and
CdS to the adjacent areas (soil 1). The second sample is located opposite the plant portal and relatively distant from
the stockpiles.

Table 2 presents the results obtained for the mobile forms of Pb, Zn, and Cd in the investigated soils. The table also
gives the percentage of the mobile forms relative to the total amount of the elements in the soil.

Table 2. Mobile forms (DTPA - extracted) of Pb, Zn, and Cd (mg kg) in soils of the study area

Soils Pb Zn Cd

mg kg %* mg kg %* mg kg %*
S1 (0.1 km) 584 2.2 469 44 81.9 22.1
§2 (0.1 km) 849 33.8 237 9.9 37.0 57.5
S3 (2 km) 895 36.9 412 16.6 26.6 61.1
S4 (11 km) 2.1 8.5 2.4 7.1 0.67 24.8

"% = (DTPA extracted / total content)*100

The results for mobile forms of metals determined by DTPA showed that mobile forms of Cd in contaminated soils
accounted for the highest proportion of its total content, followed by Pb and Zn. Notably, the content of mobile forms
of heavy metals in soil from soil 1 is the lowest, which is contrary to expectations. This is the soil with the highest
heavy metal content, and logically the amount of mobile forms of metals should be highest there. An explanation of
this fact should be sought in the location of the sampling points and the possibilities of chemical processes involving
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Pb. As already noted, the main cause of contamination at the S1 is due to the drift of dry concentrates from the
semi-open storage areas, containing mainly PbS (galena). PbS is known to be readily oxidised by oxygen in the air to
PbSO,, which binds with CO, in the presence of moisture to PbCO,:

PbS + 20, = PbSO,

PbSO, + H,0 + CO, = PbCO, + H,S0,
The ratio between the amounts of Pb compounds determines the soil's total Pb content and the amount of exchangeable
and available forms to plants. Drier and better-aerated soils stimulate the formation of the highly soluble lead
sulphate, which readily passes into the soil solution and decreases total Pb, and increases its mobile forms (Kabata
Pendias, 2001). The above processes are less likely in waterlogged soils, as confirmed by higher contamination levels.

This is generally confirmed by the results presented in Tables 1 and 2 and explains the low content of mobile forms
of Pb in the S1.

Soil conditions and plant type influence the uptake of heavy metals into plants, and their accumulation in plant
organs depends on their content in the soil. Plants grown on contaminated soils accumulate heavy metals and
accumulate them in their vegetative organs. Most of them get into the roots of plants as they come into contact with
the contaminated soil. In some plants, however, a substantial fraction of heavy metals accumulate in the aboveground
mass (Peng et al., 2006).

Figure 1 presents the results obtained for the heavy metal, micro and macro element contents in the
aboveground mass (leafage) of Paulownia.

Graph.1. Content (mg kg'') of heavy metals, micro and macroelements in the leafage of Paulownia grown in the
region of NFMW
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As the source of contamination became more distant, there was a clear trend towards a decrease in the heavy metal
content of paulownia leaves. The amount depends primarily on the distance to the pollution source and the heavy
metal content of the soil. The Pb content in Paulownia leaves grown at a distance of 0.1 km (S1 and S2) ranged
from 4319 to 10649 mg kg, Zn from 2318 to 3635 mg kg* and Cd from 139 to 199 mg kg". The Pb content of the
Paulownia leaves from S3 (2 km NFMW) decreased to 2341 mg kg™, Zn to 1397 mg kg* and Cd to 45.9 mg kg'. In
the Paulownia grown in the area 11 km from the NFMW, the recorded values were lower: -16.9 mg kg Pb, 69.2
mg kg’ Zn, and 0.43 mg kg Cd. The obtained results strongly indicate that heavy metal contamination is primarily
aerosol and the amount depends mainly on the distance to the source of contamination and the heavy metal content
of the soil.

Similar results were obtained by Stankovic et al. (2009), who suggested that the accumulation of Pb in Paulownia
foliage is of anthropogenic origin and due to vehicular traffic. The efficiency of Paulownia in the uptake and
accumulation of Zn from contaminated soils was found by Azzarello et al. (2012) and Wang et al. (2010). Wang et al.
(2010) found 3000 mg kg™ Zn in the leaves of P. fortunei grown on soils with a Zn content of 1000 mg kg™

The Cu content of Paulownia leaves ranged from 57.5 mg kg™ to 911 mg kg™. These results are higher than the results
of Madejon et al. (2014), who reported that the Cu content in paulownia leaves was low and ranged from 15 to 40 mg
kg'. These values are higher than the upper limit of the range of sufficient or typical values (5-30 mg kg™, Kabata-
Pendias (2001) and Mills and Jones (1991) (15 mg kg™') and significantly exceed the values suggested by Element
Concentration Cadasters in Ecosystems (ECCE) (2-20 mg kg™') (Lieth and Markert, 1990). Presented results indicate
the ability of Paulownia to accumulate copper in its tissues and are in agreement with the results of Jiang et al. (2012),
who found that P. fortunei is a Cu-tolerant plant and can accumulate Cu in the aerial parts.

The Fe content in Paulownia leaves was extraordinarily high and ranged from 351 (S4) to 3281 mg kg (S3) and
exceeded the values given in ECCE (5-200 mg kg") (Lieth and Markert, 1990). Lower content of Fe were found in
Paulownia leaves by Stankovic et al. (2009) (105-362 mg kg™) in urban environments.

The Mn content reached 208 mg kg™ and it was within the range of values given in ECCE (1-700 mg kg™) (Lieth and
Markert, 1990).

Plants can absorb and accumulate mercury from the environment. The mercury content in Paulownia leaves varies
within a relatively narrow range from 0.9 to 1.8 mg kg™

The highest values for Ca, Mg, and P, were found in the leaves of Paulownia grown 11 km from the NFMW (S4). Ca,
Mg, and P contents reached 28934 mg kg™, 3835 mg kg and 2081 mg kg™, respectively. In the leaves of Paulownia
grown at a distance of 0.1 km (S1 and S2) and 11 km (S3), the Ca, Mg, and P contents were lower and ranged from
14720 to 16209 mg kg™ for Ca, from 1174 to 2354 mg kg™ for Mg and from 1000 to 1512 mg kg™ for P. The K content
in leaves of Paulownia grown at 0.1 and 11 km spacing ranged from 3104 mg kg (S4) to 16209 mg kg (S2).

According to Madejon et al. (2014), there was no significant difference between the macronutrient contents of
Paulownia grown on contaminated and non-contaminated soils. However, according to Kabata-Pendias (2001),
heavy metals can change plants® nutrient uptake. The results confirm that high heavy metal content in the soil leads
to less uptake of nutrients Ca, Mg, and P.

Paulownia can be used as an indicator plant for air (and soil) pollution. Differences in the heavy metal content
in the leaves of Paulownia grown at different distances from the NFMW indicate significant aerosol pollution
in the NFMW area, which decreases with increasing distance. Aerosol pollutants can spread over hundreds of
kilometres, depending on weather conditions, wind direction, and wind speed. It is, therefore, necessary to conduct
comprehensive monitoring over a significant area around the sources of pollution. Such monitoring should include
determination soil and air physico-chemical parameters and a range of biological parameters (e.g. tree species such
as Paulownia). Paulownia may be recommended for the construction of protective belts around industrial plants.

Conclusions

Based on the obtained results, the following more important conclusions can be drawn:

1. Paulownia is tolerant to heavy metals and can be successfully used in the phytoremediation of heavy metal-
contaminated soils.

2. Paulownia can be used as an indicator plant for air (and soil) pollution and to build buffer strips around
industrial plants.

3. Increased heavy metal content in soil results in less uptake of nutrients Ca, Mg and P in Paulownia leaves.
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Abstract

Apple crops prefer moderate temperatures along with medium to high humidity. Dry climate and long-
term high temperatures during summer can negatively affect the synthesis of chloroplast pigments in
the apple leaf, which negatively affects the assimilation processes. One of the defense strategies against
heat stress is the synthesis and accumulation of free proline, which is an important osmoregulator.
The aim of the research was to determine the content of free proline and chloroplast pigments in
the leaves of thirty-three apple varieties grown at two climatically different localities in Croatia, Tenja
and Donja Zelina. The leaves were sampled after a long-term hot period, at the end of June 2021.
In average for all the examined apple varieties, the location significantly influenced the content of
free proline, chlorophyll a, total chlorophylls and the ratio of total chlorophylls and carotenoids. A
significant influence of the variety on the accumulation of proline and the content of carotenoids
was determined, which points to the genetic specificity in the response to high temperatures. Future
research that will link the physiological response of apple to heat stress with the pomological properties
of the fruit, should help producers in choosing varieties which are more suitable for cultivation in
particular climatic conditions.

Keywords: apple varieties, heat stress, osmolyte accumulation, photosynthetic pigments

Introduction

The apple (Malus domestica Borkh.) is an important fruit, commonly consumed as unprocessed fresh fruit but also as
canned, dried and frozen products. Since fresh apples are available worldwide all year round, their taste and texture
are important (Doores and Splittstoesser, 1983; Sugiura et al., 2013). Cultivated apple is known for almost 3000 years
and is spread by Romans troughtout Europe and Asia (Korban and Skirvin, 1984).

According to Food and Agricultural Organisation, it is estimated that apple production in Europe in 2020 was
17,535,979 tons over area of 984,509 ha. In 2020, apple production in Croatia was estimated to 63,610 tons harvested
on an area of 4,360 ha (https://www.fao.org/faostat/en/#data/QCL).

Crop growth, yield and quality is expected to be under influence of global climate changes (Hay and Porter, 2006).
Atmospheric CO, content raised from pre-industrial levels of 280 ppm over 410 ppm in 2021, and projections to
the end of this century suggest that atmospheric CO, will be 700 ppm or more, whereas global temperature will
increase by 1.8 - 4.0 °C, depending on the greenhouse emission scenario (Solomon, 2007; Bala, 2013; Friedlingstein
et al,, 2022). Plants with C3 photosyntetic pathways, such as apple, respond to elevated CO, through photosyntesis,
stomatal conductance and decreased transpiration (Long et al., 2004; Long et al., 2006). In many crops, an elevated
temperature reduces pollen viability and decreases the percentage of seed and fruit set (DaMatta et al., 2010).

Water deficit also influences various physiological and biochemical processes in plants (Sircelj et al., 2005). Along
with the increased formation of free radicals and reactive oxygen species (ROS), high temperatures accompanied
with lack of water, affects metabolism and increases the contents of soluble carbohydrates, free proline and other
aminoacids (Hanson and Hitz, 1982; Chaves, 2003; Pinheiro et al., 2004). Changes in the ratios of photosynthetic
pigments have been suggested as early indicators of oxidative stress (Darrall and Jager, 1984). Amino acids and
carotenoids have protective role in photosynthetic apparatus against high light and reactive oxygen species, so their
content increases with the intensity of slowly developing oxidative stress (Sircelj et al., 1999). A significant reduction
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in chlorophyll content under heat and water stress conditions has been reported for many plant species (Mibei et al.,
2017; Shivakrishna et al., 2018), including apple trees (Bai et al., 2019; Kovalikova et al., 2020; Mihaljevi¢ et al., 2021).

In Croatia, approximately hundred varieties of apples are currently grown with a large variability in tolerance to the
negative effects of heat stress. Thus, the aim of this study was to determine the content of free proline and chloroplast
pigments in the leaves of thirty-three apple varieties grown at two climatically different localities in Croatia.

Material and methods
Plant material

The experiment with thirty-three apple varieties differing in ripening period was settled in two climatically different
localities: Experimental station Tenja (Faculty of Agrobiotechnical sciences Osijek), location Tenja (45.514342
N, 18.785161 E; Osijek-Baranja County; Croatia) and Experimental station Donja Zelina (Croatian Agency for
Agriculture and Food), location Donja Zelina (45.921960 N, 16.225111 E; Zagreb County; Croatia). The orchards
were established in 2020, and protective nets and irrigation system were installed. All cultivars were planted in four
replicates by the method of random block design, where each cultivar in the particular block was represented by
three plants. Conventional methods of cultivation and pest protection were applied during the growing season.
Young apple leaves were sampled for laboratory analysis on June 28, 2021.

The determination of chlorophyll and carotenoid content

Apple leaves were grounded in liquid nitrogen and 0.05 g of powder was weighed in the 15 mL threaded plastic tubes
by adding the MgCO, powder to neutralize acidity, along with the 10 mL of acetone. The samples were homogenized
on a vortex mixer and then centrifuged at 4000g at 4°C for 10 minutes. The absorbance of supernatants were measured
in a glass cuvette, at the wavelengths of 662, 644, and 440 nm. The concentration of chlorophyll a (Chl a), chlorophyll
b (Chl b), total chlorophyll (Chl a+b), and the carotenoids (Car) were calculated using Holm-Wettstein’s equations
(Holm, 1954; Wettstein, 1957).

The determination of proline content

The proline content was analyzed according to Carillo and Gibon (2011) with minor modifications.
Approximately 0.5 g of leaf powder was extracted with the 1.5 mL of 70% ethanol. The samples were homogenized
on a vortex mixer and then centrifuged at 3500g at 4°C for 15 minutes. Supernatant was treated with reaction
mixture containing 1% ninhydrin acid in 60% acetic acid and 20% of ethanol. After homogenization, the extracts
were incubated for 20 minutes at 95°C. After cooling, the concentration of proline was determined by measuring the
absorbance at 520 nm and compared with the absorbance of a range of standard proline solutions containing 0 — 45
nmol proline mL.

Data analysis and processing

The concentrations of prolineand chloroplast pigments were measured with Varian Cary 50 UV-VIS spectrophotometer
using the Cary WinUV software. The results obtained from the four replicates were analyzed using the SAS Software
9.1.3 (2002 to 2003, SAS Institute Inc., Cary, USA). The analysis of variance (ANOVA), F test, and Fisher’s LSD test
(least significant difference) were used.

Results and discussion

Temperature is one of the climatic factors which has a great influence on the growth and development of plants. The
range of optimal values is specific for a particular species and it was considered as a limiting factor influencing the
quality and quantity of yield, in a large number of agricultural species (Bita and Gerats, 2013; Hatfield and Prueger,
2015).

In cultivars phylogenetically and through selection adapted to grow in a moderate climate, leaf overheating often
occurs during hot and dry days. Excessively high leaf temperatures may negatively affect photosynthetic reactions
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what can limit the growth, development and survival of plants (Seemann et al., 1984). Under such conditions, the
effectiveness of the photosynthesis decreases as a result of physiological and biochemical changes in the functioning
of the enzymes involved in the synthesis of chloroplast pigments (Ashraf and Harris, 2013).

The average daily air temperature measured in the orchard at Tenja experimental site during the second half of June

was 25°C, while the average of maximum temperatures was 35°C (data not shown). As a result of high daytime
temperatures and dry air, the average of maximum leaf temperature was 39°C with maximum reaching 45°C.

At Donja Zelina experimental site, the average daily air temperature measured during aforementioned period was
24°C, while the average of maximum temperatures was 33°C. The average of maximum leaf temperature was 38°C
with maximum reaching 42°C.

According to the F test, in average for all the examined apple varieties, a location significantly influenced the content
of chlorophyll a, total chlorophylls and the ratio of total chlorophylls and carotenoids in apple leaves (Table 1).

Table 1. The influence of locality on the content of free proline (Pro) and chloroplast pigments (Chl - chlorophyll, Car
- carotenoids) in apple leaves (FW - fresh weight), in average for 33 varieties. The data are means of four replicates;
ANOVA, F test. The values marked with different letters (A and B) differ according to the LSD test (p < 0.05).

Pro
Chla Chlb Chl a+b Car Chl a+b/
nmol ) Chl a/b
e mgg' FW' mgg'FW' mgg'FW' mgg'FW! Car

g'FW
Tenja 2838 0.5524 0.175 0.7274 0.410 3.34 2.044
Donja 4754 0.501° 0.165 0.667" 0.434 3.32 1.65
Zelina
F Value 248.17 8.77 0.61 6.06 1.93 0.18 15.05
p <0.0001 0.0033 0.4363 0.0145 0.1656 0.6705 <0.0001

The content of chlorophyll a, total chlorophylls and the ratio of chlorophylls and carotenoids were significantly
higher in apple leaves at the Tenja location. In average for both localities, variety of apple significant influenced
on the content of carotenoids and both pigments’ ratios (chlorophyll a/b and total chlorophylls/carotenoids, Table
2). From the data obtained, it is evident that the concentration of chlorophyll in apple leaves depends more on the
environmental conditions than on the variety itself.

Table 2. The influence of variety on the content of free proline (Pro) and chloroplast pigments (Chl - chlorophyll, Car
- carotenoids) in apple leaves (FW - fresh weight), in average for both localities. The data are means of four replicates;
ANOVA, F test, LSD test (p < 0.05).

Pro Chla Chlb Chl a+b Car

Chl a+b/
VARIETY nmol mg g' mg g' mg g' mg g’ Chl a/b Car
g! FW Fw-! Fw-! Fw-! Fw-!
Allegro 366.19 0.506 0.150 0.656 0.327 3.39 2.25
B. Lochbuie 373.77 0.645 0.207 0.852 0.417 3.09 2.31
B. Mariri Red 503.16 0.510 0.162 0.671 0.380 3.15 2.26
Bay 3341 411.17 0.505 0.147 0.652 0.473 3.42 1.36
C. Crisp 270.25 0.568 0.162 0.730 0.504 3.48 1.50
Collina 449.81 0.493 0.140 0.633 0.473 3.51 1.40
Freya 356.62 0.500 0.135 0.635 0.419 3.71 1.52
Fuji Fubrax 371.35 0.638 0.195 0.833 0.516 3.27 2.10
G. Rush Coop 449.27 0.695 0.206 0.901 0.481 3.38 2.04
G. Dark Ann 378.83 0.457 0.148 0.604 0.414 3.10 1.49
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G. S. Schniga 377.66 0.526 0.164 0.690 0.388 3.21 1.76
G. S. Schnico 421.09 0.536 0.169 0.705 0.390 3.19 1.94
Galval 378.37 0.532 0.164 0.695 0.489 3.26 1.43
G. Galaxy 353.96 0.498 0.180 0.678 0.334 3.03 2.11
Orion 309.79 0.539 0.172 0.711 0.376 3.24 2.04
Granny Smith 505.47 0.421 0.129 0.550 0.345 3.25 2.14
G. Smoothee 273.76 0.443 0.199 0.641 0.205 2.88 3.22
Rozela 417.99 0.488 0.133 0.621 0.420 3.70 1.47
J. Novajo 285.28 0.559 0.159 0.718 0.427 3.52 1.77
W. Jonaprince 321.71 0.498 0.141 0.639 0.279 3.55 2.41
Karneval 422.69 0.538 0.287 0.825 0.532 2.97 2.05
Merkur 311.02 0.556 0.195 0.752 0.383 3.21 2.03
Opal 351.78 0.426 0.220 0.645 0.426 3.34 1.84
S. C. Sandidge 372.17 0.515 0.160 0.676 0.366 3.23 2.01
Pinova 422.59 0.532 0.145 0.677 0.403 3.70 1.67
R. Idared 365.54 0.579 0.200 0.780 0.365 2.95 2.20
R. Topaz 314.68 0.520 0.162 0.683 0.434 3.59 1.64
Reglindis 410.66 0.545 0.189 0.733 0.445 3.44 1.86
Jeromine 398.16 0.570 0.170 0.739 0.548 3.38 1.38
Santana 438.49 0.483 0.179 0.661 0.533 3.05 1.34
Sirius 410.77 0.575 0.165 0.740 0.421 3.51 1.74
Roats King R. D. 394.70 0.507 0.153 0.660 0.525 3.35 1.26
Topaz 313.93 0.483 0.128 0.612 0.490 3.82 1.25
LSD 131.86 / / / 0.128 0.504 0.764
F Value 1.55 1.46 0.83 1.18 2.81 1.72 2.36
P 0.0371 0.0606 0.7355 0.2405 <0.0001 0.0128 <0.0001

Since carotenoids have a unique antioxidant role in photosystems, especially in the dissipation of excess energy and
neutralization of triplet oxygen (Rmiki et al. 1999), a reduced ratio of chlorophyll and carotenoids may indicate
photooxidative stress due to high temperatures and irradiation. One of the functions of the protective net in orchards
is to reduce the amount of direct sun irradiation that reaches the surface of the leaves. When temperature rises above
40°C, plants which are adapted to moderate climate conditions suffer with higher amount of water loss through
stomata. This may reduce the chlorophyll content, which leads to a decline of photosynthesis and respiration rates
(Kumar et al., 2012; Gosavi et al., 2014). According to Sharkey (2005), the temperature of the leaves exposed to
full sunlight can be significantly above ambient temperature, and it depends on the various factors that affect the
transpiration, such as air and soil humidity, air flow, an exposure and inclination of the orchard, etc. Kalcsits et al.
(2017) reported that at an ambient temperature of 29°C, the leaves’ temperature of apple variety Honeycrisp was
36°C.

Proline is a water-soluble amino acid which is a known cellular osmotic regulator (Kumar et al., 2012). It is also
involved into the ROS detoxification mechanisms through the stabilization of antioxidative enzymes (Bandurska,
1993). The accumulation of free proline occurs in plant tissues in response to stresses resulting in low water
potential such as heat, drought, salinity and cold (Anaytullah, 2007; Verslues et al., 2006;). Thus, the biosynthesis
and accumulation of free proline is often used as the physiological index of stress tolerance (Solomon et al., 1994).

In our research, the locality significantly influenced on the content of free proline in apple leaves with 60% higher
accumulation determined in leaves sampled at Donja Zelina as compared to Tenja (Table 1). In average for both
localities, the variety significantly influenced on the free proline content (Table 2). In general, late season ripening
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apples accumulate higher amount of free proline in their leaves in comparison to early-ripening varieties. Varieties
Braeburn Mariri Red and Granny Smith stood out by the highest accumulation of free proline in leaves, which was
above 500 nmol g FW™..

The capacity of proline accumulation can vary from one species to another as well as between the varieties within the
same species, as a result of breeding process based on obtaining desirable traits (Hayat et al., 2012; Verbruggen and
Hermans, 2008). Beside the genetic base of free proline accumulation, it also depends upon the level and duration of
stress conditions. Therefore, an increased accumulation of proline in apple leaves is a potential early indicator of heat
stress, which can be used in the selection of varieties more resistant to stressful growing conditions.

Conclusions

Physiological and biochemical reactions of apple trees to water and heat stress are quite variable which could be
associated with cultivar, time of the year, previous intensity and duration of stress as well as other environmental
conditions. Understanding the early response of particular apple variety to heat stress, will have profound importance
in breeding program with the aim of creating new generations of resistant crops. According to the obtained results,
varieties Braeburn Mariri Red and Granny Smith can be recommended as a good genetic base for further selection.
Future research that will link the physiological response of the apple to heat stress with the quality of the pomological
properties of the fruit, will help producers in choosing varieties which are more suitable for cultivation in particular
climatic conditions.
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Sazetak

Cilj rada je prikazati dinamiku podzemnih voda na podrudju Bid-bosutskog polja, smjestenog na
podrugju istocne Slavonije. U razdoblju istrazivanja (2003-2021) primijecen je blagi trend porasta
koli¢ine oborina od 0,06 mm godisnje te trend porasta prosje¢nih mjese¢nih temperatura zraka
za 0,094 °C godisnje. Podaci pracenja razine podzemne vode u vodonosniku dubine 4 m tijekom
razdoblja istrazivanja (2003-2021) pokazuju prosje¢ni trend sniZenja od 8,8 cm godisnje.Takoder, od
2015. godine prati se i razina podzemne vode u vodonosniku dubine 15 m te izmjerene vrijednosti
(2015-2021) pokazuju prosjecni trend snizenja od 23,3 cm godisnje. Za isto sedmogodi$nje razdoblje,
trend sniZenja razine podzemne vode u vodonosniku dubine 4 m iznosi 22,7 cm godisnje.

Klju¢ne rijeci: dinamika podzemnih voda, sniZenje razine, piezometar, poljoprivreda, analiza trenda

Uvod

Razina podzemne vode i njezina vremenska varijabilnost ima znacajan ekonomski utjecaj (Asmuth i Knotters, 2004).
U poljoprivrednim podruéjima visoke razine podzemnih voda mogu prouzroditi propadanje usjeva i znacajno
otezati upotrebu poljoprivredne mehanizacije, dok preniske razine i izostanak kapilarnog dizanja podzemne vode do
zone rizosfere mogu znacajno sniziti prinose (Kroes i sur., 2000). Naime, plitki akviferi podzemne vode osiguravaju
kontinuiranu opskrbu vodom u zoni korijena putem kapilarnog dizanja (Chen i Hu, 2004) te tako osiguravaju
dodatni izvor vode za procese transpiracije poljoprivrednih usjeva (Karimov i sur., 2014).

Promjena balansa izmedu oborina, otjecanja i evaporacije u nekoliko zadnjih desetlje¢a pripisuje se antropogenim
klimatskim promjenama (Farzana i sur., 2021). Akviferi podzemnih voda sporije reagiraju na klimatske promjene
od povrsinskih voda, ali dugoroéno gledano javljaju se znacajne promjene njihove prosjeéne razine (Franssen, 2009).
Unutar hidroloskog ciklusa, podzemne vode zadnje reagiraju na pojavu suse. Smanjenje rezervi podzemne vode
vrlo je Cesti i opasni oblik suse (hidroloske suse), a definira se kao snizenje razine podzemne vode ispod njene
dugorocne prosjecne razine (Bonacci, 2019). Kad nastupe relativno kraca susna razdoblja, sustavi podzemnih voda
mogu ublaziti nedostatak infiltracije oborina. Budu¢i da se razina podzemne vode ne spusta neposredno nakon
nepovoljnih klimatskih prilika, promjena rezima podzemne vode se ne dogada uvijek, ali kad do toga dode, ¢esto
slijede duga razdoblja koja obiljezava znacajan pad razine podzemne vode.

Stjecanje temeljnih znanja o interakciji promjenjivih klimatskih uvjeta, navodnjavanja, kvalitete vode, rezima razine
podzemnih voda i njihovog uc¢inka na uzimanje vode putem korijena klju¢no je za odrzivu poljoprivredu (Askari i
sur., 2014).

Materijali i metode

Bid-bosutsko polje je dio prostrane savske doline, a odredeno je slivnim podrudjem vodotoka Bid. Podrucje je
u hidropedoloskom pogledu vrlo heterogeno pri ¢emu dominiraju hidromorfna tla sa specifi¢cnim nacinima
vlazenja, razli¢itom stratigrafskom i teksturnom gradom soluma te neujednacenom vertikalnom i horizontalnom
vodopropusnosc¢u profila (Petosi¢, 2002). Utvrdeno je postojanje plitkog talnog vodonosnika dubine 4 m i dubljeg
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podtalnog vodonosnika podrudja dubine 15 m ¢ije razine pokazuju ¢vrstu korelaciju (r = 0,75-0,94) (Mustac i sur.,
2011). Za analizu osnovnih klimatskih parametara (oborine i temperature zraka) koriteni su podaci s meteoroloske
postaje Gradiste kod Zupanje. Pra¢enje dinamike (razine) podzemnih voda vr$eno je pomocu 5 hidropedologkih
piezometara dubine od 4 m (oznake: P-1 do P-5) i 5 vrlo dubokih piezometara dubine od 15 m (oznake: P-I do
P-V). Piezometri su postavljeni na podrucju Bid-bosutskog polja, a pokrivaju povrsinu od oko 7200 ha (slika 1).
Na hidropedoloskim piezometrima dubine od 4 m mjerenja su vr§ena ru¢no svakih 10 dana. Na vrlo dubokim
piezometrima dubine od 15 m mjerenje dnevne vrijednosti razine podzemne vode vrieno je pomocu limnigrafa.
Podaci o vodostaju rijeke Save dobiveni su s vodomjerne postaje Sava-Slavonski Samac.

Pjezemetri 4m

B Pjezometri 15m

Slika 1. Podrucje istrazivanja s prikazom ugradene mjerne opreme

Rezultati i rasprava
Oborine

Na slici 2 prikazane su mjese¢ne vrijednosti oborina tijekom razdoblja istrazivanja 2003.-2021. Iz formule trenda
(slika 2) moZe se i§¢itati pozitivan trend porasta koli¢ine oborina od 0,06 mm godisnje, to je u skladu s podacima
Perc¢ec Tadi¢ i sur., 2014. Medutim, valja ukazati na stvarnu situaciju na terenu, gdje je prisutna pojava sve ucestalijih
i duljih su$nih razdoblja tijekom godine kao i povremenih rekordnih koli¢ina padalina (npr. 258 mm, lipanj, 2018).
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Slika 2. Mjesecne vrijednosti oborina (mm) tijekom razdoblja istraZivanja
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Temperature zraka

Iz formule trenda na slici 3 mozZe se ocitati porast prosje¢nih mjese¢nih temperatura zraka od 0,094 °C godisnje u
razdoblju od 2003. do 2021. godine. Navedena mjerenja su izvr$ena u relativno kratkom vremenskom razdoblju
(19 godina) i na osnovu njih nije zahvalno iznositi definitivne zakljucke, ali su svakako indikativna te u skladu s
domac¢im i globalnim klimatskim trendovima.
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Slika 3. Prosjecne mjesecne temperature zraka (°C) na podrudju istrazZivanja

Voodostaj rijeke Save

Monitoringom vodnog rezima na istrazivanom podruéju koji se vr$i od 2003. godine (Petosi¢ i sur., 2004), generalno
je utvrdeno da dominantan utjecaj na kolebanje razine podzemne vode u talnom plitkom akviferu istrazivanog
podrudja imaju koli¢ina i raspored oborina, prostrano slivno podrudje, a posebice dinamika vodostaja u glavnom
vodotoku podrucja, odnosno rijeci Savi. Na slici 4 prikazane su prosje¢ne mjese¢ne vrijednosti vodostaja rijeke Save
u razdoblju istrazivanja (2003-2021). Iz formule trenda primjetan je trend blagog godisnjeg porasta razine vodostaja
rijeke Save od 6,5 cm godi$nje. Medutim, na slici 5 prikazane su iste vrijednosti za vremensko razdoblje od zadnjih
10 godina (2012-2021) gdje je primjetan trend sniZenja vodostaja rijeke Save od 7,6 cm godi$nje, $to vjerodostojnije
opisuje trenutnu situaciju na samom terenu. Budu¢i da je prosje¢na visina terena istrazivanog podruéja 82 m n.m. te
u slucaju kada vodostaj rijeke Save padne ispod navedene vrijednosti (Sto se gotovo u pravilu javlja u ljetnom dijelu
godine), rijeka Sava sve vi$e gubi prihranjujuci, a pojacava drenirajuci utjecaj na plitki talni vodonosnik istrazivanog
porucdja.
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rijeke Save (2003-2021; m n.m.) rijeke Save (2012-2021; m n.m.)

Dinamika podzemnih voda na podrucju istraZivanja

Na slici 6 prikazana je dinamika srednjih mjese¢nih vrijednosti razine podzemne vode u hidropedoloskim
piezometrima (4 m dubine) na podrudju istrazivanja (2003-2021). Temeljem prikazanoga uodljiv je godisnji trend
sniZenja razine podzemne vode kako slijedi (P-1: 7,4 cm godisnje; P-2: 8,4 cm godi$nje; P-3: 9,0 cm godisnje; P-4:
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12,0 cm godisnje; P-5:7,1 cm godi$nje), odnosno prosje¢no godi$nje snizenje razine podzemne vode od 8,8 cm.
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Slika 6. Dinamika srednjih mjesecnih vrijednosti razine podzemne vode u hidropedoloskim piezometrima (4 m
dubine) na podrucju istraZivanja

Valja naglasiti da se na ovim piezometrima mjerenje moglo vrsiti samo dok razina podzemne vode ne padne ispod 4
m dubine od povrsine terena. Zbog sve udestalije pojave sniZenja razine podzemne vode ispod 4 m dubine u odnosu
na povrsinu terena, 2014. godine na podrudju istrazivanja ugradeno je 5 dodatnih vrlo dubokih piezometara dubine
15 m.

Iz formula trenda (slika 7) na ovim vrlo dubokim piezometrima moze se i§¢itati godi$nji trend sniZenja razine
podzemne vode kako slijedi (P-I: 18,0 cm godis$nje; P-II: 24,4 cm godi$nje; P-IIT: 24,0 cm godi$nje; P-IV: 25,0 cm
godisnje; P-V: 25,2 cm godi$nje), odnosno prosjec¢no sniZenje razine podzemne vode na motrenom podrucju od 23,3
cm godi$nje.

Primjetno je kako su vrijednosti trenda snizenja razine podzemne vode u vrlo dubokim piezometrima zamjetno
vi$e u odnosu na hidropedoloske piezometre, $to je povezano i s kra¢im vremenom motrenja (2015-2021). Dakle,
kada se u razmatranje uzme samo posljednjih 7 godina opazanja (2015-2021) na hidropedoloskim piezometrima od
4 m dubine dobije se prosje¢no godisnje snizenje razine podzemne vode na podrudju istrazivanja od 22,7 cm, a na
vrlo dubokim piezometrima (15 m dubine) 23,3 cm godisnje. Ovo ubrzanje trenda sniZenja razine podzemnih voda
kako u talnom, a isto tako i u podtalnom dijelu vodonosnika je posebno zabrinjavajuce jer ukazuje na sve brze i jace
isudivanje soluma poljoprivrednih tala.
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Slika 7. Dinamika srednjih mjesecnih vrijednosti razine podzemne vode u vrlo dubokim piezometrima (15 m
dubine) na podrucju istraZivanja

Zakljucak
ViSegodi$nja istrazivanja s kontinuiranim pracenjem (monitoringom) razine podzemnih voda u pedosfernom
(talnom) do 4 m dubine, kao i u podtalnom dijelu do 15 m dubine ukazuju na trend njihovog snizenja (opadanja).

Trend sniZenja razine podzemnih voda na istrazivanom podruc¢ju Bid-bosutskog polja posebno je prisutan i
zabrinjavajudi u posljednjem intervalu monitoringa, odnosno u razdoblju od 2015-2021. godine.

Ova negativna pojava povezna je s ve¢im brojem ¢imbenika od ¢ega prednjace klimatski i hidrologki, a posebice
hidrogeoloski ¢imbenici vezani za sve izrazeniji drenirajudi, a sve slabiji prihranjujuéi utjecaj glavnog vodotoka
podrudja, rijeke Save.

Rjesenje navedene problematike valja traziti kroz azurnu primjenu Melioracijskog kanala Bid-bosutskog polja, u
vidu oplemenjivanja malih voda i kroz navodnjavanje uzgajanih poljoprivrednih kultura.
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Napomena

Istrazivanja neophodna za ovaj rad dio su Projekta (evid. broj ugovora: 10-041/19) kojeg financiraju Hrvatske
vode, Zagreb. Ime Projekta: Monitoring vodnog rezima poljoprivrednih tala i kakvoée voda na podrudju dovodnog
melioracijskog kanala za navodnjavanje Bid-bosutskog polja; broj projekta: 0-14-10).
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Characteristics of groundwater dynamics in the
Bid-Bosut field

Abstract

The aim of the paper is to show the dynamics of groundwaters in the Bid-Bosut field, located in Eastern
Slavonia. During research period (2003-2021), a mild trend of an increase in annual precipitation
by 0.06 mm per year was noted, whereas average monthly air temperatures exhibited a rising trend
of 0.094 °C per year. Monitoring data of the groundwater level in the 4 m deep aquifer during the
research period (2003-2021) shows an average lowering trend of 8.8 cm per year. Also, since 2015, the
groundwater level in the 15 m deep aquifer has been monitored, and the measured values (2015-2021)
show an average lowering trend of 23.3 cm per year. For the same seven-year period, the trend of
lowering the groundwater level in the 4 m deep aquifer is 22.7 cm per year.

Keywords: groundwater dynamics, level lowering, piezometer, agriculture, trend analysis
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Abstract

Enormous amounts of organic waste rich in hard-to-degrade structural proteins, especially keratin are
generated daily, and effective biotechnological solutions for their degradation is lacking. A new strain
$3021 with high keratinolytic activity, identified as Bacillus mycoides, was isolated from keratin enriched
soil. Biochemical characterization of this strain revealed the presence of a highly active keratinase with
a molecular weight of ~35 kDa and a wide pH and temperature range with an optimum at pH 8 and
55 °C. This is the first reported keratinase from B. mycoides, and these results suggest isolate S3021 as a
promising source of enzymes for processing of waste sheep wool and other keratinous wastes.

Keywords: sheep wool, keratin, Bacillus mycoides, keratinase

Introduction

Every year different organic wastes and by-products are produced in enormous quantities. A lot of fibrous proteins
such as collagen, elastin and keratin are found in wastes from slaughterhouses, meat and poultry plants (e.g. viscera,
skin remains, meat trimmings, bones, blood, bristles, horns, hooves, animal hair, feathers, etc.) or the wool textile
industry (poor-quality raw wool, inappropriate for spinning), which must be properly managed (Callegaro et al.,
2019;). Keratinolytic microorganisms and their enzymes can play an important role in degradation of keratin-
rich wastes from various industries, through environmentally friendly processes. Due to inefficient use of keratin-
rich waste and its accumulation, it requires environmentally friendly, economically viable and safe methods for
decontamination and disposal (Petek and Maringek, 2021).

Sheep wool fibres are composed of structural proteins, keratins, which are divided into three groups: alpha-, beta-
and gamma-keratins. Alpha-helixes are dominant motifs of alpha- keratins, compactly packed and stabilised by
a high degree of inter- and intramolecular disulphide bonds, non-covalent hydrogen bonds, and hydrophobic
interactions, with low sulphur content and a molecular weight of 60 to 80 kDa. Beta-keratins contain beta-sheets
as dominant motifs, and non-structural gamma-keratins with high sulphur content and a molecular weight of 11
to 28 kDa. Alpha- keratins are found in the cortex of wool-fibre representing 50-60% of wool fibres. Beta-keratins
have primarily a protective function and are present in small amounts in the cuticle. Gamma-keratins represent 20-
30% of the wool fibre and, due to their high content of cysteine and tyrosine, which act as disulphide cross-linkers,
help hold the keratin superstructure together and make it water-insoluble, enzymatically resistant, and mechanically
stable. Regardless of its compact structure, keratin-rich waste material does not accumulate in nature, which proves
the presence of keratinolytic microorganisms and their enzymes (Daroit and Brandelli, 2014; Callegaro et al., 2019).
These enzymes are called keratinases and are predominantly extracellular enzymes. Keratinases are the only group
of proteases that can degrade keratin and belong mainly to the serine or metallo-proteases with a wide pH and
temperature range (Vidmar and Vodovnik, 2018).

There is a lack of highly active keratinolytic microorganisms capable of breaking down the hard structure of wool
keratin. Therefore, the aim of our study was to isolate new highly keratinolytic microbial strains that could be
further used in biotechnological approaches for waste sheep wool processing, such as wool composting and biogas
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production. In this paper, we present only part of the results of our study, which focused on the highly active isolate
S3021 identified as Bacillus mycoides.

Material and methods
Isolation and identification of bacteria

Microorganisms were isolated from the sheep wool compost pile and the soil under the pile. Sheep wool and soil
were mixed with saline solution and thus prepared samples were analysed for proteolytic activity on skim milk agar
(SM) at 30°C, 55°C and room temperature. The proteolytic microorganisms were then inoculated on keratinolytic
activity agar plates with wool keratin as the sole source of carbon and nitrogen (KAA-WK) (1.5 g I'' K HPO, x
3H,0; 0.025 g I'' MgSO, x 7H,0; 0.025 g I'' CaCl; 0.015 g I'' FeSO, x 7H,0; 0.005 g I'' ZnSO, x 7H,0; 3 g "' wool
keratin; 20 g 1" agar technical) (Iglesias et al., 2017). The KAA-WK plates were incubated under the same conditions
as during isolation. The clearing zones produced by the keratinolytic microorganisms were recorded daily. The
isolates with visible clearing zones at three consecutive inoculations on KAA-WK were selected for further studies.
DNA was extracted using the DNeasy UltraClean Microbial Kit (Qiagen, Hilden, Germany). The 16S rRNA genes
of the bacterial isolates were amplified by PCR using Supercycler SC300T (Kyratec, Queensland, Australia) with
primers fD1 (Weisburg et al., 1991) and 1492R (Lane, 1991). PCR products were sequenced with the same primers
by Microsynth AG (Balgach, Switzerland). Sequences were compared with the 16S rRNA database of type and
reference bacterial strains in the NCBI database. Isolates with higher keratinolytic activity than the positive control
(Streptomyces fradiae, DSM 40758) were selected for whole genome sequencing (WGS). Whole genome sequencing
was performed by Novogene (Beijing, China) using Illumina MiSeq paired-end technology. Final identification was
performed by calculating the average nucleotide identity (ANI) (Richter & Rossello-Mora, 2009) for whole-genome
comparisons with selected Bacillus-type strains using pyani (Pritchard et al., 2016).

Determination of keratinolytic activity

Keratinolytic activity was tested by detecting the increase in soluble proteins using the modified method of Bohacz
and Kowalska (2019). Isolates were cultured in keratinolytic activity broth with raw wool as the sole source of carbon
and nitrogen (KAB-RW) (KAA without agar; 1.5 g I'! raw wool) for 6 days at 30 °C and 150 rpm. Culture samples
were centrifuged (14 000 X g, 5 min) and supernatants were analysed for soluble protein concentration and used as
an enzyme source for keratinolytic activity testing. Soluble protein concentration was determined by the measuring
absorbance at 280 nm (de Paiva et al., 2019). Absorbance was measured using the Spark 10M microplate reader
(Tecan, Austria). Soluble protein concentration was calculated using the bovine serum albumin (BSA) standard
curve. To test keratinolytic activity 500 pl of supernatant was mixed with 500 pl of 1% (w/v) wool keratin (TCI,
Japan) in 50 mmol I'' TRIS-HCI buffer (pH 8.0). The mixtures were incubated at 55 °C and 50 rpm for 1 hour. The
reactions were then terminated by adding 1 ml of 10% (w/v) trichloroacetic acid (TCA), and the mixtures were
incubated at 4 °C for 30 min. Controls were treated the same way, except that the TCA was added before enzyme.
The supernatants of the centrifuged mixtures (14 000 X g, 3 min) were used to detect the concentration of soluble
proteins according to the method of de Paiva (2019). One unit of keratinolytic activity (U/mg) was defined as the
amount of enzyme per mg of soluble protein in the culture supernatant that increases the absorbance at 280 nm by
0.01 in one hour under the assay conditions.

Purification and characterization of the enzyme

Microbial cultures were centrifuged (10 000 X g, 20 min) and filtered (filter with 0.2 um pore size). We loaded
approximately 100 ml of each supernatant (pH approximately 8.5) onto a 1 ml CIMmultus™ QA-1 anion exchange
column (BIA Separations, Slovenia) using the 10 ml mobile phase pump of a Knauer Smartline HPLC system (Knauer,
Germany) equipped with a 2550 UV/VIS detector with a deuterium and halogen lamp. The column was equilibrated
in 25 mmol ' TRIS pH 8.5 (mobile phase A1). We collected the flow-through fraction and refrigerated it until further
use. After loading, the column was washed with mobile phase Al and the bound material was eluted with a gradient
of 0% - 50% mobile phase B (25 mmol I' TRIS, 2 mol I"' NaCl, pH 8.5) in 6 minutes followed by a steeper gradient
of 50% - 100% mobile phase B in 1 minute. We manually collected the eluted fractions and stored them until further
use. We monitored absorbance at 226 nm and 280 nm and maintained the flow rate at 5 ml per minute through the
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experiment. We further fractionated the total collected flow-through from the anion exchange chromatography in
a second chromatography step using the CIMmultus™ SO3-1 cation exchange column from the same manufacturer.
We adjusted the pH of the load to 6.5 with 1 mol I HCI and loaded it onto the column, equilibrated in 25 mmol I"!
TRIS pH 6.5 (mobile phase A2). We collected the flow-through and then eluted the bound material using mobile
phase A2 and the same mobile phase B and gradient elution program as above. All collected fractions were tested for
keratinolytic activity using the method of Bohacz and Kowalska (2019). All fractions were separated by SDS-PAGE
using a 4% stacking gel and a 12% separating gel according to the method described by Laemmli (Laemmli, 1970).
Samples were mixed with loading buffer (0.5 mmol I Tris-HCI, pH 6.8; 20 % (v/v) glycerol; 2 % (w/v) SDS; 5 % (v/v)
B-mercaptoethanol; 0.006 % (w/v) bromophenol blue) and heated at 100 °C for 5 min before electrophoresis. After
electrophoresis, the gel was stained with 0.1 % (w/v) Coomassie Brilliant Blue R-250 in water/methanol/acetic acid
60:30:10 and destained in the same solution without dye.

The temperature and pH optimum of keratinase was determined using the method described above, except that
the reactions were incubated at different temperatures from 25-85 °C and 1 % (w/v) wool keratin solutions were
prepared with different buffers: pH 3.0 (0.1 M glycine-HCI buffer), pH 4.0 and 5.0 (0.1 M acetate buffer), pH 6.0
and 7.0 (0.1 M phosphate buffer), pH 8.0 and 9.0 (0.1 M Tris-HCI buffer) and pH 10.0 (glycine-NaOH bulffer)
(Gegeckas et al., 2014; Santan et al., 2013). The effect of different inhibitors (EDTA, B-mercaptoethanol), detergents
(Tween 20, Triton X-100, SDS), organic solvents (DMSO), oxidizing agents (H202, NaClO), monovalent (K*) and
divalent metal ions (Mg**, Zn*, Cu**, Mn**) on keratinolytic activity was investigated by pre-incubating the culture
supernatant with these chemicals at 55 °C for 30 min. After incubation, 500 pl of 1% (w/v) wool keratin (TCI, Japan)
in 50 mmol I'* TRIS-HCI buffer (pH 8.0) was added to the reactions and keratinolytic activity was detected by the
method described above. The keratinolytic activity detected without additions was considered to be 100 % (Gegeckas
et al.,, 2014; Fang et al., 2013; Santan et al., 2013)

Results and discussion

Isolate S3021 was one of 116 keratinolytic bacterial strains isolated from waste sheep wool compost pile and the soil
under the pile, that could grow in a basal salt medium with wool keratin as the sole source of carbon and nitrogen,
indicating that sheep wool and wool keratin enriched soil could be a reservoir of keratinolytic microorganisms.
The isolation of various bacterial (Queiroga et al., 2007; Infante et al., 2010; Iglesias et al., 2017) and fungal isolates
(Abdel-Gawad, 1997) from sheep wool or soil enriched with wool keratin have already been reported before. Of our
116 isolates, 60 isolates were isolated at 30 °C, 12 isolates at 55 °C, and 44 isolates at room temperature. Thirty eight
isolates were selected for 16S rRNA sequencing, which revealed that 33 isolates belonged to the genus Bacillus, three
isolates belonged to the genus Stenotrophomonas and one isolate to the genus Pseudomonas and Streptomyces. 18
isolates that showed better keratinolytic activity than positive control (Streptomyces fradiae) were selected for whole-
genome sequencing. According to the WGS results our isolates are divided into 5 bacterial species (Bacillus subtilis,
B. altitudinis, B. mycoides, B. wiedmannii and Streptomyces coelicoflavus). In this paper we are focused on the isolate
$3021, which was identified as B. mycoides and belongs to the larger Bacillus cereus group. The keratinolytic activity
of B. mycoides has not been reported yet by now. The pH value showed a large effect on the keratinolytic activity of B.
mycoides $3021, which was detected between pH 5.0 and 10.0 with an optimum at 8.0 although high activity (above
85%) was also detected at pH 9.0 (Graph 1.A), whereas activity below pH 7.0 and above pH 9.0 was significantly
lower (below 40%). Temperature did not have such a large effect on activity. It was detected in a broad range between
25 °C and 85 °C (above 50% relative activity at all tested temperatures) with an optimum at 55 °C and almost 90%
relative activity at temperatures 35 °C and 65 °C (Graph 1.B).
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Graph 1. A Effect of pH on keratinase activity of B. mycoides $3021. The activity assay was performed at 55 °C
in buffers with pH ranging from 3.0 to 10.0; B Effect of temperature on keratinase activity. The activity assay was
performed in Tris-HCI buffer with pH 8.0 at temperatures ranging from 25 to 85 °C. The specific activity of 529.3
U mg" was recorded as 100%. Each value represents the mean + SD of three replicates.

The first step of purification with an anion exchange column did not yield keratinolytic fractions, but the concentration
of soluble proteins in the flow-through was significantly reduced (probably due to the removal of impurities,
oligopeptides and keratin degradation products present in the supernatant of the microbial culture) so we chose
second step of purification of total flow-through on a cation exchange column. Keratinolytic activity was detected
in fractions 8 and 9 with specific activities of 359.9 U mg'and 173.3 U mg’', respectively, while the specific activity
of the load on the column was 609.8 U mg™* (Graph 2.A). The load and all fractions from cation exchange column
were analysed by SDS-PAGE. The molecular weight of the single monomeric protein in fraction 8 and in the load on
the column was determined to be ~35 kDa (Graph 2.B). The molecular weights of known keratinases range from18
kDa to 240 kDa (Brandelli et al., 2010). Among Bacillus species different sizes have been reported, 26 kDa in B.
licheniformis (Yoshioka et al., 2006), 30 kDa in B. megaterium (Radha and Gunasekaran, 2007), 65 kDa in B. pumilus
(Kumar et al., 2008), and 69 kDa in B. subtilis (Balaji et al., 2008). Gegeckas et al. (2014) reported the isolation and
characterization of the 39 kDa keratinolytic proteinase BtKER from Bacillus thuringiensis AD-12, which also belongs
to the Bacillus cereus group. Biochemical activity assays of BtKER revealed optimal activity at pH 7 and activity of
more than 80% at pH 8. However, a larger difference appeared at the temperature optimum, where BtKER has an
optimum at 30 °C, which is much lower than that of our isolate, and almost no activity at temperatures above 50 °C.

Graph 2. A Chromatogram of B. mycoides S3021 from cation exchange chromatography with marked fractions
(separated by vertical lines), and corresponding keratinolytic activities (closed circles), the activity of the load
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on the column is also shown (open circle); B SDS-PAGE showing keratinase from B. mycoides S3021 purified by
anion and cation exchange chromatography. Lane 1 Prestained protein ladder with labelled molecular weights
in kDa; lane 2 10x concentrated flow-through from the anion exchange column (load on the cation exchange
column); lane 3 Fraction 8 from cation exchange chromatography (~35 kDa)

Table 1. Effect of inhibitors, detergents, organic solvents and metal ions on the keratinolytic activity of Bacillus
mycoides S3021 expressed as a percentage of the activity of the untreated control. The specific activity of 529.3 U mg*
was recorded as 100%. Values represent the mean + SD of three replicates.

Concentration Residual activity (%)
Control - 100,00
EDTA 5 mmol 1! -6,57 + 0,13
SDS 1% (w/v) 8,63 + 3,64
f-mercaptoethanol 5 mmol 1" 20,43 + 1,46
Triton X-100 1% (v/v) 21,09 + 0,48
Tween 20 1% (v/v) 106,69 + 1,81
H,0, 1% (v/v) 95,54 + 1,28
NaClO 1% (v/v) -11,75 + 0,95
DMSO 1% (v/v) 112,01 + 0,14
K* 5 mmol 1! 73,31 £ 0,22
Mg* 5 mmol I 41,80 + 0,39
Zn*t 5 mmol 1! -8,47 + 0,62
Cu?* 5 mmol I 4,61 + 0,67
Mn?* 5 mmol 1! 4,48 + 0,89

The addition of various inhibitors, detergents and oxidizing agents decreased the keratinolytic activity in most cases,
with the exception of H,O,, which had no effect, while Tween 20 and DMSO slightly increased the keratinolytic
activity up to 7% and 12%, respectively (Table 1). All of tested metal ions decreased the enzyme activity. The study
showed that the activity was strongly inhibited by Zn*, Cu** and Mn*', while the addition of K* and Mg** decreased
the activity for up to 30% and up to 60%, respectively. Bradelli et al. (2010) reported that the presence of divalent
metal ions often stimulates the keratinases, which did not happen in our case. Gegeckas et al. (2014) also reported
decreased keratinolytic activity after addition of most metal ions, but these effects were smaller in their case than in
ours, and the addition of Mn*? even increased the enzyme activity for up to 12%.

Conclusions

The new highly keratinolytic bacterial strain S3021 was isolated at 30 °C from the soil under the sheep wool compost
pile. After whole genome sequencing, it was identified as Bacillus mycoides. Biochemical characterization of its
enzymes showed a wide pH and temperature range for keratinolytic activity, with an optimum at pH 8.0 and 55 °C.
Two-step purification of the proteins in the culture supernatant by anion exchange chromatography followed by
cation exchange chromatography yielded two fractions with keratinolytic activity. SDS-PAGE analysis showed the
presence of ~35 kDa keratinase in active fractions. Addition of various inhibitors, detergents, organic solvents and
metal ions mostly inhibited keratinolytic activity, with the exception of H,O,, which showed no effect, and DMSO
and Tween 20, which slightly increased activity compared with the control.

Further work will be focused on the use of isolate S3021 alone or in mixed cultures with other keratinolytic isolates
from our extended study for processing the waste keratinous material, particularly waste sheep wool. Isolate $3021,
with its wide pH and temperature range, offers promising prospects for use as a starter culture for waste sheep wool
composting (bioaugmentation) and microbial or enzymatic pretreatment of waste sheep wool for biogas production.
The wide temperature range is particularly advantageous for composting, as the keratinolytic enzymes can be
active at all stages of composting from mesophilic to thermophilic (up to 70 °C), which is very important for the
hygienization of the substrate.
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Sazetak

Karbonati su, ve¢inom kao kalcit (CaCO,), prisutni u mnogim tlima, gdje utjecu na razne procese
i znacajke: pH, pristupacnost hranjiva, strukturu itd. Njihov sadrzaj se cesto ispituje Scheiblerovim
kalcimetrom, koji mjeri volumen ugljikovog dioksida oslobodenog u reakciji tla s 10%-tnom
klorovodi¢nom kiselinom. Medutim, ve¢ i samim opazanjem intenziteta te reakcije (Sum i pjena), moze
se pokusati procijeniti stupanj karbonatnosti tla. U ovom radu, procijenjena je karbonatnost 22 uzorka
tla s udjelima karbonata od 3,5% do 57,1%. U 90,1% slucajeva (20 uzoraka), procjena je odgovarala
interpretaciji rezultata dobivenih kalcimetrom. U jednom uzorku je doslo do podcjenjivanja, a u
drugom do precjenjivanja karbonatnosti tla. Prema tome, audiovizualna procjena je nacelno bila
pouzdan i brz indikator okvirnog sadrzaja karbonata u tlu.

Kljucne rijeci: karbonatna tla, kalcijev karbonat, kalcit, CaCo,, Scheiblerov kalcimetar

Uvod

Karbonati, kao spojevi koji sadrze karbonatni anion, su prisutni u brojnim tlima. Pritom je naj¢es¢i kalcijev karbonat
(CaCO,), ito uglavnom kao kalcit (znatno rjede aragonit). MoZe se, medutim, pojaviti i kalcijev-magnezijev karbonat
(dolomit, CaMg(CO,),). Ponekad se u tlu nalaze i natrijev karbonat (Na,CO,) ili, u anaerobnim uvjetima, siderit
(FeCO,) (Pernar, 2017.).

Karbonati tla se naj¢escée dijele na primarne i sekundarne (FAO, 2006., Doner i Lynn, 1989.). Primarnima smatramo
sve one koji su formirani geogenezom, odnosno koji potjecu iz mati¢nog supstrata tla. U sekundarne ubrajamo
karbonate koji se formiraju pedogenezom (u obliku bijelih nakupina, prevlaka, (rizo)konkrecija i sl.), i to otapanjem,
premjestanjem i naknadnom reprecipitacijom primarnih karbonata, ranije formiranih sekundarnih karbonata, ali
i biogenetskih karbonata (Zamanian i sur., 2016.). Biogenetski karbonati su oni koji potjecu od kostura i ljustura
razli¢itih organizama.

Karbonati imaju vaznu ulogu u pedogenetskim, ali i brojnim drugim kemijskim procesima u rizosferi tla (Loeppert
i Suarez, 1996.). Oni utje¢u na fizikalne, kemijske i bioloske znacajke tla, a time i na njegovu sveukupnu plodnost.
Kao prvo, karbonati u otopini tla djeluju kao pufer, odnosno ublazavaju promjene pH vrijednosti tla (Salomons
i Mook, 1986.). Karbonatna tla uvijek imaju bazi¢an pH i adsorpcijski kompleks na kojem dominira ion Ca**
(zastupljenost i do 80%), kao jedan od elemenata klju¢nih za ishranu bilja (Pernar, 2017.). U skladu s navedenim je i
zasi¢enost adsorpcijskog kompleksa karbonatnog tla bazi¢nim kationima uvijek jednaka 100% (Skori¢, 1991.). Dok
je prosje¢ni udio kalcija u tlu 2-20 g/kg, on u karbonatnom tlu raste iznad 100 g/kg (Pernar, 2017.). Posljedi¢no se u
karbonatnim tlima nerijetko javljaju problemi s dostupnos$¢u nekih drugih makrohranjiva, poput fosfora, ali i raznih
mikrohranjiva, poput cinka, Zeljeza i bakra (Virto i sur., 2011., Zamanian i sur. 2016.).

Obzirom da se Ca** ioni ¢vrsto vezu na adsorpcijski kompleks tla, oni pospjesuju flokulaciju (koagulaciju) tla, zbog
¢ega imaju izrazito povoljnu ulogu u povezivanju primarnih ¢estica tla u mikroagregate i stabiliziranju strukture tla,
a time 1 u pobolj$anju vodozra¢nog rezima te smanjenju erodibilnosti tla (Doner i Lynn, 1989., Virto i sur., 2011.).
Kalcijevi karbonati, dakle, imaju izrazeno povoljan uc¢inak na ukupna fizikalna svojstva tla. S druge strane, tla bogata
natrijevim karbonatom u pravilu imaju nepovoljna fizikalna, ali i kemijska, svojstva. Razlog tome je u ¢injenici
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da ioni natrija, koji se znatno slabije vezu na adsorpcijski kompleks tla, umjesto flokulacije uzrokuju disperziju
(dezintegraciju) agregata tla, ¢ime se narusava struktura tla (Husnjak, 2014.). Nadalje, u natrijem bogatim tlima,
reakcija tla nije samo slabo alkalna, kao §to je slu¢aj u tlima bogatim kalcijem, ve¢ raste iznad pH vrijednosti 8
(Pernar, 2017.). Posljedi¢no se, u sklopu agromelioracija kiselih tala, u pravilu koriste karbonatni materijali koji
sadrze kalcij (zbog Cega se i sam postupak naziva kalcizacija ili kalcifikacija tla) — npr. vapno (CaO) ili mljeveni
vapnenac (CaCO,).

Vapnenci, koji (uz sporadi¢ne dolomite) prekrivaju oko 40% povrsine Hrvatske i predstavljaju daleko najzastupljenije
stijene u zemlji, gradeni su gotovo iskljucivo od kalcita (Husnjak, 2014.). Medutim, obzirom da se tijekom dugotrajne
pedogeneze kalcit iz ovih stijena otopio, tla razvijena na njima su u pravilu nekarbonatna. Iza vapnenaca, u slijedu
zastupljenosti mati¢nih supstrata Hrvatske, slijede les (19%) i fluvijalni sedimenti (17%), na kojima se nalaze uglavnom
karbonatna tla (Husnjak, 2014.). Osim navedenih, znacajan karbonatni mati¢ni supstrat predstavlja i lapor. Unato¢
dominaciji karbonatnih susptrata, u Hrvatskoj su tla (barem u njihovom povr$inskom sloju) dominantno kisela,
zatim neutralna, a tek na kraju alkalna (Husnjak, 2022.). Naime, karbonati se, u uvjetima vlazne klime, otapaju i
postupno ispiru iz tla oborinama, zbog ¢ega onda dolazi i do acidifikacije tla (Pernar, 2017.). Stoga su u Hrvatskoj tla,
koja su jo$ uvijek karbonatna, genetski mlada, vlazena visokom podzemnom vodom i/ili razvijena u semihumidnom
podrudju isto¢ne kontinentalne Hrvatske. Svejedno, velik broj tipova tala (ili njihovih podjedinica) su karbonatni:
rendzina, ¢ernozem, regosol na lesu ili laporu, karbonatni koluviji, karbonatni fluvisoli i humofluvisoli, te karbonatne
ritske crnice i eugleji (Skori¢ i sur., 1985.).

Sadrzaj karbonata u tlu mozZe se precizno odrediti razli¢itim laboratorijskim metodama, od kojih je jedna od ¢esto
kori$tenih ona volumetrijska, koja mjeri volumen ugljikovog dioksida (CO,) oslobadenog prilikom reakcije karbonata
i 10% otopine klorovodi¢ne kiseline (HCI). Za jednostavniji i brzi uvid u okvirni sadrzaj karbonata u tlu, odnosno
za testiranje da li je tlo uopce karbonatno ili nije, moguce je procijeniti karbonatnost temeljem biljezenja samog
intenziteta reakcije tla (Sum i/ili pjena) na dodavanje 10% HCI. Ovo je postupak koji se obi¢no obavlja prilikom
zaprimanja uzorka tla u laboratoriju, ako ne ve¢ i prilikom standardnog opisa profila tla na terenu (FAO, 2006.).
Medutim, audiovizualna reakcija nije uvijek i u potpunosti precizan indikator koli¢ine ukupnih karbonata u tlu (Soil
Survey Division Staff, 1993., FAO, 2006., Zamanian i sur., 2016.).

Cilj ovog rada je usporediti interpretacije rezultata analize karbonatnosti 22 uzorka tla, dobivene putem dviju gore
navedenih metoda, kako bi se utvrdilo u kojoj mjeri audiovizualna procjena sadrzaja karbonata u tlu odgovara
interpretaciji temeljenoj na laboratorijskom mjerenju, odnosno stvarnom sadrzaju ukupnih karbonata u tlu. U
slu¢aju dokazano dobre podudarnosti, brza procjena karbonatnosti moze, za odredene potrebe i u odredenim
uvjetima, zamijeniti laboratorijsku analizu sadrzaja karbonata u tlu.

Metode i materijali

U laboratoriju je analizirano 22 uzorka karbonatnih tala razli¢itih tekstura, uzetih iz arhive Zavoda za pedologiju
Agronomskog fakulteta u Zagrebu. Uzorci su bili u obliku zrakosuhe sitnice, prethodno pripremljeni u skladu s HRN
ISO 11464:2009. Svaki uzorak je analiziran na sadrzaj ukupnih karbonata, i to najprije kvalitativno (prelijevanjem
uzorka s 10%-tnom otopinom HCI), a zatim i kvantitativno (prelijevanjem uzorka s 10% HCIl i mjerenjem
oslobodenog CO, pomocu kalcimetra). Analiza svakog uzorka je provedena u dva ponavljanja (u radu su prikazane
prosje¢ne vrijednosti).

Kvalitativna analiza temelji se na audiovizualnom opazanju, odnosno na biljezenju intenziteta reakcije (Sum, pjena)
do koje dolazi nakon kapanja 10% HCI na uzorak tla. Pritom tu reakciju uzrokuje CO,, koji u obliku plina, kao
nusprodukt reakcije, izlazi iz uzorka u atmosferu, u skladu s donjom formulom:

CaCO, + 2HCl <> H,0 + CO,(g) + Ca** + 2Cl

Interpretacija karbonatnosti uzorka, temeljem intenziteta gore opisane reakcije, radena je prema kriterijima
prikazanim u Tablici 1. Kako bi se mogla provesti usporedba dviju metoda, rezultati kvantitativne analize su
interpretirani prema istoj tablici, odnosno u skladu s FAO (2006).
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Tablica 1. Procjena karbonatnosti temeljem reakcije tla na 10%-tnu otopinu HCI (modificirano prema FAO, 2006).

CaCoO, (%) Interpretacija Opis reakcije

0 Nekarbonatno Nema vidljive niti ¢ujne reakcije

<2 Blago karbonatno Sum bez vidljive reakcije

2-10 Srednje karbonatno Sum i pjena

10-25 Jako karbonatno Jaka reakcija, mjehuri¢i stvaraju tanku pjenu

>25 Vrlo jako karbonatno Vrlo jaka reakcija, mjehuriéi stvaraju debelu pjenu

Volumetrijska metoda, kojom je provedena kvantitativna analiza, temeljena je na modificiranoj normi HRN ISO
10693:2014. U sklopu te analize se, pomoc¢u Scheiblerovog kalcimetra, mjeri volumen CO, oslobodenog u reakciji tla
i 10% HCI. Na taj nacin se neizravno (rac¢unski) odreduje sadrzaj ukupnih karbonata u tlu temeljem volumena plina

koji se u reakciji oslobodio, kako slijedi:
w (CaCO,) =(V(CO,)) -f)/m
gdje je:
w (CaCO,) = udio karbonata (u pravilu kalcijevih) u tlu (%)
V (CO,) = na kalcimetru o¢itan volumen CO, (cm”)
m = masa uzorka tla (0.50-5.00 g)

f = tabli¢ni faktor za preracunavanje mase oslobodenog CO, u postotni udio ukupnih karbonata u tlu, i to pri
odredenom tlaku (mmHg) i temperaturi zraka (°C)

Rezultati i rasprava

Procjena sadrzaja karbonata na temelju intenziteta reakcije uzoraka tla s 10% HCI, kao i prosje¢ni sadrzaji karbonata
odredeni kalcimetrom, prikazani su u Tablici 2. Primjeri razli¢itih intenziteta reakcije uzoraka na dodavanje kiseline
prikazani su na Slici 1.

Tablica 2. Usporedba interpretacije sadrzaja ukupnih karbonata procijenjenog audiovizualno temeljem intenziteta
reakcije tla s 10% HCI i odredenog laboratorijskom analizom pomocu Scheiblerovog kalcimetra.

Oznaka Interpretacija sadrzaja karbonata

uzorka % Audiovizualna procjena Laboratorijska analiza
1 53,8 vrlo jako karbonatno vrlo jako karbonatno
2 57,1 vrlo jako karbonatno vrlo jako karbonatno
3 49,6 vrlo jako karbonatno vrlo jako karbonatno
4 7,0 srednje karbonatno srednje karbonatno
5 14,5 jako karbonatno jako karbonatno

6% 3,5 jako karbonatno srednje karbonatno
7 27,9 vrlo jako karbonatno vrlo jako karbonatno
8 22,0 jako karbonatno jako karbonatno

9 16,7 jako karbonatno jako karbonatno

10 53,2 vrlo jako karbonatno vrlo jako karbonatno
11 15,8 jako karbonatno jako karbonatno

12 22,1 jako karbonatno jako karbonatno

13 21,1 jako karbonatno jako karbonatno
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14
15
16
17
18
19
20%
21
22
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7,5
55
9,9
14,1
14,0
19,5
8,4
20,0
10,6

srednje karbonatno
srednje karbonatno
srednje karbonatno
jako karbonatno
jako karbonatno
jako karbonatno
blago karbonatno
srednje karbonatno

jako karbonatno

srednje karbonatno
srednje karbonatno
srednje karbonatno
jako karbonatno
jako karbonatno
jako karbonatno
srednje karbonatno
jako karbonatno

jako karbonatno

* Interpretacije sadrzaja temeljene na procjeni i analizi se ne podudaraju

Kao $to se moze uociti u Tablici 2, kalcimetrom izmjereni udio karbonata kretao se od 3,5% do 57,1%, pri cemu je
pet uzoraka interpretirano kao vrlo jako karbonatno, 11 kao jako karbonatno, a 6 kao srednje karbonatno. Vidljivo
je da je, u gotovo svim uzorcima, procjena karbonatnosti odgovarala interpretaciji temeljenoj na analitickim
rezultatima (Tablica 2). Manja odstupanja zabiljeZena su samo za 2 uzorka, pri ¢emu je u jednom (Uzorak 20) doslo
do podcjenjivanja, a u drugom (Uzorak 6) do precjenjivanja stvarne karbonatnosti tla (Tablica 2).

Neki istrazivaci (npr. Rowell, 1994.) navode da bi se svi uzorci s intenzivnom reakcijom na 10% HCI trebali smatrati
vrlo jako karbonatnima (odnosno da nebi trebalo pokusavati razlikovati ,,jako karbonatne® od ,,vrlo jako karbonatnih®
uzoraka) jer se fine razlike u reakciji takvih tala na kiselinu tesko zamjecuju golim okom. U nasem slucaju, takvi
problemi ipak nisu zabiljezeni, obzirom da su nepodudaranja izmedu procjene i analize karbonatnosti zabiljezena
kod uzoraka sa sadrzajem karbonata od 3,5% i 8,4% (dakle iskljucivo u srednje karbonatnim uzorcima). Stovise, svi
vrlo jako karbonatni uzorci kvalitativnom analizom su ispravno procijenjeni kao takvi (Tablica 2).

a) Uzorak 2 (vrlo jako karbonatno tlo)
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¢) Uzorak 15 (srednje karbonatno tlo) d) Uzorak 20 (blago karbonatno tlo)
Slika 1. Fotoaparatom zabiljeZena reakcija pojedinih uzoraka na 10% otopinu HCI.

Razlozi zbog kojih audiovizualna reakcija ne mora uvijek biti precizan indikator koli¢ine ukupnih karbonata u tlu
mogu biti razli¢iti. Tako dolomit na kiselinu reagira znatno slabije nego kalcit, karbonatna reakcija je u pravilu
intenzivnija u teksturno laksim tlima, a sekundarni karbonati reagiraju znatno burnije od primarnih (Soil Survey
Division Staff, 1993., FAQO, 2006.). Ovdje u primarne karbonate, osim onih geogenetskih, treba ubrojiti i biogenetske,
koji nemaju tako velik utjecaj na otopinu tla, kao $to ga imaju pedogenetski karbonati (Zamanian i sur., 2016.).

Treba imati na umu i da na burnost reakcije mogu utjecati i vlaznost tla te temperatura (Soil Survey Division Staff,
1993.), $to moze biti posebno izrazeno kada se test provodi u terenskim uvjetima, odnosno na tlu u prirodnom
stanju. Kao $to je ranije istaknuto, u ovom istrazivanju, uzorci su testirani u laboratoriju, i to u obliku zrakosuhe
sitnice.

Obzirom na sve gore navedeno, jasno je da bi laboratorijsku analizu sadrzaja karbonata u tlu bilo uputno provoditi
paralelno s odredivanjem mehanic¢kog (po moguénosti i mineralnog) sastava tla, i to nakon morfoloskog opisa tla,
koji ukljucuje i opazanja vezana za sadrzaj i svojstva sekundarnih karbonata u tlu.

Zakljucak

Usporedbom audiovizualne procjene sadrzaja ukupnih karbonata, temeljene na reakciji tla na 10% HCI, s
interpretacijom rezultata laboratorijske analize Scheiblerovim kalcimetrom, utvrdeno je da je procjena bila dobar
indikator okvirnog sadrzaja karbonata u tlu. Od ispitanih 22 uzorka, za njih 20 je procjena odgovarala interpretaciji
laboratorijskih rezultata. Stoga se moze zakljuciti da audiovizualno opazanje intenziteta reakcije tla na 10% HCI
moze osigurati brzu i jednostavnu ocjenu karbonatnosti tla, odnosno ustedu vremena i resursa.

Manja odstupanja u audiovizualnoj procjeni karbonatnosti zabiljeZena su za 2 uzorka, pri ¢emu je u jednom doslo
do podcjenjivanja, a u drugom do precjenjivanja stvarne (kalcimetrom analizirane) karbonatnosti tla. Pritom su
nepodudaranja izmedu procjene i analize zabiljeZzena u srednje karbonatnim uzorcima, dok su jako i vrlo jako
karbonatni uzorci kvalitativnom analizom ispravno procijenjeni kao takvi.
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Comparison of audiovisual assessment and
analysis of soil carbonate content based on
reaction to hydrochloric acid

Abstract

Carbonates, mostly calcite (CaCO3), are present in many soils, where they influence various processes
and features: pH, nutrient availability, structure, etc. Their content is often analyzed with the Scheibler
calcimeter, which measures the volume of CO, released in the reaction of soil and 10% HCI. However,
just by observing the intensity of this reaction (effervescence, foam), one can try to estimate the
approximate amount of CaCO,. Herein, CaCO, content in 22 soil samples with 3,5% to 57,1% carbonates
was assessed. In 90,1% of cases (20 samples), the assessment corresponded to the interpretation of the
results obtained with the calcimeter. In one sample the carbonate content was underestimated and in
the other it was overestimated. Hence, the audiovisual assessment generally proved as a reliable and
quick indicator of the CaCO, content.

Keywords: calcareous soils, calcium carbonate, calcite, CaCO,, Scheibler calcimeter
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Abstract

Although all of the Western Balkan countries are at different stages of development, they face similar
challenges in policy reform and harmonisation, information systems and economic development,
coupled with general underdevelopment and limited institutional capacity, which continue to
obstruct the reform processes of the Western Balkans. The Action Plan for the Implementation of the
Sofia Declaration on the Green Agenda for the Western Balkans 2021-2030 has put forward several
objectives that are in line with EU policies for soil conservation. To this end, the establishment of the
Soil Partnership for Western Balkans as an open forum for gathering of all stakeholders in the region
would be the perfect entity to discuss and exchange knowledge, data, best practices and experiences
about sustainable soil management. This process started in 2021 under the leadership of the Regional
Rural Development Standing Working Group in South Eastern Europe (SWG).

Keywords: soil conservation, partnership, Western Balkans

Introduction

The Western Balkans (WB) shows a great variety of climate, soil, and geomorphological characteristics. Although
the region was blessed by some of the most fertile soils in Europe, soil is a limited natural resource in the Western
Balkans and its availability for biomass production and ecosystem functions and services is decreasing (Zdruli et al.,
2022). The region is characterized also by several natural constraints that include salinity, sodicity, poor drainage and
texture conditions, shallowness and stoniness and other nature based and human induced limitations.

In addition to the policy requirement for integrating the WB countries into the EU, extended regional cooperation
is most important for future relations with the EU. The process of establishment of the Soil Partnership for Western
Balkans as an open forum for gathering of all stakeholders in the region started in 2021 under the leadership of the
Regional Rural Development Standing Working Group in South Eastern Europe (SWG). The first goal was to make a
first integrated assessment of soil degradation process in the Western Balkans and develop policy recommendations
for a wider implementation of sustainable soil management practices. Other important objectives include the
strengthening of institutional and technical/professional capacities of the region to assist the implementation of
the new Soil Strategy for 2030 as well as work towards harmonization of the guidelines, methods, measurements,
and introduction of soil protection indicators to enhance implementation of sustainable soil management practices.
Furthermore, the enrichment and availability of soil data and information, along with awareness raising in the area
of soil protection and land use are crucial components.
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Material and methods

This paper presents an updated analysis of state of the art of soil management and conservation policies in the
Western Balkans region. The paper was prepared using data and information from nominated soil experts from six
countries in the region (Albania, Bosnia and Herzegovina, Kosovo*!, North Macedonia, Montenegro and Serbia)
working together in the implementation of the Action Plan for the Implementation of the Sofia Declaration on the
Green Agenda for the Western Balkans 2021-2030. This process started in 2021 under the leadership of the Regional
Rural Development Standing Working Group in South Eastern Europe (SWG).

Another important relevant source of information derived within the frame of the project titled “Rural development
through integrated forest and water resource management in Southeast-Europe: Rural perspectives: qualification,
reintegration and (self) employment”, jointly implemented by the Regional Rural Development Standing Working
Group (SWG) in South-Eastern Europe and GIZ and supported by the German Federal Ministry for Economic
Cooperation and Development (Cukaliev et al., edts, 2018).

Results and discussion

An analysis of Corine Land Cover 2018 data shows that Western Balkans is a very rich and diverse region. Some
conclusions can be drawn:

 Forestand semi-natural areas have the largest share of the land in the region (55.5%), followed by Agricultural
areas with 40.04%.

« Montenegro has the largest share of Forest and semi natural areas in the region (79.17%), and Serbia has the
largest portion of Agricultural areas (55.13%).

o More than 2.8 % of WB land is used as artificial areas, which includes built-up areas and unbuilt surfaced
areas such as transport networks and associated areas.

Soil threats in the Western Balkans are complex, and although they are unevenly spread, their dimension is regional,
and they are frequently inter-linked. When many threats occur simultaneously, the combined effect tends to aggravate
soil degradation (Jones et al., 2005). Based on a first assessment of the status and trend of soil degradation in the
region the main degradation processes include land take, soil sealing, contamination, loss of organic carbon and
erosion. These pressures will only increase in the future and climate change will aggravate the situation as the region
could become hotter and drier (Table 1).

Table 1. Summary of soil threats status in WB

Soil treats ALB BIH BIH KOS* MNE MKD SRB
FBIH RS
Land take and In densely populated ™ ™ N N N N N
soil sealing parts of WB countries
soil

sealing is one of the
most

threatening phenomena.
Contamination Soil contamination is a Tl Tl N N = Ny =

problem in some part of
WB countries. The most
frequent

contaminants are heavy
metals and mineral oil.

Organic The loss of organic = = N N N N N

carbon change carbon is evident in
most agricultural soils.

1 This designation is without prejudice to positions on status and is in line with UNSCR 1244/1999 and the ICJ Opinion on
the Kosovo declaration of independence.
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Soil erosion Water erosion is active h h N N N N N

in all the cultivated

mountainous areas and

wind erosion in lowland

areas.
Legend: ALB-Albania, BIH FBIH-Bosnia and Herzegovina, Federation of Bosnia and Herzegovina, BIH RS-
Bosnia and Herzegovina, Republic of Srpska, KOS*-Kosovo, MNE- Montenegro, MKD- North Macedonia, SRB-
Republic of Serbia

Stable =, Variable TJ», Improving /-', Deteriorating N

The magnitude of these pressures is largely conditioned by the lack of awareness and knowledge about sustainable
soil management, the lack of a legislative framework (EU and national), division of responsibilities and lack of
cooperation among the institutions. In order to tackle these challenges, well equipped and trained administrative
steering is needed (institution building), while it is equally important to increase institutional cooperation,
information development and data exchange.

Legal framework and Strategic documents for soil management in Western Balkans

The EU’s soil policy aims to improve soils by taking measures and actions to protect and restore soils, and ensure
that they are used sustainably, putting forward a vision to achieve healthy soils by 2050, improving the framework
for soil monitoring in Europe, developing the knowledge base and supporting soil research and raising awareness
about the vital importance of soils. In November 2021, European Commission adopted the new EU Soil Strategy for
2030 - Reaping the benefits of healthy soils for people, food, nature and climate (COM (2021) 699 final). This Soil
Strategy therefore builds on and will significantly contribute to several of the objectives of the Green Deal. Strategy
is complementary to other European initiatives such as the next Zero Pollution Action Plan, the EU’s biodiversity
strategy for 2030 and the “Farm to Fork” Strategy, as well as with the sustainable development goals (SDGs). This
Strategy sets ambitious and necessary goals, which must be met urgently. The new EU Soil Strategy derives a long-
term vision for soil from the ambition of the European Green Deal and lists the key existing objectives and targets
for the medium and long term where soil policy is called to contribute. The new EU Soil Observatory will collect
policy-relevant data and develop indicators for the regular assessment and progress towards the ambitious targets of
the Green Deal (Panagos and Montanarella, 2021).

Legal framework for soil conservation in WB

The WB countries have incorporated provisions from the EU legal framework in their legislation, such as the
Water Framework Directive, the Nitrate Directive, Biodiversity Protection, Agrobiodiversity, the Habitats and Bird
Directive etc. Countries address the environmental requirements with the cross-compliance that is set as a Code of
Good Agricultural Practices (CGAP). Most of the countries foresee cross-compliance in their legal documents, but
it has either not been prepared yet, or it has not been properly implemented. Cross compliance is essential for going
further in the environmentally friendly agriculture, particularly in the agri-environmental measures. Moreover, it
is an essential tool for applying the “polluter pays” principle in the agri-environmental policy. Therefore, the legal
framework enables implementation of the cross-compliance, but due to the weak institutional capacities and other
reasons, it cannot be fully implemented (Cukaliev et al., edts, 2018).

Legal framework for soil protection and management in Western Balkans is not limited to one regulation but relies to
a number of by-laws regulating spatial planning, protection of the environment and water, agricultural land, forests
and forest land and so on. Most countries in the region has a law on agricultural land, while some have the law on
soil protection. A downside in the existing legal regulations of the countries is the lack of an integrated systemic
approach to soil management in the manner which will take into account the adaptations of the soil to the local
climate conditions, types of the soil and other details regarding the land management.

The most important conclusion from the review of the legal framework for soil management in WB is that there is no
country in the region with a comprehensive legal framework that covers soil protection, restoration, sustainable use
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and monitoring, and that would set the necessary conditions to integrate soil protection in other policy areas, and
thus ensure soil protection and restoration in other policy areas. Another reason for this is the lack of a comprehensive
and coherent framework of the EU policy for protection of the soil and its resources, which is a key gap that reduces
the effects of the existing incentives and measures and limits the capacity of both the European Union and the
Western Balkans countries, which are striving to reach the Green Agenda Goals, UN Sustainable Development goals,
No net land take by 2050 goal, land degradation neutrality and other objectives related to development of green
infrastructure and bio-economy.

Strategic documents for soil management in WB

With the view to harmonization with the EU policy, all Western Balkan countries have set soil-related goals in
their respective strategic documents regarding agriculture and rural development. These documents, inter alia,
focus on agroecology and they provide a good basis for development of soil protection policy and related measures
for integration of the environment in the agricultural policies. Regardless of the differences between the analyzed
countries, it is worth noting that in their strategic documents related to agriculture and environmental protection
all the countries present very similar strategic priorities, objectives and measures. Most of them are a result of EU
rapprochement. As regards agriculture and rural development, strategies in all the countries mentioned set priorities
and activities aimed at soil management, as follows:

» Restoration, preservation and improvement of the ecosystem through sustainable management of natural

resources and climate actions,

o Improved management of natural resources and resource efficiency ensuring sustainability of the

environment,

+ Introduction of agricultural methods that protect the environment and mitigate climate influence

(environmentally friendly practices),

 Introduction of EU accession policies related to natural resources management and climate actions focused

on sustainable use and management of soils, forest and water resources and waste management, as well as

ameliorated use of pollution prevention laws and regulations,

» Reversed trend of environmental degradation (soil erosion, water pollution and biodiversity loss) due to
unsustainable soil management and agricultural practice,
 Organic production, control, certification and organic production control system,
o+ Revitalization and pasture preservation,
» Control of non-selective conversion of agricultural soil for other land uses,
o Preservation of the landscape and agricultural ecosystems, agricultural surfaces of high natural value and
their respective resources,
o Awareness raising on climate change, its impacts and mitigation measures, and on the methods for protection
from such change,
o Implementation of the reciprocal harmonization as a mechanism that links direct payments with
harmonization between farmers and basic environmental standards, including requirements for maintenance
of the soil in a good agricultural and ecological state.
With the view to harmonization with the requirements set in the new EU Soil Strategy for 2030, it is necessary to
harmonize and finalize the goals set within the strategic documents of the Western Balkans countries.

The IPARD Agri-environment-climate measures: example of the Republic of Serbia

The Agri-environment-climate measure in IPARD III Program for the Republic of Serbia (2021-2027) consists of
four operations that aim to enhance cultivation methods adapted to the environment and the features of landscapes,
and to enhance the Republic of Serbia biodiversity and ecosystem services, promote water conservation and water
quality improvement, and contribute to climate change adaptation and mitigation principally by sustainable input
use and improving soil management. Supporting more sustainable practices and management of agricultural land in
rural areas will contribute to the maintenance of a favorable landscape and environment for enhanced public goods.
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The 4 operations consist of the following: Operation 1 - Crop rotation on arable land; Operation 2 - Grassing in
inter-row area in permanent crop land; Operation 3 - Establishment and maintenance of pollinator strips; Operation
4 - Sustainable management of meadows and pastures. These operations are also directly relevant to the achievement
of the vision and strategic goals of the National Agriculture and Rural Development Strategy which underlines the
importance of a more responsible and sustainable use of resources and agricultural practices. Furthermore, the
operations are highly relevant and complementary to the 5 Pillars of the Green Agenda for the Western Balkans.

Soil Indicators for Western Balkans policy support

Agri-environmental indicators (AEIs) track the integration of environmental concerns into the Common
Agricultural Policy (CAP) at the EU, national and regional levels. In the context of monitoring the status of natural
resources, land-use change, soil cover, soil quality and soil erosion are included among the 28 AEIs.

In WB countries there is nearly no structured soil monitoring or regular reporting on state of soil. Data availability
is very diverse in the WB countries. In some countries the set of soil data can be covered to a large degree, although
with a different frequency and sometimes diverging national methodology. Through a combination of statistical and
environmental data sources, a lot of information is available or at least possible to collect. All available data has been
put together in a targeted effort for reporting to international conventions or other obligations. Some AEIs related to
soil are also being monitored in the Western Balkans (Table 2).

Table 2. Threats, issues and indicators related to soil in WB countries

Threat/issue Indicator

Soil erosion Estimated soil loss by wind erosion
Estimated soil loss by water erosion
Decline in soil organic matter Topsoil organic carbon content (measured)
Soil organic carbon stocks (measured)
Peat stock
Soil contamination Heavy metal contents in soils
Progress in management of contaminated sites
Soil sealing Land take [to urban and infrastructural development]
Decline in soil biodiversity Species diversity
Soil microbial respiration
Soil salinization Salt profile
Exchangeable sodium percentage
Desertification Land area at risk of desertification
Land area burned by wildfire
Landslide Occurrence of landslide activity
Volume/mass of displaced material

Landslide hazard assessment

In order to establish an indicator-based reporting system in the Western Balkans, it is necessary to consider what are
the regional aspects that need to be taken into account when selecting a set of indicators for monitoring soil status.

Conclusions

Soils play a crucial role in achieving the ambitious target of the European Green Deal on a climate-neutral EU by
2050. Implementation of a soil protection framework to ensure healthy soils is a priority for the implementation of the
Green Agenda for the Western Balkans. This requires coherent action across a broad policy base. Soil degradation is a
trans boundary issue, therefore tackling it requires a well-coordinated regional approach where all stakeholders have
equal responsibly to ensure that soils are managed sustainably and the 2030 Agenda for Sustainable Development
goals are met.
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The agri-environmental measures in place in WB countries and entities, mostly financed through national programs,
refer to organic farming, protection of animal and plant genetic resources incl. bees, grazing or revitalization of
extensive pastures. In most of the countries in the region, there are neither defined requirements for complying
with the Statutory Management Requirements (SMR), nor with the good agricultural and environmental conditions
(GAECsS) in terms of environmental protection.

Agri-environmental indicators and monitoring of farming practices, impact on the environment, responses of
society, and effectiveness of agri-environmental measures need to be further developed. Generally, there is a low level
of environmental awareness among farmers. Big challenge and issue in some of the countries of Western Balkans
is the LPIS system (Land Parcel Identification System) for all the agricultural plots as a major part of the agri-
environmental payments. The Agricultural Advisory Extension Services in the region have had a very important role
in farmer education and implementation of the agro-environmental and rural development measures.

The subsidies (IPARD and direct payments) present a good mechanism for support to the implementation of the
good agricultural practices for soil conservation, they involve principles of the EU Common Agricultural Policy
(CAP) and environment protection through direct support and rural development measures for farmers. In addition
to constant work in the process of harmonization of national regulation with the EU standards, additional programs
and measures are needed, as well. From the regional perspective, the highest priority is set on the issues of capacity
building, awareness raising, and improvement of data availability and transparency.
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Sazetak

Poljoprivredni sektor je u sredistu interesa kad se rade procjene korisnosti strategije od polja do stola i
strategije za bioraznolikost, kao vaznih dijelova Europskog zelenog plana. Dosad je objavljeno nekoliko
istrazivanja koja procjenjuju u¢inke Zelenog plana i Zajednicke poljoprivredne politike (2021.-2027.)
na okoli$ne i socioekonomske ¢cimbenike. Stoga je cilj ovog rada: ustanoviti potencijalne u¢inke Zelenog
plana na a) agrookolis$ne ciljeve, b) dohodak poljoprivrednika i ¢) opskrbu hranom u budu¢nosti.
Rezultati pokazuju da bi primjena novih mjera mogla pozitivno utjecati na agrookoli$ne ciljeve, ali i
pozitivno i negativno na dohodak poljoprivrednika i opskrbu hranom.

Kljucne rijeci: agrookolisni ciljevi, socioekonomski ucinci, strategija bioraznolikosti, strategija od
polja do stola

Uvod

Poljoprivredna proizvodnja je dosegla vrlo visoku razinu produktivnosti i kvalitete, $to omogucuje prevladavanje
kontinuiranog globalnog demografskog rasta. Medutim, zbog intenzivnog koristenja zemljidta i pritiskom na
prirodne resurse poljoprivreda stvara negativne uc¢inke na klimu, okolis i biolosku raznolikost (Mikus i sur., 2020.)
Rastudi ekoloski i klimatski problemi traze u¢inkovitija rje$enja za gospodarske aktivnosti, uklju¢ujuéiipoljoprivredu.
Smyjer europske poljoprivrede od posebne je vaznosti i nastoji popularizirati odredene poljoprivredne prakse u tu
svrhu. Godinama se provode strategije ili programi odrzivog razvoja koji su, unato¢ pokretanju Zeljenog smjera
promjena, jo$ uvijek nedostatni u smislu uocenih potreba.

Opredjeljenje Europskog zelenog plana za razvoj ugljicno neutralnog gospodarstva do 2050. godine, a osobito
strategija od ,polja do stola“ i strategija za bioraznolikost do 2030. imat ¢e znacajni utjecaj na poljoprivredni
sektor. ZPP se nastoji uklopiti novim i ambicioznijim agrookoli$nim mjerama i instrumentima u postizanju ciljeva
Zelenog plana. Razli¢itim stru¢nim i znanstvenim studijama procjenjuju se uéinci tj. izvjesnost postizanja ciljeva
Zelenog plana kao $to su: smanjenje upotrebe pesticida, povecanje povrsina pod ekoloskom proizvodnjom, dobrobit
zivotinja itd. Istovremeno, vodi se javni diskurs o potencijalnoj ugrozenosti poljoprivrednih dohodaka i opskrbe
hranom. Stoga je cilj naseg rada ustanoviti potencijalne uc¢inke Zelenog plana na a) agrookoli$ne ciljeve, b) dohodak
poljoprivrednika i ¢) opskrbu hranom u novom vi$egodi$njem programskom razdoblju, ali i daljnjoj budu¢nosti.

Materijal i metode

Rad se temelji na analizi sadrzaja sekundarnih izvora, ponajprije znanstvenih i stru¢nih studija autora Peeters i sur.,
2020., Ministarstva poljoprivrede Sjedinjenih Americkih Drzava (USDA, 2020.), Francuskog instituta za odrzivi
razvoj i medunarodne odnose (IDDRI, 2021.), Zajednickog istrazivackog centra Europske komisije (EC JRC, 2021.)
i Sveucilista Wageningen (WUR, 2021.), koje ispituju socioekonomske i okoli$ne ucinke strategije ,,od polja do stola“
i strategije za bioraznolikost koje su dio Zelenog plana. Za potrebe ovog rada izdvojena su tri elementa koji ¢e zbog
primjena mjera iz spomenutih strategija najviSe biti podlozni promjenama: agroekoloski ¢imbenici (emisije $tetnih
plinova, bioloska raznolikost), dohodak poljoprivrednika i sigurnost opskrbe hranom. Studije se o¢ituju i o nekim
drugim specifi¢nim ucincima.
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Znacaj ZPP-a u okviru Zelenog plana

U skladu s ciljevima Europske komisije, Europski zeleni plan je nova strategija rasta. Njegov cilj je izgraditi moderno,
resursno ucinkovito i konkurentno gospodarstvo koje ¢e dosegnuti nultu stopu emisije staklenickih plinova do 2050.
uz gospodarski rast koji ukljucuje optimalno kori$tenje prirodnih resursa. U okviru Zelenog plana Komisija je
usvojila nekoliko priopcenja koja se bave pitanjima relevantnim za poljoprivredu i ruralna podrudja: strategiju ,,od
polja do stola“i strategiju za bioraznolikost do 2030. Strategija od polja do stola nastala je kao potreba za temeljnom
transformacijom u prehrambenom sustavu i, po prvi put u kontekstu EU-a, prepoznato je da se prehrambeni
lanac treba rjesavati kao cjelina, uz paralelno razmatranje ekonomskih, ekologkih i drustvenih pitanja (Wrzaszcz
i Prandecki, 2020.). Strategijom za bioraznolikost nastoji se sprijeciti gubitak vrsta, Sumske poZare i nesigurnost
opskrbe hranom, razviti otpornost na klimatske promjene i zastititi divlje vrste Zivotinja.

Zajednicka poljoprivredna politika prilagodava se novim izazovima s kojima se suocava europska poljoprivreda.
Prijedlogom Komisije uvedene su dvije glavne novine: novi model koji drzavama ¢lanicama daje vec¢u fleksibilnost
u ostvarivanju onih specifi¢nih ciljeva ZPP-a koje smatraju najvaznijima za svoje potrebe unutar okvira izvedbe i
poboljsanu zelenu arhitekturu. Zelena arhitektura sastoji se od sljede¢ih elemenata: obvezni standardi kojih se moraju
pridrzavati svi poljoprivrednici koji primaju placanja ZPP-a, nova eko-shema za nagradivanje poljoprivrednika
koji dobrovoljno usvoje ekoloski prihvatljiviju praksu i praksu koja se financira kao dio 1. stupa ZPP-a, nastavak
dobrovoljnih agrookoli$no-klimatskih mjera, podrska proizvodnim i neproizvodnim investicijama, edukacija i
savjetovanje (Matthews, 2021.).

Potencijalni ucinci

Poljoprivrednici tvrde da su voljni u¢initi vise za okoli$ i klimu, ali samo ako za to dobiju naknadu. Dok se prora¢un
ZPP-a za razdoblje 2021.-2027. mozda nije smanjio u nominalnom smislu, primjena Zelenog plana u pocetku moze
imati negativne u¢inke na prihode poljoprivrednika. To je ono §to najvi$e zabrinjava ve¢inu dionika poljoprivrednog
sektora. Ogranicenje koriStenja inputa, izdvajanje zemljiSta u neproizvodne svrhe i vidi standardi dobrobiti
zivotinja vjerojatno ¢e povecati njihove troskove. Takoder, poljoprivrednici ¢e se morati viSe angaZirati za izravna
placanja iz proracuna ZPP-a koja u prosjeku ¢ine 50 % prihoda od poljoprivrede diljem EU-a. Bududi da se mnoga
poljoprivredna gospodarstva trenutno bore s niskom profitabilnos¢u, na te se dodatne zahtjeve gleda sa strepnjom.
Naime, i dosada$nja istrazivanja (Pawlowska i Grochowska, 2021.) pokazuju da uvodenje zelenih praksi nije znacajno
djelovalo na zastitu okolisa, kao $to niti zelena placanja nisu u potpunosti nadoknadili poljoprivrednicima gubitak
prihoda zbog primjene zelenih praksi (raznolikost usjeva, ekoloski znacajne povriine, ocuvanje travnjaka visoke
vrijednosti).

Poljoprivredni sektor je u srediStu interesa kad se rade procjene korisnosti Europskog zelenog plana. Dosad je
objavljeno nekoliko istrazivanja kojima se procjenjuju ucinci Zelenog plana i Zajednicke poljoprivredne politike
(2021.-2027.) na okoli$ne i socioekonomske ¢imbenike. Tako Peeters i sur. (2020). navode da bi se izdvajanja iz
dohotka za hranu krajnjeg potrosaca povecala u skladu s pobolj$anom nutritivnom kvalitetom proizvoda. Smatraju
da se na to ne treba nuzno gledati kao na negativni u¢inak ve¢ kao na priliku za ponovno uspostavljanje ravnoteze u
distribuciji dodane vrijednosti duz lanca opskrbe hranom. Istovremeno potro$ac¢ima se nudi prihvatljiva cijena, bolja
kvaliteta hrane ve¢e dodane vrijednosti, uz smanjivanje otpadaka od hrane. Pravednijoj raspodjeli dodane vrijednosti
i primjerenijoj raspodjeli dohodaka poljoprivrednicima pogodovat ¢e kratki lanci opskrbe hranom tipi¢ni za
agroekolosku proizvodnju. Drugo, povecana opskrba visokokvalitetnom, lokalnom i sezonskom hranom doprinijet
Ce boljoj raspodjeli hrane ¢ime ¢e se smanyjiti rasipanje hrane. Trece, poticanje agroekologkih prehrambenih sustava
¢e (pre)odgojiti potrosace prema vrijednostima kao $to su sezonalnost proizvodnje ili izbjegavanje masovne kupnje
pretjerano preradene hrane, te ¢e ih osvijestiti da mogu imati aktivnu ulogu u poticanju lokalnog socioekonomskog
bogatstva, te u o¢uvanju vlastitog zdravlja i zdravlja okolia. Na taj ¢e nacin potrosaci saznati i koja je ,tamna
strana“ jeftine hrane (neuravnotezena distribucija dodane vrijednosti, nepravedno nagradivanje poljoprivrednika,
degradacija okolisa, grani¢no ili ilegalno iskori$tavanje sezonskog i migrantskog rada).

Studija USDA (Beckem et al., 2020.) i primijenjeni modeli GTAP-AEZ (the Global Trade Analysis Project-
AgroEcological Zones) i IFSA (The International Food Security Assessment) upucuju da bi mjere odrzivosti hrane i
poljoprivrede kao $to su smanjenje upotrebe tradicionalnih poljoprivrednih inputa zemljista, gnojiva, antimikrobnih
sredstava i pesticida u EU dovele do smanjenja poljoprivredne proizvodnje i konkurentnosti EU na izvoznim
trzitima. Nadalje, intenziviranje opskrbe hranom u EU vjerojatno bi rezultiralo pove¢anjem cijena $to bi negativno
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utjecalo na potrosacki dohodak, smanjilo sigurnost hrane i smanjilo BDP diljem svijeta. U tri scenarija analizirana
u ovoj studiji, procijenjeni ucinci usvajanja strategija ,,od polja do stola“ i bioraznolikosti uklju¢uju: smanjenu
poljoprivrednu proizvodnju u regijama koje su usvojile strategije, povecane cijene poljoprivrednih proizvoda, te
smanjenje BDP-a i blagostanja diljem svijeta. Modeli otkrivaju da §to su mjere strategija koje ogranic¢avaju upotrebu
poljoprivrednih inputa rasirenije, ti utjecaji postaju izraZeniji, s posljedicama na medunarodnu nesigurnost opskrbe
hranom. Isto tako, naglasava se da s ograni¢enjem trgovine na lokalnu opskrbu, rizik za udaljenije regije postaje
veli u pogledu opskrbe hranom. Takoder, autori smatraju da ¢e posljedice strategija ovisiti o stupnju u kojem drugi
prihvate ovu ili sli¢cno uskladene strategije. Na primjer, udio EU-a u gubitku blagostanja iznosi 88 % kada EU sama
usvoji strategije, ali iznosi 18 % kada se strategije usvajaju na globalnoj razini.

Zanimljivo je da s druge strane studija IDDRI-a, (Schiavo et al., 2021.) proturje¢i studiji USDA. Naime, rezultati
primijenjenog modela GlobAgri-AgT (Biomass balance models) pokazuju da $iroka tranzicija prema agroekologiji
koja uklju¢uje cijeli prehrambeni lanac EU-a, ¢ak i gubitak i rasipanje hrane, ne bi dovela u pitanje izvozni potencijal
EU-a i doprinijela bi smanjenju uvoznih potreba EU-a. Kao rezultat toga, EU bi se od neto uvoznika pretvorila u
neto izvoznika kalorija, ali uz uvjet da stanovni$tvo EU prihvati drasti¢ne promjene u prehrambenim navikama
(uravnotezenija dijeta s nizim udjelom kalorija i smanjenim udjelom Zivotinjskih i preradenih prehrambenih
proizvoda). To znadi da u isto vrijeme EU moZe zadrZati svoju nepromijenjenu stvarnu veli¢inu poljoprivrednih
povrsina, zadrzati izvozni potencijal izrazen u koli¢ini, smanjiti ovisnost o uvozu i preinaciti sustav poljoprivredne
proizvodnje s pozitivnim uéincima na biolosku raznolikost, emisiju staklenickih plinova, zastitu prirodnih resursa,
ali i ljudskog zdravlja.

U studiji EC JRC (Barreiro-Hurle et al., 2021.) putem CAPRI modela autori ispituju potencijal ambiciozne provedbe
ZPP-a za postizanje ciljeva Europskog zelenog plana koji su ukorijenjeni u odrzivoj poljoprivrednoj praksi. Rezultati
prije svega upucuju na to da ih ZPP ne moze posti¢i sama te ukazuju na potrebu ukljucenja svih sektora. Postizanje
ekoloskih ciljeva zahtjeva primjenu modela zelene arhitekture. Naglasava se potreba populariziranja precizne
i ekoloske poljoprivrede i povecanje proizvodnosti u ekoloskom uzgoju. Pretpostavlja se da ¢e klimatske politike
ograniciti negativne ucinke na zaposljavanje i zivot poljoprivrednika koji bi proizasli iz katastrofalnih utjecaja
globalnog zatopljenja na zemlji$ne i vodene resurse.

U studiji WUR- a (Bremmer et al., 2021.) kori$ten je model AGMEMOD. Prema procjeni na makro razini provedba
ciljeva strategije ,,od polja do stola“ i bioloske raznolikosti rezultirat ¢e smanjenjem proizvedenih koli¢ina po usjevu
u cijeloj EU u prosjeku u rasponu od 10 % do 20 %. Obujam proizvodnje moze pasti i do 30 % za neke usjeve kao
$to su jabuke, ali postoje i usjevi kod kojih proizvodnja gotovo ne trpi posljedice strategije ,,od polja do stola“ kao sto
je Sec¢erna repa. Proizvedeni obujam viSegodisnjih nasada smanjit ¢e se vise nego jednogodi$njih nasada. Poskupjet
¢e proizvodi poput vina, maslina i hmelja. Kao posljedica toga, medunarodna trgovina e se znacajno promijeniti:
utvrdeno je da ¢e se izvoz EU-a smanjiti, a uvoz u EU povecati (koli¢ina uvoza proizvoda moze se udvostruiti).
Provedba cilja povecanja povr$ina pod ekoloskom proizvodnjom na 25 % rezultirat ¢e padom proizvodnje manjim
od 10 % i dogoditi se zajedno s povec¢anjem cijena od ne$to manje od 13 %. Povecanje povrsina pod ekoloskom
proizvodnjom moglo bi pridonijeti smanjenju ukupne uporabe i rizika od pesticida te smanjenju gubitaka hranjivih
tvari. Za jednogodis$nje usjeve to je doista slucaj, ali rezultati pokazuju kako je za neke viSegodi$nje usjeve upravo
suprotno. U takvim slu¢ajevima ne bi postojao poticaj za prelazak na ekolosku proizvodnju sa stajalista odrzivosti. U
tablici 1 prikazana su glavna predvidanja promatranih studija.
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Tablica 1. U¢inci Zelenog plana na poljoprivredu: usporedba istrazivanja

Autori Agrookolisni ciljevi Dohode.lk . Opskrba hranom Specifi¢ni u¢inci

poljoprivrednika

Peeters i - pravednija raspodjela - pobolj$anje kratkih - pove¢ana ponuda - poticanje

sur. (2020.) dohotka lanaca opskrbe kvalitetne, lokalne  agroekoloskih
- jadanje napora u hranom pozitivno ¢e i sezonske hrane prehrambenih sustava
borbi protiv klimatskih ~ utjecati na dohodak pogodovat ¢e ¢e (pre)odgojiti
promjena, zastiti poljoprivrednika. uspostavljanju potrosace prema
okolisa i ocuvanju ravnoteze vrijednostima kao
bioraznolikosti. ponude &ime se sto su sezo.n?lnost

o - . proizvoda ili

- rezultati e ovisiti o smanjuje bacanje iy .

. S izbjegavanje masovne
nastojanju pojedinih hrane. X .
drzava ¢lanica da kupnje pretjerano

. . L preradene hrane.
smanje negativan utjecaj
poljoprivrede na okolis.

USDA, - ne raspolazu s - pad dohotka - troskovi za hranu - otporan prehrambeni

2020. podacima na kojima bi  poljoprivrednika u se povecavaju, sustav moze imati
temeljili svoje projekcije. EU, porast dohotka siromasnija koristi od veceg

poljoprivrednika u kucanstva ¢e patiti  ulaganja u inovativno
regijama izvan EU (npr. od smanjenja poljoprivredno
EFTA c¢lanice). kupovne modi, - istrazivanje i razvoj,
nesigurnost opskrbe gdje se odrzivost
hranom se povecava postize stalnom
za 2 %. prilagodbom novim i
razli¢itim izazovima
kroz znanost, inovacije
i usvajanje od strane
dionika.

IDDRI -transformacija - nema projekcija -poboljsanje -uz promjenu

2021. poljoprivrede rezultira doprinosa opskrbi  prehrambenih navika
pozitivnim ucincima hranom kalorijama  domaceg stanovni$tva
na bioraznolikost, i proteinima uz (smanjeni udio soje,
smanjenje emisije istovremeno uljarica i preradevina u
stakleni¢kih plinova, ostvarivanje prehrani), neto izvoz iz
zadtitu prirodnih agroekolosgkih EU ¢e rasti.
resursa, ali i ljudskog ciljeva.
zdravlja.

JRC, 2021. - strategija utjece na - o¢ekuje se - pad proizvodnje, - pad stope BDP-a,
smanjenje emisije porast dohodaka povecanje cijenaza  negativni ucinci
$tetnih plinova od 20 %  poljoprivrednika zbog  potrogace. preneseni na potrosace.
do 30 %. porasta cijena.

WUR, 2021. - na makrorazini, -dohodak ima - smanjenje - izvoz iz EU-a opada,
povecanje povr$ina tendenciju pada, proizvedenih dok se uvoz u EU
pod ekoloskom troskovi nadmasuju koli¢ina po usjevuu  povelava.
proizvodnjom prihode, iako se EU za 10 do 20 %
pridonijet ¢e smanjuje udio gnojivai _ povelanje povrina
ispunjavanju pesticida. pod ekoloskom
ekoloskih ciljeva kao $to proizvodnjom

su smanjenje upotrebe
pesticida smanjenje
okoli$nih i klimatskih
rizika.

rezultira padom
proizvodnje i
porastom cijena.

Izvor: Autori temeljem analize studija
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Ako se Zeleni plan nastoji uspje$no provesti bez poticanja politickih protupokreta koji odbacuju potrebu
za promjenom, potrebno je rijesiti potencijalni kompromis izmedu ekoloskih i klimatskih mjera te prihoda
poljoprivrednih gospodarstava. Zeleni plan moze stvoriti nove izvore prihoda za poljoprivrednike, npr. kroz
proizvodnju industrijskih sirovina za bioekonomiju, biomase za energiju ili uzgoj ugljika kao novi poslovni model.
Takoder, treba naglasiti da pobolj$anje uc¢inkovitosti resursa i promicanje kruznog gospodarstva moze biti korisno
istovremeno i za poljoprivrednike i za okoli§ (Matthews, 2021.). Hoce li se taj potencijal ostvariti uvelike ovisi o
sadrzaju i ambiciji nacionalnih strateskih planova ZPP-a. Trebalo bi poduzeti i druge korake kako bi se olaksala
zelena tranzicija. Potrebna su mnogo veca ulaganja u istrazivanje i inovacije kako bi se viSe primjenjivale ekoloski
prihvatljive prakse. Potrebne su inovacije koje se temelje na molekularnoj genetici i vertikalnoj poljoprivredi.
Postojece potpore dohotku u okviru ZPP-a mogle bi se bolje usmjeriti i pravednije raspodijeliti regulacijom putem
zakonodavnih propisa kako bi se zastitile ranjivije skupine poljoprivrednika.

Procjenu uc¢inaka provedbe politike ZPP-a nakon 2022. u Hrvatskoj obraduje rad Kranjac i sur., 2021. putem modela
AGMEMOD. Rezultati su sli¢ni onima u studiji Europske komisije koja koristi CAPRI model (Barreiro-Hurle et al.,
2021.). Naime, smanjenje udjela izravnih placanja dodijeljenih osnovnoj potpori dohotku utje¢e na razlicite sektore
razlic¢itim razinama intenziteta. Ima snazan u¢inak na proizvodace goveda, usjeva, ovaca i maslina jer izravna placanja

Zakljucak

Cilj ovogradabio je ustanoviti potencijalne ucinke strategije od polja do stola i strategije za bioraznolikost, kao dijelova
Europskog zelenog plana, na agrookoli$ne ciljeve, dohodak poljoprivrednika i opskrbu hranom u budu¢nosti. U radu
je analiziran sadrzaj pet studija koje se bave mjerenjem uc¢inaka Zelenog plana na sektor poljoprivrede putem modela
GTAP-AEZ, GlobAgri-AgT, CAPRI i AGMEMOD. Rezultati ¢etiriju studija (osim USDA) pokazuju da zeleni prijelaz
poljoprivrede rezultira pozitivhim ucincima na bioraznolikost, na smanjenje emisije staklenickih plinova, zastitu
prirodnih resursa i ljudskog zdravlja. Projekcije kretanja dohodaka poljoprivrednika s u nekim studijama (Peeters at
al. 2020.1JRC, 2021.) pokazuju porast zbog poboljsanja kratkih lanaca opskrbe, a s druge strane pad zbog povec¢anja
cijena inputa (USDA, 2020. i WUR, 2021.). Opskrba hranom nece biti ugrozena uz vrlo zahtjevne uvjete kao $to su
promjena prehrambenih navika stanovni$tva i znacajna ulaganja u inovativno poljoprivredno istrazivanje i razvoj,
gdje se odrzivost postize stalnom prilagodbom novim i razli¢itim izazovima kroz znanost, inovacije i usvajanje od
strane dionika.

Napomena

Rad je nastao temeljem diplomskog rada studentice Dore Brklja¢i¢ obranjenog dana 27. 9. 2022. godine na
Agronomskom fakultetu u Zagrebu.
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Possible effects of the European Green Deal on the
agricultural sector

Abstract

The agricultural sector is at the center of interest when assessing the usefulness of the Farm to Fork
Strategy and the Biodiversity Strategy, as important parts of the European Green Deal. So far, several
studies have been published that assess the effects of the Green Deal and the Common Agricultural
Policy (2021-2027) on environmental and socioeconomic factors. Therefore, the aim of this paper is to:
determine the potential effects of the Green Deal on a) agroecological objectives, b) farmers” income
and c) food supply in the future. The results show that the implementation of new measures could have
a positive impact on agroecological goals and both positive and negative impact on farmers” income
and food supply.

Keywords: agroecological goals, socioeconomic effects, Biodiversity Strategy, Farm to Fork strategy
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Sazetak

Cilj ovog rada je istraziti drustvenu dimenziju teritorijalnog kapitala Hrvatske za razvoj bioekonomije.
Analizom baza partnera europskih i nacionalnih znanstvenih i istrazivackih projekata iz podrucja
bioekonomije koji su ukljucivali Hrvatsku kao projektno podruéje, u periodu od 2016. do 2022.,
rezultati analize ukazuju da je u tom periodu provedeno 59 projekata u podrucju bioekonomije koji
okupljaju 38 aktera tj. nositelja znanja za sektor bioekonomije u Hrvatskoj. Za ostvarenje daljnjeg
potencijala bioekonomije potrebno je ispitati i nacine i intenzitet suradnje izmedu aktera kako bi se
postavili uvjeti za ostvarivanje funkcionalnog ekosustava za odrzivu bioekonomiju.

Klju¢ne rijeci: bioekonomija, multisektorski pristup, nositelji znanja, inovacije, suradnja.

Uvod

Bioekonomija obuhvaca ekonomske, drustvene i okoline inovativne oblike proizvodnje i koriStenja resursa
uzimajudi u obzir ekoloska ogranicenja i odmak od proizvodnje temeljene na intenzivnoj upotrebi fosilnih goriva.
Ona predstavlja kori$tenje obnovljivih bioloskih kopnenih i morskih izvora, poput usjeva, $uma, riba, Zivotinja i
mikroorganizama za proizvodnju hrane, materijala i energije (Europska komisija, 2012.). Negativne posljedice
neodrzivog gospodarenja resursima uzrokuju ekstremne vremenske nepogode, utje¢cu na ljudsko zdravlje i
ograni¢avaju dostupnost resursa. Kako bi se zastitilo prirodno bogatstvo na europskoj i globalnoj razini, osigurao
prijelaz na resursno uc¢inkovito gospodarstvo koje nece negativno utjecati na okoli$ i klimatske promjene i zastita
ljudi od pritisaka povezanih s okolisem, razvoj politika u podrucju odrzivog gospodarenja resursima postaje od
strateske vaznosti brojnih medunarodnih institucija. U tom kontekstu, Europska komisija je u veljaci 2012. godine
po prvi puta predstavila Strategiju za bioekonomiju za osiguranje pametnog zelenog rasta u Europi. Strategija i
akcijski plan izneseni su pod nazivom Innovating for Sustainable Growth: a Bioeconomy for Europe. Suvremena
bioekonomija nastoji pronaci odrziva rjesenja za konvencionalne proizvode na bazi fosilnog ugljika kroz, primjerice,
koristenje biogoriva ili bioplastike (Kulisi¢, 2020.). Bioekonomija obuhvaca ekonomske, drustvene i okolisne aspekte
Zelenog plana Europske unije razvijajuci inovativni pristup koristenju resursa i proizvodnji uz uvazavanje ekoloskih
ogranicenja i smanjivanje upotrebe fosilnih goriva. Razvoj bioekonomije nosi za sobom veliki potencijal za ostvarenje
ekonomskog rasta i otvaranje novih radnih mjesta u ruralnim, oto¢nim i industrijskim regijama, smanjenje ovisnosti
o fosilnim gorivima te osiguranje ekonomske i ekoloske odrzivosti primarne proizvodnje i preradivacke industrije.

Ulaganje u istrazivanja i inovacije na podrucju bioekonomije smatra se prilikom za Europu da unaprijedi odrzivo
upravljanje prirodnim resursima i otvori nova diversificirana trzista za hranu i proizvode na prirodnoj bazi uz pomo¢
financiranja zelenih projekata kroz razli¢ite fondove EU. Za uspostavljanje funkcionalnog ekosustava bioekonomije,
smatra se kako su razvoj strategija i ulaganja u inovacije potrebni na svim razinama u EU, ali i da ostvarenje
kruznosti u biomasi ne znaci i ostvarivanje odrzivosti bioekonomije. Iz tog razloga se u azuriranoj Strategiji europske
bioekonomije iz 2018. naglasava potreba sistemskom promjenom kroz razvoj nacionalnih i regionalnih strategija za
bioekonomiju koje ¢e obuhvatiti svih 17 ciljeva odrzivog razvoja Ujedinjenih naroda, tzv. Sustainable Development
Goals (Ujedinjeni narodji, 2015.).

Sustav znanja i inovacija u poljoprivredi u Hrvatskoj sastoji se od mnogobrojnih dionika iz privatnog i javnog sektora
s bogatim iskustvom u obrazovanju i istrazivanju, medutim veze izmedu njih su slabe te ne postoji efektivan nacin
razmjene znanja, inovacija i rezultata (Jelakovi¢, 2021.). Identificiranje nositelja znanja za bioekonomiju predstavlja
priliku za jacanje njihovih kapaciteta, poticanje participativnih procesa i multidisciplinarnih istrazivanja te pomaze
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pri kreiranju ciljeva i implementacije Nacionalne strategije za bioekonomiju. Prelazak na odrzivo gospodarstvo
temeljeno na bioloskim resursima podrazumijeva sinergiju javnog i privatnog sektora suradnjom i razmjenom znanja
razli¢itih dionika i donositelja odluka. Generiranje znanja kroz multisektorsku suradnju predstavlja politicki ¢in koji
zahtijeva od pojedinaca i organizacija da “priznaju svoju ulogu u pokretanju drustvenih i politickih promjena te da
se pozabave napetostima i kompromisima koji u njima postoje“ (Wyborn i sur., 2019.). Takoder, tema bioekonomije
vrlo je kontroverzna budu¢i da propituje neograniceni gospodarski rast, i time zahtijeva da se vi$e dionika usuglasi
oko inicijalno suprotstavljenih stajalista kako bi se postiglo zajedni¢ko razumijevanje i ciljevi (D’Amato i sur., 2022.).

Prema Kuli$i¢ (2020.), Hrvatska pripada grupi zemalja Europske unije s ispodprosje¢nom produktivno$éu rada unutar
bioekonomije, $to je uvjetovano visokom koncentracijom zaposlenosti u radno intenzivnijim sektorima proizvodnje
biomase, kao $to su poljoprivreda, Sumarstvo i akvakultura. Prema izvjestaju u sklopu projekta BIOEAST (2021.),
u posljednjem desetlje¢u Hrvatska je bila medu zemljama s niskom razinom razvoja bioekonomije u usporedbi s
ostalim zemljama na razini EU i makroregijom BIOEAST". Tranzicija prema bioekonomiji u RH prili¢no je spora,
izmedu ostaloga, zbog ogranic¢enog pristupa financijskim resursima, nedostatka politickog okvira za bioekonomiju,
nedostatka sinergije izmedu znanosti i prakti¢nog znanja. Navedeni faktori zajedno dovode do niskog inovacijskog
ucinka koji je takoder umjeren i ispod prosjeka EU, $to se smatra jednom od prepreka koja nije dopustala ubrzanje
razvoja bioekonomije temeljene na znanju. S obzirom na to da je Hrvatska zemlja s velikim potencijalom pretvaranja
svoga poljoprivredno-prehrambenog sektora u suvremenu djelatnost koja poti¢e gospodarski rast, stvara radna

mjesta i ostvaruje prihod u ruralnim zajednicama (Kulisi¢, 2020.), potrebno je omogucditi adekvatne resurse koji
mogu te potencijale ispuniti.

Dakle, bioekonomija predstavlja inovativno rjeSenje na razini Europske unije za prelazak na odrzivo, energetski i
resursno ucinkovito gospodarstvo. Kako bi se ostvarili zadani ciljevi na nacionalnoj razini, smatramo da je potrebno
identificirati klju¢ne aktere za tranziciju drustva i ekonomije prema bioekonomiji. Jedan od tih aktera su nositelji
znanja koji pomazu u uc¢inkovitijem rjesavanju drustvenih problema, omogucuju brzi razvoj inovacija i tehnologija
te uspjes$niju primjenu novih znanja.

Primarni cilj ovog rada bio je identificirati nositelje znanja za sektor bioekonomije u Hrvatskoj $to bi moglo posluziti
kao potpora izradi nacionalne strategije za bioekonomiju.

Materijal i metode

U prvoj fazi rada provedeno je desk istrazivanje gdje su se identificirali projekti koji doprinose razvoju bioekonomije
te s njima povezane institucije i pojedince kao nositelje znanja. Za ovo istrazivanje relevantnima smo razmatrali
isklju¢ivo projekte s pocetkom provedbe od 2016. godine, jer se to smatra razdobljem kada bioekonomija kakvu
danas definiramo postaje prepoznata u Republici Hrvatskoj te su projekti takvom konceptu i prilagodeni. Budu¢i
da programi financiranja unutar Europske unije u najve¢oj mjeri doprinose financiranju razvojnih projekata, kao
primaran izvor informacija koristile su se baze projekata iz programa Obzor 2020 u sklopu Agencije za mobilnost
i programe EU te programa BBI-JU (Bio-based Industries Joint Undertaking), javno-privatnog partnerstva izmedu
Europske unije i konzorcija za bioindustriju. Ostali projekti i nositelji znanja pretrazivali su se preko sluzbenih
mreznih stranica institucija i poduzeca koji su spomenuti kao partneri. Navedeni projekti su takoder financirani ili
sufinancirani iz prora¢una Europske unije, naj¢esce iz operativnih programa Obzor 2020 i Konkurentnost i kohezija
2014. - 2020. Uz projekte iz prve faze koji se fokusiraju isklju¢ivo na preradu primarnih proizvoda u proizvode visoke
dodane vrijednosti, u drugoj fazi mapiranja stvorena je dodatna, komplementarna baza projekata. Takvi projekti
svojim ciljevima doprinose sustavnom i odrzivom razvoju bioekonomije, te se oni zajedno s pripadaju¢im dionicima
takoder smatraju relevantnima. U trecoj, zavr$noj fazi mapiranja institucije i druge nositelje smo kategorizirali u
Cetiri skupine - gospodarski, javni, znanstveno-obrazovni i civilni sektor.

Sto se ti¢e gospodarskog sektora, cesto se navodi kako mala i srednja poduzeéa imaju vise moguénosti za postizanje
vece razine fleksibilnosti i brzine odgovora na promjene u odnosu na velika poduzeca. S obzirom na to, oéekuje se
da ¢e industrije i poslovne organizacije biti klju¢ne za razvoj bioekonomije (D’Amato i sur., 2020.). Druga skupina
aktera, javne ustanove, mogu biti od velike vaznosti za razvoj bioekonomije u pogledu savjetovanja, administrativne
i financijske podrske te organizirano sustavno djelovanje na lokalnoj ili regionalnoj razini. Tre¢a grupa aktera,
znanstveno-obrazovni sektor, primarnu ulogu ima u stvaranju inovacija koje doprinose razvitku bioekonomije.
Cetvrta skupina aktera, civilno drustvo putem nevladinih organizacija predstavlja neformalni sustav gradanske
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povezanosti i inicijativa, nastalih u svrhu ostvarenja (uglavnom) drustveno korisnih ciljeva. Kao takve, djeluju kao
posrednici izmedu javnih vlasti i gradana (Visinski, 2004). S obzirom na to, mogu pozitivno utjecati na razvitak
bioekonomije te doprinijeti ekolo$koj i socijalnoj odrZivosti. Na temelju prikupljenih podataka stvorena je baza
nositelja znanja za sektor bioekonomije u Republici Hrvatskoj. Potrebno je napomenuti kako je mapiranje dinamican
proces te ovim radom ne namjeravamo prikazati kona¢ni popis nositelja znanja, ve¢ zapoceti proces mapiranja koji
zahtijeva redovito aZuriranje podataka i daljnje promisljanje vrste aktera koji mogu doprinijeti $irenju i prihvacanju
bioekonomije kao novog nacina razmisljanja i proizvodnje.

Rezultati i rasprava

Analizom izvora iz prve faze mapiranja identificirano je ukupno 29 znanstvenih projekata ciji je cilj pretvorba
nusproizvoda iz primarne proizvodnje u proizvode dodane vrijednosti. Oni sluze kao inovativna rjeSenja s
ciljem pretvorbe ostataka iz primarne proizvodnje, kao $to su kukuruz, zitarice, sjemenke bundeve, voce, ostaci
poljoprivredne proizvodnje, sirutka, Zivotinjski stajnjak, gljive i mikroalge u proizvode s dodanom vrijedno$¢u, kao
$to su biougljen, bioplin, bioplastika, biokompoziti, biopeleti, inovativni proizvodi na bazi sirutke te zamjena $tetnih
tvari u prirodnoj kozmetici na bazi ostataka gljiva i mikroalgi.

Iz te baze podataka identificirano je 12 gospodarskih subjekata koji na razli¢ite nacine doprinose razvoju sektora
bioekonomije. Polovica ukljuc¢uje inovativna mala i srednja poduzeca, koja su, osim na poljoprivredu, ribarstvo i
$umarstvo, usmjerena i na proizvodnju bioplastike. Dodatno, postoji nekolicina velikih industrijskih pogona koji
svoje poslovanje usmjeravaju prema nacelima kruzne bioekonomije kroz sudjelovanje u razvojnim projektima koji
su takoder veéinom povezani s proizvodnjom bioplastike iz mikroalgi ili ostataka gljiva. Proizvodnja biopeleta,
biognojiva, namjestaja iz ostataka poljoprivredne i Sumarske proizvodnje takoder je zastupljena u identificiranim
razvojnim projektima. U manjoj mjeri zastupljena je proizvodnja farmaceutika i tekstila koji takoder imaju veliki
potencijal stvaranja dodane vrijednosti.

U drugoj fazi mapiranja stvorena je komplementarna baza projekata i inicijativa. Ta se baza ne odnosi izravno na
preradu primarnih proizvoda, medutim identificirane institucije i projekti takoder imaju vaznu ulogu u osnazivanju
sektora bioekonomije na nacionalnoj i europskoj razini. Identificirano je dodatnih 30 projekata i 22 pripadajuce
institucije koje doprinose razvoju bioekonomije kroz ispitivanje trzi$nih potencijala za obnovljive izvore energije,
poticanje sinergije znanosti i prakti¢nog znanja, osnazivanje civilnog sektora, edukaciju, odrzivo zbrinjavanje otpada,
povezivanje s akterima na nadnacionalnoj razini, logisticku podrsku organiziranjem sabirnih centara za biomasu te
prirodno graditeljstvo.

Govoredi o znanstveno-obrazovnom sektoru, tijekom mapiranja zabiljezeno je 12 institucija koje doprinose razvoju
bioekonomije, kao voditelji ili partneri u projektima, koji su ve¢inom usmjereni na pretvorbu nusproizvoda iz
primarne proizvodnje u proizvode visoke dodane vrijednosti. Od ukupnog broja aktivnih istraziva¢a u projektima
iz podrugja bioekonomije s Agronomskog fakulteta dolazi njih $est, a po troje istraziva¢a dolazi s Prehrambeno-
biotehnoloskog fakulteta i Hrvatskog Sumarskog instituta. U manjoj mjeri i s manjim intenzitetom sudjelovanja
po projektima, s osam predstavnika zastupljen je javni sektor na regionalnoj, Zupanijskoj i gradskoj razini. Takve
javne ustanove i razvojne agencije imaju veliku ulogu u provodenju poduzetnickih i razvojnih projekata, poveéanju
konkurentnosti, pruzanju savjetodavnih usluga te kontinuiranom stru¢nom usavrsavanju. Vece uklju¢ivanje javnih
ustanova u projekte povezane s bioekonomijom znatno bi doprinijelo regionalnoj konkurentnosti i ostvarenju
bioekonomije koja poznaje i vodi ra¢una o moguénostima i resursima na lokalnoj ili regionalnoj razini.

Od prethodno navedenih sektora u bioekonomiji, civilni sektor najmanje je zastupljen, no dijelom je to posljedica
uzorkovanja u nasem istrazivanju. Buduéi da smo nositelje znanja identificirali prvenstveno iz dviju baza projekata
(iz programa Obzor 2020 i BBI-JU), udruge koje nisu medu partnerima financiranih projekata nismo ovom analizom
zahvatili. Stoga je vazno naglasiti da zasigurno postoje brojne organizacije civilnog drustva u Hrvatskoj koje nisu
spomenute u ovom istrazivanju, a koje izravno ili neizravno utje¢u na inkluzivan i odrziv razvoj bioekonomije.
Neke od njih su energetske zadruge i zadruge opcenito, kratki lanci opskrbe kao $to su grupe solidarne razmjene,
ekoloske udruge i druge udruge ¢iji rad indirektno podupire tranziciju prema bioekonomiji, primjerice, kroz projekte
revitalizacije lokalnih zajednica ili projekte koji osnazuju marginalizirane drustvene skupine. Vazno je naglasiti i
kako su programi financiranja unutar Europske unije uglavnom usmjereni na istrazivanja i tehnoloske inovacije te
u fokus stavljaju gospodarsku i znanstvenu zajednicu, a razvojni projekti civilnog sektora u podrudju bioekonomije,
koji su financirani iz drugih izvora, ovim radom nisu obuhvaceni. Dodatna istrazivanja bila bi korisna kako bi se
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istrazilo na koje nacine i koji drugi akteri bi mogli izravno i neizravno doprinositi bioekonomiji u Hrvatskoj. Stoga bi
u daljnjem istrazivanju i mapiranju aktera trebalo identificirati i Sire indirektne promicatelje bioekonomskih praksi.

Predstavnici prethodno navedenih sektora za bioekonomiju uz broj projekata na kojima su sudjelovali prikazani su
u nastavku u Tablici 1.

Tablica 1. Nositelji znanja za razvoj bioekonomije u Republici Hrvatskoj, prema broju projekata.

Javni sektor

avni sektor - javna e ey
J ) -znanstveno- Civilni sektor

R.br.  Gospodarski sektor

uprava obrazovne institucije
SDEWES -
Hrvatska Medunarodni centar
1. Mi-plast Ltd. (9) poljoprivredna Agronomski fakultet (9) za odrzivi razvoj
komora (2) energetike, voda i
okolisa (2)
o Reglo?alna razvojna Fakgltet ele.ktrotehmke, Hrvatski drvni Klaster
2. Bio-mi Ltd. (6) agencija Medimurje  strojarstva i 2)
(1) brodogradnje (7)
Razvoina asenciia Fakultet DOOR - Drustvo za
3. Particula Group (4) S'everJ (1) gencl agrobiotehnickih oblikovanje odrzivog
) znanosti Osijek (3) razvoja (1)
Razvojna agencija Prehrambeno - 7 elena enereetska
4, IPS konzalting (3) Vukovarsko-srijemske biotehnoloski fakultet u &
. . zadruga (1)
zupanije (1) Zagrebu (2)
5 EcoCortec (2) Ministarstvo Fakultet $Sumarstva i ZMAG - Zelena mreZa
’ poljoprivrede (1) drvne tehnologije (2) aktivistickih grupa (1)
. Energetski institut
6. SAPONIA d.d. (2) Grad Rijeka (1) Hrvoje Posar (2) Eko Kvarner (1)
Razvojna agencija Prehrambeno-
7. INA d.o.0. (1) 74 retJ> (1) gency tehnoloski fakultet
& Osijek (2)
Croatian Woods Ltd.  Ministarstvo znanosti  Hrvatski Sumarski
8. . . ..
(1) i obrazovanja (1) institut (1)
Centar kompetencija Hrvatska agencija za
9. d.o.o. za istrazivanje i poljoprivredu i hranu
razvoj Vinkovci (1) (1)
10. Kutjevo d.d. (1) Xe)leuahste u Karlovcu
11 Zagrebacki holding Institut za politicku
) d.o.o. (1) ekologiju (1)
Centar. k(.)mpetena? s Tekstilno-tehnoloski
12. hrana i bioekonomija fakultet (1)
d.o.o. (1) .

Izvor: vlastito istraZivanje.
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Zakljucak

Mapiranjem smo utvrdili da na ukupno 59 bioekonomskih projekata sudjeluje 38 aktera, od kojih su brojniji oni iz
gospodarskog i znanstveno-obrazovnog sektora, te na pojedinim projektima sudjeluje istovremeno vi$e nositelja
znanja. Na temelju provedenog mapiranja mozemo zakljuciti kako u Hrvatskoj postoje odredeni institucionalni i
ljudski resursi koji su zapoceli razvijati bioekonomiju no da je taj stupanj razvoja vrlo ograni¢en. Medu zahvacenim
projektima i akterima iznimno je nisko zastupljena javna uprava i civilno drustvo. Potrebno je napomenuti kako
rezultati dobiveni istraZivanjem projekata ne daju sveobuhvatan prikaz relevantnih aktera za bioekonomiju, jer
razmatramo iskljuc¢ivo one koji su sudjelovali u razvojnim projektima, dok svakako postoji niz aktera koji doprinose
na druge nacine. Za daljnja istrazivanja bilo bi korisno istraziti i na koji nac¢in su navedeni nositelji znanja povezani
te kojim mehanizmima i aktivnostima se moze stvoriti vi$a razina suradnje i razmjene znanja medu navedenim
akterima i institucijama. Nadalje, bilo bi korisno evaluirati ulogu savjetodavne sluzbe i ostalih drzavnih i javnih tijela
u generiranju znanja prema primarnim proizvodac¢ima i ostalim akterima s obzirom na to da tijekom provodenja
ovog mapiranja nisu u zna¢ajnoj mjeri spomenuta. Stvaranje sustava koji uspjesno razvija odrzivu bioekonomiju
lezi u sinergiji svih sektora i medusobnoj razmjeni znanja i multisektorskoj suradnji. Naposljetku, vazno je nastaviti
istrazivati ulogu poljoprivrednika u procesu razmjene i primjene bioekonomskih znanja te nac¢ine na koje mogu biti
aktivno ukljuceni u proces stvaranja bioekonomije na razini svojih lokalnih zajednica.
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Bioeconomy and Rural Development: actors and
potential

Abstract

The goal of this paper was to identify knowledge holders for the bioeconomy sector in Croatia. The
objective is to analyse the bioeconomy projects in the period 2016-2022 and to extract the knowledge
holders within the project partners. The results show there were 59 projects comprising 38 knowledge
holders for the bioeconomy sector, mostly in the economic and scientific sector. In future studies it is
necessary to examine the nature and intensity of cooperation between bioeconomy actors. For future
bioeconomy development it would be necessary to explore the nature and intensity of cooperation
among those actors in order to build fruitful conditions for sustainable development of bioeconomy.

Keywords: bioeconomy, multisectoral approach, knowledge holders, innovation, cooperation
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Sazetak

Cilj rada je utvrditi stanje poljoprivrede na podruéju Licko-senjske Zupanije te izra¢unom agregiranog
poljoprivrednog dohotka odrediti najvaznije poljoprivredno-prehrambene proizvode. Rezultati
istrazivanja pokazuju da su, prema udjelima u agregiranom poljoprivrednom dohotku, najdohodovnije
djelatnosti Licko-senjske Zupanije ovcarstvo, govedarstvo u sustavu krava-tele, proizvodnja krumpira,
§ljivaimeda. U intervjuu s voditeljicom LAG-a Lika potvrdeni su navedeni rezultati te je naglasena Zelja
lokalnih poljoprivrednika za pove¢anjem poljoprivrednog dohotka preradom proizvoda na vlastitim
gospodarstvima. Zbog administrativnih prepreka i poreznih obaveza broj registriranih preradivaca jo$
uvijek je relativno mali u odnosu na mogu¢énosti.

Klju¢ne rijeci: poljoprivreda, Li¢ko-senjska Zupanija, tradicionalni proizvodi, agregirani poljoprivredni
dohodak

Uvod

Li¢ko-senjska zupanija (LSZ) prostorno je najve¢a zupanija u Hrvatskoj s 5.350,50 km? $to ¢ini 9,46% hrvatskog
drzavnog teritorija. U LSZ-u je 80,4% povriine po reljefu planinski kraj stoga je poljoprivredna proizvodnja
organizirana na krskim poljima (Gacko, Li¢ko i Krbavsko). Vaznost poljoprivrede ogleda se u prvom strate$kom
cilju ove Zupanije, a to je stvaranje uvjeta za uravnotezen i odrziv gospodarski razvoj zasnovan na razvoju malih
gospodarstava, ekologki prihvatljive preradivacke industrije, poljoprivrede i turizma (Razvojna strategija LSZ, 2010.).
Tradicionalno se uz ovaj prostor veze ekstenzivna stocarska i biljna proizvodnja uz prepoznatljive licke proizvode
poput janjetine, krumpira, $ljiva, kupusa i meda. Zbog aktualnih promjena u lancu proizvodnje i potro$nje hrane
upitno je jesu li ovi proizvodi i u novije doba predvodnici licke poljoprivrede, odnosno koji je njihov doprinos
agregiranim ekonomskim poljoprivrednim pokazateljima gradova i op¢ina LSZ.

Ciljevi rada su: (a) odrediti vodece poljoprivredne djelatnosti i vodece JLS-ove obzirom na udio u agregiranom
poljoprivrednom dohotku, (b) provjeriti dobivene rezultate intervjuom s voditeljicom LAG-a Lika.

Materijal i metode

U radu je provedena analiza sekundarnih izvora podataka koji se znac¢ajnim dijelom odnose na statisticke podatke
iz Upisnika poljoprivrednika. Proizvodnja na koristenim poljoprivrednim povr$inama LSZ-a utvrdena je prema
podacima Agencije za placanja u poljoprivredi, ribarstvu i ruralnom razvoju (APPRRR, 2022a) i dokumentu
»Irazene kulture na jedinstvenom zahtjevu za potporu® za 2021. godinu. Brojnost i najzastupljenije vrste stoke
odredene su prema podacima Jedinstvenog registra domacih zivotinja (HAPIH, 2022) dok je broj pcelinjih zajednica
odreden prema podacima Sektora za oznalavanje i registraciju Zivotinja i upravljanje podacima u stocarstvu.
Agregirani dohodak poljoprivrede JLS-ova odreden je prema utvrdenim proizvodnim resursima ¢ije su vrijednosti
pomnozene s o¢ekivanim dohotkom po hektaru biljne kulture odnosno po grlu stoke navedenima u Katalogu
kalkulacija poljoprivredne proizvodnje (Ministarstvo poljoprivrede, 2019). U Katalogu se financijski u¢inci pojedine
vrste poljoprivredne proizvodnje odreduju izra¢unom pokrica varijabilnih troskova - PVT (engl. Gross Margin
Calculations). Iako PVT nije istoznacnica za dohodak, u praksi se ¢esto zbog nemoguc¢nosti realnog utvrdivanja

Session 2. Agricultural Economics and Rural Development 83



Lari Hadelan, Matea Papi¢, Magdalena Zrakic¢ Susac, Ornella Mikus

fiksnih i/ili indirektnih troskova poslovanja upravo PV T iskazuje kao dohodak bez uklju¢enih indirektnih trogkova.

Zakljudci istrazivanja provjereni su i prokomentirani intervjuom s voditeljicom LAG-a Lika.

Rezultati rada
Poljoprivreda Licko-senjske Zupanije

Poljoprivreda je u Lici oduvijek bila od presudne vaznosti za njezino stanovnistvo. Kako navodi Holjevac (2009) ¢ak
92,6% stanovnika Zupanije pocetkom dvadesetog stolje¢a bavilo se poljoprivredom i Zivjelo od nje. Najzastupljenija
zitarica bila je jari je¢am, a najzastupljenija okopavina krumpir. Sto¢ni fond ¢inile su uglavnom ovce, goveda, svinje i
konji. Najzastupljenija pasmina goveda bila je domaca busa (94% svih goveda), relativno slabih proizvodnih ucinaka,
ali naviknuta na zahtjevne planinske uvjete. Ostra klima i reljefno nepogodan gorski krajolik s dominantnom
kr$kom podlogom znatno su ogranicavali ratarsku proizvodnju jer je za obradu povoljne zemlje bilo samo u rijetkim
visokim poljima u kr$u. Unato¢ tome, brojni planinski pasnjaci i proplanci pruzali su povoljne uvjete za uzgoj stoke,
osobito velikog broja ovaca pa su se Li¢ani tradicionalno vise bavili sto¢arstvom nego ratarstvom (Holjevac, 2009).
Zupanijska razvojna strategija LSZ-a iz 2010. godine navodi kako je poljoprivredna proizvodnja organizirana na
malim parcelama $to za posljedicu ima ekstenzivan nacin proizvodnje i nisku dohodovnost po jedinici kapaciteta.
Izostanak intenzivnije gospodarske aktivnosti doveo je do ekoloske o¢uvanosti podrucja pogodnog za razvoj ekoloske
poljoprivrede i stocarstva (Staréevi¢ i sur., 2018), a samo poljoprivredno zemljiste kao temeljni prirodni resurs u LSZ
je nezagadeno i pogodno za razvoj ekoloske poljoprivrede (Razvojna strategija LSZ, 2010). Veliki razvojni problem,
osim lo$e demografske strukture i rascjepkanosti poljoprivrednog zemljista, predstavlja i nedostatak preradivackih
kapaciteta poljoprivrednih proizvoda $to potvrduje razmjerno mali broj objekata registriranih za preradu
poljoprivrednih proizvoda. Na podru&ju LSZ, 12 je odobrenih objekata i 113 registriranih objekata u poslovanju s
hranom zivotinjskog podrijetla. Od toga je 86 objekata registrirano za proizvodnju meda, 9 za preradu mlijeka na
gospodarstvu te 6 za proizvodnju mlijeka, sira i vrhnja (Ministarstvo poljoprivrede, 2022).

Prema podacima iz Upisnika poljoprivrednika za 2021. godinu (APPRRR, 2022b) na podruéju LSZ je ukupno 5.195
poljoprivrednih gospodarstava $to je rast od 11% u proteklih pet godina. Prema obrazovnoj strukturi najveci je udio
nositelja gospodarstava sa srednjoskolskim obrazovanjem (56%). Udio visokoobrazovanih nositelja je 12%, nositelja
sa zavr§enom osnovnom S$kolom je 25% dok njih 7% nema zavr§eno osnovnoskolsko obrazovanje. Obzirom na
dobnu strukturu poljoprivrednika, prevladavaju poljoprivrednici stariji od 65 godina kojih je 39%. Znacajan udio u
strukturi imaju i poljoprivrednici izmedu 56 i 65 godina (23%), ali je primjetan i visoki udio poljoprivrednika mladih
od 40 godina koji iznosi 17% $to je tri postotna boda viSe od prosjeka Republike Hrvatske.

U ARKOD je upisano 55.313 hektara poljoprivrednog zemlji$ta. Prema vrsti uporabe najvise je krskih pasnjaka koji
s 27.456 ha zauzimaju gotovo polovinu koristenog poljoprivrednog zemljista (APPRRR, 2022c). U 2020. godini
ukupna povrsina zemljista LSZ pod ekoloskom proizvodnjom iznosila je 17.746 ha $to predstavlja 32% ukupno
kori$tenog zemljista. Istovremeno, udio ekoloskih povr$ina u Hrvatskoj bio je 7% $to ukazuje da je vaznost ekoloske
proizvodnje za LSZ znacajno ve¢a u odnosu na hrvatski prosjek (DZS, 2021).

Na podruéju svih JLS-ova LSZ prevladavajuca poljoprivredna djelatnost je stocarstvo $to je razvidno iz tipologije
poljoprivrednih gospodarstava dobivenoj primjenom FADN kalkulatora pri izra¢unu standardnog ekonomskog
rezultata. U svim opéinama i gradovima LSZ vodedi je tip pod brojéanom oznakom 4. ,,Stocarstvo - govedarstvo,
ovcarstvo i kozarstvo®.

Prema relativnoj vrijednosti standardnog ekonomskog rezultata najveca poljoprivredna gospodarstva, s najve¢im
prihodovnim potencijalom, nalaze na podrudju op¢ina Udbina i Karlobag. Ove dvije op¢ine ujedno su jedine JLS
na podrudju Zupanije ¢ija je prosje¢na ekonomska veli¢ina gospodarstva ve¢a od prosje¢ne ekonomske veli¢ine
poljoprivrednih gospodarstava Jadranske Hrvatske koja iznosi 12.127 eura/poljoprivredno gospodarstvo (FADN,
2018).

Prevladavajuce biljne kulture i vrste stoke prema udjelu u poljoprivrednom dohotku

Proizvodnja ové¢jeg mlijeka i mesa, uzgoj goveda u sustavu krava-tele te proizvodnja meda, najdohodovnije su
stoc¢arske proizvodnje na podruéju JLS-ova, dok u biljnoj proizvodnji- prevladava proizvodnja krumpira. U ukupnom
dohotku svih JLS-ova najzastupljenija je proizvodnja ov¢jeg mlijeka i mesa s udjelom od 23,6% (Karlobag) do 77,3%

84 58th Croatian & 18th International Symposium on Agriculture | 11-17 February, 2023, Dubrovnik, Croatia



Poljoprivredno-prehrambeni proizvodi u agregiranom poljoprivrednom dohotku Licko-senjske Zupanije

(Novalja). Uzgoj koza slabije je prisutan na podruéju LSZ osim u opéini Karlobag gdje ¢ini 21,6% poljoprivrednog
dohotka. Govedarstvo u sustavu krava-tele prisutno je u dohotku svih JLS-ova osim u Novalji. Njegovi se udjeli
u ukupnom dohotku kre¢u od 6,7% (Senj) do 36,9% (Vrhovine). Znacajan je i doprinos proizvodnje meda koja,
primjerice, u poljoprivrednom dohotku grada Senja ¢ini udio od 29,2%. Proizvodnja kravljeg mlijeka zastupljena je
u ukupnom dohotku poljoprivrede Zupanije s prosje¢no 5,9%. Sto se ti¢e biljne proizvodnje, najzastupljenija stavka
poljoprivrednog dohotka je proizvodnja krumpira ¢iji je udio 10,7% u op¢ini Lovinac, 9,6% u op¢ini Brinje te 9,3%
u Otoécu. Vazniju biljnu proizvodnju ¢ini proizvodnja $ljiva koja je u opéinama Udbina, Donji Lapac i Plitvicka
Jezera zastupljena s vise od 2% ukupnog agregiranog dohotka. Od ostalih kultura istice se jedino proizvodnja
smilja koja poljoprivrednom dohotku grada Novalje doprinosi sa 7,4%. Na slici 1 prikazani su udjeli pojedinih vrsti

poljoprivrednih djelatnosti u dohotku odabranih JLS-ova.

Opéina Udbina Grad Gospic

Ostalo 14,8%

Kravlje mlijeko
3.4%

Uzgoj &ljive 4,52~  Sustav krava-tel

Tov junadi 3,1%

Ostalo
15,1%

Krumpir 8,0%
Proizvodnja

meda 6,2% P— |
Ovearsivo
Kravlje ( 49.4%
mlijeko 6,5%%

Sustav Kravas

Ovéarstvo 57.0% tele 14,808

na Novaly Opéina Otoéac
Ostalo 6,7%% Opéinag Novalja

Smilje 7,4%
Kozje mlijeko .
2.6% Il?ml_nnn nja Oviarsivo
Sljiva 1,7% 47.00%
Aded 6,0% N

Krumpir 2,3%
Proizvodnja '
meda 8.6%

Kravije mlijeko
Ovearsive 77.3%% 8.4%% Susiav Krava-

tele 8,6%

Slika 1. Struktura poljoprivrednog dohotka prema djelatnostima u odabranim JLS na podrucju LSZ (2021)

Intervju s voditeljicom LAG-a Lika

Intervju s ciljem osvrta na aktualnosti i trendove poljoprivredne proizvodnje proveden je s Ivanom Starcevic,
voditeljicom LAG-a Lika. Poljoprivredu LSZ karakterizira ekstenzivno stocarstvo u kojem se odvija promjena
proizvodne orijentacije lickih poljoprivrednika. Dolazi do gasenja velikog broja mlije¢nih farmi te je sve manji broj
proizvodac¢a mlijeka. Udaljenost od otkupljivaca mlijeka pa samim time i otezana mogu¢nost isporuke mlijeka, niske
otkupne cijene i radno intenzivan uzgoj, neki su od razloga napustanja te proizvodnje. Stoga se poljoprivrednici
okre¢u onim oblicima sto¢arske proizvodnje koje su isplativije i manje radno zahtjevne, a trenutno je to govedarstvo
u sustavu krava-tele. Janjetina, kupus, $ljive, krumpir, med i sir tradicionalni su licki proizvodi. Voditeljica LAG-a
navela je da su ovi proizvodi i u aktualno doba najznacajniji licki proizvodi ¢ija proizvodnja nema izrazenijih
oscilacija. Jedino $to kontinuirano opada jest proizvodnja sira. Osim smanjenja broja mlije¢nih krava, razlog tome
jeipotreba registracije objekata za preradu ¢emu li¢ki poljoprivrednici nisu skloni. Umjesto toga poljoprivrednici se
odlucuju na drzanje goveda u sustavu krava-tele na $to ih motiviraju i zadovoljavajuce potpore po hektaru pasnjaka
kao i potpore za autohtone pasmine goveda poput buse. Voditeljica LAG-a isti¢e zainteresiranost poljoprivrednika za
preradu svojih proizvoda, medutim navodi da se jos uvijek radi o razmjerno malom broju proizvodaca. Ipak, prerada
je i dalje zastupljenija medu dopunskim djelatnostima OPG-ova u odnosu na ruralni turizam za koji smatra da bi
mogao biti prisutniji obzirom na ekoloske potencijale prostora. Voditeljica LAG-a zalaZe se za pojednostavljivanje
uvjeta registracije preradivackih objekata i predlaze izradu vodi¢a u kojem ¢e se poljoprivrednicima na jednostavan
nacin objasniti koraci u postupku registracije. Zaprekom za preradbene aktivnosti na gospodarstvima smatra i vaze¢i
porezni sustav koji zahtjeva od poljoprivrednika koji pokrecu preradu upis u Registar poreznik obveznika $to sa
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sobom povlaciiobaveze placanja porezaidoprinosa. Voditeljica je navela i oznake kvalitete kojima se oznacavaju neki
od lickih proizvoda. Zasti¢enom oznakom izvornosti (ZOI) zasticena je paska janjetina, sol i paski sir, a licki krumpir,
$kripavac i janjetina za$ticeni su Zasticenom oznakom zemljopisnog podrijetla (ZOZP). Certificiranih proizvodaca
za proizvodnju navedenih proizvoda je svega nekoliko (janjetina - jedan proizvodac, sol - jedan proizvodac, licki
krumpir - dva proizvodaca, paski sir — pet proizvodaca), dok za proizvodnju lickog $kripavca jo§ nema certificiranih
proizvodaca. Lokalni poljoprivrednici, prema rije¢ima voditeljice LAG-a, pokazuju zainteresiranost za certificiranje,
medutim rijetko se odlu¢uju zbog straha od dodatnih kontrola, dodatne papirologije, ali i financijskih izdataka koje
certificiranje podrazumijeva. Voditeljica se osvrnula konkretno na certificiranje lickog Skripavca koji je u prosincu
2021. godine dobio europsku zasti¢enu oznaku zemljopisnog podrijetla, navodeci kako proizvodaci pokazuju
zanimanje te ih je ve¢ nekoliko iskazalo interes uklju¢ivanja u sustav certificirane proizvodnje. Medutim cijeli
postupak odvija se presporo jer se od poljoprivrednika zahtjeva registracija objekata za preradu na $to se slabo
odluc¢ujujer to trazi dodatna financijska ulaganja. Ono $to takoder predstavlja prepreku certificiranju jesti ¢injenica da
su potencijalni proizvodaci uglavnom mali OPG-ovci s malim koli¢inama proizvodnje koji svoje proizvode uspjesno
plasiraju i bez certificiranja. Osim europskih oznaka kvalitete, LAG Lika 2018. godine razvio je regionalnu oznaku
kvalitete Lika Quality s ciljem promicanja tradicionalnih lickih proizvoda natprosje¢ne kvalitete te brandiranja Like
kao gastro-destinacije. U sustav se mogu ukljuciti prehrambeni proizvodi, ali i suveniri i rukotvorine. Voditeljica
LAG-a Lika navodi da je trenutno u sustavu Lika Quality 80 proizvodaca sa 183 proizvoda u 12 kategorija. Najvise ih
je iz kategorije suveniri (15 proizvodaca) te meso i mesne preradevine (11), voce (11) i povrce (11). Proizvodaci su
tako dobili priliku da se njihovi proizvodi plasiraju na $ira trzista. Primjerice, u NP Plitvi¢ka jezera postoji prodajno
mjesto ovih proizvoda, a pokrenuta je i poljoprivredna zadruga Lika COOP koja otkupljuje proizvode od lokalnih
proizvodaca te ih plasira na trziste. Voditeljica LAG-a navodi kako su od prosle godine proizvodi Lika Quality u
prodaji na nekoliko brodova Jadrolinije na medunarodnim linijama $to znaci da se prodaju i izvan podrudja Like i
Hrvatske, a isto tako neke od njih moguce je pronaci i u trgovackim lancima.

Zakljucak

Li¢ko-senjska Zupanija tradicionalno se identificira po poljoprivredno-prehrambenim proizvodima poput janjetine,
krumpira, sira i meda. I u novije doba ovi su proizvodi znacajno prisutni u strukturi lickog prehrambenog sustava.
Op¢ina Udbina najznacajnija je licka op¢ina prema prosje¢noj ekonomskoj veli¢ini poljoprivrednih gospodarstava.
Na podrucju ove op¢ine 57% ukupnog poljoprivrednog dohotka stvara se u sektoru ovcarstva, a znacajnije udjele
ostvaruju i govedarstvo u sustavu krava-tele (17%) te proizvodnja $ljiva (5%). Sli¢na struktura poljoprivrednog
dohotka razvidna je i u drugim lickim op¢inama uz nes$to izrazenije udjele ovcarstva u op¢ini Novalja (77%)
i proizvodnju krumpira u op¢ini Otocac (9%). Voditeljica LAG-a Lika navodi zabrinjavajuce trendove smanjenja
proizvodnje sira koji proizlaze iz opadanja govedarstva mlije¢nog tipa koje ustupa pred rastu¢im govedarstvom u
sustavu krava-tele. Unato¢ pove¢anom zanimanju poljoprivrednika za preradu vlastitih poljoprivrednih proizvoda,
broj registriranih preradivaca jo$ je uvijek premalen u odnosu na potencijale podru¢ja. Uzrok tome je nesklonost
malih poljoprivrednika za dodatne obaveze, pravne, financijske i tehnologke, koje podrazumijeva registracija njihovih
OPG-ova za preradu poljoprivrednih proizvoda.

Napomena

Ovaj rad nastao je temeljem diplomskog rada Matee Papi¢: Struktura standardnog ekonomskog rezultata i
poljoprivrednog dohotka jedinica lokalne samouprave Li¢ko-senjske Zupanije, obranjenog 13.7.2022. na Sveucilistu
u Zagrebu Agronomski fakultet pod mentorstvom izv.prof.dr.sc. Larija Hadelana.
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Agricultural and food products of Lika-Sen;
County in the aggregated agricultural income

Abstract

The aim of the paper is to estimate the state of agriculture in the Lika-Senj County and to determine
the most important agricultural and food products by calculating their share in aggregated agricultural
income. According to research results, the most income-generating activities of the Lika-Senj County
are sheep farming, cattle breeding in the cow-calf system, production of potatoes, plums and honey. In
an interview with the head of LAG Lika, the stated results were confirmed and the wish of local farmers
to increase agricultural income by processing products on their own farms was emphasized. Due to
administrative obstacles and tax obligations, the number of registered processors is still relatively small
compared to the possibilities.

Keywords: Agriculture, Lika-Senj County, traditional products, aggregated agricultural income
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Sazetak

Zdravstveni turizam posljednjih godina eksponencijalno raste i postaje sve relevantniji za mnoge
turisticke destinacije. Promjene u zivotnim stilovima, zdravstvene politike, briga za zdravlje, trendovi
i prakse protiv starenja povecali su interes za ovaj brzorastu¢i segment. Cilj rada je utvrditi postojece
stanje zdravstvenog turizma s posebnim naglaskom na medicinski turizam u Osjecko-baranjskoj
zupaniji. Rezultati istrazivanja sugeriraju na znacajne potencijale u smislu klju¢nih ¢imbenika uspjeha,
a koji se lociraju u $irokoj lepezi usluga i pruzatelja zdravstveno-turistickih proizvoda udruzenih
u klaster ,Pannonian Health®. No, kako bi se ostvario puni potencijal te kako bi Osje¢ko-baranjska
zupanija bolje iskoristila prilike i odgovorila na izazove ovog novog, globalnog i promjenjivog
oblika selektivnog turizma, potrebno je sustavno raditi na promociji i projekte uskladiti s budu¢im
nacionalnim strategijama, planovima i programima.

Klju¢ne rijeci: zdravstveni turizam, medicinski turizam, zdravstveno-turisticki proizvod, klaster
»Pannonian Health®, Osjecko-baranjska Zupanija

Uvod

Zdravstveni turizam postaje brzorastudi trend kako u svijetu, tako i u Hrvatskoj. No, unato¢ rastu¢em drus$tvenom,
gospodarskom i politickom interesu za globalno trziste zdravstvenog i medicinskog turizma, ono ostaje jos uvijek
relativno neistraZeno u stru¢noj literaturi. Zdravstveni turizam je sloZeni turisti¢ki proizvod koji obuhvaca velik broj
specijaliziranih sadrzaja i usluga na putovanjima motiviranim potrebom za unapredenjem zdravlja i pobolj$anjem
kvalitete Zivota (TeliSman-Ko$uta i Marusi¢, 2018:4). Svjetska turisticka organizacija i europska komisije za putovanja
(2018) medicinski turizam definiraju kao one vrste turizma kojima je primarna motivacija doprinos tjelesnom,
mentalnom i/ili duhovnom zdravlju kroz medicinske i wellness aktivnosti. Zdravstveni turizam moze se i definirati
kao privremena promjena stalnog boravka ljudi i odlazak u povoljno klimatsko ili kupali$no mjesto radi zdravstvene
preventive, kurative i rehabilitacije (Vukoni¢ i Cavlek, 2001). Mili¢evi¢ (2013) govori kako zdravstveni turizam danas
podrazumijeva pruzanje zdravstvenih usluga koje se mogu kretati u rasponu od najslozenijih kirurskih intervencija
u specijaliziranim zdravstvenim ustanovama, preko tradicionalnih lje¢ili$nih tretmana u ljeéilistima i toplicama
pa sve do raznovrsne spa i wellness ponude u cilju pomladivanja odnosno putovanja radi duhovnog uzdizanja.
Opceprihvacena definicija Svjetske turisticke organizacije navodi da je zdravstveni turizam sloZena gospodarska
aktivnost u kojoj bitno mjesto zauzima stru¢no i kontrolirano koristenje prirodnih ljekovitih ¢initelja, postupaka
fizikalne medicine i programiranih fizickih aktivnosti u svrhu odrzavanja i unapredenja fizickog, mentalnog i
duhovnog zdravlja turista te pobolj$anja kvalitete njihovog zivota (UNWTO, 2018). Prema izvjes¢u Europske komisije
za putovanja, medicinski turizam posebno je potaknut preoptere¢enim zdravstvenim sustavima. Naime, posljednjih
nekoliko desetlje¢a rashodi za dugotrajnu skrb porasli su u mnogim gospodarstvima diljem svijeta, posebice sa
starenjem stanovnistva koje zahtijeva sve viSe zdravstvene i socijalne skrbi (European Travel Commission, 2022). U
Strategiji razvoja turizma Republike Hrvatske do 2020. godine te Nacionalnom programu - akcijski plan za razvoj
zdravstvenog turizma prepoznaju se oblici zdravstvenog turizma kao kompleksnog turistickog proizvoda i to: wellness
(odvija se pretezito u hotelima i ljecilistima), ljecili$ni (odvija se u specijalnim bolnicama i lje¢ilistima) i medicinski
turizam (odvija se medicinskim ordinacijama, privatnim klinikama/poliklinikama). Svi navedeni selektivni oblici
usmjereni su na poboljsanje fizickog stanja pojedinca (turista), ali i kori$tenja svih medicinskih usluga za odrzavanje
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zdravlja. Takoder, ovi oblici nalaze se na dvije paralele — ,,bolest-zdravlje-wellness® i ,, lije¢enje-prevencija-promocija“
Medicinski turizam zbirni je pojam koji obuhvaca putovanja primarno motivirana koristenjem medicinske usluge
(velegili manjeg stupnja sloZenosti) kao $to su primjerice kirurski zahvati te stomatoloske, kozmeticke, rehabilitacijske
i druge alternativne usluge. Medicinski turizam dakle, kao vazan oblik zdravstvenog turizma, moze se definirati kao
dio gospodarskog prosperiteta posjecene zemlje, pruzanje zdravstvenih usluga zajedno s turistickim kulturnim i
tradicionalnim bastinama (Bookman, 2007). Medicinski turizam i u hrvatskim okvirima mogao bi biti odgovor na
produljenje kratke turisticke sezone i razvijati se izvan granica povezanih s turizmom temeljenog na konceptu “sunce
i more”. Evidentno je kako turisticki sektor u Hrvatskoj znacajno doprinosi BDP-u. U 2019. taj je udio iznosio 24,3%,
a prognoza za 2028. godinu iznosi 31,7%. No, u 2020. uslijed pandemije COVID-19 taj se udio smanjio na 10,2 %
cjelokupnog gospodarstva, §to uzrokuje ozbiljan pad ukupnog broja doprinosu turizmu i turistickom zaposljavanju
(-15,6%). Iako se turisticki sektor poboljsao tijekom godina, jos uvijek nedostaju razliciti turisticki proizvodi poput
zdravstvenog turizma, uklju¢uju¢i medicinski turizam (Bara¢ Miftarevi¢, 2022:123).

Materijal i metode

Metodologija istrazivanja u ovom radu oslanja se na dosada$nje teorijske spoznaje o zdravstvenom turizmu i
polazi od hipoteze da pruzanje zdravstvenih usluga zajedno s postoje¢om turistickom kulturnom i tradicionalnom
bastinom doprinosi brendiranju i gospodarskom rastu Zupanije. Na temelju prikupljenih sekundarnih podataka i
pregleda literature u radu su se koristile metode analize, sinteze i komparacije razli¢itih oblika zdravstvenog turizma.
U interpretaciji rezultata primijenjene su znanstvene metode deskripcije, dedukcije i analize.

Rezultati i rasprava

Danas, zdravlje je postalo $iroko prihvaceno kao potrosacko dobro i smatra se dijelom opce kvalitete Zivota. Nadalje,
povecani troskovi zdravstvene skrbi na zapadu i globalizacija naveli su pojedince da zdravstvenu uslugu potraze
u drugim zemljama koje nude kvalitetu usluge i pristupa¢ne cijene (Omay i Cenzig, 2013, Krajnovi¢ i suradnici,
2013). Putovanje, kao element lije¢enja i oporavka, jedan je od najvaznijih ciljeva zdravstvenog turizma te neki
autori smatraju kako ¢e se tijekom putovanja zbog lije¢enja (ili oporavka) povecati aktivnosti u slobodno vrijeme
ovisno o zdravstvenom stanju osobe. Budu¢i da se trenutno financijsko stanje i Zivotni problemi navode kao glavni
¢imbenici koji dovode do visoke razine Zivotnog stresa, zdravstveni turizam je izbor za sve one osobe koji odluce
izbjegavati svakodnevni stresni Zivot, posvecujudi vi$e brige svom zdravlju i dobrobiti Zivota opcenito (Hofer i sur,
2012). Zdravstveni turizam veZze se za putovanja u lje¢ilista ili druge destinacije. Njegova primarna svrha odnosi se
na pobljsanje fizickog stanja pojedinca kroz kontrolirano fizicko vjezbanje, terapije, nadzor i kontrolu prehrambenih
navika i medicinskih usluga u cilju pobolj$anja i odrzavanja zdravlja. U Nacionalnom programu - akcijski plan za
razvoj zdravstvenog turizma (2014) apostrofira se na obiljeZja postojece prakse i trzisne trendove, a koji upuéuju
na Cetiri glavne domene klju¢nih ¢initelja uspjeha u zdravstvenom turizmu. Kljuéni faktori uspjeha prikazani su u
Tablici 1.
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Tablica 1. Klju¢ni faktori uspjeha u zdravstvenom turizmu (Ministarstvo turizma, 2014:27)

Usluge

Razina cijena
Kvalifikacije i iskustvo lije¢nika i stru¢nog osoblja

Mogu¢nost komunikacije s lije¢nikom i osobljem na stranom jeziku Moguénost
konzultacije i detaljno objasnjenje zahvata prije dolaska

Transparentna informacija o sadrzaju kupljenih usluga
Postojanje jasnih procedura u slu¢aju komplikacija

Op¢i odnos prema pacijentu i pratitelju

Obiljezja institucije/centra

Akreditacija i certifikacija, ovisno o potraznji prosuditi o medunarodnim ili domacim
certifikatima

Ugled institucije/centra

Osiguranje institucije u slu¢aju nezeljenog ishoda zahvata/tretmana

Visoki higijenski standardi u funkciji spre¢avanja bolnickih infekcija
Kontinuirano osuvremenjivanje opreme

Smirujudi i opustaju¢i ambijenti prostora, ukljueni elementi lokalnog identiteta

Okoli$no odgovorna praksa

Obiljezja destinacije

Pozeljan imidz destinacije

Dostupnost destinacije, uklju¢ujuci prometne veze, ulaz u zemlju

Dokazana i priznata ljekovita svojstva prirodnih ¢initelja

RaspoloZivost kvalitetnih kapaciteta i stru¢nog osoblja za rekuperaciju nakon zahvata
Raspolozivost kvalitetnog, cjenovno prihvatljivog smjestaja za pratitelje —
Raspolozivost institucija primarne zdravstvene zastite u destinaciji ili u neposrednoj
blizini

Raspolozivost raznovrsnih kulturnih, sportsko-rekreacijskih i zabavnih sadrzaja

Razvojna koncepcija destinacije, odnosno nepostojanje konfliktnih (zagadivackih)
djelatnosti u blizem okruzenju

Komunalna uredenost, razvijeni infrastrukturni sustavi, pjesacke zone
Okolisno odgovorna praksa

Dostupnost besplatnog WIFI-a

Promocija i prodaja

Raspolozivost incoming turisti¢kih agencija i facilitatora u medicinskom turizmu
Moguénost organizacije i placanja zdravstvenog i turistickog dijela boravka na
jednom mjestu (‘one-stop-shop’)

Atraktivne, informativne i azurne Internet stranice destinacije i zdravstveno-
turistickih centara

Efikasna nacionalna promocija

Zdravstveni turizam biljezi sve ve¢u ekspanziju, $iri lepezu zdravstvene ponude od rekreativnih oblika wellness
turizma do ljecili$nog i bolni¢kog turizma, odnosno zdravstvenih ustanova koje pruzaju zdravstveno-turisticke
usluge. Tome u prilog svjedo¢i ¢injenica da viSe od 10% klijenata putuje na razli¢ite zdravstvene tretmane u
inozemstvo (Gei¢ i sur., 2010). U prvih sedam mjeseci 2022. godine u Osjecko-baranjskoj Zupaniji zabiljezeno je
58.291 nocenja $to Zupaniju pozicionira u sam vrh kontinentalnog turizma (HTZ, 2022). No, iako Osjecko-baranjska
zupanija generira respektabilne prihode od ostvarenih nocenja trenutno ne postoje standardi statistickog pracenja
medicinskog turizma. Zdravstveni turizam pronalazi svoje mjesto u turistickoj ponudi Osjec¢ko-baranjske Zupanije
prije svega kroz tradicionalni oblik lje¢ili$nog turizma (ljeciliste Bizovacke toplice) no pratiidruge oblike - medicinski
turizam, wellness i fitness. Iako se dosada$nji turisti¢ki razvitak OBZ-a temeljio na valorizaciji prirodnih resursa,
tradiciji, kulturno-povijesnim sadrzajima, gastonomiji i zadovoljavaju¢em kapacitetu turisticko-ugostiteljskih
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objekata evidentno je da ima potencijala i za razvoj medicinskog turizma. U Tablici 2. prikazane su usluge i pruzatelji
usluga zdravstvenog turizma u Osjecko-baranjskoj zZupaniji.

Tablica 2. Usluge, oblici i pruzatelji usluga zdravstvenog turizma u OBZ (izrada autora)

PRUZATEL]J USLUGE OBLIK ZDRAVSTVENOG USLUGE
TURIZMA
Ortopedija kirurgija, estetska
Poliklinika Lege Artis Medicinski turizam kirurgija, opca kirurgija, laserska

Poliklinika Slavonija

Poliklinika Rosso

Poliklinika Novoselec

Poliklinika Osijek za internu
medicinu, oftalmologiju i
neurologiju

Poliklinika Sunce, Specijalna
bolnica Agram u Osijeku
Oftamoloska poliklinika Dr. Balog
Centar prirodnog zdravlja
Organicos

Specijalisticka dermatoloska
ordinacija Dr. Ageel

Dental centar Ces

Ordinacija dentalne medicine Sasa
Dbuki¢

Park prirode Kopaci Rit

Ordinacija dentalne medicine
Siber

Fizioterapeutske usluge i masaza
Physio AT

Fizioterapeutske usluge i masaza
Studio Vitalis

Eccentric centar za dijagnostiku,
terapiju i trening

Ljeciliste Bizovacke toplice

Medicinski turizam

Medicinski turizam

Medicinski turizam

Medicinski turizam

Medicinski turizam
Medicinski turizam
Wellness

Medicinski turizam
Medicinski turizam

Medicinski turizam

Wellness

Medicinski turizam
Wellness
Wellness
Wellness

Lje¢ili$ni turizam

tehnologija

Radioloska i laboratorijska
dijagnostika, barokomora, estetska
kirurgija

Estetska kirurgija, plasti¢na
kirurgija glave i vrata, ginekoloska
dijagnostika

Fizikalna i manualna terapija,
medicinska gimnastika
Internisticki i neuroloski pregledi,
oftalmologija, ultrazvu¢na
dijagnostika, estetika

Estetska kirurgija, mali operativni
zahvati, intervencijska radiologija
Oftalmoloska kirurgija, estetska
kirurgija

Holisticki ,,tijelo-um-duh® program,
program ucenja o zdravoj prehrani

Dermatoloska i estetska kirurgija

Protetika, stomatologija, oralna
kirurgija

Implantologija, estetska dentalna
medicina

Holisticki wellness, obiteljski spa
ceentri, zdrava hrana seoskog
domacinstva, terapeutski u¢inak

Paradontologija, estetska
stomatologija

Medicinski wellness, masaze,

tretmani tijela
Masaza, elektroterapije

Holisticki programi, fizicki izazovi,
ucenje o zdravom Zzivotu

Medicinska rehabilitacija, fizikalna
terapija, ljecilisne usluge
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Zdravstveni turizam Osjecko-baranjske zupanije temelji se na ponudi medicinskih i ostalih usluga koje svojom
kvalitetom, stru¢nim i educiranim osobljem i cijenom mogu konkurirati europskim turistickim zdravstvenim
destinacijama. Cilj rada bio je istraziti postoje¢u ponudu zdravstvenog turizma odnosno usluge, oblike i pruzatelje
zdravstveno-turistickih proizvoda udruZzenih u klaster ,Pannonian Health® (iako na podruéju Zupanije egzistira
jo$ nekolicina privatnih poliklinika i ordinacija, one nisu udruzene u klaster te stoga nisu uzete u uzorak).
Provedenim istrazivanjem, utvrdeno je kako na podrucju Osjecko-baranjske Zupanije djeluje jedanaest privatnih
poliklinika i ordinacija koje pruzaju medicinske usluge, usluge estetske kirurgije te $iroku lepezu stomatoloskih
usluga. Nadalje, pet pruZetelja usluga profiliralo se u domeni wellness turizma koji kupcima zdravstveno-turistickih
usluga nude holisticke programe, wellness tretmane/programe, masaze, u¢enje o zdravom zivotu. U sferi lje¢ilinog
turizma predvodnik je ljeciliste Bizovacke toplice koje svojom dugom tradicijom i termalnim izvorom ve¢ dugi
niz godina pruza usluge iz podrucja fizikalne medicine, rehabilitacije, lje¢ili$nih usluga i u novije vrijeme robotske
neurorehabilitacije. Osim ljecilista, svi pruzatelji usluga koncentrirani su u gradu Osijeku, sredi$tu i nositelju
gospodarskih aktivnosti Zupanije. Kao $to je prethodno spomenuto, navedene zdravstvene ustanove udruzene su u
klaster ,,Pannonian Health* koji egzistira od 2018. godine, a primarni cilj usmjeren je na razvoj i promociju grada
Osijeka i Osjecko-baranjske Zupanije kao nove destinacije zdravstvenog turizma na karti Europe. Aktivnosti klastera
usmjerene su na unaprjedenje zdravstvene zastite ljudi i kvalitete Zivota opc¢enito te unaprjedenje cjelokupne ponude
i usluga u turizmu, promicanje tradicionalnih vrijednosti u cilju brendiranja regije (HTZ, 2018). Osim postoje¢ih
kapaciteta, perspektive medicinskog turizma svakako treba promatrati i u kontekstu popratnih sadrzaja (kulture i
tradicije) kao ,,odmori$nih elemenata“ Osjec¢ka Tvrda, park prirode i najvrjedniji zooloski rezervat u Hrvatskoj -
Kopacki Rit, Ergela lipicanaca u Pakovu, biciklisticka staza kroz Baranju, bogata gastronomska i enoloska ponuda
te sada ve¢ prepoznatljive manifestacije poput Dakovackih vezova, Pannonian Challenga i brojnih drugih. Na
domacem trzistu Osjecko-baranjska Zupnija sve je viSe prepoznata kao destinacija kvalitetne i raznolike ponude. S
druge strane, Turisti¢ka zajednica OBZ-a apostrofira da na stranim emitivnim trzi§tima treba napraviti vece iskorake
prvenstveno kroz vec¢a ulaganja u promotivne aktivnosti. Promocijske napore treba usmjeriti prema susjednim
zemljama poput Srbije, Bosne i Hercegovine te Madarske (Turisticka zajednica Osjec¢ko-baranjske Zupanije, 2022).
Konac¢no, napravljen je jos jedan vazan iskorak u smislu komuniciranja i promocije jedinstvenog imidza destinacije
u okviru platforme HeadOnEast Croatia/Visit Slavonia Baranja.

Zakljucak

Zdravstveni turizam nametnuo se kao odgovor na potrebe i izazove s kojima s pojedinac danas, u smislu zdravlja
i dobrobiti zivota opcenito, suocava. U najs$irem smislu zdravstveni turizam predstavlja putovanje pojedinca
u druge zemlje/ u cilju trazenja medicinske skrbi, a doprinosi tjelesnom, mentalnom i/ili duhovnom zdravlju.
Locira se u $irokoj lepezi, od oblika wellness turizma do ljeciliSnog turizma, odnosno medicinskih usluga koje
pruzaju zdravstvene ustanove (medicinske, stomatologke, estetske i druge usluge). Destinacije u nastajanju sve vise
iskoriStavaju ovaj trzi$ni segment u potrazi za diverzifikacijom, poveéanjem prihoda te rjeSavanjem sezonalnosti.
Imajudi u vidu klju¢ne ¢imbenike za razvoj zdravstvenog turizma (usluge, obiljezja institucije, obiljezja destinacije,
promocija), ali i dosadasnju turisticku ponudu, evidentno je da Osjecko-baranjska Zupanija ima znacajne potencijale
i za razvoj ovog segmenta turizma. Provedeno istrazivanje pokazuje da u gradu Osijeku i $ire trenutno djeluje
sedemnaest zdravstvenih ustanova (ljeciliSte Bizovacke toplice, privatne ordinacije, poliklinike, centri specijalizirani
za usluge rehabilitacije, fizioterapije te holisti¢ki pristup). Navedene ustanove od 2018. godine djeluju kroz klaster
»Pannonian Health® sa zajednickim ciljem brendiranja i promocije Zupanije kao prepoznatljive turisticke destinacije
zdravstvenog turizma na karti Europe. Aktivnosti klastera koreliraju sa zajedni¢ckim europskim ciljevima zacrtanim
u strateskim dokumentima, a koji su usmjereni na unaprjedenje zdravstvene zastite ljudi i kvalitete Zivota opcenito.
Iako su napravljeni odredeni pomaci u smislu komuniciranja i promocije jedinstvenog imidza destinacije u okviru
platforme HeadOnEast Croatia/Visit Slavonia Baranja i kroz ulaganja u ICT rjeSenja upravljanja destinacijom,
potrebno je i dalje sustavno raditi na promociji i vidljivosti te projekte uskladiti s nacionalnim strategijama,
planovima i programima. Kona¢no, kroz sinergiju svih raspolozivih resursa, zdravstveni turizam moze biti pokretac¢
gospodarskog rasta i razvoja te poluga zaposljavanja ovog dijela Hrvatske.
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Health tourism offer in Osijek-Baranja County

Abstract

Health tourism has been growing exponentially in recent years and is becoming increasingly relevant
for many tourist destinations. Changes in lifestyles, health policies, health care, anti-aging trends and
practices have increased interest in this fast-growing segment. The aim of the work is to determine the
current state of health tourism with special emphasis on medical tourism in Osijek-Baranja County.
The results of the research suggest significant potential in terms of key success factors, which are located
in a wide range of services and providers of health-tourism products united in the “Pannonian Health”
cluster. However, in order to realize its full potential and for the Osijek-Baranja County to make better
use of opportunities and respond to the challenges of this new, global and changing market segment,
it is necessary to systematically work on promotion and align projects with future national strategies,
plans and programs.

Keywords: health tourism, medical tourism, health-tourism product, “Pannonian Health” cluster,
Osijek-Baranja County
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Sazetak

U Slavoniji i Baranji tradicionalna obrada mesa (kolinje) ne predstavlja samo potrebu za prezivljavanjem
kroz konzumaciju mesne hrane bogate mastima i proteinima u zimskim mjesecima. Ono tradicionalno,
a i danas, predstavlja povezivanje ljudi, o¢uvanje obicaja, starih zanata prerade mesa kroz neke nove
prakse, povratak selu kao sinonimu djetinjstva i zdrave hrane. U cilju utvrdivanja u kojoj se mjeri i
dalje odrzava tradicija kolinja u Slavoniji i Baranji te identificiranja stavova o tradicionalnim nacinima
obrade svinjskog mesa (kolinje), provedeno je online anketno istrazivanje na uzorku od 889 ispitanika s
podrucéja Osjecko-baranjske zupanije. Istrazivanjem su utvrdene statisticki znacajne razlike u stavovima
ispitanika vezanim za tvrdnje kolinje doprinosi o¢uvanju tradicije, kulture i obi¢aja Slavonije i Baranje
(p < 0,01) i kolinje doprinosi povezivanju ruralnog stanovnistva (p < 0,01) u odnosu na spol ispitanika
i tvrdnji kolinje doprinosi deruralizaciji (p < 0,05) i danas je uzgoj svinja skuplji, te samim time i obrada
mesa (p < 0,01) uodnosu na ekonomski status obitelji ispitanika.

Kljucne rijeci: tradicija, kolinje, svinjsko meso, Osje¢ko-baranjska Zupanija

Uvod

Osjecko-baranjska Zupanija, opcenito je poznata kao nizinski kraj u kojem prevladavaju poljoprivreda i prehrambena
industrija. Isto¢na Hrvatska obiluje raznim tradicionalnim proizvodima od kojih se posebno isti¢u svinjski
suhomesnati proizvodi. Tradicionalni proizvodi ¢ine kulturu, identitet i nasljede jedne zemlje (Karabasil i sur., 2018.;
Luka¢, 2021.). Tradicija u proizvodnji mesa i suhomesnatih proizvoda duboko je ukorijenjena na Balkanu, a odvija
se unutar manjih obiteljskih gospodarstva koja imaju vaznu ulogu unutar lokalne i regionalne zajednice (Karabasil i
sur., 2018.; Kumali¢, 2018.). Tradicionalna obrada mesa ili kolinje vazna je kulturna komponenta drustvenog Zivota,
jer stvara i jaca solidarnost u zajednici te doprinosi procesu socijalizacije koji se prenosi drustvenim normama i
ritualima te pomaZe u jacanju neformalnih drustvenih mreza i pridonosi promicanju drustvene kohezije (Zmege¢,
1998.; Kumali¢, 2018.). Tradicionalno kolinje $iroko je rasprostranjena drustvena praksa na zapadnom Balkanu
koja okuplja obitelji, susjede i prijatelje te pridonosi porastu drustvenog kapitala i ima vazan kulturni, drustveni
i ekonomski utjecaj na obitelji i zajednice (Kumali¢, 2018.). Autor nadalje navodi da se u Bosni i Hercegovini
tradicionalno klanje Zivotinja kod kuce uglavnom prakticira kao sezonsko klanje u kr§¢anskim zajednicama i kao
vjersko klanje u muslimanskim zajednicama. U istrazivanju koje je proveo Kumali¢ (2018.) ispitanici su istaknuli
vaznost tradicionalnog kolinja za ja¢anje drustvenog kapitala jer je to prigoda za obiteljsko i $ire drustveno okupljanje
kao i podjelu mesa nakon kolinja kojom se naglasava socijalna osjetljivost (prilikom kolinja od strane kr§¢anskih i
muslimanskih zajednica) doprinose¢i ja¢anju susjedskih, prijateljskih i obiteljskih odnosa.

Cilj ovoga rada bio je ispitati stavove ispitanika o tradicionalnim nac¢inima obrade svinjskog mesa (kolinja) i istraziti
u kojoj mjeri se i dalje odrzava tradicija kolinja u Slavoniji i Baranji.

Materijal i metode

Primarni podatci prikupljeni su putem metode ankete, a kao instrument istrazivanja koristen je online anketni
upitnik. IstraZivanje o preferencijama sudionici itrazivanja provedeno je u razdoblju od prosinca 2021. do sije¢nja
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2022. putem online anketnog softvera tvrtke Qualtrics LLC. Anketni upitnik ispunilo je ukupno 1.049 ispitanika s
podrucdja Osjecko-baranjske Zupanije. Od ukupnog broja ispitanika iz daljnje analize isklju¢eno je 160 ispitanika zbog
nepotpuno ispunjenog anketnog upitnika. Cjelokupnim anketnim upitnikom istrazuju se potrosacke preferencije
potrosaca u Osjecko-baranjskoj zupaniji prema svjezem mesu i suhomesnatim proizvodima te stavovi ispitanika
o tradicionalnoj obradi mesa (kolinju) u Slavoniji i Baranji. Cjelokupni upitnik sadrzavao je ukupno 38 pitanja
otvorenog i zatvorenog tipa podijeljenih u nekoliko skupina, a na kraju anketnog upitnika dodana su pitanja koja
se odnose na sociodemografska obiljezja ispitanika. U radu u prikazani samo dijelovi vezani za stavove ispitanika o
tradicionalnoj obradi mesa u Slavoniji i Baranji (mjereno kori$tenjem ljestvice slaganja s pet modaliteta odgovora:
1 - uopce se ne slazem, 5 — u potpunosti se slazem). Analiza podataka provedena je u statistickom programskom
paketu IBM SPSS Statistic V26. U analizi podataka koristene su metode deskriptivne statistike (postotci, frekvencija,
aritmeti¢ka sredina, standardna devijacija) kako bi se opisao uzorak, od neparametrijskih testova koristen je hi -
kvadrat test (x2) kojim se Zeljelo utvrditi postoji li razlika izmedu promatranih frekvencija i o¢ekivanih frekvencija
pitanja vezanog uz tradicionalni nacin obrade svinjskog mesa (obavljate li u vasem domacinstvu kolinje ili idete
kod rodbine/prijatelja na kolinje?) s obzirom na njihova sociodemografska obiljezja (dob, mjesto stanovanja, razina
obrazovanja, zanimanje i ekonomski status ispitanika). Od parametrijskih testova koristen je Studentov t — test
(independent t- test) i jednosmjerna analiza varijance (oneway ANOVA) u svrhu utvrdivanja razlika u stavovima
ispitanika vezano za tradicionalni nacin obrade svinjskog mesa (kolinje).

Rezultati i rasprava

Ciljana skupina ispitanika bili su ispitanici koji konzumiraju svjeZe svinjsko meso i suhomesnate proizvode s
podrucja Osjecko-baranjske Zupanije. Od ukupnog broja ispitanika (n = 889), njih 66,6 % bilo je Zenskoga, a 33,4 %
muskoga spola. Vecina ispitanika dolazi sa seoskog podrucja (43,9 %) i iz gradskih naselja (43,6 %), a svega 12,5 %
iz prigradskih naselja. U istrazivanju ve¢inom prevladavaju studenti (55,9 %) i zaposleni (34,4 %) ispitanici izmedu
18 - 34 godine starosti (84,6 %). Ispitanici su se u vecoj mjeri izjasnili da imaju zavrSenu srednju $kolu (36,9 %) i
visoku $kolu ili stru¢ni studij (33,4 %) te da je njihov ekonomski status obitelji oko prosjeka (60,0 %). 71,9 % (n =
639) ispitanika se izjasnilo da obavlja kolinje u svom domacinstvu ili ide na kolinje kod rodbine ili prijatelja, a svega
28,1 % (n = 250) ispitanika se izjasnilo da ne radi i ne ide kod rodbine ili prijatelja na kolinje. Prema podatcima
prikazanim u Tablici 1. rezultati hi-kvadrat testa pokazali su da postoji statisticki zna¢ajna povezanost izmedu
sudionika istrazivaja koji po$tuju narodni obicaj (kolinje) i dobi ispitanika (x2 = 40,712, p = 0,01), mjesta stanovanja
(x2 = 114,899, p < 0,01) razine obrazovanja (x2 = 40,712, p < 0,05) i zanimanja ispitanika (x2 = 114,899, p < 0,01).
Sudionici istrazivanja su zatim izrazili svoje misljenje na sljedecih $est tvrdnji: kolinje doprinosi o¢uvanju tradicije,
kulture i obicaja Slavonije i Baranje (T1), kolinje doprinosi deruralizaciji (T2), kolinje doprinosi povezivanju ruralnog
stanovnistva (T3), danas je uzgoj svinja skuplji, te samim time i obrada mesa (T4), smatram da je vazno znati mjesto
i na¢in proizvodnje svinjskog mesa i suhomesnatih proizvoda (T5) i lokalno proizvedena hrana poti¢e odrzivost
poljoprivrednih gospodarstava i podupre lokalne uzgajivace (T6). Na temelju odgovora ispitanika izra¢unate su
aritmeticke sredine (M) i standardna devijacija (SD).
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Tablica 1. Distribucija odgovora s obzirom na pitanje vezano uz obavljanje tradicionalnog nacina obrade svinjskog
mesa ovisno o socio-demografskim karakteristikama ispitanika (%)

Obavljate li u vasem
domacinstvu kolinje ili idete

Socio-demografska obiljezja N kod rodbine/prijatelja na X2 p
kolinje?
Da Ne
18-24 501 61,2 44,0
25-34 251 27,1 31,2
Dob 35-44 75 7,5 10,8 40,712 0,000**
45-54 34 2,8 6,4
55+ 28 1,4 7,6
) Gradsko 388 34,1 68,0
i\fif;;’anja Prigradsko 111 11,00 16,4 114,899  0,000**
Seosko 390 54,9 15,6
QOsnovna $kola 7 0,5 1,6
Razina Srednja $kola 328 38,7 32,4
obrazovanja Visa éJkola/Struéni studij 297 34,3 31,2 %205 0.025"
Magisterij/Doktorat 257 26,6 34,8
Student 497 61,7 41,2
) ) Zaposlen 306 30,0 45,6
Zanimanje 33,559 0,000**
Nezaposlen 69 7,4 8,8
Umirovljenik 17 0,9 4.4
Znatno ispod prosjeka 16 1,7 2,0
Ispod prosjeka 71 8,6 6,4
Ekonomski status Oko prosjeka 533 60,6 58,4 3,160 0,531
Iznad prosjeka 246 26,9 29,6
Znatno iznad prosjeka 23 2,2 3,6

© p<0,01; * p<0,05

Ispitanici su se u najve¢oj mjeri slozili s tvrdnjama lokalno proizvedena hrana potic¢e odrzivost poljoprivrednih
gospodarstava i podupre lokalne uzgajivace (T6) (M = 4,58, SD = 0,678), smatram da je vazno znati mjesto i nacin
proizvodnje svinjskog mesa i suhomesnatih proizvoda (T5) (M = 4,32, SD = 0,887) i kolinje doprinosi o¢uvanju
tradicije, kulture i obicaja Slavonije i Baranje (T1) (M = 4,27, SD = 0,963). Najmanji stupanj slaganja ispitanici su
iskazali prema tvrdnji kolinje doprinosi deruralizaciji (iseljavanju sela) (M = 2,28; SD = 1,147). Prema istrazivanju
Loncari¢ i sur. (2015.) sudionici istrazivanja smatraju tradicijske proizvode vaznima za $iru zajednicu, s posebnim
naglaskom na njihovu ulogu u o¢uvanju kulture i bastine, kao i potrebu za ve¢om prepoznatljivos¢u i ugledom
u drustvu. Stanovnici u Isto¢noj Hrvatskoj imaju pozitivan stav prema tradicionalnim proizvodima svoje regije
(Loncari¢ i sur., 2021.). Vandecandelaere (2013.) i Kumali¢ (2018.) nadalje isti¢u kako je razmjena hrane stara koliko
i ¢ovjecanstvo te da se prodajom lokalne proizvedene hrane uspostavlja izravan kontakt izmedu poljoprivrednika i
potrosaca te stvara povjerenje i medusobna korist medu njima. Sudionici istrazivanja u Hrvatskoj u istrazivanju Jeli¢
Milkovi¢ (2022.) visokim ocjenama su ocijenili tvrdnje lokalno proizvedena hrana pomaze o¢uvanju tradicionalnih
pasminainacina proizvodnje (M = 4,22, SD =0,821), lokalno proizvedena hrana je zdravija i prirodnija (slijedi izvorni
postupak proizvodnje) (M = 3,95, SD = 0,898), preferiram kupnju lokalno proizvedene hrane iako je ponekad skuplja
(M = 3,74, SD = 0,934). Sto je potvrdeno i istrazivanjem Janus i sur. (2022.) anketiranjem potro$aca suhomesnatih
proizvoda u Osjecko-baranjskoj Zupaniji. Podjelom potrosaca u tri klastera autori su dosli do zakljucka da osim
cijene, boje i nacina proizvodnje suhomesnatih proizvoda ispitanicima je vazno i porijeklo i da su suhomesnati
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proizvodi proizvedeni s doma¢om crvenom paprikom i ¢esnjakom.

Kako bi utvrdili postoje li statisticki znacajne razlike u stavovima ispitanika prema tvrdnjama vezanim za tradicionalnu
obradu mesa u Slavoniji i Baranji s obzirom na socioekonomske karakteristike ispitanika koristen je t - test za
nezavisne uzorke i jednosmjerna analiza varijance (ANOVA) $to je prikazano u Tablicama 2. i 3.. Prema rezultatima
t — testa prikazanima u Tablici 2. vidljivo je da postoji statisticki znacajna veza izmedu ponudenih tvrdnji i spola
ispitanika. Statisti¢ki znacajna razlika uocena je kod tvrdnji kolinje doprinosi o¢uvanju tradicije, kulture i obi¢aja
Slavonije i Baranje (T1) (t = 5,311, p < 0,01) i tvrdnje kolinje doprinosi povezivanju ruralnog stanovnistva (T3) (t =
5,659, p < 0,01). Ostale tvrdnje nisu se pokazale statisti¢ki zna¢ajne u odnosu na ponudene tvrdnje. Prema srednjim
vrijednostima prikazanim u Tablici 2. vidljivo je da se ispitanici muskog spola vise slazu sa spomenutim tvrdnjama.
Muski se ispitanici vi$e slazu s tvrdnjama da je danas uzgoj svinja skuplji, a samim time i obrada mesa (T4) (M =
4,02, SD = 0,539), takoder smatraju da je vazno znati mjesto i nacin proizvodnje svinjskog mesa i suhomesnatih
proizvoda (T5) (M = 4,34, SD = 0,925) dok se ispitanici Zenskog spola vi$e slazu s tvrdnjom da lokalno proizvedena
hrana potice odrzivost poljoprivrednih gospodarstava i podupire lokalne uzgajivace (T6) (M = 4,60, SD = 0,676).

Tablica 2. Testiranje razlika aritmetickih sredina tvrdnji s obzirom na spol ispitanika

Musko Zensko

M SD M SD fotest P
T(1) 4,50 0,855 4,16 0,994 5,311 0,000**
T(2) 2,29 1,296 2,28 1,066 0,125 0,901
T(3) 3,97 0,970 3,57 1,007 5,659 0,000%*
T(4) 4,02 0,953 3,91 0,874 1,687 0,092
T(5) 4,34 0,925 4,30 0,878 0,571 0,568
T(6) 4,56 0,681 4,60 0,676 10,810 0,418

© p<0,01; * p<0,05

U Tablici 3. prikazani su rezultati testiranja aritmetickih sredina tvrdnji s obzirom na ekonomski status obitelji te je
vidljivo da ekonomski status obitelji ima utjecaj na misljenje ispitanika po pojedinim tvrdnjama. Statistic¢ki zna¢ajna
razlika uocena je kod tvrdnji kolinje doprinosi deruralizaciji (T2) (F = 2,953, p < 0,05) i danas je uzgoj svinja skuplji,
te samim time i obrada mesa (T4) (F = 3,663, p < 0,01). Ispitanici koji su se izjasnili da im je ekonomski status obitelji
znatno ispod prosjeka vi$e se slazu s navedenim tvrdnjama. Dok se ispitanici ¢ija su primanja znatno iznad prosjeka
vi$e slazu s tvrdnjom smatram da je vazno znati mjesto i na¢in proizvodnje svinjskog mesa i suhomesnatih proizvoda
(T5) iako za ovu tvrdnju nije utvrdena statisti¢ki znacajna razlika.

Tablica 3. Testiranje razlika aritmetickih sredina s obzirom na ekonomski status obitelji

Znatno ispod . . . Znatno iznad
prosjeka Ispod prosjeka Oko prosjeka  Iznad prosjeka prosjeka . b

M SD M SD M SD M SD M SD
T(1) 4,50 0,632 425 0996 424 0969 434 09006 426 1,421 0,642 0,633
T(2) 306 1,652 224 1,075 2,27 1,106 223 1,132 2,74 1,738 2953 0,019 *
T(3) 4,00 1,155 3,75 1,065 3,67 0982 3,74 1,010 3,87 1,392 0,723 0,577
0,006

%

T(4) 450 0,730 3,82 1,060 393 0873 393 089 4,43 0,992 3,663

T(5) 425 1,238 427 0925 429 0904 437 0801 465 0935 1,292 0,272
T(6) 481 0403 461 0,665 456 0698 461 0627 461 0891 0752 0,557
“* p<0,01; * p<0,05
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Stavovi ispitanika prema tradicionalnoj obradi mesa u Slavoniji i Baranji

Zakljucak

Prema rezultatima ovog istrazivanja, mozemo zakljuc¢iti da su ispitanici svjesni znacenja kolinja za ruralnu zajednicu
te takoder prepoznaju vaznost lokalno proizvedene hrane. Veéina ispitanika (71,9 %) se izjasnila da obavlja kolinje u
svom domacinstvu ili ide na kolinje kod rodbine ili prijatelja. Istrazivanjem je utvrdena statisti¢ki znacajna povezanost
izmedu dobi, mjesta stanovanja, razine obrazovanja i zanimanja sudionika istrazivanja koji po$tuju narodni obicaj
(kolinje). Rezultati istrazivanja pokazali su da se muski ispitanici vi$e od Zenskih slazu s tvrdnjama kolinje doprinosi
oc¢uvanju tradicije, kulture i obi¢aja Slavonije i Baranje i tvrdnje kolinje doprinosi povezivanju ruralnog stanovnistva.
Medutim, ispitanici slabijeg ekonomskog statusa smatraju da kolinje doprinosi deruralizaciji sela te da je proizvodnja
i obrada mesa skuplja.

Danas je kolinje i mesne preradevine koje pri kolinju nastaju, svojevrstan brend visokovrijedna i prepoznatljiva
delicija Slavonije i Baranje. Medutim, prema rezultatima istrazivanja vidljivo je da kolinje doprinosi i povezivanju
ruralnog stanovnistva, o¢uvanju tradicije, kulture i obi¢aja Slavonije i Baranje. Te se moze zakljuciti da kolinje u
Slavoniji i Baranji ne sluzi isklju¢ivo kao priprema mesnih zaliha za zimu ve¢ je ima dublji znacaj kada je u pitanju
povezivanje ljudi, o¢uvanje obic¢aja i stvaranje dodatne vrijednosti.

U vremenu sve veceg starenja i izumiranja ruralnih podruéja, pogotovo onih perifernih, ne samo u Republici
Hrvatskoj, ve¢ i u cijeloj EU, zadrZavanje stanovni$tva, poglavito onog mladeg u ruralnim podrudjima i o¢uvanje
tradicije i obi¢aja postaje imperativom.

Napomena

Rad je proiza$ao iz diplomskog rada ,Odnos potrosaca prema tradiciji kolinja i kvaliteti suhomesnatih proizvoda”
autorice Tea Janus, studentice diplomskog sveucilisnog studija ,, Agroekonomika® na Fakultetu agrobiotehnickih
znanosti Osijek Sveudilista Josipa Jurja Strossmayera u Osijeku.

Literatura

Capo Zmegat J. (1998.). Seoska drustvenost. Etnografija, Svagdan i blagdan hrvatskoga puka, 251-
295. Zagreb; Hrvatska: Matica hrvatska.

Janus T., Loncari¢ R., Kristi¢ J., Sudari¢ T., Bencari¢ L., Jeli¢ Milkovi¢ S. (2022). Preferencije potrosaca
prilikom kupnje suhomesnatih proizvoda. Agroeconomia Croatica. 12 (1): 12-20.

Jeli¢ Milkovi¢ S. (2022). Impact of social concerns on consumer choice of Black Slavonian Pig meat.
Doctoral thesis. University of Josip Juraj Strossmayer in Osijek, Faculty of Agrobiotechnical
Sciences Osijek.

Karabasil N., Boskovi¢ T., Tomasevi¢ I., Vasilev D., Dimitrijevi¢ M., Katani¢ N., Anti¢ D. (2018).
Production of traditional meat products in small and micro establishments in Serbia: current
status and future perspectives. Acta Veterinaria-Beograd. 68 (4): 373-390.

Kumali¢ I. (2018). Traditional Home Slaughtering of Animals in the Framework of EU Legislation.
Evidence from Bosnia and Herzegovina. Siidosteuropa. 66 (4): 532-553.

Loncari¢ R., Rebeki¢ A., Zmai¢ K., Sudari¢ T. (2015). Consumer opinions and attitudes regarding
Slavonia and Baranya traditional food products. Proceedings 50th Croatian & 10th International
Symposium on Agriculture, Pospisil M. (ed.), 148-152. Opatija, Croatia: University of Zagreb,
Faculty of Agriculture.

Loncari¢ R., Sudari¢ T., Zmai¢ K. (2021). Traditional food products vs. global economy:

consumer pespective. Economics of Agriculture. 68 (2): 389-405.

Luka¢ K. (2021.). Prehrana brodskog Posavlja prema zapisima Luke Luki¢a. Radovi Zavoda za
znanstveni i umjetnicki rad u Pozegi. 10: 153-172.

SPSS (2019). IBM Corp. Released 2019. IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY:
IBM Corp.

Vandecandelaere E., Arfini E, Belletti G., Marescotti A. (2013.): Povezivanje: ljudi, mjesta, proizvodi.
Priru¢nik za promicanje kakvoce proizvoda sa zemljopisnim podrijetlom i odrzive zemljopisne
oznake. Food and Agriculture Organization of the United Nations by REDD.

Qualtrics (2021). Qualtrics LLC. Released 2005. Provo, Utah, USA. Version 20/4/2021-19/4/2022.

Session 2. Agricultural Economics and Rural Development 99



100

Sanja Jeli¢ Milkovi¢, RuZica Loncaric, Igor Kralik, Ana Crnéan, Jelena Kristi¢, Tea Janus

Respondents’ attitudes towards traditional meat
processing in Slavonia and Baranja

Abstract

In Slavonia and Baranja, the traditional processing of meat (“kolinje”) has long ceased to be just a
natural will to survive, eating meat dishes rich in fat and protein to get through the winter months.
Today, every winter it stands for the connection of people, the preservation of customs, the old craft of
meat processing through some new practises, the return to the village as a synonym for childhood and
healthy food. In order to determine the extent to which the tradition of “kolinje” (backyard pig slaughter)
is still maintained in Slavonia and Baranja, and to identify possible differences in respondents’ attitudes
towards the traditional way of processing pork (“kolinje”) with regard to various socio-demographic
variables, an online survey was conducted among a sample of 889 respondents from the area of Osijek-
Baranja County. The survey revealed statistically significant differences in the respondents’ attitudes
with regard to the claims that “kolinje” contributes to the preservation of the traditions (p < 0.01),
culture and customs of Slavonia and Baranja and that “kolinje” contributes to the socialisation of the
rural population (p < 0.01), with regard to the gender of the respondents and with regard to the claims
that “kolinje” contributes to de-ruralisation (p < 0.05) and that pig farming is more expensive today,
and thus meat processing (p < 0.01) with regard to the economic status of the respondent’s family.

Keywords: tradition, countybackyard pig slaughter (“kolinje”), pork meat, Osijek-Baranja County
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Abstract

Paper aims to present the outcomes and the process of compiling a set of indicators of sustainable
agriculture in Slovenia at farm level. In the framework of two participatory workshops, a set of 29
topics and 90 indicators at farm level was proposed by all three aspects of sustainability (economic,
environmental and social). Almost one fifth of proposed indicators can be based solely on FADN
(Farm Accountancy Data Network) data, 18% on other existing farm-level databases and 22% on
combined data sources. Around 41% of proposed indicators would need to be based on additional data
(on-farm questions or measurements). Further prioritization of proposed set of topics and indicators
is recommended. Synchronisation with the process of conversion of FADN to FSDN would enable
abundant synergies, content and cost-wise.

Keywords: sustainable agriculture, indicators, agricultural holdings, FADN

Introduction

Sustainable agriculture is one of the key long-term priority goals of the European Union (EU), aiming at a higher
quality of life. In addition to the economic function, agriculture has many other, socially and environmentally
important functions, such as preservation of cultural landscape and cultural heritage, maintenance of ecosystem
functions in the environment, preservation of biodiversity, protection of natural values, impact on social balance,
etc. (Klemencic et al., 2008). In the current strategic documents, Slovenia emphasizes sustainable agriculture, which,
in addition to the basic function of food production, also provides public goods related to the protection of the
environment and nature, food safety and balanced spatial development. (Rural Development Program..., 2019;
Resolution MAFE, 2020; Public debate on ..., 2020).

Modern agricultural policy creation and decision making requires a reliable system of capturing real environmental,
economic, social and other data. In the field of agri-food sector, Slovenia still does not have a unified, integrated
database at various levels, which would enable systematic, effective monitoring and evaluation of sustainable
orientation of farms and formulation of evidence-based sectoral development policies. Especially, there is a lack of
sustainability data and indicators at farm level, despite the growing data needs.

Following the example of good practice from FLINT project (Vrolijk and Poppe, 2021) and activities of conversion
and expansion of FADN microeconomic database with the environmental and social indicators to FSDN (Farm
Sustainability Data Network), we propose the FADN as a starting point for the compilation of sustainability topics
and farm-level indicators also for Slovenia. The aim of the paper is to present the key outcomes of this process.

The primary aim of the paper is to present the results and findings of the national project “Establishment of a reference
agricultural holdings system for the purpose of permanent monitoring of indicators of sustainable agriculture”

Materials and methods

The proposal of farm level indicators is based on literature review and the outcomes of two participatory workshops
which were held in Ljubljana, in February and September 2019, with the attendance of project team members, experts
in specific analyzed agricultural sustainability topics.

For each individual proposed indicator of sustainable agriculture at farm level, a detailed methodology was prepared
for the systematic collection of data, calculation of indicator and interpretation of the results (Bele, 2022). Missing
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data for the proposed indicators, which are not collected within already existing databases, are proposed to be
gathered with the additional questionarries and measurements on the reference agricultural holdings.

Results and discussion

Two participatory workshops (Bertoncelj et al., 2022) were held to define the key topics of sustainable agriculture
that could contribute to specific objectives of Slovenian agricultural policy (Resolution MAFF, 2020) and a set of
indicators at the level of agricultural holdings. At the first workshop (Picture 1), based on the review of the FLINT
outcomes (Kelly et al., 2015; Final publishable summary report, 2016; Vrolijk and Poppe, 2021), relevant literature,
as well as based on the review of the available farm-level databases for the Slovenian agriculture, key topics and an
initial (broader) set of indicators, considering by all three aspects of sustainability (economic, environmental and
social) were proposed.

Picture 1: Methodological approach for the selection of indicators of sustainable agriculture at the level of
agricultural holdings
Source: Own compilation

At the second workshop, the initial set of proposed topics and indicators was thoroughly reviewed in terms of their
relevance for the Slovenian agricultural policy and feasibility of data collection (Bertoncelj et al., 2022). Some topics
were merged, some were added or excluded, and the initial (broader) set of indicators was refined. After some
additional refinements, a final (shorter) set of the farm-level indicators was proposed. Detailed description sheets
were prepared for each agricultural sustainability topic and indicator. The topic descriptions include, among others,
the relation and expected contribution of the individual topic to specific objectives of the Slovenian agricultural
policy, while the indicator description sheets includes detailed methodology for their calculation and monitoring, as
well as the required data sets at the farm level (Bele, 2022).

In total, 29 topics are proposed (Picture 2), covering all three aspects of sustainability (economic, environmental
and social). The proposed set of topics and indicators is neither comprehensive nor definitive, and may be adapted
depending on policy needs and the feasibility of the data collection at farm level. For the assessment of the economic
aspect of sustainable agriculture, 8 topics and 24 indicators are proposed. Within the environmental aspect, 15 topics
and 46 indicators are identified, while for the social aspect of sustainable agriculture, 6 topics and 20 indicators are
proposed.
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Picture 2. Number of topics and indicators according to the aspects of sustainable agriculture Source: Own
calculations

Within the economic aspect of sustainable agriculture, the following topics are proposed: Farm income level, Farm
income stability, Farm vitality and resilience, On- farm innovations, Protected agricultural products and foodstuffs,
Marketing channels and producer groups, Parcel fragmentation of the farm, Farm modernization.

The environmental aspect of sustainable agriculture is described with the following topics: Permanent grassland,
Sowing structure, Biodiversity, Use of plant protection products, Nutrient content and soil acidity, Indirect energy
consumption, Direct energy consumption, Production of energy from renewable sources, Agricultural practices
to reduce nutrient losses on the farm, Agricultural practices to reduce soil erosion, Increasing legume cultivation,
Intensity of greenhouse gas emissions in agriculture, Greenhouse gas emissions per hectare of arable land, Irrigation
of agricultural land, Soil carbon sinks.

The social aspect of sustainable agriculture is proposed in the following topics: Farm advisory services, Farm
education and training, Farm ownership and management, Social inclusion and participation, Employment and
working conditions, Quality of life.

In addition to the proposed set of indicators and topics of sustainable agriculture, it is proposed to collect descriptive
set of data about agricultural holdings, which are important for the interpretation of the proposed farm-level
indicators of sustainable agriculture. Descriptive dataset includes data about farm’s production resources, production
type, production intensity, farm owner/manager, and about agricultural household.

A descriptive sheet was created for each proposed topic of sustainable agriculture, and an indicator sheet was
created for each proposed indicator within an individual topic. The descriptive sheet describes the relevance of each
topic for the Slovenian agricultural policy and its contribution to achieving the policy goals. In addition, for each
sustainability topic, individual indicators of sustainable agriculture at the farm level are proposed and additional
information is defined (e.g. required and already available data for the creation of these indicators, methodology for
their creation, etc.). As mentioned above, the indicator sheets present in more detail each of the proposed indicators
and the methodology for their preparation and monitoring (Bele, 2022).

Indicator sheets are a tool for presenting, preparing, and monitoring individual indicators, and the structure of the
indicator sheets is defined in advance to ensure quality and consistency as much as possible (USAID, 2016). Indicator
sheets therefore contain essential information about the indicator, data required, the collection methods, indicator
preparation/calculation methodology and the interpretation of the indicator results in the context of pursuing the
goals defined for the selected indicator. To make it easier to understand the content of the individual indicator sheet,
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the topic areas addressed by each proposed sustainable agriculture indicator at the farm level are described in more
detail.

The structure of the indicator sheet for each indicator proposed for sustainable agriculture monitoring at the farm
level is as follows (Bele, 2022):

1. General information about the indicator: author of the indicator, name and code of the indicator, aspect of
sustainable agriculture (economic, environmental, social), specific topic area;

2. Groups of objectives and specific objectives of the agricultural policy: link to the objectives defined in the
MAFF Resolution (2020);

3. Definition and explanation of the indicator: brief content (description) of the indicator and contribution
to the defined specific objectives of sustainable agriculture in Slovenia at the level of agricultural holdings (
Resolution MAFE, 2020);

4. Required/used data: indicating whether the data for the creation of the proposed indicator are already
collected in existing databases, e.g. FADN or other already existing databases (e.g. administrative data).If the
data exist in the FADN database, indication of whether they are accessible:

5. within the FADN standard results (RI/CC 1750, 2020) or
6. within the so-called FADN basic data (RI/CC 1680, 2021 and Regulation 2015/220, 2021).

7. In the case that the data required for the compilation of the proposed indicators are not collected in the
already existing databases, it is necessary to define the questions/measurements that need to be additionally
collected/performed at farms.

8. Calculation methodology:

9. Calculation of the indicator at the farm level;

10. Unit of measurement;

11. Administrator of the (existing) database;

12.Frequency of measurement: how many times per year, how many years;

13.Interpretation of the indicator: interpretation of the values/results for the proposed indicator at the farm
level in the context of pursuing the defined goals of sustainable agriculture in Slovenia (Resolution MAFE,
2020).

14. Reference values, if available: e.g. comparison with statistical average for Slovenia, the European Union.

15.Resources.

Table 1. Number of indicators according to the aspects of sustainable agriculture and the availability of data sources
required for their preparation.

Availability of Economic Environmental Social Total
data aspect aspect aspect

FADN database 10 3 4 17
Other (existing) databases 2 13 1 16
Questionnaire at agric. holding 7 17 13 37
Combined data sources 5 13 2 20

- Combined with FADN 4 11 1 16

- Other combined data sources 1 2 1 4
Total 24 46 20 90

Source: Own calculations

It is estimated that nearly one fifth of the proposed indicators can be prepared exclusively on the basis of FADN
data, another 18% based solely on other existing databases (e.g., administrative databases), and 22% of the proposed
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indicators based on combined data sources. About 41% of all proposed indicators should be prepared solely on data
collected with additional on-farm questions/measurements on farms. Almost 18% of the proposed indicators could
be prepared based on a combination of FADN data with other databases or with additional on-farm questions/
measurements on selected agricultural holdings. FADN data, exclusively or in combination with other data sources,
can thus be used to prepare only about 37% of all proposed indicators for monitoring sustainable agriculture.

Picture 3: Availability of data for indicators of sustainable agriculture: By dimensions and data sources
Source: Own calculations

The highest share of proposed sustainable agriculture indicators for which additional on-farm data would need to
be collected is within the social aspect of sustainable agriculture (65%), and the lowest is within the economic aspect
(29%). Within the environmental aspect, additional on-farm data collection would be required to prepare 37% of the
proposed indicators. As expected, the largest share of indicators for the preparation of which only FADN data can
be used (without combining with other data sources) is proposed for the economic aspect of sustainable agriculture
(42%) and the lowest for the environmental aspect (7%). Within the social aspect of sustainable agriculture, FADN
data alone can be used for one fifth of the proposed social indicators.

Conclusions

It can be concluded that the proposed list of sustainability topics and related indicators for Slovenia is neither
comprehensive nor definitive. Therefore, it is strongly recommended that the list be further prioritised according
to strategic policy needs of the country and the feasibility of collecting data at the farm level, and that it be refined
with the participation of key stakeholders in the country. It is recommended to synchronise these activities with
the process of converting FADN to FSDN (2022), which would allow strong synergies content- and cost-wise. The
conversion of FADN to FSDN will allow better understanding of the sustainability challenges due to the increased
data knowledge about Slovenian and EU agriculture.
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SaZetak

Cilj je ovog rada utvrditi trzi$nu poziciju craft lager piva u odnosu na industrijska lager piva.
Online anketno ispitivanje provedeno je na uzorku od 114 potrosaca piva na zagrebackom trzistu.
Za utvrdivanje trzi$ne pozicije lager piva koristena je metoda visedimenzionalnog skaliranja. Craft
lager piva ukljuc¢ena u istrazivanje (Zlatni medvjed i Zmajsko pivo IPA) imaju jasno razli¢itu trzi$nu
poziciju u odnosu na industrijska lager piva (PAN, Ozujsko i Karlovacko). Kako bi utvrdili po ¢emu
se razlikuju istrazivane marke piva potrosaci su dodatno, na temelju vlastite percepcije, ocijenili
klju¢na organolepticka obiljezja (okus, miris i pitkost) istrazivanih piva. Prema svim obiljezjima craft
lager piva su bolje ocjenjena u odnosu na tri industrijska lager piva (Karlovacko, Pan i Ozujsko).
Rezultati istrazivanja daju informacijsku podlogu proizvodadima craft piva za oblikovanje marketinske
komunikacije i drugih marketingkih aktivnosti.

Klju¢ne rijedi: pozicioniranje, viSedimenzionalno skaliranje, lager pivo, craft pivo

Uvod

Pozicioniranje proizvoda je jedna od najvaznijih strate$kih marketinskih odluka. Moze se definirati kao odredivanje
jasnog, uocljivog i pozeljnog mjesta za proizvod u odnosu na konkurentske proizvode u glavama ciljnih potrosaca
(Kotler i sur., 2006.). Svrha pozicioniranja je omoguditi ciljnim potro$ac¢ima jasno i pozitivno razlikovanje proizvoda
tvrtke od drugih proizvoda kako bi ih se potaknulo na kupnju tih proizvoda. Uspjesno pozicioniranje je klju¢na
pretpostavka za dugoro¢ni uspjeh tvrtke na dana$njim konkurentskim trzistima.

Zapozicioniranje proizvoda odnosnoizradu percepcijskih mapa ¢esto se koristi metoda visedimenzionalnogskaliranja
(engl. multidimensional scaling, skr. MDS). MDS omogucuje odredivanje relativnog odnosa izmedu objekata nekog
seta podataka u prostoru (Pecina, 2006.). Prednost te metode je $to su obiljezja objekta nepoznata, pa ispitanik
ocjenjuje samo subjektivno dozivljenu sli¢nost odnosno razli¢itost izmedu objekata. Ujedno, to je i manjkavost jer
stvara poteskoce u interpretaciji rezultata, $to je moguce prevladati koristenjem dodatnih metodoloskih postupaka
(Backhaus i sur., 2016.).

Predmet ovog rada je pozicioniranje craft lager piva na hrvatskom trzi$tu pomocu metode visedimenzionalnog
skaliranja. Craft pivo ili kako se jo§ naziva zanatsko pivo poteklo je iz Amerike, a oznacava pivo koja je proizvela
mala nezavisna pivovara. U proizvodnji craft piva koristi se samo prirodni sastojci. U proizvodnji industrijskih piva,
uz prirodne sirovine koriste se ekstrakti, razni aditivi i druge zamjenske supstance $to ih ¢ini jeftinijim od craft piva
(Bais, 2017.). Lager piva, za razliku od ale piva su svijetla i laksa, imaju izrac¢enu goréinu i aromu po hmelju, a kad
se natoce u ¢asu daju bogatu pjenu. Osnovna tehnoloska razlika izmedu ale piva i lager piva je u vrsti kvasca koji
stvaraju pivo. Kvasci koji se koriste za lager imaju slabiju toleranciju na alkohol. Po¢inju fermentirati pri temperaturi
od 6-8°C i zato se taj proces naziva hladnim vrenjem, a zavr$ava pri temperaturi od 9-18°C (Ziv¢i¢, 2018.).

Posljednjih desetak godina u Hrvatskoj se dogada ,,revolucija“ craft piva. Zapocela je kuhanjem piva u kuhinjama i
garaZama, a nastavljena otvaranjem veceg broja zanatskih (craft) pivovara. U pocetku su zanatske pivovare ve¢inom
nudile Ale tip piva. Danas se uz Ale sve vi$e nude i kvalitetna lager piva. Ukupna proizvodnja craft piva u Hrvatskoj
je razmjerno mala i procjenjuje se na oko 2% ukupnog trzista (Kelin, 2018.), pri ¢emu manji dio otpada na lager pivo.
Vedina potro$ac¢a piva u Hrvatskoj ima naviku pijenja lager piva i preferira taj tip piva. Stoga postoji znacajan
potencijal za povecanje prodaje craft lager piva na domacem trzi$u. Zele li zanatske pivovare iskoristiti taj potencijal
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trebaju diferencirati svoju trzi$nu poziciju u odnosu na konkurenciju. Pretpostavka za to je da potrosaci razli¢ito
percipiraju trzi$nu poziciju craft lager piva u odnosu na industrijska lager piva.

Cilj je ovog rada utvrditi trzi$nu poziciju craft lager piva u odnosu na industrijska lager piva.

Materijal i metode

Za potrebe ovog istrazivanja odabrano je pet marki piva, dva craft lager piva (Zmajsko pivo IPA i Zlatni medvjed) i
tri industrijska lager piva (Karlovacko, Ozujsko i PAN). Fokus grupa provedena je na uzorku od 10 ispitanika kako
bi se prikupile informacije za kreiranje ankete. Anketno istrazivanje je provedeno online u travnju 2020. godine na
uzorku od 114 ispitanika, potrosaca piva. Anketa je izradena u Googleovoj aplikaciji Google Forms te distribuirana
putem drustvenih mreza.

Za pozicioniranje 5 marki lager piva kori$tena je metoda MDS. Prema Backhaus i sur., (2016.) postupak MDS
analize obuhvaca slijedece korake: mjerenje sli¢nosti, izbor mjere udaljenosti, pronalazenje medusobnih odnosa
izmedu grupa, broj i interpretacija dimenzija te agregiranje ispitanika. Za mjerenje sli¢nost izmedu objekta koritena
je skala slicnosti od sedam stupnjeva. Kao mjera udaljenosti kori$tena je euklidiska metrika, a za pronalazak
optimalne konfiguracije stress parametri. Broj dimenzija je odreden na temelju mogucnosti interpretacije rezultata.
Za agregiranja ispitanika koristen je tzv. Replicirani MDS uz pomo¢ aplikacije POLYCON (Backhaus i sur., 1996.,
Schober Gerold, 1995.).

Obrada podatak provedena je u SPSS programu.

Rezultati i rasprava

U istrazivanju su sudjelovali potro$aca piva s podruéja Republike Hrvatske koji poznaju razlike izmedu craft i
industrijskog piva. U uzorku je bilo 57,5% Zena i 42,5% muskaraca. Prema dobi najvi$e su zastupljene skupine izmedu
21-30 godina (46,9%), izmedu 31-40 godina (24,8%) te 41-50 godina (21,2%). Najvi$e ispitanika ima zavr$enu vi$u
ili visoku skolu (56,6%), zatim magisterij i doktorat (26,5%) te srednju $kolu (16,8%). Najvise je ispitanika u skupini
s obiteljskim dohotkom ve¢im od 10.000 kn mjese¢no (54%), zatim od 6.001 do 10.000 kn mjese¢no (31,0%) te od
4.001 do 6.000 kn mjese¢no (10,6%). U uzorku je razmjerno vise mladih i visoko obrazovanih ispitanika nego u
populaciji, §to je uobicajena pojava kod on line anketnih istrazivanja.

Za odredivanje sli¢nosti odnosno razlic¢itosti marki piva prema percepciji ispitanika koristena je sedam stupanjska
rating skala ( 1 - potpuno sli¢ne do 7 - potpuno razli¢ite). Najsli¢nija piva su Ozujsko i Karlovacko (srednja vrijednost
slicnosti/razlic¢itosti 2,55) te Pan i Ozujsko (srednja vrijednost 2,66), a najvise razli¢ite Ozujsko i Zmajska piva IPA
(srednja vrijednost 4,09) te Pan i Zmajska piva IPA (srednja vrijednost 4,03). Medusobne udaljenosti 5 marki piva
prikazane su u obliku matrice udaljenosti, koja je posluzila kao ulazni set podataka za MDS.

MDS analizom je obuhvacdeno 5 slu¢ajeva (marki piva) i jedan izvor podataka (matrica udaljenosti). Niske vrijednosti
Stress I — 0,0087, Stress II - 0,0182 pokazuju da je prilagodavanje vrlo dobro odnosno da su originalne blizine
elemenata dobro predstavljene kao udaljenost u visedimenzionalnom prostoru. Na temelju koordinata svake od pet
marki piva konstruiran je percepcijski prostor (dijagram zajedni¢kog prostora, Grafikon 1.) u kojem su pozicionirane
marke piva.
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Grafikon 1. Pozicioniranje 5 marki lager piva (percepcijska mapa)

Jedan od najvaznijih kriterija valjanosti kona¢nog MDS rjeSenja predstavlja moguc¢nost njegove interpretacije.
Percepcijska mapa pokazuje da ispitanici vrlo sli¢no percipiraju 3 industrijska lager piva PAN, OZujsko i Karlovacko.
Obje marke craft piva se jasno razlikuju od industrijskih marki piva prema dimenziji 1 i medusobno se nalaze blizu
po toj dimenziji. Po drugoj dimenziji marka piva Zlatni medvjed se znacajnije razlikuje od industrijskih piva, dok je
razlika izmedu marke IPA i industrijskih piva manja.

U drugom koraku, potro$aci su na temelju vlastite percepcije ocijenili organolepticka obiljezja (okus, miris i pitkost)
pet istrazivanih piva. Za ocjenjivanje je koriStena skala od pet stupnjeva (1-jako lose; 5 — jako dobro). Dobiveni
podaci su koristeni za diskriminaciju istrazivanih marki piva.

2.1. Okus i boja 2.2. Okus i pitkost 2.3. Boja i pitkost

Grafikon 2. Ogranolepticka obiljeZja marki piva

Pivo Zlatni medvjed ima najbolji okus (3,82) i najbolju boju (3,85), a tek nesto slabije ocjene dobilo je pivo IPA (okus
3,68 1 boja 3,74). Industrijska piva su loije ocjenjena: Karlovacko (okus 3,22 i boja 3,42), Pan (okus 3,26 i boja 3,38)
i Ozujsko (okus 2,86 i boja 3,24).

Kod ocjene piva s obzirom na obiljezja okus i pitkost vidljive su takoder razlicite pozicije craft i industrijskih lager
piva. Najbolje su ocjenjene marke piva Zlatni medvjed (okus 3,82 i pitkost 3,80) i IPA (okus 3,68 i pitkost 3,64). Pan
(okus 3,26 i pitkost 3,39) je prema pitkosti nesto bolje ocjenjen u odnosu na Karlovacko (okus 3,22 i pitkost 3,31) i
Ozujsko pivo (okus 2,86 i pitkost 3,04).

S obzirom na obiljezja boja i pitkost ponovo su izrazene preferencije potrosaca prema craft pivima. Ispitanici
procjenjuju da pivo Zlatni medvjed ima najbolju pitkost (3,80) i najbolju boju (3,85). Nesto je slabije ocjenjena
marka IPA (pitkost 3,64 i boja 3,74). Slijede pivo Pan (pitkost 3,39 i boja 3,38), Karlovacko (pitkost 3,31 i boja 3,42)
i Ozujsko (pitkost 3,04 i boja 3,24).
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Zakljucak

Za utvrdivanje trzi$ne pozicije lager piva kori$tena je metoda visedimenzionalnog skaliranja. Dvije marke craft lager
piva ukljucene u istrazivanje (Zlatni medvjed i Zmajska piva IPA) imaju jasno razli¢itu trzi$nu poziciju u odnosu na
industrijska lager piva (PAN, OZzujsko i Karlovacko). Pri tome se marka IPA po jednoj dimenziji jasno razlikuje od
industrijskih marki piva, a pod drugoj nesto manje. Marka piva Zlatni medvjed se jasno razlikuje od industrijskih
lager piva po obje dimenzije. Pozicije tri industrijska lager piva ispitanici sli¢cno percipiraju. Kako bi utvrdili po
¢emu se razlikuju istrazivane marke piva potrosadi su dodatno, na temelju vlastite percepcije, ocijenili klju¢na
organolepticka obiljezja (okus, miris i pitkost) istrazivanih piva. Prema svim obiljeZjima najbolje je ocjenjena marka
piva Zlatni medvjed. Nesto je losije ocjenjena marka IPA, ali ipak bolje od tri industrijska lager piva (Karlovacko,
Pan i Ozujsko). Provedeno istrazivanje je pokazalo da ispitanici razli¢ito percipiraju craft i industrijske lager piva
pri ¢emu craft piva bolje ocjenjuju. Rezultati istrazivanja daju informacijsku podlogu za oblikovanje marketinske
komunikacije i drugih marketingkih aktivnosti za proizvodace zanatskog piva.

Napomena:

Podaci iznijeti u ovom radu predstavljaju rezultate istrazivanja provedenog za potrebe izrade diplomskog rada
studenta Ante Kraljevi¢a na Agronomskom fakultetu Sveuc¢ili§ta u Zagrebu pod nazivom: Pozicioniranje proizvoda
pomocu metode visedimenzionalnog skaliranja na primjeru craft lager piva.
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Positioning of craft lager beer with the method of
multidimensional scaling

Abstract

The aim of this paper is to determine the market position of craft lager in comparison to industrial
lager. An online survey was conducted among a sample of 114 beer consumers in the Zagreb market.
To determine the market position of lagers, the method of multidimensional scaling was used. The
craft lagers included in the survey (Golden Bear and Zmajsko pivo IPA) have a significantly different
market position than the industrial lagers (PAN, Ozujsko and Karlovacko). In order to determine how
the studied beer brands differ, consumers additionally evaluated, based on their own perception, the
main organoleptic characteristics (taste, smell and drinkability) of the studied beers. According to
all characteristics, the craft lagers are rated better than three industrial lagers (Karlovacko, Pan and
Ozujsko). The results of the study provide craft beer producers with an information base for designing
marketing communication and other marketing activities.

Keywords: positioning, multidimensional scaling, lager beer, craft beer
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Sazetak

Brzo donosenje odluka na razini poljoprivrednih gospodarstava je posebno vazno u dinami¢nim
trzi$nim uvjetima. U tu svrhu ispitane su i evaluirane baze podataka iz podruéja poljoprivrede koje mogu
pomo¢i poslovnom odlucivanju na gospodarstvu. Za analizu su odabrane Cetiri baze podataka, SiStat,
FADN, modelne kalkulacije KIS i Farm Manager KGZS. Ocjenjivali su se dostupnost, relevantnost,
reprezentativnost i azurnost. Rezultati istrazivanja pokazuju da su korisnije one baze podataka koje
detaljnije prate podatke na razini gospodarstva (FADN) i/ili poljoprivredne proizvodnje (modelne
kalkulacije i Farm Manager). Za ocjenu ekonomskih pokazatelja manje su prikladne administrativne
baze podataka (SiStat), jer kada su podaci agregirani smanjena je uporabna vrijednost za potrebe
poljoprivrednih gospodarstava.

Klju¢ne rijeci: poljoprivredno gospodarstvo, baze podataka, evaluacija, Slovenija

Uvod

Vaznost baza podataka najcesée se spominje u vezi kreiranja javnih politika, a osnova za odluke temeljene na
¢injenicama su kvalitetni podaci (Lovec i sur, 2021.). U istrazivanju upotrebljivosti slovenskih baza podataka
ocjenjuju da je slovenska poljoprivreda iznimno bogata mikropodacima, $to medutim ne jaméi korisnost baza
podataka za donosenje odluka na mikrorazini - na razini poljoprivrednog gospodarstva.

0Od 2020 godine poljoprivreda se ponovno susrela s brojnim globalnim pritiscima koji znac¢ajno utje¢u na odluke,
a time i na ekonomski rezultat poljoprivredne proizvodnje. Intenzivni cjenovni pritisci na trziSta zapoceli su s
izbijanjem epidemije Covid-19. Nakon kratkotrajnog smirivanja situacije, dolazi od rata u Ukrajini te se pritisci
nastavljaju ujo$ jacem obliku (Bele i Travnikar, 2022.). U neizvjesnim uvjetima proces odlu¢ivanja na poljoprivrednim
gospodarstvima postaje jo$ teZi, narocito ako se ne raspolaze s dovoljno kvalitetnim i aZurnim podacima. Unato¢
brojnim bazama podataka u poljoprivredi, malo je onih koje na adekvatan nacin zadovoljavaju potrebe planiranja te
donosenje odluka na poljoprivrednim gospodarstvima u kratkom roku.

Zbog navedenih uvjeta na poljoprivrednim trzi§tima, potreba za podacima na svim razinama je znatno porasla.
Pritom su uoceni nedostaci u osiguravanju relevantnih i azuriranih podataka, $to je potaknulo autore ovog rada na
reviziju baza podataka za potrebe poljoprivrednih gospodarstava. Posebna pozornost posvecena je javnoj dostupnosti
i prikladnosti baza podataka za prac¢enje ekonomskih pokazatelja.

Baza podataka Statistickog ureda Republike Slovenije (SURS) predstavlja najopsezniji administrativni izvor podataka
u Sloveniji. Ova baza ukljucuje i podatke o poljoprivredi. Na temelju portala SiStat (SURS, 2022.) za analizu u
poljoprivredi najvaznija su sljedec¢a podruéja: (a) poljoprivreda, Sumarstvo i ribarstvo, (b) industrija, (c) cijene i
inflacija, (d) place i troskovi rada te (e) socijalna zastita.

Prema Volk i suradnici (2017.), administrativni podaci se ¢esto temelje na periodi¢nom prikupljanju i dobrovoljnom
sudjelovanju i prijenosu podataka. Stoga Rednak i suradnici (2016.) upozoravaju da se prilikom koristenja
administrativnih baza podatakakorisnicisusre¢us pogreskama uizvje$¢ivanju, s nedostatkom kontrole nad ukupnoséu
i uskladenos$¢u podataka, a s time i s njihovom usporedivo$¢u. Primjer kori$tenja administrativnih baza podataka
za izra¢un jednog od ekonomskih pokazatelja je ekonomska veli¢ina poljoprivrednih gospodarstava, na temelju
standardnog dohotka poljoprivrednih gospodarstava (EC, 2008.). Ovaj je pokazatelj, medutim, prilicno robustan,
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jer agregiran na razinu veli¢inskih razreda daje uvid samo u strukturne promjene na makro razini. Administrativne
baze podataka uglavnom ne sadrze podatke koji bi se koristili za pra¢enje brojnih drugih ekonomskih pokazatelja i
na taj nac¢in omogudili pracenje stanja i planiranje u poljoprivrednom gospodarstvu. Na ovaj problem upozoravaju i
Rednak i suradnici (2016).

Prema nalazima Lovec i suradnika (2021) je sustav poljoprivrednih knjigovodstvenih podataka (FADN) medu
bazama podataka za potrebe mikro i makroekonomskih analiza organizacijski najpogodniji za kori$tenje. U slucaju
FADN-a, to nije administrativna baza podataka, ve¢ rezultati periodickog istrazivanja. FADN baza podataka vazna
je jer je zbog usporedivosti europske metodologije i ima dugi vremenski niz podataka. Na makrorazini je posebno
pogodna za komparativne analize po drzavama ¢lanicama, po regijama, po ekonomskim klasama kao i po vrstama
proizvodnje. Njezinu korisnost potvrduju kako analize Europske komisije tako i mnoge medunarodne analize
(Martinovska-Stojceska i sur. 2008., Cagliero i sur. 2011., EC Dashboard, 2022., Slijper i sur. 2022., Vaccaro i sur.
2022.).

FADN baza podataka pogodna je i za koriStenje na mikrorazini jer u osnovnoj metodologiji (EC, 2019.) uklju¢uje
podatke i standardne rezultate po nekoliko sadrzajnih cjelina: prikaz prihoda (proizvodnja, ostale djelatnosti,
subvencije), prikaz troskova (varijabilni, amortizacija, pla¢e, najamnine, kamate i ostalo) te izra¢une ekonomskih
pokazatelja (bruto dodana vrijednost, neto dodana vrijednost, neto prihod gospodarstva i ostalo). Time je omogucena
komparativna analiza (benchmarking) i savjetovanje izmedu poljoprivrednika sa istom vrstom proizvodnje gdje uce
i razmjenjuju iskustva. Zbog toga je ova baza vazan izvor podataka i u slu¢aju nacionalnih analiza (Kozar, 2022.).
Nazalost, u Sloveniji FADN baza podataka ima reputaciju nedovoljno visoke razine kvalitete podatka (Kozar, 2017.)
zbog problema kao $to su procjena dugotrajne materijalne imovine, azurnosti, to¢nosti i korektnosti podataka, kao i
nedostatka znanja i svijesti korisnika za upotrebu FADN-a.

Uz FADN bazu podataka, u kojoj se evidentiraju troskovi i prihodi prema stvarnim dogadajima, poljoprivrednim
gospodarstvima mogu koristiti i razni modeli. Medu njima su i ,modelne kalkulacije“ Kmetijskega instituta Slovenije
(Rednak, 1998., Moljk i sur., 2021., Zagorc i sur., 2022.), koje predstavljaju sustav kalkulacija za pracenje troskova
i ekonomskih pokazatelja za pojedine biljne i stocarske proizvode, ali takoder omoguc¢uju procjene za potrebe
poljoprivredne politike, procjene razli¢itih naknada i sli¢cno (Cunder T. i sur., 2007., Susin J. i sur., 2019.).

Osnova za izratun modela je implementirana baza podataka koja se temelji na mnogim bazama podataka i drugim
izvorima. Vazan dio su razli¢ite administrativne baze podataka (statisticki podaci: SURS-a, EUROSTAT-a i Europske
komisije), podaci drzavnih tijela (npr. Ministarstvo financija, Ministarstvo okoli$a, Zavod za makroekonomske
analize-UMAR, Agencija za placenja u poljoprivredi-ARSKTRP i druge). Osim navedenog, kontinuirano se
prikupljaju brojni specifi¢ni podaci kao §to su dobavlja¢i materijala, opreme i usluga, FADN podaci, registri, mediji i
drugo. Dio baze ,modelnih kalkulacija“ su i podaci raznih istrazivanja i mjerenja, kataloski podaci i sli¢no. Na temelju
objavljenih rezultata online (KIS, 2022.), posebice iz analitickog prikaza troskova, poljoprivrednim gospodarstvima
je omogucen azuriran pregled visine prosje¢nih cijena i tro$kova, ali i koli¢ina upotrebe proizvodnih inputa i rada.
Jednostavan prikaz kalkulacija takoder moze posluziti menadzerima poljoprivrednim gospodarstvima za usporedbu
vlastite proizvodnje prema pretpostavljenoj tehnologiji u kalkulacijama ili kao primjer, analiti¢ki prikaz, za procjenu
vlastitih troskova proizvodnje (Zagorc i sur., 2021.) i oéekivanog prihoda, te procjena dohotka na razini bruto i neto
dodane vrijednosti.

»Modelne kalkulacije“ su izvor podataka za menadzere poljoprivrednih gospodarstava, medutim za izracun
proizvodackih cijena, prihoda i troskova potrebno je imati i odredena ekonomska znanja, sposobnosti i vjestine.
Stoga je u sklopu aktivnosti na projektu ,Razvoj cjelovitog modela poljoprivrednih gospodarstava i povezanih
baza podataka za potporu odlucivanju u slovenskoj poljoprivredi (Volk i sur., 2017.)“ izraden model za ekonomsko
savjetovanje poljoprivrednih gospodarstava. Pilot model temeljen na sluc¢aju prerade mlijeka prvenstveno koristi
FADN bazu podataka, a dopunjen je i podacima iz drugih baza podataka. Unato¢ tome, menadzer ili neki drugi
korisnik mora u velikoj mjeri pronaci i prikupiti mnoge podatke, posebice tehnoloske.

Nedavno je razvijen novi online model, a s njim i nova baza podataka Farm Manager (Farm Manager, 2022.).
Sustav se temelji na kombinaciji gore opisanog pilot modela i kalkulacija pokri¢a varijabilnih troskova (Jeri¢ i sur.,
2011.) kojeg je pripremila poljoprivredna komora-KGZS za potrebe savjetovanja i planiranja na poljoprivrednim
gospodarstvima.
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Materijal i metode

Istrazivanje je zapoceto pregledom svih javno dostupnih baza podataka koje su djelomi¢no ili u potpunosti
relevantne za ocjenu produktivnosti i ekonomske uspjesnosti poljoprivrednog sektora. Za daljnju analizu odabrane
su Cetiri baze podataka, i to: baza Statistickog ureda Republike Slovenije (SiStat), baza Sustav poljoprivrednih
knjigovodstvenih podataka (FADN), ,,modelne kalkulacije“ Kmetijskega instituta Slovenije (MK KIS) i sustav ,,Farm
Manager™ poljoprivredne komore (FM KGZS).

Prikladnost koristenja baza podataka za potrebe na mikrorazini, odnosno za poljoprivredna gospodarstva, ocijenjena
je sa Cetiri kriterija: dostupnost, relevantnost, reprezentativnost i azurnost podataka. Dostupnost podataka razmatra
se sa tehnickog i sadrzajnog stajalista odnosno koliko je napora potrebno da korisnici (menadzeri poljoprivrednih
gospodarstava) dodu do odgovarajuéih baza podataka, a relevantnost pokazuje u kojoj se mjeri podaci prvenstveno
odnose na potrebe poljoprivrednih gospodarstava. Kriterij reprezentativnosti povezan je sa kvalitetom podataka
relevantnih za poljoprivredna gospodarstva odnosno kako se poljoprivredna gospodarstva mogu usporedivati sa
drugima. Kriterij azurnosti podataka pokazuje jesu li podaci aktualni za potrebe korisnika (koliki je vremensko
ka$njenje podataka). Kriteriji su razmatrani na tri razine i to V-visoka razina, S-srednja razina i N-niska razina.
Ocjene po pojedinim kriterijima prikazane su u obliku matrice.

Rezultati i rasprava

Opcenito, za statisticku bazu podataka (SiStat) smatra se da je jednostavna za koristenje i dostupna velikom broju
korisnika. Ipak, sa sadrzajnog gledista, pristup podacima koji su menadzerima poljoprivrednih gospodarstava
potrebni za procjenu ekonomskih pokazatelja ¢esto je ogranicen i stoga najmanje prikladan. U relevantnim
podruéjima korisnicima su dostupni samo izvedeni podaci, kao $to su indeksi, ali malo je podataka dostupno u
obliku apsolutnih vrijednosti, kao $to su cijene proizvodnih inputa. Povjerljivost podataka i statisticke procjene
- aproksimacije, uobi¢ajene su u SiStat-u, i proizlaze iz (pre)malog broja izvjestajnih jedinica, a uz nedostatak
dodatnih periodi¢nih istrazivanja ne postoji i cjeloviti snimak stanja. Dakle, prikaz podataka ponegdje nije dovoljno
tocan i reprezentativan u odnosu na potrebe trzi$no orijentiranih gospodarstava. Takav primjer su neki proizvodni
inputi u poljoprivredi, koji ne uklju¢uju podatke o troskovima transporta i marze, §to su uz cijenu materijala stvarni
trosak poljoprivrednog gospodarstva. Problemati¢na je i rigidnost u prilagodbi uzorka izvjestajnih jedinica, a koja se
pojavljuju na trzistu. Razli¢ita razina rigidnosti uo¢ava se i u brzini davanja informacija, $to je posebno problemati¢no
u vrijeme brzih promjena na trzistima. U stabilnim uvjetima, kasnjenje od dva ili tri mjeseca podataka moze se
smatrati dovoljno aZurnim, ali ne i u vrijeme intenzivnih promjena.

Problem s detaljnijim FADN podacima je taj $to nisu lako dostupni menadzerima poljoprivrednih gospodarstava
odnosno dostupni su samo kroz javne sluzbe. Ocekivano, podaci FADN baze relevantni su za poljoprivredna
gospodarstva koja vode knjigovodstvo FADN i za koja su implementirani ekonomski pokazatelji. Medutim, baza je
manje relevantna za ostala poljoprivredna gospodarstva, jer ne omogucuje opsezniji pregled kvantitativnih podataka
i definiranje podataka odvojeno po vrstama biljne ili stoc¢arske proizvodnje.

Relevantnost i reprezentativnost podataka FADN raste tijekom godina, ali ipak postoje pojedina podrucja gdje se,
zbog malog broja poljoprivrednih gospodarstava u uzorku, pojavljuju manje to¢ni i pouzdani podaci te su zbog toga
ocijenjeni sa razredom S. Svinjogojstvo je jedan od takvih primjera. Tamo gdje je uzorak dovoljno velik, pojedino
poljoprivredno gospodarstvo moze se usporedivati sa sli¢cnim unutar iste vrste proizvodnje u zemlji i izvan nje, a pri
tome se mogu dobiti i usporedivi podaci iz FADN baze podataka drugih zemalja.

Opcenito, smatra se da je to¢nost i pouzdanost podataka karakteristi¢na posebno za starije zemlje EU, u kojima
je FADN u upotrebi ve¢ nekoliko desetlje¢a i gdje je FADN djelomi¢no mapiranje dvojnog knjigovodstva koje
poljoprivredna gospodarstva vode. Napominje se da FADN baza podataka nije azurna (razred N), bududi da postoji
i dvogodi$nje razdoblje izmedu prijave podataka i prikaza rezultata. Korisnost FADN baze podataka na mikro razini
moze se poboljsati nadogradnjom i uklju¢ivanjem brojnih tehnoloskih i kvantitativnih podataka.
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Tablica 1. Upotrebljivost baza podataka za procenjivanje ekonomskih pokazatelja sa stajali$ta poljoprivrednog
gospodarstva

kriterij
baza podataka dostupnost relevantnost reprezentativnost azurnost prikaza
podataka podataka podataka
SiStat S N N S
FADN N S S N
MK KIS S \Y% S \Y%
FM KGZS N A% S S

Izvor: vastito iztrazivanje
Legenda: V-visoka razina, S-srednja razina, N-niska razina

Dostupnost podataka MK KIS za poljoprivredna gospodarstva ocijenjena je srednjom. Unato¢ brojnim podacima,
takva ocjena proizlazi iz prikaza izvedenih podataka. Zbog povjerljivosti ulaznih podataka, neki podaci nisu javno
dostupni te stoga nisu u cijelosti prikazani. Medutim, manji dio podataka je neprikladan za daljnju upotrebu jer
su manje to¢ni (malo izvjestajnih jedinica, preuzak skup podataka, podaci temelje na procijeni) i stoga manje su
pouzdani ili se podaci pokazuju na previ$e agregiranoj razini. Unato¢ tom nedostatku, ovi podaci su lako dostupni
menadZerima poljoprivrednih gospodarstava jer se javno objavljuju. Na osnovu zahtjeva menadzera MK KIS
prilagodava se poljoprivrednim gospodarstvima, a time i moguénost usporedbe podataka i rezultata. Time se
relevantnost baze podataka povecava i visoka je. Reprezentativnost i azurnost podataka takoder je visoka jer je MK
KIS osnova za stalno pracenje stanja u poljoprivredi i vrlo se ¢esto aZurira, najée$¢e mjese¢no, kod pojadina¢nih
podataka par puta godisnje.

Sli¢no kao u slu¢aju baze MK KIS, i za bazu FM KGZS ocekuje se visoka razina relevantnosti i reprezentativnosti
podataka. Baza je namijenjena poljoprivrednim gospodarstvima i poljoprivrednim savjetnicima, pa se itekako
ocekuje i njena visoka razina dostupnosti. Medutim, budu¢i da je baza relativno nova i jo$ u fazi razvoja, podaci su
manje dostupni nekim grupama korisnika. Pravodobnost uklju¢ivanja i azuriranja podataka ocjenjuje se srednjom,
buduc¢i da online objava prati brzinu prijenosa izra¢una iz tiskanog oblika u digitalni. Tako se azuriranja i dopune
provode periodicki kao izrade obracuna pokric¢a ili se provode tijekom konzultacija te drugih povremenih poslova.
U buduénosti, razvojem i dopunama sustava izracuna pokrica, ocekuje se i pobolj$anje dostupnosti i azurnosti ovih
podataka.

Rezultati pregleda upotrebljivosti baza podataka za potrebe izra¢una ekonomskih pokazatelja na poljoprivrednim
gospodarstvima u Sloveniji u skladu su s rezultatima istrazivanja Lovec i sur. (2021.), Volk i sur. (2016.) i KoZar
(2017.).

Zakljucak

Analiza prikladnosti baza podataka za potrebe pracenja, planiranja i donoSenja poslovnih odluka temeljenih
na ekonomskim pokazateljima na razini poljoprivrednog gospodarstva pokazala je da SiStat baza podataka nije
najprikladnija. Glavni nedostaci su mogu¢nost usporedbe podataka jednog poljoprivrednog gospodarstva s
agregiranim poljoprivrednim podacima.

Primjerenijim se ¢ine baze podataka modela za pracenje stanja u poljoprivredi, simulacije i savjetovanje (MK KIS i
FM KGZS). Djelomi¢no je prikladna i FADN baza podataka, gdje su ekonomski pokazatelji sastavni dio standardnih
rezultata, ali samo za gospodarstva koja su u sutavu. Korisnost FADN baze podataka na mikro razini moze se poboljsati
oc¢ekivanom nadogradnjom i prosirenjem sustava FADN-a. Nadogradnjom i uklju¢ivanjem brojnih tehnologkih i
kvantitativnih podataka, uz procjene ekonomske u¢inkovitosti, mo¢i ¢e se procijeniti ekoloski i drustveni ucinci.

Tijekom istrazivanja uoceno je da se kod brojnih korisnika modeli za pracenje i/ili planiranje poljoprivredne
proizvodnje ne mogu dovoljno primijeniti. Naime, prikupljanje pojedina¢nih podataka, poput cijena ili tehnoloskih
parametara, nije toliko zahtjevno, ali je zahtjevnije daljnje koristenje za izra¢une ekonomskih pokazatelja, pogotovo
ako korisnici nemaju odgovaraju¢a ekonomska znanja. Stoga je potrebno kontinuirano informirati i upucivati
korisnike podataka (menadZere poljoprivrednih gospodarstava) o brojnim potencijalnim moguénostima koje
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baze podataka mogu ponuditi u dono$enju odluka. Osim toga, aktivan pristup menadzera mogao bi pridonijeti
poboljsanju kvalitete baza podataka.
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The potential of using databases for monitoring
economic indicators on an agricultural farm -
Slovenia example

Abstract

Quick decision-making at the farm level is particularly important under difficult market conditions.
To this end, agricultural databases that can be helpful in economic decision-making at the farm level
were examined and evaluated. Four databases were selected for analysis (SiStat, FADN, “calculations
KIS” and “Farm Manager KGZS®). Accessibility, relevance, representativeness, and up-to-dateness
were evaluated. The main findings are that those databases that track data at the level of the farm
(FADN) and/or agricultural production level (calculations KIS and Farm Manager KGZS) are more
useful. Administrative databases (SiStat) are less suitable for evaluating on-farm economic indicators
because data at more aggregate levels reduce their usefulness for farm needs.

Keywords: farm household, data bases, evaluation, Slovenia
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Ekonomska efikasnost sektora viSegodi$njih
nasada u Hrvatskoj koristenjem FADN sustava
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Sazetak

Hrvatska ima povoljne ekoloske uvjete za uzgoj visegodi$njih nasada. Ipak svega 2% ukupno koristene
poljoprivredne povrsine otpada na vo¢njake a na vinograde i maslinike po 1%. U radu su analizirani
podatci komercijalnih poljoprivrednih gospodarstava FADN sustava u tipu maslinarstvo, razli¢ite
vrste trajnih nasada, vinogradarstvo i vinarstvo te vocarstvo. Kao najkonkurentniji tip gospodarstva
izdvojio se vinogradarsko-vinarski koji ostvaruje dva i pol puta ve¢u neto dodanu vrijednost u odnosu
na europski prosjek. Gospodarstva u tipu vocarstvo ostvaruju pet puta manju neto dodanu vrijednost
od europskog prosjeka te zahtjevaju dodatne napore za povecanje produktivnosti.

Kljucne rijeci: FADN, maslinarstvo, vinogradarstvo, vocarstvo

Uvod

U Republici Hrvatskoj se 2021. godine koristilo ukupno 1.476.351 ha poljoprivredne povrsine, od ¢ega je na voénjake
otpadalo 2% a na vinograde i maslinike po 1% povrs$ine (DZS, 2022). Hrvatska ima vrlo povoljne pomoekoloske
uvjete za uzgoj vocaka a tradicija uzgoja vocaka duga je vise stolje¢a (Cmelik, 2010). Istrazivanje O¢i¢ i sur. (2017)
pokazalo je da u Hrvatskoj najekonomic¢nije posluju gospodarstva u tipu vinogradarstvo i vinarstvo, dok ona u tipu
vocarstvo imaju najnizi koeficijent ekonomicnosti i ujedno su najzaduzenija. Rezultati FADN sustava (EC, 2021)
navode da je prosje¢na neto dodana vrijednost po jedinici rada u Europskoj uniji 22.500 EUR-a, a najnizu imaju
tipovi: vinogradarstvo i vinarstvo, vocarstvo i maslinarstvo (osim vinarstva). Rosi¢ i sur. (2016) navode da najmanju
vrijednost ukupnih prihoda imaju tipovi vinogradarstvo i vinarstvo, te vocarstvo i maslinarstvo koji ujedno biljezi
i najnizu vrijednost ukupnih troskova. Istrazivanje provedeno u Italiji (De Salvo i sur., 2013) na uzorku uzgajivaca
jabuka i grozda implicira da klimatske promjene uzrokuju smanjenje godisnjih neto prihoda proizvodaca. Prihodi
koji se ostvaruju u poljoprivrednoj proizvodnji su jako promjenljivi i do 20% poljoprivrednika svake godine biljezi
pad prihoda iznad 30%. Neki sektori, kao npr. vocarstvo i maslinarstvo biljeze i vece varijacije od toga (EC, 2017).

Materijal i metode

Uradu suanalizirani podaci o komercijalnim poljoprivrednim gospodarstvima obuhvaceni Sustavom poljoprivrednih
knjigovodstvenih podataka u Republici Hrvatskoj (FADN - farm accountancy data network) od 2016. do 2019.
godine. Komercijalno gospodarstvo predstavlja ono ¢ija je ekonomska veli¢ina ve¢a od 4.000 EUR-a, odnosno ono
koje je dovoljno veliko da osigura glavnu aktivnost poljoprivrednika i razinu prihoda dostatnu za odrzavanje vlastite
egzistencije i egzistencije obitelji. Uzorak je obuhvacao 164 do 197 poljoprivrednih gospodarstava, ovisno o godini,
podijeljenih u cCetiri tipa — maslinarstvo, razli¢ite vrste trajnih nasada, vinogradarstvo i vinarstvo i vocarstvo. U tip
razli¢ite vrste trajnih nasada spadaju gospodarstva koja se bave uzgojem vi$egodisnjih kultura u zasti¢enom prostoru
(staklenici, plastenici) a obuhvacaju voéne kulture (prvenstveno agrume i jagodasto voce izuzev jagoda). Sustav
poljoprivrednih knjigovodstvenih podataka je europski sustav prikupljanja podataka s ciljem godi$njeg odredivanja
prihoda poljoprivrednih gospodarstava te poslovne analize poljoprivrednog gospodarstva. Podaci sustava su bitni i
za razvoj i pracenje u¢inka Zajednicke poljoprivredne politike (ZPP) (Uredba Vijeca (EZ) br. 1217/2009).

Cilj rada je deskriptivnom metodom istrazivanja usporediti proizvodne i ekonomske pokazatelje tipova maslinarstvo,
razli¢ite vrste trajnih nasada, vinogradarstvo i vinarstvo te vocarstvo.
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Rezultati i rasprava

Broj gospodarstava u uzorku se kretao od 164 do 197 ovisno o godini. Najvise gospodarstava pripada tipu vocarstvo
te vinogradarstvo i vinarstvo (31, odnosno 30%), s najmanje (13%) razli¢itim vrstama trajnih nasada (Tablica 1).

Tablica 1. Broj gospodarstava u uzorku

2016 2017 2018 2019
Maslinarstvo 49 53 52 42
Razlicite vrste trajnih nasada 23 25 24 22
Vinogradarstvo i vinarstvo 58 60 59 47
Vocarstvo 57 54 62 53
Ukupno 187 192 197 164

Izvor: FADN sustav

Promatraju¢i ukupan uzorak vidljivo je postupno povecanje ukupno koristenih poljoprivrednih povrsina (Tablica
2). Ukupna kori$tena poljoprivredna povrs$ina (KPP) predstavlja ukupnu povrs$inu u vlasnistvu i zakupu nositelja i/
ili ¢lanova gospodarstva, bez Suma i ostalog nepoljoprivrednog zemljista, uklju¢ujuéi putove, gospodarska dvorista i
sli¢no. Prosje¢na veli¢ina gospodarstva u EU je 37 ha (2018. godine), a gledano po tipu sektor visegodi$njih nasada
nalazi se na zacelju sa prosje¢no 12 ha (EC, 2021), te se sva gospodarstva iz uzorka u svim promatranim godinama
nalaze ispod europskog prosjeka koristenih poljoprivrednih povrsina.

Tablica 2. Ukupno koristena poljoprivredna povr$ina (KPP), ha

2016 2017 2018 2019
Maslinarstvo 5,76 6,53 6,53 6,56
Razli¢ite vrste trajnih nasada 4,33 5,45 6,48 7,27
Vinogradarstvo i vinarstvo 7,12 6,51 9,25 10,74
Vocarstvo 5,84 6,44 5,88 6,15
Prosjecno 5,76 6,23 7,04 7,68

Izvor: FADN sustav

Udio kori$tenih poljoprivrednih povr$ina u najmu u ukupno koristenim krece se od prosje¢no 14% kod tipa razlicite
vrste trajnih nasada do 30% kod tipa vinogradarstvo i vinarstvo. Kako je u EU-27 viSe od polovice koristenog
poljoprivrednog zemlji$ta u najmu, vidi se da i po ovom pokazatelju gospodarstva iz uzorka odstupaju od europskog
prosjeka. Udio unajmljenog zemljista u ukupno koristenom pokazuje velike varijacije u EU-27, u Slovackoj,
Bugarskoj, Francuskoj i Malti vise od 80% KPP je u najmu dok je u Irskoj i Portugalu manje od cetvrtine (EC, 2021).

Najvise jedinica rada koriste gospodarstva tipa vinogradarstvo i vinarstvo (2,25 do 3,08 ovisno o godini), a najmanje
tipa vocarstvo (1,40 do 1,62). U Republici Hrvatskoj 1 AWU je definiran kao 1.800 radnih sati godi$nje (Tablica 3).
Istrazivanje Rosi¢ i sur. (2016) navodi da tip vocarstvo i maslinarstvo ima najmanju potrebu za radom u odnosu na
druge tipove gospodarstava. 2018. godine se u EU-27 koristilo prosje¢no 1,6 jedinica rada po gospodarstvu, dok je
tip vocarstvo i maslinarstvo koristio ne$to manje (1,4) (EC, 2021). Moze se zakljuciti da hrvatska gospodarstva iz
uzorka trose vi$e jedinica rada u odnosu na europski prosjek, tip vinogradarstvo i vinarstvo i vi§e nego duplo.
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Tablica 3. Ukupni rad / Total labour hour, AWU

2016 2017 2018 2019
Maslinarstvo 1,53 1,90 1,84 1,91
Razlicite vrste trajnih nasada 1,58 1,68 2,04 2,15
Vinogradarstvo i vinarstvo 2,25 3,08 3,06 2,45
Vocarstvo 1,57 1,40 1,62 1,55
Prosje¢no 1,73 2,01 2,14 2,01

Izvor: FADN sustav

Prosjecan ukupan prihod promatranih gospodarstava (ukupna prosjecna vrijednost biljne i sto¢arske proizvodnje,
uklju¢ujudi i proizvode potroSene na gospodarstvu za ishranu stoke) u promatranom periodu raste. Najmanje
ukupne prihode biljeze gospodarstva koja pripadaju tipu vocarstvo (15.750,01 do 18.773,29 EUR ovisno o godini),
a najvecle ona koja pripadaju tipu vinogradarstvo i vinarstvo (63.703,23 do 133.232,09 EUR), kod kojih je vidljivo
veliko povecanje prihoda u zadnjoj promatranoj godini (Grafikon 1). Prosje¢ni ukupni prihod gospodarstava u
EU-27 2018. godine iznosio je 83.300 EUR-a. Gledaju¢i po tipu najvece prihode biljeze svinjogojska i peradarska
gospodarstva, dok najniZe biljeze tipovi vinogradarstvo (bez vinarstva) i vocarstvo i maslinarstvo, prosje¢no
40.400 EUR (EC, 2021). Usporedujuci s europskim prosjekom (83.300 EUR) analizirana vinogradarsko-vinarska
gospodarstva ostvaruju 38% vece prihode dok vocarska ostvaruju 80% nize prihode u 2018. godini.

Grafikon 1. Ukupni prihodi gospodarstava, EUR
Izvor: FADN sustav

Najveca zabiljezena neto dodana vrijednost (FNVA=(ukupni prihodi uve¢ani za ispla¢ene potpore (bez investicijskih)
i umanjeni za intermedijarnu potro$nju) - prosje¢ni troskovi amortizacije) bila je kod tipa vinogradarstvo i vinarstvo
(33.366,13 do 107.966,46 EUR ovisno o godini) a najniza kod tipa volarstvo (4.273,17 do 13.893,95 EUR). Prosje¢na
FNVA Europske unije iznosi 35.300 EUR, a Hrvatska se nalazi medu cetiri zemlje sa najnizom neto dodanom
vrijedno$¢u (Hrvatska, Rumunjska, Poljska i Slovenija) (EC, 2021). Moze se zaklju¢iti da tip vinogradarstvo i
vinarstvo ima dva i pol puta ve¢u FNVA od prosjeka EU-27, dok tip vocarstvo ima pet puta manju vrijednost.

Promatrajudi neto dodanu vrijednost/jedinici rada (AWU) vidi se isti obrazac, najmanju FNVA/AWU pokazuju
gospodarstva tipa vocarstvo. Kod gospodarstva tipa razli¢ite vrste trajnih nasada vidi se izuzetno nizak iznos
2017. godine koji je pracen velikim rastom u sljede¢im godinama. S druge strane najveli zabiljezeni iznosi su
kod gospodarstava u tipu vinogradarstvo i vinarstvo (Tablica 4). U EU-27 vinogradarska, vocarska i maslinarska
gospodarstva nalaze se ispod prosjeka Unije sa oko 19.000 EUR/AWU (EC, 2021).
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Tablica 4. Neto dodana vrijednost po AWU / Farm Net Value Added / AWU, EUR/AWU

2016 2017 2018 2019
Maslinarstvo 8.001,50 8.493,00 8.699,46 10.565,20
Razlicite vrste trajnih nasada 2.956,07 843,50 6.785,64 13.303,61
Vinogradarstvo i vinarstvo 9.226,20 13.373,73 25.431,77 27.536,96
Vocarstvo 1.453,52 9.076,23 5.211,38 7.301,00
Prosjec¢no 5.409,32 7.946,62 11.532,06 14.676,69

Izvor: FADN sustav

Promatranjem ukupnih potpora koja gospodarstva primaju (prosje¢ne ukupne potpore bez investicijskih potpora,
uklju¢ujudi izravna placanja, premije, proizvodno vezane potpore i ostale isplacene potpore) vidi se da najvece su
iznose primala gospodarstva tipa vinogradarstvo i vinarstvo, a najmanje razli¢ite vrste trajnih nasada. Kod tipa
vinogradarstvo i vinarstvo isti¢e se 2017. godina u kojoj je doslo do velikog povec¢anja primljenih iznosa. Razlog
tome su promjene u Vinskoj omotnici kao i ¢injenica da su se isplate sredstava ugovorenih unutar Vinske omotnice
2016. godine vrsile 2017. i 2018. godine (Glas Slavonije, 2016) (Tablica 5).

Tablica 5. Ukupne potpore, bez invest. / Total subsidies, excl. Invest., EUR

2016 2017 2018 2019
Maslinarstvo 2.631,75 4.452,11 4.999,65 9.455,41
Razlicite vrste trajnih nasada 745,51 1.514,12 2.139,66 4.491,74
Vinogradarstvo i vinarstvo 2.301,29 13.606,84 10.295,48 8.464,16
Vocarstvo 1.519,91 10.883,70 3.764,35 6.644,61
Prosjecno 1.799,61 7.614,19 5.299,79 7.263,98

Izvor: FADN sustav

Najnizi udio ukupnih potpora (bez investicijskih) u neto dodanoj vrijednosti (FNVA) imaju gospodarstva tipa
vinogradarstvo i vinarstvo (7% 2016. godine do 26% 2017. godine), a najvi$i gospodarstva u tipu vocarstvo (36%
2016. godine do 78% 2017. godine. Ovo je u skladu s brojnim dosadasnjim istrazivanjima (O¢i¢ i sur., 2018; Rosi¢ i
sur., 2016.; Juracak i sur., 2017.; Agrosynergie, 2011.) koja navode da su o potporama najmanje ovisna povrcarsko-
cvjecarska i vinogradarsko-vinarska gospodarstva.

Iznosi primljenih izravnih pla¢anja se kod promatranih tipova povecavaju tijekom godina, da bi 2019. godine doslo
do stagnacije (razlicite vrste trajnih nasada) ili laganog pada (vinogradarstvo i vinarstvo, vocarstvo), uz iznimku
maslinarstva koje biljezi daljnji rast. Prosje¢ni udio izravnih placanja u neto dodanoj vrijednosti EU-27 je 28%,
najvedi je u Litvi (70%), najnizi u Nizozemskoj (9%), dok je u Hrvatskoj oko 39%. Gledajuci po tipu gospodarstva
moze se zakljuciti da je udio izravnih placanja u FNVA visok za tipove gospodarstava koji biljeze niske prihode.
Trajni nasadi se nalaze ispod prosjeka Unije sa udjelom oko 18% (EC, 2021). Najnizi udio izravnih pla¢anja u FNVA
imaju gospodarstva u tipu vinogradarstvo i vinarstvo (1 do 3%), a najvisi u tipu vocarstvo (14 do 28%), koji su ujedno
i jedini tip koji je u 2018. godini bio iznad prosjeka Unije u tipu trajnih nasada (Tablica 6).

Tablica 6. Udio izravnih pla¢anja u FNVA, %

2016 2017 2018 2019
Maslinarstvo 9% 22% 12% 13%
Razli¢ite vrste trajnih nasada 12% 20% 11% 6%
Vinogradarstvo i vinarstvo 1% 3% 3% 2%
Vocarstvo 16% 14% 28% 19%
Prosje¢no 9% 15% 13% 10%

Izvor: viastiti izracun na temelju podataka FADN sustava
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Zakljucak

U radu su analizirani podatci komercijalnih poljoprivrednih gospodarstava koja su obuhvaéena Sustavom
poljoprivrednih knjigovodstvenih podataka u razdoblju od 2016. do 2019. godine. Gospodarstva su podijeljena u
Cetiri tipa: maslinarstvo, razli¢ite vrste trajnih nasada, vinogradarstvo i vinarstvo te vocarstvo. Broj gospodarstava u
uzorku se kretao od 164 do 197, ovisno o godini, a najveci dio ih je pripadao tipovima vocarstvo i vinogradarstvo i
vinarstvo. U uzorku je vidljiv postupan rast koritenih poljoprivrednih povrs$ina po gospodarstvu, ali jos uvijek nije
dostignut prosjek Europske unije. Istovremeno je prosje¢no 14% koristenih poljoprivrednih povrsina (razli¢ite vrste
trajnih nasada) do 30% (vinogradarstvo i vinarstvo) bilo u najmu, $to je takoder ispod prosjeka Europske unije.
Najvise jedinica rada (AWU) koriste gospodarstva tipa vinogradarstvo i vinarstvo a najmanje ona tipa vocarstvo.
Sva analizirana gospodarstva koriste vi$e rada u odnosu na europski prosjek, ona u tipu vinogradarstvo i vinarstvo
119% vise. Svega 20% prosje¢nih europskih prihoda ostvaruju gospodarstva u tipu vocarstvo, dok vinogradarsko-
vinarska postizu 38% vise ukupnih prihoda od europskog prosjeka. Takoder, tip vinogradarstvo i vinarstvo ima dva
i pol puta veéu neto dodanu vrijednost u odnosu na europski prosjek, dok gospodarstva tipa vocéarstvo imaju pet
puta manju. Isti obrazac je vidljiv kada se promatra neto dodana vrijednost po jedinici rada (FNVA/AWU). Po ovom
pokazatelju gospodarstva tipa vinogradarstvo i vinarstvo nalaze se 34% iznad europskog prosjeka, dok su ona tipa
vocarstvo 73% ispod njega. Iz ovoga se vidi da se vinogradarsko-vinarska gospodarstva po produktivnosti mogu
nositi sa izazovima Europske unije, dok su voc¢arska daleko manje produktivna. Najmanje iznose ukupnih potpora
bez investicijskih primala su gospodarstva u tipu razli¢ite vrste trajnih nasada, a najvece vinogradarsko-vinarska
gospodarstva koja ujedno imaju najnizi udio ukupnih potpora u neto dodanoj vrijednosti (FNVA), sto je u skladu s
brojnim istrazivanjima koja navode da je vinogradarsko-vinarski tip gospodarstava najmanje ovisan o potporama.
Takoder gospodarstva ovoga tipa imaju najnizi udio izravnih pla¢anja u FNVA, a ona u tipu vodarstvo najvisi pa se
moze zakljuciti da su vocarska gospodarstva najovisnija o izravnim pla¢anjima te su ujedno najmanje produktivna.
Da bi vocarska gospodarstva postala konkurentnija na trzistu potrebno je raditi na poveéanju ostvarenih prihoda i
produktivnosti rada. Jedna od mogucih preporuka je ne pristupanje uzgoju vocarskih kultura ‘hobisticki’ jer uzgoj
volarskih kultura zahtjeva adekvatno znanje i inovativan stru¢an pristup za postizanje konkurentnost na trzistu.
Pored navedenog bio bi potreban i kvalitetan marketingki pristup koji bi omogucio postizanje ve¢ih prodajnih cijena.
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Economic efficiency of perennial plantations in
Croatia using the FADN system

Abstract

The Republic of Croatia has favorable environmental conditions for perennial plantations. However,
only 2% of the total used agricultural area is under orchards and 1% each under vineyards and olive
trees. The paper analyzed the data of commercial farms of the FADN system in the type of olive
growing, different types of perennial plantations, viticulture and wine growing, and fruit growing. As
the most competitive, there was viticulture and wine type of farm, achieving two and a half times
higher net added value compared to the European average. Farms in the fruit growing type achieve
five times lower net added value than the European average and require additional efforts to increase
productivity.

Keywords: FADN, olive growing, viticulture, fruit growing
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Sazetak

Konzervacijskom poljopriviedom se nastoje ublaziti klimatske promjene, a konzervacijskom
obradom tla poboljsati kvaliteta tla, optimizirati prinose i povecati profit. Istrazivanjem su analizirani
troskovi i koristi konzervacijske obrade tla u proizvodnji kukuruza. Za tu su se svrhu provodila tri
razli¢ita sustava obrade tla (osnovna obrada tla oranjem, dubokim i plitkim rahljenjem) i gnojidba
(konvencionalna i dvostruko manja) u kombinaciji sa primjenom poboljsivaca tla i kalcizacijom.
Istrazivanjem CVP analizom je potvrdeno da ekonomicnost primjene konzervacijske obrade tla ovisi
0 sposobnosti realizacije prinosa koji su iznad prosje¢nih u na$im proizvodnim uvjetima Panonske
podregije Republike Hrvatske.

Klju¢ne rijeci: ekonomi¢nost, konzervacijska obrada tla, kukuruz, prihod, trogkovi

Uvod

U doba globalnih ekoloskih problema je odrziva proizvodnja hrane jedan od najvecih izazova. Problemi sa
kojima se suoc¢ava suvremena poljoprivredna proizvodnja po pitanju klimatskih promjena su erozija tla, gubitak
bioraznolikosti, smanjivanje biljne proizvodnje, nedovoljna proizvodnja krmiva, smanjena dostupnost i kvaliteta
vode, gubitak plodnosti tla, zaslanjivanje tala, gubitak organskog ugljika u tlu (Jug i sur., 2022). Konzervacijska
poljoprivreda je jedna od tehnoloskih mjera prilagodbe i ublazavanja klimatskih promjena. Osnova konzervacijske
poljoprivredne proizvodnje je gospodarenje postavljeno na tri temeljna postulata, koji kontekstualno objedinjuju
klimu-tlo-biljku, uz uvazavanje agroekoloskih i socio-ekonomskih razlika (Jug i sur., 2018). Konzervacijska obrada
tla predstavlja na¢in gospodarenja agrookoli$nim sustavima s ciljem pobolj$ane i odrzive produktivnosti, pove¢anih
profita i sigurnosti hrane. Primjenom konzervacijske obrade tla poboljsava se kvaliteta tla, optimiziraju prinosi i
smanjuju troskovi poljoprivredne proizvodnje. Cilj ovog rada je utvrditi troskove i koristi konzervacijske obrade tla
u proizvodnji kukuruza na eksperimentalnim parcelama.

Materijal i metode

U radu su analizirani podaci sa eksperimentalnih lokaliteta Cacinci i KriZevci na kojima se provodilo istraZivanje
u 2021. godini u sklopu HRZZ projekta “Procjena konzervacijske obrade tla kao napredne metode uzgoja usjeva
i prevencije degradacije tla - ACTIVEsoil”. Izra¢un prihoda napravljen je prema visinama prinosa i prosje¢noj
prodajnoj cijeni neposredno nakon Zetve. U prihode su urac¢unata i prosje¢na izravna placanja za ratarsku
proizvodnju. Cijena kostanja je izra¢unata prema jednostavnoj djelidbenoj kalkulaciji pri ¢emu su svi troskovi
prikazani u realnim iznosima prema cijenama na trzi$tu iz podataka Trzi$no informacijskog sustava u poljoprivredi
pri Ministarstvu poljoprivrede (TISUP). Troskovi proizvodnje dobiveni su mnoZenjem utros$aka materijala i rada s
teku¢im cijenama po jedinici utroska. Utrosci materijala (sjeme, zastitna sredstva i mineralna gnojiva) su dobiveni
prema stvarnim podacima iz pokusa, dok su utrosci rada po radnim operacijama dobiveni iz standarda (tehnoloskih
normativa) prema ranijim istrazivanjima. Cijene osnovnih inputa i outputa za proizvodnju kukuruza dobivene su
prema arhivi podataka TISUP-a. U prihode su urac¢unata i prosjecna izravna placanja za ratarsku proizvodnju u
iznosu od 2.250,00 kn/ha.

Tro$ak sata rada traktora i priklju¢nih oruda (Tablica 3) izra¢unat je za 2020. godinu, prema sljede¢oj shemi:

A: cijena novog stroja na trzistu
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B: cijena nakon amortizacijskog razdoblja
C: razlika u cijeni (A - B)

D: amortizacijsko razdoblje

E: godisnji iznos amortizacije (C / D)

F: prosje¢no radnih sati godisnje

G: amortizacija po satu rada (E / F)

H: Godi$nji iznos kamata na uloZena sredstva (7%)
I: kamata po satu rada (H / F)

J: cijena plavog dizela

K: potro$nja goriva po satu rada

L: troak goriva po satu rada (J * K)

M: trosak odrzavanja (30% troskova goriva)
N: troSak sata rada (G+1+ L + M)

Normativi utro$aka rada ljudi i strojeva dobiveni su prema tehnoloskim zahtjevima kulture i tehnickim obiljezjima
mehanizacije. Normativi se ostvaruju u prosje¢nim proizvodnim uvjetima i s prosje¢nim naporom. Utro$ci rada
mehanizacije po jedinici povr$ine odredeni su brzinom rada i zahvatom koji definiraju teoretski u¢inak, a prakti¢ni
ucinak je odreden stupnjem iskoristenosti radnog vremena koje se u ratarstvu krece od 35 do 60% (Grgi¢ i sur.1999).

Kalkulacije su izradene za prinose zabiljezene u pokusima, sukladno razli¢itim sustavima obrade tla i gnojidbi.
Prikazana su tri razli¢ita sustava osnovne obrade tla (obrada tla oranjem te dubokim i plitkim rahljenjem), dva nacina
gnojidbe (konvencionalna i dvostruko manja) s kojima je u kombinaciji primjena poboljsivaca tla i kalcizacija. Prema
tome su dobivene cijene kostanja kukuruza na razini zbroja ukupnih troskova mehanizacije (amortizacija i gorivo,
usluga kombajniranja) i varijabilnih troskova (sjeme, gnojivo, zastitna sredstva), bez uracunatih troskova vlastitog
rada. Fiksni troskovi gospodarstva (najam, osiguranje i dr.) nisu uracunati. Urac¢unati su stvarno placeni troskovi za
sjeme, gnojivo i zastitna sredstva, bez obra¢una PDV-a. Troskovi kalcizacije su prorac¢unati kao % ukupnog troska,
bududi se ucinci kalcizacije pretpostavljeno protezu na 4 godine.

Rezultati i rasprava
Podaci se odnose na cijene sjemena u vrijeme sjetve, mineralnih gnojiva i zastitnih sredstava krajem prvog tromjesecja

tekuce godine, a prodajne cijene neposredno nakon Zetve u tekucoj godini. (Tablica 1).

Tablica 1. Pregled cijena inputa, potpora i prodajnih cijena u proizvodnji kukuruza

Jedinica mjere 2020. 2021.
Sjeme kukuruza HRK/ha 450 480
Mineralna gnojiva
Urea HRK/kg 2,48 6,34
KAN HRK/kg 1,75 4,13
NPK 0:20:30 HRK/kg 3,10 6,55
GeO2 HRK/kg 6,42 6,42
Zastitna sredstva
Lumax HRK/litri 118,50 120,00
Glyphogan HRK/kg 51,00 54,00
Glifosat HRK/litri 70,00 71,00
Adengo HRK/0,11 16,61 16,65
Laudis HRK/litri 410,00 410,00
Plavi dizel HRK/litri 6,26 6,26
Prodajna cijena HRK/kg 1,11 1,45

Izvor: TISUP
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Za proracun cijene ko$tanja sata rada mehanizacije i obrac¢un troskova mehanizacije za kukuruz kori$tene su
prosjecne nabavne cijene mehanizacije za ratarsku proizvodnju kod malih poslovnih sustava u nasoj poljoprivredi,
¢ija je nabavka preporucljiva i tehnoloski dobro iskoristiva na obradivim povrsinama poljoprivrednih gospodarstava
do 50 ha (Tablica 2).

Tablica 2. Pregled poljoprivredne mehanizacije i nabavne cijene 2020. godine

Nabavna cijena, HRK Godine kori$tenja Amortizacija, HRK
Traktor (114 kw) 684.000 10 55.900,00
Traktorski plug 18.000 12 1.166,67
Traktorska sijacica 21.000 12 1.583,33
Razbacivac gnojiva 11.400 12 783,33
Atomizer 15.600 12 1.008,33
Prorahljiva¢ 21.000 12 1.416,67

Prema shemi prikazanoj u materijalima i metodama, prorac¢unati su troskovi sata rada traktora i priklju¢nog oruda.

Tablica 3. Troskovi sata rada traktora i priklju¢aka po radnim operacijama
Iznos, HRK/sat

Oranje 313,04
Zatvaranje brazde 313,04
Dublje rahljenje 304,96
Plic¢e rahljenje 302,96
Predsjetvena priprema 295,53
Sjetva 295,53
Kultiviranje 285,77
Gnojidba 285,77
Kalcizacija 285,77
Zastita 284,44
Prijevoz 327,25
Ostalo 284,44

Troskovi rada mehanizacije (Tablica 4) prora¢unati su prema stvarnim utro$cima sati rada na dvije lokacije (Cacinci
i Krizevci) za 3 razine obrade tla: Al je konvencionalna obrada tla oranjem, A2 sa zamjenom oranja dubokim
rahljenjem i A3 s plitkim rahljenjem tla.

Tablica 4. Troskovi mehanizacije na eksperimentalnim lokacijama (1 ha)

Lokalitet Cacinci Krizevci

Operacije Al A2 A3 Al A2 A3
Oranje 1.355,14 1.355,14 1.355,14 1.355,14 1.355,14 1.355,14
Zatvaranje brazde 1.111,29 0,00 0,00 1.111,29 0,00 0,00
Rahljenje 0,00 1.067,34 908,87 0,00 1.067,34 908,87

126 58th Croatian & 18th International Symposium on Agriculture | 11-17 February, 2023, Dubrovnik, Croatia



Ekonomski ucinci konzervacijske obrade tla

. . 479,75 479,75 479,75 591,05 591,05 591,05
Predsjetvena priprema
Sjetva
L 562,91 562,91 562,91 620,60 620,60 620,60
Kultiviranje
. 571,53 571,53 571,53 571,53 571,53 571,53
Gnojidba
L 595,35 595,35 595,35 595,35 595,35 595,35
Kalcizacija
7 astit 637,87 637,87 637,87 637,87 637,87 637,87
astita
. 853,32 853,32 853,32 853,32 853,32 853,32
Prijevoz
Ostal 981,75 981,75 981,75 1.309,00 1.309,00 1.309,00
stalo
568,88 568,88 568,88 568,88 568,88 568,88
Ukupno 7.717,77 7.673,83 7.515,35 8.214,02 8.170,08 8.011,60

Na pokusnim poljima su zabiljezene razlike prinosa zrna $to izravno odreduje vrijednost proizvodnje (Tablica 5).
U strukturi troskova je najvedi utjecaj troska mehanizacije, ali tehnoloske razlike ne utje¢u bitno na visinu ukupnog
troska, koliko je to kod drugih agrotehnic¢kih mjera. Na doprinos pokri¢a manje djeluje primjena mineralnog gnojiva,
a odlucujudi je utjecaj primjene kalcizacije i nakon toga poboljsivaca tla. Kalcizacija i poboljsivaci tla su glavni razlozi
vecih odstupanja u ukupnim tro$kovima pokusnih polja. U veéini polja (10 od 12) gdje je primijenjen Geo2 dodatni
troSak primjene je uzrokovao neekonomicnu proizvodnju. Proizvodnja je neekonomi¢na na svim pokusnim poljima
kod primjene kalcizacije.

Tablica 5. Prihodi, troskovi i doprinos pokri¢u na lokaciji Cacinci

Polja/  Prinos zrna Vrij.ednost. Potpora Prihod Varvijabilni Dopr.i,nos
Opis  t/ha proizvodnje HRK HRK trosak pokricu
HRK HRK HRK
1 9,46 13.719,05 2.250,00 15.969,05 12.515,65 3.453,40
2 8,76 12.700,86 2.250,00 14.950,86 10.851,11 4.099,74
3 7,54 10.926,18 2.250,00 13.176,18 13.445,65 -269,47
4 7,05 10.222,29 2.250,00 12.472,29 11.781,11 691,18
5 8,47 12.280,54 2.250,00 14.530,54 19.534,79 -5.004,25
6 8,58 12.448,11 2.250,00 14.698,11 17.870,25 -3.172,14
7 9,76 14.152,63 2.250,00 16.402,63 20.464,79 -4.062,16
8 9,32 13.513,87 2.250,00 15.763,87 18.800,25 -3.036,38
9 7,42 10.763,46 2.250,00 13.013,46 12.471,71 541,75
10 4,69 6.794,63 2.250,00 9.044,63 10.807,17 -1.762,54
11 7,06 10.238,52 2.250,00 12.488,52 13.401,71 -913,19
12 4,86 7.048,31 2.250,00 9.298,31 11.737,17 -2.438,86
13 8,37 12.129,81 2.250,00 14.379,81 19.490,85 -5.111,04
14 6,38 9.257,23 2.250,00 11.507,23 17.826,31 -6.319,08
15 8,84 12.814,38 2.250,00 15.064,38 20.420,85 -5.356,48
16 6,61 9.584,26 2.250,00 11.834,26 18.756,31 -6.922,05
17 7,57 10.977,35 2.250,00 13.227,35 12.313,23 914,12
18 6,49 9.416,08 2.250,00 11.666,08 10.648,69 1.017,38
19 8,21 11.906,73 2.250,00 14.156,73 13.243,23 913,50
20 5,94 8.615,70 2.250,00 10.865,70 11.578,69 -712,99
21 9,23 13.379,55 2.250,00 15.629,55 19.332,37 -3.702,83
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22 8,75 12.680,62 2.250,00 14.930,62 17.667,83 -2.737,21
23 7,59 11.005,78 2.250,00 13.255,78 20.262,37 -7.006,59
24 6,69 9.695,52 2.250,00 11.945,52 18.597,83 -6.652,31

U svim poljima na lokalitetu KriZevci, neovisno o primijenjenoj agrotehnici su ostvareni pozitivni doprinosi
pokrica, odnosno proizvodnja je ekonomicna (Tablica 6), $to je najvise odredeno vi$im prinosima zrna u odnosu na
prethodno opisanu lokaciju.

Tablica 6. Prihodi, troskovi i doprinos pokri¢u na lokaciji Krizevci

Polja/  Prinos zrna Vrij.ednost. Potpora Prihod Varvijabilni Dopr‘i,nos
Opis  t/ha proizvodnje HRK HRK tro§ak pokric¢u
HRK HRK HRK
1 12,37 17.931,67 2.250,00 20.181,67 14.529,16 5.652,51
2 8,37 12.139,63 2.250,00 14.389,63 12.856,64 1.532,99
3 15,25 22.116,98 2.250,00 24.366,98 15.459,16 8.907,82
4 13,04 18.910,42 2.250,00 21.160,42 13.786,64 7.373,78
5 12,66 18.352,62 2.250,00 20.602,62 16.207,34 4.395,28
6 10,43 15.124,08 2.250,00 17.374,08 14.534,82 2.839,26
7 13,27 19.237,47 2.250,00 21.487,47 17.137,34 4.350,13
8 13,71 19.885,17 2.250,00 22.135,17 15.464,82 6.670,36
9 14,81 21.472,21 2.250,00 23.722,21 14.485,22 9.237,00
10 12,39 17.964,96 2.250,00 20.214,96 12.812,70 7.402,26
11 15,67 22.723,88 2.250,00 24.973,88 15.415,22 9.558,66
12 12,11 17.566,25 2.250,00 19.816,25 13.742,70 6.073,56
13 14,63 21.208,43 2.250,00 23.458,43 16.163,40 7.295,03
14 11,93 17.305,36 2.250,00 19.555,36 14.490,88 5.064,49
15 11,40 16.525,24 2.250,00 18.775,24 17.093,40 1.681,84
16 13,05 18.919,30 2.250,00 21.169,30 15.420,88 5.748,43
17 12,03 17.437,38 2.250,00 19.687,38 14.326,74 5.360,64
18 11,92 17.278,20 2.250,00 19.528,20 12.654,22 6.873,98
19 10,61 15.380,99 2.250,00 17.630,99 15.256,74 2.374,25
20 11,54 16.729,50 2.250,00 18.979,50 13.584,22 5.395,28
21 12,49 18.115,49 2.250,00 20.365,49 16.004,92 4.360,57
22 9,85 14.279,58 2.250,00 16.529,58 14.332,40 2.197,18
23 11,49 16.662,05 2.250,00 18.912,05 16.934,92 1.977,14
24 10,36 15.024,36 2.250,00 17.274,36 15.262,40 2.011,96
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Grafikon 1 Kretanje koeficijenta ekonomicnosti po lokacijama i pokusnim poljima
Izvor: Vlastita kalkulacija

Zakljucak

Na temelju ostvarenih rezultata u prvoj godini istrazivanja moze se zakljuciti kako konzervacijska obrada tla moze
biti dobra mjera za ublazavanje klimatskih promjena u suvremenoj ratarskoj proizvodnji, ali ekonomic¢nost njene
primjene ovisi o sposobnostima ostvarenja prinosa iznad prosje¢nih u uvjetima Panonske podregije Republike
Hrvatske. U protivhom, neke mjere koje se primjenjuju s konzervacijskom obradom tla (kalcizacija i primjena
poboljsivaca tla) predstavljaju dodatni trosak koji rezultira gubicima proizvodnje.

Napomena

Ovaj je rad financirala Hrvatska zaklada za znanost projektom “Procjena konzervacijske obrade tla kao napredne
metode uzgoja usjeva i prevencije degradacije tla - ACTIVEsoil” (IP-2020-02-2647).
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Cost-benefit analysis of conservation soil tillage

Abstract

Conservation agriculture aims to mitigate climate change, while conservation soil tillage improves
soil quality, optimizes yields and increases profits. The research analyzed the costs and benefits of
conservation soil tillage in corn production. For this purpose, different agrotechnics (tillage by
plowing, deep and shallow undermining) and fertilization (conventional and twice less) were carried
out in combination with the application of soil improvers and calcification. The research has confirmed
that the economics of applying soil conservation tillage depends on the ability to realize yields that are
above average in our conditions.

Keywords: conservation soil tillage, cost, efficiency, income, maize
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Abstract

The development of the wider rural economies is one of the major challenges of the Western Balkan
countries/territories in preparing rural communities to shape their own future. The objective of this
paper is to assess the current state of LEADER-like initiatives in WB countries/territories, understand the
state of the affairs and identifying specific national challenges and needs using a comparative framework.
Desk research was used to collect existing secondary data and information on LEADER initiatives in
project countries/territories. A content analysis, interviews with identified resource persons and case
studies were used to illustrate the diversity of institutions, policy approaches, types of partnerships
and practices related to LEADER in WB countries/territories. The findings reveal that Western Balkan
countries/territories have made substantial progress in aligning their long-term strategic documents
and administrative structures with the EU requirements. However legal, institutional and financial
fragmentation remains a challenge for the development of LEADER in Western Balkans.

Keywords: LEADER, Local Action Groups, Western Balkans, rural areas.

Introduction

The LEADER approach (in French Liaisons Entre Actions de Developpement de [Economie Rurale, Links between
actions for the development of the rural economy) is the main program implementing the rural development
policy of the EU. The program builds on recent theories of neo-endogenous development (Caiete et al, 2018)
supporting the ideology of participative democracy and using various principles of development namely bottom-up
approach, multi-sectorial approach, public—private partnerships, inter-territorial cooperation and networks, use of
endogenous resources, innovation diffusion economic diversification. LEADER remain a cost-effective measures
Rural Development and Agricultural Fund contributing to the empowerment of rural population to participate in
the Local Action Groups for a long-term sustainable growth in rural areas.

This approach has already attracted the interest of the local stakeholders in the process of creating a local partnership
between the public, the private and the civil sector, but also the interest of the governments. After 2004 a mainstreaming
of LEADER was witnessed in European rural space as a key approach to stabilization and development of rural
areas (Dax et al., 2016) the LEADER. In the current EU programming period, Community-led Local Development
(CLLD) was introduced to promote an integrated approach to territorial development (Servillo and de Buijn, 2018).

In EU the LEADER functions under conditions of limited capital resources and high levels of migration with the
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consequent ageing of the population (Caiiete et al, 2018). In order to save the environmental, social and economic
sustainability of rural areas, EU’s Regional Policy and Rural Development Policy is applied using several measures.
In Candidate countries, LEADER is becoming an integral part of the IPARD in the Western Balkans. The major
challenges of the Western Balkan countries/territories is the governance support. EU accession process is at various
stages, therefore countries/territories commitment to rural development differ and depends on progress made under
IPARD, own national agriculture and rural development programmes and financing as well as local government
engagement in territorial and participatory processes.

There exist a very limited literatures assessing the progress that the Western Balkan countries/territories have
achieved in adjusting their rural development policies to the CAP, the paper presents a comparative analyses of the
current state of LEADER-like case studies in WB countries/territories. Considering the limited comparative analyses
(Kone¢ny, 2018; Chevalier et al., 2017; Dax and Oedl-Wieser, 2016) the study fills the existing gap by describing the
state of the affairs and identifying specific national challenges and needs as well as illustrate LEADER approach as
perceived or experienced in Western Balkans.

The reminder of the paper is organised as following. Section two describes the review of literatures. Section 3 describes
the material and methodological approach. Section 3 present the main results of the study. Section 4 summarises the
main conclusions and recommendations.

Theoretical review

LEADER is supported by theory of neo/endogenous development (Ray, 2000) where extra-local factors are of
primary importance for enabling communities in aiming for a better future. The basis for sustaining growth are both
the exogenous and endogenous institutions of rural development (High and Nemes, 2007).

The basic principles of LEADER are questioned by few authors. Canette et al (2018) is critic on the priority given to
the main underlined value of LEADER. According to the authors territorial efficiency prevailed over territorial equity.
Neoliberal ideology and “economists” dominance as well as limited funding has weakened the role of LEADER in
addressing territorial inequalities, especially in remote areas which are subject to population ageing. Empirical studies
show that LEADER is not implemented consistently among all EU members. Kone¢ny (2018) identifies differences
in the implementation of this method between the old and new member states, mainly related with the length and
experience in EU membership and access to LEADER. The difference lies in the institutional embeddedness, scope,
way of implementation and impact. Polleramn et al (2020) argue that the differences in implementing LEADER are
related to the countries socio-economic structures and different concept given at local and/or rural institutional
settings at the local level. In post-socialist members of European Union the LEADER is seen as a financial source
rather than as a platform of communication (Koneény, 2018) or social innovation (Navarro et al, 2018).

In the case of Western Balkans, there is lack of literature in observing the LEADER implementation and the
operational performance of Local Action Groups (LAGs). Few authors has been focusing in documenting the
initiatives on LEADER during the recent decade. Earliest literature provided by Hoti and Kurti (2012) and Tahiraj
(2013) explored the development of LAGs in Albania in the beginning of 2010. Krasniqi (2020) found that in Kosovo
the development of the LEADER is yet at an early stage. Both articles identifies the dynamic development and the
potential perceived by local actors and donors (central and local government are yet not aware of the importance),
however this development is expected to lose if financial incentives are not in place. The absence of funding make
relations and presence of stakeholders inactive. The comparative findings presented at this article fills a large gap on
regards to the literature studying LEADER implementation in Western Balkans and using a common assessment
framework provided a comparative analysis of the current situation. In addition, it adds empirical evidences to the
existing literature observing the case of post-socialist countries.

Material and methods

The study is based on the use of qualitative methods. The research design is based on various steps. Desk research
was used to collect existing secondary data and information on LEADER initiatives in project countries/territories.
A content analysis was performed to examine how the LEADER and/or certain aspects of it (LAGs, social networks,
local partnerships, territorial development etc.) are treated by national strategic, programming and regulatory
documents. To provide an overall insight into the policy and legislative framework related to the LEADER initiative,
the desk research involved assessment of relevant policy documents of all the line ministries responsible for/in charge
of dealing with certain matters.
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Primary data collection was done based on various methods. Two participatory workshops were used to consult
and collect information from policy makers and practitioners. In addition, in order to obtain primary data and to
ensure that all relevant information was covered, interviews were carried out with identified resource persons. In
order to document the interviews, asemi-structured questionaire was used, where participants were encouraged to
discuss all issues related to LEADER they considered important. Sampling was purposive. The resource people were
selected in light of their responsibility and position, knowledge level or practical experience from the field, leadership
role and influence, control over information (representative[s] of the Ministries of Agriculture or other relevant
Governmental bodies, representatives of LAG-like partnerships and other practitioners).

Case studies were used to illustrate the diversity of institutions, policy approaches, types of partnerships and practices
related to LEADER in WB countries/territories and experiences gained by policy makers, experts and stakeholders.
To ensure a balanced sample of case studies, the themes were not predefined. Case studies were documented and
structured in order to allow for comparative assesment. Data analyses was done based on content analysis of the
quesitonaires filled and meeting notes from participatory meetings.

Results
The policy, institutional, legal and financial settings of LEADER in Western Balkans

The hierarchy of strategic documents governing the implementation of the LEADER programme in Western
Balkan countries/territories includes: i. strategies for agriculture and rural development, ii. mid-term programmes,
iii. IPARD II programmes and 4) strategic and/or programming documents of other ministries or governmental
bodies, most of which are in charge of regional development, local self-governance and civil society. It has been
already stated in previous reports on agricultural policies in the Western Balkan countries/territories (WBC) (Volk
et al, 2017), that all of them have made substantial progress in aligning their long-term strategic documents and
administrative structures with the EU requirements. All the newly developed Strategies for Agriculture and Rural
Development in Western Balkans countries/territories recognise the importance of LEADER and envisage measures
and activities to enhance its implementation.

With regard to the format and content of the local strategies for rural development, Macedonia and Kosovo* are
the only countries where these issues are regulated by rulebooks. Based on the information provided in the national
reports, only in Serbia attempts have been made to introduce the Law on the Planning System. The Law is drafted
but has not been adopted yet.

The legal settings of LEADER in Western Balkans

The legal frame for the implementation of LEADER initiatives in WB countries/territories is composed of numerous
laws and regulations within three pillars: a) providing the legal basis for LEADER-like support measures, b) the
regulations related to the establishment of LAGs, and c) the regulatory base for the formulation of strategic and
planning documents. Although significant progress has been made in developing the necessary regulatory framework,
in almost all countries there are legislative gaps and lack of procedures in regard to LEADER.

The legal framework for implementing the LEADER measure in all countries is defined by laws on agriculture
which provide the basis for the policy formulation. For the time being, in Albania neither the national nor the
local government authorities have adopted procedures that facilitate LEADER-like actions and development of
LAGs. A part of the countries has implemented laws on LAGs. For instance, in Albania Law no 36 of 14.04.2022
on ,Organisation and functioning of LAGs“ define the main sources of support. Yet in IPARD II no support was
provided. However, the rulebooks that govern the registration of LAGs, the methodology for preparing local
strategies for rural development and their content, are still not developed in most countries, with the exception of
Macedonia and Kosovo*. The preparation process for the necessary documents is in progress in Serbia.

Due to the absence of rulebooks on LAGs, the majority of existing local partnerships in the region (except Macedonia
and Kosovo*) are registered in accordance with the national Law on Associations, as non-profit associations. This
regulatory gap has resulted in a situation where it is not uncommon to find registered partnerships proclaiming
themselves as “Local Action Groups’, i.e. using the term as a part of their official names. Apart from this, national
experts have raised concerns that this type of entity is not likely to be suitable to represent “real” LAGs, due to the
constraints related to fiscal burdens, governing structures etc.
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There are a range of laws in WB countries/territories regulating certain aspects of intra and inter-municipality co-
operation (including cross-border), and among actors from the civil society, public and private sectors, among which
the most relevant ones are the Law on Local Self-government and the Law on Regional Development (both existing
in all countries). The Law on Local Self-government provides the legal basis for local government units and inter-
municipal co-operation in performing activities of common interest. The Law on Regional Development sets up the
legal and institutional frame for planning, coordination and realization of development activities and support to
inter-municipal, inter-regional, cross-border and international co-operation.

The instititional settings of LEADER in Western Balkans

The main authorities dealing with RDP, and hence LEADER-like activities in WB, are the national ministries of
agriculture (MA) with their organizational units: i. departments responsible for programming (i.e. acting as
a managing authorities) and ii. paying agencies as executive bodies responsible for the financial management of
RDPs. In addition to MAs, in some countries there are other entities at a regional level mandated to manage certain
activities related to LEADER:

 In Albania and Serbia there are Regional Development Agencies (RDA) running the networking activities
among local and regional stakeholders, being also eligible to elaborate and to implement local development
strategies in the respective regions.

o In Bosnia and Herzegovina, the main responsibility for implementation of LEADER-like activities lies with
the cantonal ministries (divisions).

o In Serbia, the Provincial Secretariat of Agriculture of the Autonomous Province of Vojvodina is responsible
for planning support measures, as well as for coordinating the work of LAGs on its territory.

The financial settings of LEADER in Western Balkans

The funding of the LEADER Approach is of particular importance in the Western Balkan countries/territories.
However, the state of affairs differs from country/territory to country/territory and is not always related to the
accession progress or candidate status. In the period of the current assessment, the funding of LEADER-like projects
comes from different sources such as national governments, local authorities, but mostly from the CSOs, foundations
that are funded by different donors (Bogdanov et al, 2018).

Even though the strategic and programme documents of the National Ministries recognize the importance of
LEADER, the analysis of the budgets allocated to support LEADER-like activities shows that they are reluctant to
invest for this purpose. Even in those places where such initiatives used to exist, funding from the state budget has
ceased (Serbia and the Republic of Srpska), with the exception of Kosovo*.

International organizations, through donor projects, remain the dominant source of funding regarding the
implementation of LEADER-like activities and the creation of LAG-like partnerships in the Western Balkan countries/
territories. Major donor organizations involved in supporting the LEADER-like activities are the following: the
European Commission, UNDP, USAID, SIDA, Swiss Development Cooperation, GIZ.
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Table 1. Comparative analyses of strategic, regulatory, government and capacity development LEADER in Western

Balkans
Regulatory framework Capacity development
Strategic and Government
Country/ ?:;)ngllsvn(::ll(lng ORIl:lebOOks Rulebooks gllndlng dCSOlRural 15
. Local pport MoA evelopment LAG-like

Territory selection O 0¢ networks partnerships

of LAGs strategies established

Albania Yes No No No No Albanian Rural 4 LAG-like
Development partnerships,
Network operate as

CSOs

Federation of At anational, No No No No “Rural 3 LAG-like

Bosniaand  but not on development partnerships

Herzegovina entity level; network in operate as

low progress BiH” CSOs
at cantonal
level

Republic of ~ Yes No No No No “Rural 3 LAG-like

Srpska Development partnerships
Network of operate as
Bosnia and CSOs
Herzegovina”

Kosovo* Yes Yes Yes Yes Yes Network of 30 LAG-like
Organizations  partnerships
for Rural are formally
Development of established
Kosovo*

Macedonia  Yes Yes Yes No No Rural 16 LAG-like
Development partnerships
Network of the  operate as
Republic of CSOs
Macedonia

Montenegro In progress No No No No No Yet no

LAG-like
partnership

Serbia Yes In In progress Until 2013; One Two networks  No reliable

progress Currentlyon  person operate: national data
the territory ~ nominated The Network on the number
of AP to deal for Rural of active LAGs
Vojvodina with Development or LAG-like
LEADER  ,fSerbia and partnerships

the National
LEADER
Network
(NLN).

Source: Bogdanov et al, 2018.
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The previous initiatives practicing LEADER-like activities in the WB countries/territories differ from country/
territory to country/territory. The majority of the organizations currently performing as LAG-like partnerships were
set-up within donor projects. As a result of donors’ activities, considerable human resources have been trained and
made aware about LEADER, regulatory documents have been drafted, and pilot activities on establishing LAG-like
partnerships, preparing local strategies etc. have been carried out (Bogdanov et al, 2018). However, the number,
capacities, structures and activities of these organizations differ considerably, depending on the specific country
context.

Figure 1. Number of LAGs existing partnership in Western Balkans in 2018
Source: Bogdanov et al, 2018.

In 2018 the situation in country level appeared as following. Kovovo, North Macedonia and Serbia appeared the
countries with the largest number of LAG/like initiatives in 2018. At the rest of the countries, especially for the case
of Bosnia and Herzegovina, Albania and Montenegro foremost, there are verz few initiatives following LEADER
principles.

Conclusions

In Western Balkans the institutional, strategic and regulatory framework for introducing LEADER remains a
prerequisite for the development of LAGs. LEADER is a part of the national strategic and programming documents
and envisaged in IPARD. With the exception of Federation of Bosnia and Herzegovina, where the entities are
responsible for the implementation of the LEADER programme on their territories, all the other countries/territories
have adopted programs through which this support will be implemented.

The existing LAG-like partnerships in all countries/territories are registered as Civil Societz Organisations. The
rulebooks on local development strategies are adopted only in Kosovo and Macedonia, while those in Serbia are
in a process of being prepared. Considering the existing stage of legal development, the adoption of secondary
legislation is needed, i.e. rulebooks and regulations on Local Action Groups encompassing guidelines for potential
LAG constituents on their setting up, role, functioning and accreditation, including start-up toolkits for devising
Local Development Strategies (LDSs).

The national ministries in Serbia and the Republic of Srpska had started to finance LEADER and LAG-like partnerships
and eventually stopped funding; only the responsible Ministry in Kosovo is currently providing support. Most of the
LEADER-like activities in all countries/territories up to now are supported by different donor organizations, including
local resource organizations, local governments and networks. The support is usually limited in terms of sources of
funding and the restricted timeframe, causing discontinuity in the process of implementing a full-fledged LEADER
method. Moreover, the financial and technical support gap discourages stakeholders from remaining involved in
LEADER, making it highly unlikely to mobilize enough local participation and support. This may especially affect
the already established LAG-like partnerships which are still very new and fragile.
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The newly formed LAG-like partnerships are only in the early stage of a process meant to fully respond to the needs
and interests of the diverse rural stakeholders. The use of LEADER Measure in the IPARD III programming period
remain a very important step to enhance capacity building. There is a permanent need for strengthening the local
human capital capable of managing the LAGs, implementing Local Development Strategies, absorbing the funds
dedicated to the LEADER measure in Western Balkan countries/territories. Local government is crucial for enabling
coordination efforts, given the weak collective action in local level. Therefore, the pace of decentralisation and the
empwoerement of Municipakities would be a second pivotal factor (after the creation of stable financial mechanisms)
for the development of the LEADER.

The study is limited in illustrating the morphology of the LAGs in Western Balkans. The relational and power division
as well as the institutional seetings in LAGs is crucial for observing socioeconomic differences in territories. Analzses
using qualitative apporach (Gema and Masot, 2020) and use of participatory methods (Sisto et al, 2018) are required
to explore the attitudes, opinions and expectations of LAGs members, considering their representation and interests
in participating in the LAG.
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Abstract

Although according to the legislation in BiH, up to 0.9% of genetically modified (GM) ingredients
in food is allowed, due to insufficient control, it is possible that food containing GM elements above
the permitted threshold may be imported or even produced. In this paper, the presence of genetic
modifications in random samples of corn, rice, soybean and animal feed products was analysed. A
qualitative PCR method was used to determine the existence of traces of GMO. The research results
of all food products are negative, which means that the samples did not contain GMOs, while the
existence of genetic modifications was confirmed in all animal feed samples.

Keywords: genetically modified organisms, real-time PCR, soy, corn, rice

Introduction

Genetically modified organisms, are any organisms whose genetic material has been changed by methods of genetic
engineering, usually by introducing genes from viruses, bacteria, plants or animals into an often unrelated species.
Physiological barriers that naturally prevented this were overcome by new biotechnological achievements, enabling
the transfer of genetic material between literally all living organisms (Maghari and Ardekani, 2011). Although fear
and skepticism about new technologies in the production of food for humans and animals is extremely high in
Europe, some countries have decided to allow the cultivation of genetically modified crops. However, the trend
of cultivating GMOs in the EU has been declining since 2013-2015 when five countries cultivated GMOs (Spain,
Portugal, Slovakia, Czech Republic and Romania), while in 2021 GMOs are effectively cultivated only in Spain
(Dabrowska-Klosinska, 2022). BiH legislation allows not to label a product as a GM product, if traces of GMOs do
not exceed 0.9% for each food component or for food consisting of one ingredient, provided that it is secondary or
technically unavoidable. This means that BiH has adapted to EU laws, which set this threshold. Maize, soybeans and
rice are among the most commonly modified crops and the three most popular kinds of GM plant food (with a share
of 79.38%) in research studies (Shen at al., 2022). Testing human and animal food samples containing these crops
can often yield positive results. The most sensitive and reliable method of detecting GMO in food is the polymerase
chain reaction (PCR) method (Holst-Jensen et al., 2003). With this method specific sequences of DNA are amplified
using a pair of short DNA sequences (primers) that flank the region to be amplified (Gachet et al., 1999). There is
a large number of different genes of interest that are used for transfer to targeted organisms. Therefore, instead of
searching for a specific gene, it is simpler to search for a sequence that contains promoters or terminators widely used
in the creation of gene constructs. The most commonly used promoter of transferred gene transcription, in the target
organism, comes from cauliflower mosaic virus (CaMV P35S), and the most common terminator is TNOS from the
bacterium A. tumefaciens (Zeljezi¢ D., 2004).

There are two main PCR analytical methods for detecting GMOs in food. Qualitative (which gives the answer as to
whether or not there are GMOs in the sample) and quantitative method that tells what the percentage of GMOs is
in the food sample (Schreiber, 1999).

In this paper, an analysis of food samples from BiH market was carried out using real-time qualitative PCR method
in order to determine whether they contain and/or come from and/or consist of GMOs.
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Material and methods

The analysis for the existence of traces of GMOs in food was carried out in the Laboratory for GMOs at the Federal
Agro-Mediterranean Institute in Mostar na Buna, which is on the list of Authorized laboratories in Bosnia and
Hercegovina for the examination, control and monitoring of genetically modified organisms and products that
consist of, contain or they come from GMOs.

The samples for analysis were purchased randomly from the free sale from markets in BiH. Two samples of corn
were taken: canned and polenta; three samples of rice: grain rice, crackers and integral rice flour; two soy samples:
soy flakes and soy cream for cooking; three samples of animal feed, all containing soy, sunflower and corn.

DNA from food and feed samples was extracted using GMO Extraction Kit — ThermoFisher. The DNA isolated from
the collected samples was subjected to a “Real time PCR” test, which amplifies DNA regions with GMO elements if
the samples contain them. The qualitative PCR method for detecting the presence of GMOs in food and animal feed
was made according to the TagMan™ GMO Screening Kit which enables analysis of DNA extracted from food and
feed samples for the presence of the main transgenic regulatory regions. This real-time PCR kit contains all reagents
(except the template DNA) required for the detection of genetically modified organisms. In addition, the kit contains
an Internal Positive Control (IPC) to identify possible PCR inhibition.

During the analysis, four real-time PCR reactions were performed. Each of these reactions amplifies two independent
regions in such a way that a single multiplex PCR reaction uses two channels in the thermal cycler (FAM and VIC).
These amplification reactions are described as: a) P355/CaMV reaction uses two Tagman probes, one labeled with
FAM that detects the CaMV P35S regulatory element, and the other VIC that detects specific amplification of CaMV
virus genom region; b) TNOS/A. tumefaciens reaction uses two TagMan probes. FAM- detects a TNOS regulatory
element transcript, while the other VIC detects a transcript from a genomic region specific to the bacterium; c) P34S/
FMV reaction includes two TagMan probes: FAM - amplification of P34 S from Figwort Mosaic Virus (FMV), and
the other VIC - detects amplification of a genomic region specific to the virus; d) PLANT/IPC also includes two
TagMan probes: FAM - detects plant DNA, VIC - detects internal positive control used to exclude the presence of
inhibitors in the sample.

Results and discussion

The results (Table 1.) show that no food sample contains transgenic materials while transgenic materials were
detected in all feed samples which is not strange considering that in Bosnia and Herzegovina there is a ban on the
import of GMO food for humans, while the import of GMO soybeans for feeding livestock is allowed. The world
market is saturated with feed containing GMOs. Up to 90% of world produced GMO crops (in the USA up to 95%)
are used for livestock feed (Lucht, 2015).

Although this research did not find samples of food that were positive for GMOs, one study in Bosnia and Herzegovina
showed positive GM elements in different soybean samples, some of which were labeled as “GMO free” (Cosi¢ et
al., 2020) and in another research 19 samples were positive: four samples of soybean meal and six samples of feed
mixtures imported from abroad, as well as nine samples of soybean that were taken from fields in the entity of the
Republic of Srpska (Trkulja et al., 2015). This is probably due to poor control of the import of food and seed material
in Bosnia and Herzegovina.
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Table 1. The results obtained after Real-Time PCR amplification

S ) Plant Master P35S Master TNOS Master P34S-FMV
ample
P Mix Mix Mix Master Mix Interpret.
Plant IPC P35S CaMV TNOS A.tum. P34S FMV
. GMO
1.Animal feed + + + - + - + - detected
2. Polenta + + - - - - - - No GMO
detected
3. Rice flour + + - - - - - - No GMO
detected
. GMO
4. Animal feed + + + - + - + - detected
5. Animal feed + + + - + - + - GMO
detected
No GMO
6.Soy flakes  + + - - - - - - detected
7. Rice N N ) ) i i i i No GMO
crackers detected
8. Grain rice + + - - - - - - No GMO
detected
No GMO
9. Caned corn + + - - - - - - detected
No GMO
10. Soy cream  + + - - - - - - detected

Producers of the positive tested feed samples are unknown and there was no label indicating that this was a GMO
product. Without quantitative PCR analysis, we cannot be sure that these samples are within the permissible threshold
0f 0.9%. If it is determined that it is above the threshold, it is up to the authorities to establish better quality control
in the production, import and labelling of animal feed.

The main goal of introducing mandatory labeling is to inform consumers and users about the product, so that
consumers will be able to protect their basic right to choose, that is, they will be able to make their own decision
whether or not they want to buy and consume food containing GMOs. The same rules regarding the obligation of
monitoring and labeling (declaration) also apply to animal feed (including various types of concentrated animal
feed containing GM soybeans), in order to provide farmers with accurate information about the composition and
properties of the animal feed that they use for feeding domestic animals.
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Figure 1. The example of detected GMO in animal feed sample. Fluorescence-labelled probes are amplified and
reaction can be seen as distinct curves

Conclusions

There was no GMO traces found in samples of food collected randomly from market shelfs in Bosnia and Herzegovina.
All samples of animal feed tested positive to GM events. There is a need for constant monitoring of food for GMO
ingredients, so that the production and/or importation of GMO food can be prevented.

Regarding GMO animal feed, importation is allowed, but cultivation should not be carried out according to BiH laws,
so fields suspected of such production should be controlled. Imported animal feed should be constantly monitored
in order to determine its adequate labeling. Also, producers should be regularly checked for the content of GMOs in
the feed they produce, as well as the correct labeling of the same.
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Abstract

The genus Teucrium is a source of beneficial bioactive phytochemicals and its use is well known in
the traditional medicine of many countries. Studies on the wild populations of Teucrium species are
scarce. Croatian flora numbers 12 accepted species of this genus, including a recently discovered hybrid
between T. montanum and T. polium. This study aimed at sampling of T. montanum and T. polium
in Split-Dalmatia County in an area where the two species grow in sympatry and the occurrence of
hybrids is more likely. We collected six populations of both T. polium and T. montanum and found
potential hybrids at five sites. The goal of our future research is to confirm the hybrids at the genetic
level. This work contributes to in situ conservation by providing new insights into the status of wild
populations of Teucrium species, supports ex situ conservation by including seed accessions to the
Collection of Medicinal and Aromatic Plants; and enables their further characterization and evaluation
for use in future breeding programs.

Keywords: biodiversity, medicinal and aromatic plants, germander, Lamiaceae, ecogeographical survey

Introduction

Croatian flora is one of the richest in Europe, owing to its particular geographical position on the border between
the continental and Mediterranean areas, separated by a higher mountain belt. One of the most numerous in species
is the Lamiaceae family, which is also considered one of the richest in medicinal plants (Nikoli¢ and Re$etnik, 2007).
Among them are the species of the genus Teucrium. The genus includes perennial shrubs, subshrubs and herbaceous
perennials, some evergreen, rarely annual or biennial, growing mostly on open rocky soils with plenty of sun.

Although this genus is cosmopolitan with more than 250 species, it is mainly distributed in the Mediterranean area
(96% of the total number of species), throughout Europe and in Central Asia (Euro+Med, 2006; Gagliano Candela et
al., 2021). The East Mediterranean seems to be the centre of origin of the genus, while the Western Mediterranean is
its recent centre of speciation (Navarro and El Oualidi, 2000).

The genus Teucrium in Croatia includes 12 accepted species (Table 1.), including one hybrid (T. x rohlenae K. Maly),
which was recently recorded in the Croatian flora, and a total of seven subspecies. One of the species is endemic
to the Balkans (T. arduinii L.) (Nikoli¢, 2022), while others are distributed in various parts of the Europe, N Africa,
Middle East and W Asia (Euro+Med, 2006).

The species of the genus Teucrium are mainly used in traditional medicine of the Middle East and the Mediterranean
region, as well as in some Balkan countries. Since ancient times, the species of this genus have been used against a wide
range of diseases (including gastrointestinal, respiratory, urinary, circulatory, diabetes, etc.), due to their biological
properties, such as antimicrobial, anti-inflammatory, antispasmodic, anti-malaric, etc. However, the negative side
effect of excessive consumption has also been recognized, as the presence of neo-clerodane diterpenoids can lead to
liver damage and should therefore be avoided (Gagliano Candela et al., 2021).
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Table 1. Species of genus Teucrium in Croatia.

Distribution
Croatia Entire area
Teucrium arduinii L. coast and its hinterland, southern  Balkans
islands
Teucrium aureum Schreb. very rare W Mediterranean
Teucrium botrys L. sporadical records throughout W Mediterranean, Balkans, UK,
Croatia NW Africa
Teucrium chamaedrys L. abundant throughout the whole Mediterranean, middle Europe,
Croatia Balkans, NW Africa, W Asia
Teucrium flavum L. entire coast, hinterland and Mediterranean (E to W), NW Africa
islands
Teucrium fruticans L. entire coast and islands, butless W Mediterranean, NW Africa
frequent
Teucrium marum L. Lika County (only one record) middle Mediterranean countries
(France, Italy, SE Balkans), Tunisia
Teucrium montanum L. coast, hinterland, islands at higher Mediterranean and middle
elevations European countries, Balkans,
Middle East
Teucrium polium L. coast, hinterland, islands, W Mediterranean, N Africa SW
(abundant) Asia
Teucrium scordium L. coast, hinterland, islands and almost whole Europe (except far N),
continental Croatia Middle East, and N Africa
Teucrium scorodonia L. higher mountains W, middle and N Europe, Balkans,
Tunisia
Teucrium x rohlenae K. Maly Dalmatian hinterland (two
records) Montenegro

Although known in folk tradition for their medicinal properties, in Croatia they are among the less frequently used
medicinal plants. Folk medicine of Bosnia and Herzegovina and Croatia mentions the use of T. polium and T. arduini
for stomach disorders, T. montanum for liver and stomach disorders, T. chamaedrys for spleen disorders, cough,
diarrhea, metabolic disorders and as a diuretic, T. marum for biliary disorders and T. scordium for diarrhea (Redzi¢,
2007).

Recent studies on chemical diversity continue to confirm the species of this genus as a valuable source of useful
bioactive compounds. A phytochemical analysis of the essential oil of T. montanum and T. polium revealed that
sesquiterpenes such as germacrene D, f-caryophyllene, and p-pinene are the most important compounds in the
essential oils of the aerial parts (Zbilji¢ et al., 2021). Another study showed that T. polium, T. flavum, T. montanum,
and T. chamaedrys have similar essential oil compositions characterized by a high content of sesquiterpenes with
antiphytoviral activity (Bezi¢ et al., 2011). In addition, the species T. arduini, T. chamaedrys, T. montanum, and T.
polium are a rich source of various natural acetylcholinesterase inhibitors and antioxidants that may be useful in the
prevention and treatment of Alzheimer’s disease and other related disorders (Vladimir-Knezevi¢ et al., 2014). As
aromatic plants, the insecticidal activity of Teucrium species essential oils has also been confirmed in several studies,
focusing on T. polium (reviewed in Gagliano Candela et al., 2021).

There are very few systematic studies on natural Teucrium populations. In accordance with the scope of our project,
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the research area of this study was limited to Split-Dalmatia County. Six Teucrium species have been previously
recorded in this area (T. scordium, T. fruticans, T. flavum, T. chamaedrys, T. montanum and T. polium), the last two
of which are among the most common (Nikoli¢, 2022). Also, ethnobotanical surveys revealed that along most of
the Croatian coast, T. montanum is mainly used (under the name ‘trava iva’) in the form of an infusion as a panacea
‘for cleansing the body’ and also for common cold; while on the islands and in the lower coastal areas, where T.
montanum is rare, T. polium is used instead under the same name (Luczaj et al., 2021). Otherwise, the habitats of T.
polium and T. montanum overlap, just as their flowering time, from June to August. Both species are semi-woody,
evergreen small shrubs.

Interestingly, two populations of individuals with intermediate morphological and anatomical characteristics of both
T. montanum and T. polium were discovered relatively recently at two sites in Croatia, in Split-Dalmatia County.
Previously, this taxon had been detected only at one site in Montenegro and described as T. x rohlenae K. Maly. All
morpho-anatomical analyses supported the separation of two species, T. polium and T. montanum, and showed the
intermediate position of the new natural hybrid in the flora of Croatia found at the two mentioned sites (Zbilji¢ et
al,, 2021).

Considering that we can expect hybrid individuals in all areas where T. montanum and T. polium grow sympatrically,
the main objective was to investigate their potential habitats in the wider area of Split-Dalmatia County and to sample
these species in order to gain deeper knowledge about their hybridization patterns and frequency. We focused on
sampling populations of the species T. polium and T. montanum in parts of their distribution area where these two
species grow sympatrically and the occurrence of hybrid individuals is more likely.

Material and Methods

Ecogeographical survey and collection of plant material of T. montanum, T. polium and T. x rohlenae for morphological
and genetic analyses was performed within Split-Dalmatia County (Figure 1.). Prior to the collection missions the
analyses of available data were undertaken, in order to find potential locations with the most suitable habitats for
targeted species. The first collecting mission was carried out in June 2021. Besides Teucrium species, plant material
of two other important medicinal and aromatic species (Salvia officialis L., Helichrysum italicum Roth.) was also
collected if present at any of the examined locations, for further analyses. Voucher specimens were deposited in the
Herbarium ZAGR of the Faculty of Agriculture, University of Zagreb.

Seeds collecting was performed during expedition in September 2022 and was carried out at confirmed localities as
well as some newly found. Along with the seeds of Teucrium species (T. montanum, T. polium, T. chamaedrys and T.
flavum), seeds of other available important medicinal and aromatic species (e.g. Salvia officialis, Satureja montana
etc.) were also collected. After the expedition, seeds were cleaned out of the plant material and prepared for storage.
Altogether 18 seed accessions were stored in the Collection of Medicinal and Aromatic Plants of the Department
of Seed Science and Technology, University of Zagreb Faculty of Agriculture. Within the Collection, plant genetic
resources of medicinal and aromatic plants are systematically collected, characterised, maintained, evaluated,
documented and regenerated for future introduction into agricultural production and breeding programmes (Satovi¢
etal, 2016). Recorded plant species locations were entered in Flora Croatica Database (Nikoli¢, 2022).

Results and Discussion

Within the area of Split-Dalmatia County, we found a total of six sites where both T. polium and T. montanum
populations co-occur, and an occurrence of hybrids resembling T. x rohlenae at five of these sites (Figure 1). One
additionallocation where all three species were found was only about 1 km distant from the previous site, so we assume
it as the same population. The sites recorded in this study confirm two previously reported sites for Croatia (Zbilji¢ et
al., 2021) and three that were not previously recorded. We sampled approximately 25 individuals per population of
both T. polium and T. montanum, as well as an available number of hybrid individuals (1-25), depending on the site.
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Figure 1. Map of sampling locations in Split-Dalmatia County showing locations where putative hybrids were
detected.

The very high incidence of hybrids at sites where T. polium and T. montanum co-occur (five of the six sites) suggests
that these two species hybridize frequently under natural conditions where their ecological requirements are met.

In addition, we also observed ‘hybrid’ individuals that were morphologically more similar to either T. polium or
T. montanum. We hypothesize that this is the result of back-crosses between hybrids and their parental species.
The goal of our future research is to confirm the hypothesis of the existence of hybrids and their back-crosses on
the genetic level, using two complementary molecular methods: Simple Sequence Repeats (SSRs) and Amplified
Fragment Length Polymorphisms (AFLP).

Zbilji¢ et al. (2021) performed detailed morpho-anatomical analysis, which indicated to the existence of natural
hybridization between T. polium and T. montanum. This hypothesis was also confirmed by biochemical analysis of
essential oil, which separated the two species T. polium and T. montanum and revealed the intermediate position of the
putative hybrids (Zbilji¢ et al., 2021). On the other hand, some other studies show that the essential oil composition
of the two species is not clearly distinguishable, as they contain similar compounds and a similar pattern of variability
(Bezi¢ et al. 2011; Marceti¢ et al. 2018). Therefore, more research on the phytochemistry of these species is needed.
Natural hybrids may also have potential value for agronomy. Therefore, future research should focus on analyzing
their phytochemical diversity and evaluating their potential for future breeding programs.

One of the long-term goals of plant genetic resource conservation and sustainable use of valuable species is their
introduction into agricultural production. Currently, there are only a few studies documenting the cultivation of
Teucrium species in Europe and Mediterranean countries, and these are related to their use as ornamental plants,
due to their decorative properties. Some Teucrium species are used as ornamentals with functional benefits, e.g., T.
fruticans has been shown to be a salt-tolerant species while retaining its ornamental value (Cassaniti et al. 2009).
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T. scorodonia is cultivated in many places as an ornamental plant in gardens and also naturalizes in some regions
(Gagliano Candela et al., 2021). To the best of our knowledge, there is no organized cultivation in Croatia. However,
there is a potential for cultivation of the species of this genus, which can be used both as an ornamental and aromatic
plants.

Conclusion

The main result of this study was finding of hybrid individuals between T. montanum and T. polium at three new sites
in Split-Dalmatia County.

The professional contributions of this work include a broader knowledge of different Teucrium species and the
status of their natural populations valuable for in situ conservation. In addition, this study contributes to ex situ
conservation by including the collected accessions in the Collection of Medicinal and Aromatic Plants and thereby
enabling their further characterization and evaluation, as well as their use in future breeding programs, taking into
account the potential for cultivation of Croatian native species.
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Abstract

The aim of the work was to determine the germination and germination energy of 32 clary sage (Salvia
sclarea L.) accessions collected in the period 1998-2009 and preserved in the Collection of Medicinal
and Aromatic Plants of the Department of Seed Science and Technology, University of Zagreb Faculty
of Agriculture. The highest germination was observed in accessions which have been preserved since
2009 (90 and 94 %) and 2008 (76, 70, 68 and 62 %). It can be concluded that clary sage seeds have very
good germination, that they tolerate storage very well, that they have been stored in good conditions
and that regeneration in plant gene banks should not be carried out often.

Keywords: clary sage, germination energy, seed conservation, genebanks

Introduction

Plant productivity in agroecosystems is determined by seeds, which are the most important criterion for plant
existence and dispersal, and rapid seed germination, which ist is the main criterion for plant establishment and the
most important stage in the plant life cycle (Bentsinka and Koornneef, 2008; Sedghi et al., 2010). For accessions kept
in the gene banks and seed collections, it is important to regularly check the germination of the preserved accessions
(Government of the Republic of Croatia, 2021). Since many plant species as well as certain local plant populations are
threatened with extinction due to various disasters and the replacement of local populations by new, high-yielding
cultivars, plant gene banks have been established worldwide (NN 89/02). The Croatian Bank of Plant Genes (HBBG)
was established in 1991 as a national project to organise activities related to conservation and sustainable use of
plant genetic resources in the Republic of Croatia (Kolak and Satovi¢, 1996; Kolak et al., 2004). Different climate,
relief and soil types in Croatia are the main reason for the richness of Medicinal and Aromatic Plant (MAP) species,
whose natural populations have a great biological diversity at the morphological, biochemical and genetic levels, and
whose collection and use has a very long tradition in Croatia (Satovi¢ et al., 2016). The basic MAP collection was
established in 1998 at the Department of Seed Science and Tecnology, University of Zagreb Faculty of Agriculture
while the Working Group for Medicinal and Aromatic Plants was established in 2006 (Satovi¢ et al., 2016; CPGRD,
2022). Within this collection, plant genetic sources of medicinal and aromatic plants are systematically collected,
characterised, preserved, evaluated, documented and regenerated for introduction into agricultural production and
breeding programmes (Satovié et al., 2016). The procedure for inclusion in the collection includes cleaning, moisture
determination, drying, vitality testing, packaging and registration. The accessions are stored in classical ex situ rooms
for medium-term seed storage, in a cold chamber at + 4 °C, in three-layer bags or jars. The vitality of the seeds of each
accession is regularly monitored and, if necessary, regeneration is carried out (Satovié et al., 2016). In total, more
than 4,411 accessions are stored in the HBBG, of which 2,604 are medicinal and aromatic plants (CPGRD, 2022).
About 80 % of the collected material is wild material of Croatian origin, taken during collection missions or donated,
while foreign samples come from other national gene banks, botanical gardens and research institutes (Brezovec et
al., 2006; Satovi¢ et al., 2016)

Clary sage (Salvia sclarea L.) is a biennial or perennial aromatic medicinal plant belonging to the Lamiaceae family
(Peana and Moretti, 2002). It is cultivated for its high-quality essential oil, which is used in the perfumery and
cosmetics industries, as a flavour enhancer, in tobacco products and in the production of liqueurs (Carrubba et
al., 2002). Although cultivation in the Mediterranean region has been documented for centuries, the popularity of
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this plant has increased in recent years (Yaseen et al., 2014). The growing demand for clary sage partly reflects its
therapeutic properties, which include the ability to lower blood pressure, treat anxiety, stress, menstrual disorders
and various skin conditions (Dzamic et al., 2008; Yang et al., 2014). Numerous studies have found that the essential
oil of the aerial part of the plant is rich in linalool and linalyl acetate, which have antioxidant, antimicrobial and
cytotoxic effects (Tadtong et al., 2012).

The aim of the work is to determine the germination and germination energy of clary sage (Salvia sclarea L.)
accessions from the Collection of Medicinal and Aromatic Plants of the Department of Seed Science and Technology,
University of Zagreb Faculty of Agriculture.

Material and methods

Seeds of 32 accessions of clary sage from the Collection of Medicinal and Aromatic Plants of the Department of Seed
Science and Technology of the University of Zagreb, Faculty of Agriculture, within the framework of the National
Program for the Conservation and Sustainable Use of Plant Genetic Resources for Food and Agriculture of the
Republic of Croatia, were used for this study.

Germination and germination energy testing was conducted under controlled laboratory conditions at the University
of Zagreb Faculty of Agriculture, Department of Seed Science and Technology, in 2021 as per the ISTA (1993) Rules.
Before the experiment, the seeds were surface-sterilized with 3% Izosan for three minutes and rinsed under running
water. They were then rinsed in distilled water and dried to optimum moisture.

Due to the limited amount of seeds each accession was germinated in two replicates, two Petri dishes with 25 seeds
each. The seeds were germinated on germination paper (Munktell 21/N, 580x580mm, 80g/qm) in 10-cm-diameter
Petri dishes (Steriplan’, DURAN’, DWK Life Sciences GmbH, Germany). Petri dishes with seeds were for germination
placed in a germination chamber at a constant temperature (25 °C + 1 °C) with a photoperiod of 16 h of light and
8 h of darkness. The number of germinated seeds (seeds with a root size > 2 mm) was determined every other day
over a period of 21 days.

At the end of the study, the following parameters were calculated:

Germinability (G, %) represents the number of germinated seeds in percentage (Scott et al., 1984.) and was calculated
according to the formula:
ng
G =—Xx100
n

where n, indicates the number of germinated seeds, and # is the total number of seeds in the experiment.

Mean germination time (MGT, day) is the germination time in days and was calculated

according to the formula:

K
i=1 Ni t;

k
i=1 T

MGT =

where t, is the time from the beginning of the experiment to the observation time (i"), n, is

the number of germinated seeds in the ith time, and k is the last day of germination (Ranal et al., 2009.).

Results and discussion

In this study, the germination rate and germination energy of 32 accessions of clary sage from the Collection of
Medicinal and Aromatic Plants were tested over 21 days.

At the end of the research, the germinability and the mean germination time were calculated. Table 4 shows that of
the 32 accessions, the seeds of 28 accessions germinated, while four accessions did not have a single germinated seed.
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Table 1. A list of clary sage accessions with information on the location and year of collection, germinability (G, %)
and mean germination time (MGT, day)

No.  Accession Location of collection ~ Year of Germinability (G, Mean germination time
collection %) (MGT, day)

1 MAP00002 Slovakia 1996 22 9.54
2 MAP00141 Czech Republic 1998 0 /

3 MAPO00377 Italy 1999 2 7.00
4 MAPO02196 Kastel stari 2008 34 2.97
5 MAPO02197 Solta 2008 8 2.00
6 MAP02198 Solta 2008 62 2.14
7 MAP02199 Solta 2008 68 2.15
8 MAP02200 Hvar 2008 36 2.00
9 MAP02201 Korcula 2008 68 2.29
10 MAP02202 Korcula 2008 76 2.06
11 MAP02203 Korcula 2008 34 3.32
12 MAP02204 Brac 2008 52 3.35
13 MAPO02205 Bra¢ 2008 70 4.37
14 MAPO02206 Vrgorac 2008 0 /

15 MAP02207 Murter 2008 50 2.35
16 MAP02208 Murter 2008 20 2.65
17 MAP02209 Zivogosce 2008 38 2.58
18 MAPO02210 Trogir 2008 20 4.67
19 MAP02211 Trogir 2008 4 4.00
20 MAP02212 Vrpolje 2008 12 7.84
21 MAP02213 Trogir 2008 0 /

22 MAPO02214 Trogir 2008 20 5.80
23 MAPO02216 Sibenik 2008 20 8.59
24 MAP02217 Prokljansko jezero 2008 42 2.86
25 MAPO02218 Zirje 2008 44 2.09
26 MAP02219 Dugi otok 2008 62 4.08
27 MAP02220 Bra¢ 2008 34 6.90
28 MAPO02271 Split 2008 20 9.25
29 MAP02386 Dugi otok 2009 94 3.07
30 MAP02392 Dugi otok 2009 0 /

31 MAP02393 Tribunj 2009 90 2.49
32 MAP02405 Stankovci 2009 50 3.27

Based on the research conducted, clary sage seeds were found to have very good germination considering the past
years the seeds were stored.

The highest percentage of germination (Table 1) was observed in accessions 2386 (94 %) from Dugi otok and 2393
(90 %) from Tribunj, stored since 2009, slightly less in accessions 2202 (76 %) from Kor¢ula, 2205 (70 %) from Brac,
2201 (68 %) from Korcula, 2199 (68%) from Solta, 2219 (62 %) from Dugi otok and 2198 (62 %) from Solta, stored
since 2008. The other samples had a germination rate of about 50 % or less. Although accession 2197 had only eight
germinated seeds, it had the fastest average germination time of two days, next to accession 2200 (Table 1). Besides
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them, the fastest germination time was observed in accessions 2218 (2.09) from Zirje, 2209 (2.58) from Borovik,
2208 (2.65) from Murter and 2196 (2.97) from Kastel Stari, which have been kept since 2008. Although accession
2386 had the highest percentage of germination (94 %) compared to the less germinated samples, it had a slightly
longer germination time (3.07).

The results of this study suggest that the seeds were stored under good conditions and that regeneration in plant
genebanks does not need to be carried out often.

A similar study was conducted by Zuti¢ and Dudai (2008) who, among others, investigated the germination of
Dalmatian sage (Salvia officinalis L.) cultivar “Moran” at 25 °C with constant lighting, stored at 6 °C and aged from 0
to 15 years. The highest germination and vigour were found in 3 and 8 year old seeds (81 and 73 %) and the authors
concluded that ageing of sage seeds is a relatively slow process.

Conclusion

The research revealed that the seeds of clary sage showed very good germination, which means that it tolerates
storage well, i.e. that it was stored under good conditions, so that regeneration in plant genebanks does not have to
be carried out often. Out of 32 research accessions, nine had a germination level of more than 50%.
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SaZetak

Mladi izdanci smatraju se funkcionalnom hranom zbog visokog sadrzaja minerala i bioaktivnih
spojeva, a sadrze manje nitrata u odnosu na biljke u kasnijoj fenologkoj fazi. Cilj istrazivanja bio je
utvrditi utjecaj 3 podloge (komercijalni supstrat, mjesavina komercijalnog supstrata i perlita, juta) na
koli¢inu suhe tvari i mikroelemenata u mladim izdancima brokule, poriluka i cikle. Najveca prosje¢na
koli¢ina suhe tvari (7,82 % ST) i mikroelemenata u svjeZoj tvari (st) mladih izdanaka utvrdena je pri
uzgoju na juti. Primjena jute rezultirala je najve¢om koli¢inom suhe tvari (9,77 % ST) i cinka (0,72 mg
Zn 100 g st) u izdancima poriluka te najve¢om koli¢inom Zeljeza (2,12 mg Fe 100 g st) u izdancima
cikle.

Klju¢ne rijedi: Brassica oleracea var. italica, Beta vulgaris var. conditiva, Allium ampeloprasum ssp.
porrum, mineralni sastav, alternativni supstrati

Uvod

Novija kategorija biljnih namirnica koja se istice kao funkcionalna hrana, zbog pozitivhog utjecaja na ljudsko
zdravlje, mladi su izdanci razli¢itih vrsta povrc¢a, aromati¢nog bilja, samoniklog jestivog bilja i Zitarica. Mladi se
izdanci konzumiraju u fazi kotiledona i djelomi¢no ili potpuno razvijenih prvih pravih listova, a odlikuju se bogatim
nutritivnim sastavom, raznolikim bojama te razli¢itim teksturama i okusima koji doprinose pobolj$anju okusa i
izgleda jela (Marchioni i sur., 2021.; Renna i sur., 2017.). Nedavna istraZivanja pokazuju da mladi izdanci sadrze
vecu koli¢inu minerala i bioaktivnih spojeva, a manje nitrata u odnosu na biljke u kasnijoj fenoloskoj fazi (Pinto
i sur., 2015.; Xiao i sur, 2012.). Odabir podloge za uzgoj moze znacajno utjecati na nutritivou vrijednost i prinos
mladih izdanaka (Di Gioia i sur., 2016.). Najcesce koristene podloge za uzgoj mladih izdanaka su treset i mjesavine
supstrata s tresetom, no njihov nedostatak je visoka cijena pa su proizvodaci u potrazi za odrzivijim podlogama s
nizom cijenom. Alternativne podloge koje se mogu koristiti za uzgoj mladih izdanaka su kora drveta, kokosova
vlakna, pijesak, perlit, vermikulit te nusproizvodi u industriji vlakna i tekstila, poput vlakana pamuka, konoplje i jute
(Kyriacou i sur., 2016.; Bulgari i sur., 2021.). Cilj ovog rada bio je utvrditi utjecaj tri razli¢ite podloge na koli¢inu suhe
tvari i mikroelemenata mladih izdanaka brokule, poriluka i cikle.

Materijal i metode

Istrazivanje je provedeno tijekom proljeca 2019. godine u Zavodu za povréarstvo Agronomskog fakulteta u Zagrebu
metodom slu¢ajnog bloknog rasporeda u 3 ponavljanja. U istrazivanje su uklju¢ene vrste: brokula (Brassica oleracea
L. var. italica Plenck) ‘Calabrese, poriluk (Allium ampeloprasum L. ssp. porrum) ‘Doreamon’ i cikla (Beta vulgaris var.
conditiva Alef.) ‘Red lady’; Rem Sprout (Italija), a koriSteno je sjeme organskog porijekla. Testirane su 3 podloge za
uzgoj mladih izdanaka: komercijalni supstrat za uzgoj presadnica ‘Klasman Potgrond H’ (S), mjesavina komercijalnog
supstrata ‘Klasman Potgrond H’ i perlita ‘Agroperl’(Europerl) u omjeru 5:1 (S+P) te etveroslojna juta (J) rezana
na odgovaraju¢e dimenzije za uzgojne posude (26 cm x 36 cm x 6,3 cm). Prije postavljanja pokusa provedeno je
namakanje sjemena cikle u trajanju od 24 sata radi pobolj$anja klijanja. Zbog razli¢ite duzine proizvodnog ciklusa
uzgajanih vrsta, sjetva poriluka i cikle provedena je 30. svibnja u koli¢ini od 196 g m?, odnosno 356 g m?, dok je
sjetva brokule bila 3. lipnja u koli¢ini od 263 g m?. Zbog odrzavanja optimalnih uvjeta (tama, visoka vlaga) nakon
sjetve, sjeme je prekriveno papirnatim ubrusima koji su svakodnevno prskani vodom, a zatim su uzgojne posude
prekrivene poklopcima do faze nicanja. Nakon uklanjanja ubrusa i poklopaca, svakodnevno se provodilo zalijevanje
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podloga koli¢inom od 100 do 200 ml vode po uzgojnoj posudi. Tijekom uzgoja kontinuirano je mjerena temperatura
i relativna vlaga zraka.

Berba mladih izdanaka zapocela je 10. lipnja berbom izdanaka brokule i poriluka na svim podlogama, a nastavila
se berbom cikle 12. lipnja (S i S+P) i 14. lipnja (J). Reprezentativni uzorci biljnog materijala osuSeni su na 105
°C, samljeveni, homogenizirani te analizirani u triplikatu u laboratoriju Zavoda za ishranu bilja Agronomskog
fakulteta gdje je utvrdena koli¢ina suhe tvari i mikroelemenata (Zeljezo, cink, mangan i bakar). Odredivanje suhe
tvari (%) provedeno je gravimetrijskom metodom prema normi HRN ISO 11465:2004 (HZN, 2004.). Mikroelementi
su odredeni atomskom apsorpcijskom spektrofotometrijom, nakon digestije s koncentriranom HNO3 i HCIO4
(Milestone 1200 Mega Microwave Digester), AOAC (1995.). Koli¢ina mikroelemenata mladih izdanaka izrazena je
umg 100 g ' svjeze tvari (st), bududi da se mladi izdanci konzumiraju u svjeZzem stanju te kako bi se unos minerala
konzumacijom izdanaka istrazivanih vrsta usporedio s preporukama za potreban dnevni unos minerala. Statisticka
obrada podataka provedena je u programu SAS Software v. 9.4 (2013.). Razlike izmedu istrazivanih vrsta za sva
promatrana svojstva podvrgnute su jednosmjernoj analizi varijance (ANOVA), a srednje vrijednosti usporedene su
t-testom (LSD) na razini signifikantnosti p<0,05.

Rezultati i rasprava

U tablici 1 prikazana je koli¢ina suhe tvari i mikroelemenata u mladim izdancima brokule, poriluka i cikle te je vidljiv
opravdan utjecaj testiranih podloga na istrazivana svojstva. Najveca koli¢ina suhe tvari (9,77 % ST) utvrdena je pri
uzgoju poriluka na juti kao podlozi, dok je uzgoj mladih izdanaka brokule na podlozi S+P rezultirao najmanjom
koli¢inom suhe tvari (4,93 % ST). Koli¢ina suhe tvari ostvarena uzgojem izdanaka brokule na podlogama Si S+P u
skladu je s rezultatima istrazivanja Opacic i sur. (2016.) koji su utvrdili 5,08 % ST u izdancima brokule uzgojenim
na supstratu ‘Klasman Potgrond H’

Najveca koli¢ina Zeljeza utvrdena je u izdancima cikle uzgojenim na juti (2,12 mg Fe 100 g™ st), dok je u izdancima
brokule i poriluka uzgojenima na podlozi S+P utvrdena jednaka i statisti¢ki najmanja koli¢ina Zeljeza (0,961 0,97 mg
Fe 100 g' st). Utvrdena prosje¢na koli¢ina Zeljeza u mladim izdancima brokule (1,02 mg Fe 100 g st) uzgojenim
na podlozi S veca je od vrijednosti (0,77 mg Fe 100 g st) u istrazivanju Opaci¢ i sur. (2016.). U istrazivanju De la
Fuente i sur. (2019.) utvrdene su koli¢ine zeljeza 0,39 mg 100 g ' st te koli¢ine cinka 0,16 mg 100 g* st u uzgoju 4 vrste
mladih izdanaka iz porodice Brassicaceae u hidroponskom uzgoju, a bile su manje u odnosu na rezultate dobivene
u ovom radu. Primjena jute kao podloge rezultirala je najve¢om koli¢inom cinka u izdancima poriluka (0,72 mg
Zn 100 g' st), dok je najmanja koli¢ina cinka utvrdena uzgojem izdanaka brokule na podlozi S+P. Najveca koli¢ina
mangana utvrdena je u mladim izdancima cikle uzgojene na juti (0,94 mg Mn 100 g st) i bila je statisticki jednaka
vrijednosti utvrdenoj na komercijalnom supstratu (0,84 mg Mn 100 g st). Jednaka i statisticki najmanja koli¢ina
mangana utvrdena je u izdancima brokule uzgojene na podlogama S i S+P. Koli¢ina cinka i bakra u izdancima
brokule uzgojenim na podlozi S u skladu su s rezultatima istrazivanja Paradiso i sur. (2018.).
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Tablica 1. Koli¢ina suhe tvari i mikroelemenata u mladim izdancima

B Suha tvar Fe Zn Mn Cu
Vrsta Varijanta
% ST mg 100 g* st
S 5,071 1,02 f 0,35f 0,36f 0,04 °
Brokula S+P 4931 0,96 ¢ 0,318 0,361 0,04
J 6,98 ¢ 1,39¢ 0,49 ¢ 0,47 ¢ 0,06°
Prosjek 5,66 1,12 0,38 0,40 0,05
S 8,43° 1,09 ¢ 0,46 0,88° 0,13
Poriluk S+P 7,49 ¢ 0,97 ¢ 0,45¢ 0,74 ¢ 0,12
J 9,77 * 1,43" 0,72 0,86 b 0,15
Prosjek 8,56 1,16 0,54 0,83 0,13
S 6,06 f 1,39 0,58 ¢ 0,84* 0,14 »*
Cikla S+P 5,358 1,30¢ 0,59 ¢ 0,754 0,14
J 6,86 ° 2,12* 0,66 ° 0,94° 0,12
Prosjek 6,09 1,60 0,61 0,84 0,13

Razlicita slova predstavljaju znacajno razlicite prosjecne vrijednosti prema LSD testu, p<0,05
ST - suha tvar, st - svjeza tvar

S obzirom na podlogu, statisticki najveca koli¢ina suhe tvari svih uzgajanih vrsta mladih izdanaka ostvarena je
uzgojem na juti (J), dok je primjena supstrata i perlita kao podloge rezultirala najmanjom koli¢inom suhe tvari
(Tablica 2). Vece vrijednosti suhe tvari ostvarene uzgojem na juti u skladu su s istrazivanjem Di Gioia i sur. (2016.).
Najveca koli¢ina zeljeza, cinka i mangana u mladim izdancima testiranih vrsta utvrdena je na juti (1,65 mg Fe,
0,62 mg Zn i 0,76 mg Mn 100 g st). dok se uzgoj na podlozi S nije statisticki razlikovao od uzgoja na podlozi S+P
(0,46 mg Zn i 0,45 mg Mn 100 g st). Primjena podloge S+P negativno je utjecala na koli¢inu Zeljeza i mangana
u izdancima svih uzgajanih vrsta, s prosje¢nim vrijednostima 1,08 mg Fe i 0,62 mg Mn 100 g* st. Nije utvrdena
statisticki opravdana razlika u koli¢ini bakra izmedu testiranih podloga za uzgoj mladih izdanaka povrtnih vrsta.

Tablica 2. Prosje¢ne vrijednosti suhe tvari i mikroelemenata mladih izdanaka ostvarene na razli¢itim supstratima

. Suha tvar Fe Zn Mn Cu
Varijanta
% ST mg 100 g' st
S 6,52° 1,17° 0,46 ° 0,69° 0,10 "+
S+P 592¢ 1,08 ¢ 0,45° 0,62 ¢ 0,10
] 7,82% 1,65° 0,62° 0,76 * 0,11

Razlicita slova predstavljaju znacajno razlicite prosjecne vrijednosti prema LSD testu, p<0,05
ST - suha tvar, st - svjeZa tvar

Neovisno o podlozi, najveca prosje¢na koli¢ina suhe tvari (8,56 % ST) utvrdena je u mladim izdancima poriluka, a
najmanja u izdancima brokule (5,66 % ST); (Tablica 3). U istrazivanju Xiao (2013.) utvrdena je 30 % manja koli¢ina
suhe tvari u izdancima cikle od vrijednosti ostvarene u ovom radu (6,09 % ST). Najveca prosje¢na koli¢ina Zeljeza
i cinka utvrdena je u izdancima cikle (1,60 mg Fe i 0,61 mg Zn 100 g st), dok su izdanci brokule imali prosje¢no
najmanje Zeljeza i cinka (1,12 mg Fe i 0,38 mg 100 g st). Prosje¢ne vrijednosti koli¢ine mangana u izdancima
poriluka i cikle nisu se statisticki razlikovale (0,83 i 0,84 mg Mn 100 g st), a najmanja koli¢ina je utvrdena u
izdancima brokule (0,40 mg Mn 100 g™* st) $to je vi$e od vrijednosti izdanaka brokule dobivene u istrazivanju Opaci¢
i sur. (2016.). Prema podacima USDA (2018.) svjezi poriluk u tehnoloskoj zrelosti sadrzi manje cinka (0,12 mg Zn
100 g st) i mangana (0,48 mg Mn 100 ' st) u odnosu na mlade izdanke. Mladi izdanci brokule u ovom istrazivanju
imali su prosje¢no najmanju koli¢inu bakra (0,05 mg Cu 100 g st), $to je u skladu s rezultatima istrazivanja Opaci¢
isur. (2016.) te Paradiso i sur. (2018.). U izdancima poriluka i cikle utvrdena je jednaka koli¢ina bakra.
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Tablica 3. Prosje¢ne vrijednosti suhe tvari i mikroelemenata mladih izdanaka brokule, poriluka i cikle

Suha tvar Fe 7n Mn Cu
Vrsta
% ST mg 100 g st
Brokula 5,66 ¢ 1,12 ¢ 0,38 ¢ 0,40 0,05°
Poriluk 8,562 1,16° 0,54 0,832 0,132
Cikla 6,09° 1,602 0,612 0,842 0,132

Razli¢ita slova predstavljaju znacajno razlicite prosjecne vrijednosti prema LSD testu, p<0,05
ST - suha tvar, st - svjeza tvar

Prema preporuci EU (2011.) preporucena dnevna vrijednost unosa Zeljeza, cinka, mangana i bakra za odrasle osobe
iznosi 14 mg Fe, 10 mg Zn, 2 mg Mn i 1 mg Cu. U ovom radu najveca koli¢ina Zeljeza (2,12 mg Fe 100 g st) i
mangana (0,94 mg Mn 100 g st) utvrdena je u izdancima cikle uzgajane na juti te se konzumacijom 100 g tako
uzgojenih izdanaka moze podmiriti 15,14 % dnevnih potreba za zZeljezom i ¢ak 47 % dnevnih potreba za manganom.
Konzumacijom 100 g izdanaka poriluka uzgojenih na juti moZze se podmiriti 7,2 % dnevnih potreba za cinkom, dok
se 14 % dnevnih potreba za bakrom moze podmiriti konzumacijom 100 g izdanaka cikle uzgojenih na podlozi S ili
S+P.

Zakljucak

Upotreba jute kao podloge rezultirala je znacajno vi$im vrijednostima suhe tvari te svih mikroelemenata stoga se
moze preporuciti za uzgoj mladih izdanaka. Primjena mje$avine komercijalnog supstrata i perlita (S+P) kao uzgojne
podloge negativno je utjecala na koli¢inu suhe tvari, Zeljeza i mangana u mladim izdancima. Neovisno o podlozi,
mladi izdanci cikle izdvajaju se kao bolji izvor Zeljeza, cinka, mangana i bakra u odnosu na ostale testirane vrste.

Napomena

Rad je izvod iz diplomskog rada Tamare Brlek, mag. ing. agr. naslova ‘Utjecaj supstrata na prinos i nutritivnu
vrijednost mladih izdanaka povrca i suncokreta.
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Microelements content of broccoli, leek and red
beet microgreens

Abstract

Microgreens are considered functional food due to high content of minerals and bioactive compounds
and contain fewer nitrates compared to plants in a later phenological phase. The aim of this research
was to determine the effect of 3 tested growing media (commercial seedling substrate, a mixture
of commercial substrate and perlite, burlap) on the amount of dry matter and microelements in
broccoli, leek, and reed beet microgreens. The highest average values of dry weight (7.82% DW) and
microelements of microgreens, expressed in fresh weight (fw), were determined when grown on
burlap. Cultivation on burlap resulted in the highest amount of dry weight (9.77% DW) and zinc (0.72
mg Zn 100 g fw) in leek microgreens and the highest amount of iron (2.12 mg Fe 100 g fw) in red
beet microgreens.

Keywords: Brassica oleracea var. italica, Beta vulgaris var. conditiva, Allium ampeloprasum ssp. porrum,
alternative growing media, mineral content
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Abstract

The aim of this research was to determine the effect of sowing density on the morphological traits and
yield of hydroponically grown spinach. During a harvest conducted 32 days after sowing, morphological
characteristics were analysed and spinach yield was determined. No significant effect of sowing density
on spinach rosette height was found, while statistical differences between the tested treatments were
determined for other morphological traits and yield. The highest weight of spinach rosettes (6.5 g) was
obtained at the lowest sowing density, while the highest yield (2 kg m™) was obtained at the highest
sowing density.

Keywords: Spinacea oleracea L., floating system, rosette mass and height, leaves number

Introduction

Recently, the consumption of young spinach in combination with other leafy vegetables has been continuously
increasing in Croatia. Also, in greenhouses, it is increasingly common to replace conventional cultivation of plants
on the soil with hydroponic cultivation which reduces soil degradation, the accumulation of harmful organisms and
harmful effects on the environment, and increases yield and quality (Kacjan Marsi¢, 2017.). According to Oztekin et
al. (2018.), higher yield and nutritional value of spinach are obtained in floating hydroponics and the cultivation is
shorter compared to soil cultivation. The same authors report that yield and quality of leafy vegetables are influenced
by cultivation techniques, sowing density, concentration of macronutrients in the nutrient solution, length of the
production cycle, and other factors. According to Toth et al. (2012.), in hydroponic cultivation, it is necessary to
determine the optimal composition of the nutrient solution, sowing density, and appropriate assortment depending
on the growing period to achieve higher yield and quality for each type of leafy vegetable. Janeczko and Timmons
(2019.) state that the sowing density and the volume of the growing pots influence the morphological characteristics
of cut leafy vegetables. For the cultivation of spinach in floating hydroponics, different data on sowing density are
given. Cocetta et al. (2007.) indicate 1150 seeds m™ for sowing density of spinach, while Oztekin et al. (2018.) in
their study indicate 957 plants m™? as a plant density of spinach. The aim of this research was to determine the effect
of sowing density on the morphological characteristics and yield of spinach using the floating hydroponic technique
during the spring-summer growing period.

Material and methods

The research was set up in the greenhouse at the University of Zagreb Faculty of Agriculture in Zagreb during
the spring-summer growing season of 2021. A one-factorial experiment was set up according to the randomized
complet block design in 3 replications with the spinach cultivar ‘Eagle F1” (Rijk Zwaan). Seeds were sown on April
23. One polystyrene board (0.96 m x 0.6 m) with 102 splits (17 cm long and 0.5 cm wide) represented scoring lot
(0.57 m?). Boards were filled with perlite of granulation 0 - 6 mm. Three sowing densities were tested: A - 1252, B
- 2505 and C - 3758 seeds m?, i.e. 21.3, 42.7 and 64.2 g m™?) and covered with perlite of finer granulation (0-3 mm).
Before sowing, the mass of 1000 seeds of cultivar ‘Eagle F1’ was determined (17.2 g). After sowing, the boards were
placed in a dark place with a temperature suitable for germination (21°C, relative humidity 42 to 60%) of spinach
seeds. Germination was detected on May 4, when the nutrient solution for growing spinach was prepared according
to the Tessi (2002.) and the polystyrene boards with the germinated spinach were placed in the pool with the nutrient
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solution. The spinach harvest was performed on May 25, i.e. 32 days after sowing. On 10 plants per repetition of each
sowing density, next morphological characteristics of spinach were analysed: mass and height of the rosette, number
of leaves, and the yield was determined. The statistical program Windows SAS® Software v.9.3 (2010.) was used for
statistical procedures of the obtained results. The differences between the tested sowing densities for all the observed
traits were analyzed by analysis of variance, and the significant differences between the average values were tested by
LSD test and were considered significantly different at p<0.05.

Results and discussion

During the experiment (from May 4 to 25), the minimum and maximum temperature and relative humidity
(graph 1) were measured daily in the greenhouse equipped with side and roof ventilation. The lowest minimum air
temperature (7.5°C) was measured at the beginning of cultivation (May 4) and the highest maximum air temperature
in the greenhouse (41.3°C) was measured on May 5 and 11. The values of minimum and maximum relative humidity
ranged from 10 to 47% and from 73 to 88%, respectively. The average daily value of relative humidity varied between
38.5 and 67.5% during the reaearch (data not shown).

Graph 1. Minimum and maximum air temperature (°C) and relative air humidity (%) in greenhouse during
spinach cultivation, Zagreb, 2021.

According to Albright (2005.), the optimal air temperature for hydroponic cultivation of spinach is 25°C (day) and
20°C (night), while the preferred relative humidity is 30% to 70%. Gent (2017.) recommends temperatures of 17 to
22°C with horizontal circulation, installation of shading and humidifiers. During the research, the average daily air
temperature varied between 18.6 and 28.4°C (data not shown), which is higher than the optimal values for spinach
growth (15 to 18°C) reported by Lesic¢ et al. (2016.).

During spinach cultivation, the nutrient solution pH varied from 5.99 to 6.88 (Graph 2) and corresponded to the
optimal values of 5.8 to 6.2 reported by Toth et al. (2012.) and 6.0 to 7.0 reported by Sharma et al. (2018.). According
to Albright (2005.), the optimum values for pH and electrical conductivity (EC) of the nutrient solution in spinach
cultivation are 5.8 and 1.2 dS m, respectively. During cultivation, the EC value of the nutrient solution varied
slightly, i.e., it was in the range of 2.30 to 2.66 dS m™, which was slightly different from the values (1.8 to 2.3 dSm™)
reported by Sharma et al. (2018.).
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Graph 2. pH and EC values of nutrient solution during spinach cultivation

The results of morphological characteristics and yield of spinach depending on the tested sowing densities, are
presented in Table 1. The highest rosette mass (6.5 g) was measured at the lowest sowing density (A 21.3 g m™?), while
the smallest rosette mass (4.1 g) was determined at the highest seeding density (C 64.2 g m™). In the study conducted
by Toth et al. (2016) on the influence of fluid drilling of germinated spinach seeds on agronomic traits in spring
growing period, higher spinach rosette mass (8.45 g) was obtained.

Rosette height varied from 14.0 (A 21.3 gm™) to 17.0 cm (C 64.2 g m™?). It can be assumed that the highest seeding
density (C) resulted with elongation of plants due to an insufficient amount of light. The spinach rosette height
achieved in this study, regardless of seeding density, was significantly lower than the value of 26.96 cm to 28.04 cm
reported by Gaikwad and Mallick (2020.) in the study of growing spinach with different hydroponic systems. Lamut
(2011.) reported that the average height of spinach plants grown in a commercial substrate (7.5 cm) was lower than
that of plants grown in a floating hydroponic system (14.7 cm), regardless of the substrate used.

At the lowest sowing density (A 21.3 g m™?), the highest average number of leaves (7.2) was found and was statistically
equal to the number of rosette leaves (6.7) of plants grown at a sowing density of 42.7 g m (B). The obtained results
are in agreement with the values reported by Lamut (2011.) when spinach was grown in a floating hydroponic
system, where the number of spinach rosette leaves at harvest varied from 6.4 in the cultivar ‘Matador’ to 7.0 in the
cultivar ‘Spokane’ In a study, Shah et al. (2009.) compared the cultivation of spinach in two nutrient solutions in a
non-circulating hydroponic system and found that the maximum number of leaves (12.44 and 12.33) was obtained
in plants grown in 50% and 100% Cooper’s solution, respectively.

166 58th Croatian & 18th International Symposium on Agriculture | 11-17 February, 2023, Dubrovnik, Croatia



The effect of sowing density on morphological traits and yield of hydroponically grown spinach

Table 1. The effect of sowing density on morphological properties and yield of spinach in floating hydropon

Sowing density Rossete Yield,
Seeds m™ gm? Mass, g Height, cm Number of leaves kg m?

A 1252 21.3 6.5a 14.0 n.s. 72a 1.1b
B 2505 42.7 5.5ab 16.9 6.7 ab 1.6 ab
C 3758 64.2 41b 17.0 6.5b 20a
average 5.37 16.0 6.8 1.56

Different letters indicate significant differences between mean values according to LSD test, p<0.05

The highest yield (2.0 kg m?) was obtained at the highest sowing density (C 3758 seeds m?). In the study by Cocetta
et al. (2007.), the average yield of spinach in floating hydroponics at a sowing density of 1150 seeds m™ varied from
1.1 to 1.5 kg m? depending on the nutrient concentration in the solution. The same spinach yield (1.1 kg m?) was
obtained in this research with the lowest spinach sowing density (A 21.3 g m?), i.e. sowing 1252 seeds m™. Sowing
densities B (2505 seeds m?) and C (3758 seeds m™) resulted in higher and statistically equal yield. However, in this
research, even the lowest yield obtained with the lowest sowing density is higher than the values reported by Oztekin
et al. (2018) and Ranawade et al. (2017.) for spinach grown hydroponically (0.904 and 0.934 kg m?). Also, Toth et
al. (2016.) reported that fluid drilling of germinated spinach seeds with the substrate cover resulted in a yield of 0.7
kg m~. In the mentioned study, the length of spinach vegetation in conventional cultivation in the soil in the spring
growing season was 48 days. In the study by Brandenberger et al. (2007.), the length of spinach cultivation in the
greenhouse varied from 37 (spring) to 53 days (autumn). A higher yield was obtained in the autumn growing season
(2.09 kg m™) than in the spring growing period (1.65 kg m™). In this research, which was conducted in the spring
growing season, the length of spinach vegetation was slightly shorter (32 days), with an average yield 1.56 kg m™
This suggests that a higher yield of spinach in floating hydropon could be expected in the autumn growing period.

Conclusions

In the research conducted in the spring growing period using floating hydroponic system, statistically justified
differences between the tested sowing densities were found for all traits except rosette height. The highest sowing
density resulted in the highest rosette height and yield, but also in elongation of the plants and their lower mass.
The average yield of spinach in the study was 1.56 kg m?, and statistically equal spinach yield (2.0 and 1.6 kg m?)
was found at the highest and medium tested sowing densities tested (3758 and 2505 seeds m?, respectively). In the
cultivation of spinach in a floating hydroponic system, a sowing of 2505 seeds m” could be recommended to obtain
an acceptable yield.
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Abstract

The ebb and flow system is a hydroponic technique for growing plants that allows rational water use and
management of water stress to obtain plant material rich in bioactive compounds. The risk with this
technique is the lower yield and the deterioration of the morphological characteristics of the cultivated
plants that can occur. The aim of this study was to determine the effect of 2 intervals of irrigation
intervals on the agronomic traits of stinging nettle in 2 harvest periods. The combination of 48 hours
of water stress and the 2" harvest period gave the highest yield (1.21 kg m?), while the combination
of 72 hours of water stress and the 1* harvest period resulted with the lowest nettle yield (0.65 kg m?).

Keywords: ebb and flow technique, irrigation frequency, yield, morphological characteristics, Urtica
dioica L.

Introduction

Pronounced climate changes in the form of extreme weather conditions such as drought, environmental pollution
with emphasis on groundwater contamination, and the general decrease in the availability of water suitable for
growing food are among the major challenges facing modern agriculture (Kheradmand et al., 2014.). For this
reason, the demand for sustainable production methods and management of important resources, such as water, is
increasing, and growers are turning to hydroponic cultivation in greenhouses. Various hydroponic techniques allow
the control and management of abiotic factors that directly affect the success of agricultural production. Through
appropriate agrotechnical measures, higher yields and products with distinct nutrient quality can be obtained, all
with precise and balanced plant nutrition and rationalized water use (Resh, 2013.).

For hydroponic cultivation of medicinal and aromatic plants, the nutrient film technique, floating hydroponics,
aeroponics and the ebb and flow system are recommended. Various authors (Ferrarezi et al., 2015.; Yang et al.,
2018.) point to ebb and flow as a water-saving technique suitable for rationalized fertilizer consumption and precise
adjustment of nutrient solution rations to the needs of the cultivated species and the targeted end product. The
mentioned technique works on the principle of time intervals in which the nutrient solution is available for the plants.
In the period between two fertigations, the plants are exposed to water stress, which can affect the morphological and
nutritional characteristics of the plants (Gent and McAvoy, 2011.; Opaci¢ et al., 2022a). Water stress positively affects
the amount of bioactive compounds produced by plants, and such plant material is rich in various phytochemicals.
Since even controlled water stress can lead to yield loss, it is extremely important to find the right balance between
induced stress depending on the plant species, which gives the plant material a richer content of bioactive compounds,
and satisfactory yield (Ahanger et al., 2017.).

Stinging nettle (Urtica dioica L.) is considered a functional food rich in essential minerals, vitamins, phytochemicals,
and other specialized metabolites and has been successfully grown using the floating hydroponics technique
(Pagliarulo et al., 2004.; Hayden, 2006.; Radman et al., 2014.; Radman et al., 2021.; Opacic¢ et al., 2022b). There is a
lack of studies on the morphological characteristics, yield, and nutrient quality of stinging nettle under conditions
of controlled water stress in the ebb and flow system. For this reason, a research was carried out with the aim of
determining the agronomic traits of hydroponically grown nettle under conditions of different irrigation intervals
during two harvest periods.
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Material and methods

The study was conducted in an unheated greenhouse at the University of Zagreb Faculty of Agriculture experimental
station during the winter-spring growing season of 2022. Nettle was grown using the ebb-and-flow technique. The
influence of 48- and 72-hour irrigation intervals during the first and second harvest periods on the agronomic traits
of nettle plants was studied. The experiment was laid out according to randomized complete block design in three
replicates with water stress and harvest as factors. Seeds were sown on January 20, 2022, in polystyrene containers
(dimensions 31 cm x 53 cm) containing 40 pots filled with commercial substrate (Klasman Potgrond H) and placed
on ebb and flow benches (dimensions 2 m x 3 m; 33 containers per bench) after sowing and irrigated regularly. Nettle
seeds (B&T World Seeds, France) were sown at a rate of 10 seeds per pot and thinned to 3 plants after germination to
achieve uniformity in the experiment. Complete emergence was recorded on February 14, and thinning of the plants
occured on March 14. From sowing until April 10 (when it was estimated that they had reached the appropriate size
and crop density), the plants were watered as needed according to temperature and relative humidity (RH) in the
greenhouse. On April 11 (81 days after sowing), treatments with nutrient solution (NS) according to the recipe of
Johnson (Table 1; Lorenz and Maynard, 1988.), began with different irrigation intervals according to the following
schedule:

Bench 1 - the interval for ebb and flow of NS was set to every 48 hours.

Bench 2 - the interval for ebb and flow of the NS was set to every 72 hours.

Table 1. Composition of the nutrient solution in mg L™

Macroelements
KNO, 251.0
KH_PO, 142.7
Ca(NO,),x 4H,0 501.5
MgSO, x 7H,0 256.3

Microelements
FeEDTA 13% 12.8
H,BO, 1.32
CuSO, x 5H,0 0.03
MnSO, x 4H,0 0.79
ZnSO,x 7H,0 0.11
Na MoO, x 2 H O 0.02

Acid

HNO, concentration - 56 %
EC (mS cm™) 1.5
pH 58-6.2

The nutrient solution was brought to the plants in a volume of 120 L and remained on the bench for 1 hour, after which
it was drained. This was repeated every 48 (bench 1) and 72 (bench 2) hours throughout the experiment. During
cultivation, the abiotic factors of the greenhouse (air temperature, RH) and the nutrient solution (pH and EC values)
were monitored regularly using a tabletop thermohygrometer (Agrologistika d.o.o., Croatia) and multiparameter
meter (Hanna instruments HI98194, Romania).

Harvests of nettle herb were made in the pre-flowering stage on May 10 and June 8, and the morphological
characteristics of 30 representative plants per treatment were analyzed. These included the following measurements:
plant height (cm), number of leaves, and leaf width and length (cm), from which leaf area index (LAI) was calculated
using the formula leaf length x width (cm?), and total yield (kg m™) was also measured. To ensure retrovegetation,
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nettle plants were cut above the first two nodules.

Statistical data processing was performed in SAS software v. 14.3 (2017.) using the PROC GLM (general linear
model) procedure. The results were subjected to two-factor analysis of variance (ANOVA), and the differences
obtained between the means were compared using the t-test (LSD) at the significance level p<0.05.

Results and discussion
The abiotic factors of the greenhouse and NS are shown in Table 2 as decade values for the period from the second

decade in February (greenhouse) i.e. the second decade in April (NS) to the first decade in June.

Table 2. Abiotic factors of the greenhouse and nutrient solution during nettle cultivation in the ebb and flow system

Greenhouse Nutrient solution
Period Temperature (°C) EC
) RH (%) pH
Min. Max. Mean (mS cm™)
February II 4.5 29.9 17.2 53
February III 8.7 29.7 19.1 47
March 1 8.0 23.1 15.6 35
March 11 10.6 32.1 21.3 32
March III 13.3 35.1 24.1 33
April T 14.8 32.0 234 42
April IT 16.8 32.9 24.8 36 6.8 1.5
April ITI 12.9 32.0 22.5 48 6.6 1.5
May I 17.7 35.2 26.4 46 6.4 1.4
May II 17.2 40.6 28.9 42 6.8 1.4
May III 16.7 40.1 28.4 48 6.4 1.4
June I 16.2 38.2 27.2 52 6.4 1.5
Average 13.1 33.4 23.2 43 6.6 1.5

Minimum greenhouse air temperature during nettle cultivation ranged from 4.5°C (February II) to 17.7°C (May
I), and maximum temperature ranged from 23.1°C (March I) to 40.6°C (May II). Average air temperature span was
from 19.6°C (April II) to 24.9°C (May III) with an average of 23.2°C, which according to Opacic¢ et al. (2022a) is
within the range of optimal temperatures for nettle growth and development (20 to 25°C).

The average minimum temperature was 13.1°C, while the average maximum temperature reached 33.4°C, which is
above the optimal range and can cause reduced growth of nettle plants (Opaci¢ et al., 2022b). The average value of
RH varied between 32 and 53%, which corresponds to the values recommended by Toth et al. (2012.) for RH during
the cultivation of rocket in unheated greenhouse. The same authors recommend a solution pH of 5.8 to 6.2, but the
value of 6.6 in this study was slightly higher. The average EC value was 1.5 mS cm™, which is the recommended value
for the Johnson nutrient solution accourding to Lorenz and Maynard (1988.).

Table 3 shows the influence of irrigation intervals and harvests and their interaction on the agronomic traits of nettle
grown in the ebb and flow system. A justified influence of irrigation intervals as the main factor on plant height,
number of leaves, and yield is evident, while a statistically justified influence on LAI was not found. Depending on
the harvest period, there were statistically justified differences in the number of leaves and yield, while no justified
influence of this factor on plant height and LAI was detected.
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Table 3. Influence of irrigation intervals, harvests and their interaction on agronomic traits of hydroponically grown

nettle
Plant height Leaf number/ LAI Yield
(cm) plant (cm?) (kg m?)
Irrigation 48 h 33.2+0.62° 11 +0.84° 23.5 £ 2.07™ 1.06 £ 0.16°
interval 72h 19.6 £ 0.41° 10 +1.19° 20.0 £5.73 0.66 + 0.09°
1 (1) 259 £3.18™ 11 £ 0.34* 22.5£4.51™ 0.76 + 0.14°
Harvest

2" (2) 26.8 £2.99 10 +1.15° 21.0 £4.77 0.96 + 0.09*
48 h1 33.0+£1.14* 11 £0.20° 24.1 £1.18™ 0.91 +0.05°
. 48 h2 33.4+£2.08 10 x1.11° 229 +£2.86 1.21 £ 0.09*

Interaction
72 hl 18.8 £ 0.22° 11 +0.42° 20.9 + 6.47 0.62 + 0.03¢
72 h2 20.3 +£0.98° 9 + 0.40° 19.0 £6.11 0.71 +0.02¢

Results are expressed as the mean value of triplicate + standard deviation. Mean values followed by the same letter within
each column do not differ significantly according to LSD test (p<0.05); ns — non significant

The interaction between different irrigation intervals and harvest periods had a significant influence on most of the
observed traits (plant height, number of leaves and yield), while for LAI the influence was not statistically significant.

An interval of 48 hours irrigation interval resulted in statistically significant taller nettle plants (33.2 cm) compared
to an interval of 72 hours (19.6 cm). Considering only the harvest period, relatively taller plants were measured
after the 2 harvest (26.8 cm) compared to the 1* harvest (25.9 cm), but this difference was not statistically justified.
Considering the irrigation interval and harvest period, the tallest plants were measured at 48 hours interval in both
harvests (48 hx1= 33.0 cm, 48 hx2= 33.4 cm). The combination 72 hx1 resulted in the lowest plants (18.8 cm), but
statistically not different from the 72 hx2 combination (20.3 cm). Radman et al. (2014.) found that the height of
nettle plants grown in floating hydroponics in two different substrates at 3 different seeding densities was greater on
average after the first harvest, which is contrary to the results of this study.

According to Chidiac (2017.), the height of lettuce shoots depends on the water stress interval, and a longer interval
has a negative effect on growth, which is consistent with this study, where plants exposed to a longer period without
nutrient solution were shorter than those that received nutrient solution more frequently. Osakabe et al. (2014.)
found that water stress reduces plant growth by decreasing the opening of stomata, which reduces CO, uptake and
thus photosynthetic activity.

When considering each factor, the highest number of leaves (11) was determined on plants grown under shorter
irrigation interval, while irrigation interval of 72 hours resulted in plants with an average of 10 leaves. An identical
result was obtained with harvest as the second factor. In the interaction of these two factors, the combinations 48 hx1
(n=11), 48 hx2 (n=10), and 72 hx1 (n=11) belonged to the highest statistical rank, while the lowest number of leaves
was counted in plants in the combination 72 hx2 (n=9). Radman et al. (2014.) reported higher average number of
nettle leaves after the second harvest. Mahmood et al. (2004.) found that water stress in the form of withholding
irrigation until the lower 2-3 leaves of the plants wilted reduced the number of leaves in arugula and canola plants
during 6 treatment cycles. In this study, a significantly lower number of leaves was seen only in the second harvest
in combination with 72-h irrigation interval, which could be due to the temperature and RH in the greenhouse
(Table 2), i.e., water stress did not occur in plants in the other treatments. According to Ncise et al. (2020.), different
intervals of water stress (5, 14 and 21 days) in hydroponic cultivation of Tulbaglia violacea significantly affect the
number of leaves, with a higher number of leaves recorded at intervals of 5 and 14 days compared to 21 days.

Regarding the tested factors and their interaction, no statistically significant differences were found, but there is still
evidence of some trend. Plants exposed to 48 hours irrigation interval and plants after 1 harvest were found to have
relatively higher LAI (23.5 cm? and 22.5 cm?, respectively). As expected, the 48 hx1 interaction resulted in plants
with the relatively highest LAI (24.1 cm?), while the 72 hx2 combination resulted in the relatively lowest LAI (19.0
cm?). Leaf surface area, on which the intensity of photosynthesis and transpiration largely depends, can be smaller
to adapt plants to water stress, as a reduction in leaf surface area may prevent water loss through transpiration
(Mahmood et al., 2004.). The same authors note that the lowest LAI value of arugula plants was recorded during the
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longest drought period to which the plants were exposed, but there was no significant difference compared to the
control.

The main factor, irrigation interval, had a significant effect on nettle yield in the ebb and flow system, and the highest
yield was recorded in plants subjected to 48 hours irrigation interval (1.06 kg m?), while the yield was 38% lower in
plants subjected to 72 hours irrigation interval. Considering only the harvest, the 1* harvest yielded 21% less than the
2" harvest (0.96 kg m). In the interaction of the tested factors, the highest yield was determined at the combination
48 hx2 (1.21 kg m2), while the yield was almost two times lower at combination 72 hx1 (0.65 kg m™). In Leskovar
and Piccinni (2005.) study, deficit irrigation based on evapotranspiration affected the yield of spinach grown in the
soil, with the lowest yield obtained at the highest water stress. Ors and Suarez (2017.) reached a similar conclusion
when growing spinach in the open field under water and salt stress. The results of Radman et al. (2021.) indicated
that nettle yield in floating hydroponics was higher after the 2" harvest than after the 1* harvest. In the study by
Radman et al. (2014.), the highest yield of nettle grown in floating hydroponics was obtained after the third harvest.
The yield obtained after each harvest and number of harvests depend, among other factors, on the growing season
and abiotic factors during cultivation.

Conclusion

A longer irrigation interval (72 h) negatively affected plant height, number of leaves, and yield. Plants had a greater
number of leaves in the first harvest period, but a higher yield was observed in the second harvest. As expected, the
irrigation interval had a greater effect on nettle agronomic traits than the harvest subfactor. The interaction between
the irrigation interval of 48 hours and the 2™ harvest period resulted in the highest yield. Considering that water
stress affects not only the agronomic traits but also the nutritional value of the plant material, future research should
be focussed on the effect of different irrigation intervals on the nutritional quality of fresh nettle leaves.
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Abstract

Selenium (Se) deficient diet is a serious problem in some parts of the world. Agronomic biofortification
of food crops can be a solution. Irrigation water containing 0, 100 and 500 pg L™ Se was applied to
green beans, peas and tomatoes in a greenhouse experiment with automatic irrigation system. The
concentration and uptake of Se in the fruit, shoot and root of the vegetables, as well as the translocation
factors were determined in order to evaluate the efficiency of biofortification. The 100 pug L™ treatment
increased Se concentration and uptake by two orders of magnitude compared to control, and the 500
ug L treatment multiplied the values of 100 pg L' treatment 5-8 times on average depending on the
vegetable species. As a result of the treatments, the Se concentration in the shoot and fruit increased
compared to the root. Irrigation with Se-enriched water might be a feasible method for biofortification.

Keywords: vegetables, enrichment, fertigation, translocation, distribution

Introduction

Selenium (Se) is essential trace mineral for humans and animals. Crops grown in certain areas might have a low Se
content, which also affects the Se intake of the human and livestock population living there (Gissel-Nielsen et al.,
1984.). Proper Se intake is important for healthy growth and the normal function of the immune and cardiovascular
system, reproductive organs and muscle activity. It also defend against carcinomas and the spread of certain
infections (Rayman, 2012.; Koszta et al., 2012.; Téth and Csap6, 2018.). The deficiency can be fatal in extreme
cases. Animals may also suffer from metabolic diseases and liver damage due to low Se intake (Hartikainen, 2005.).
Producing Se-enriched functional foods is a possible solution to compensate low Se intake in humans (Newman et
al., 2019.; Schiavon et al., 2020.). Se can be applied to the soil or to plant surface, and irrigation water can also be
enriched in order to enhance Se uptake by crops (Edelstein et al., 2016.; Foroughbakhch Pournavab et al., 2020.).
Se biofortification of various crops has been extensively studied (Wiesner-Reinhold et al., 2017.; Manojlovi¢ et al.,
2019.; Loncari¢ et al,, 2021.). Green peas and green beans are very rich in protein and essential amino acids, while
tomato is excellent source of vitamins, carotenoids and lycopenes. Thus all these vegetables play an important role
in human nutrition due to their mineral content, and therefore may serve as good target plants for biofortification
(Poblaciones et al., 2013.; Nithiyanantham et al., 2012.; Perveen et al., 2015.). Se biofortification of tomato have been
exhaustively studied, while less research has been reported about peas and beans. Se fertigation during the whole
vegetation period of crop grown in soil medium has so far been investigated for tomato (Edelstein et al., 2016;
Foroughbakhch Pournavab et al., 2020). Green beans, peas and tomatoes are widely grown and consumed almost
all over the world. In 2020, the total production was 1.60, 19.9 and 187 million tons on 0.255, 2.53 and 5.05 million
hectares, respectively (FAO, 2022.).

The aim of the experiment was to study the effects of elevated Se levels in the irrigation water. In this paper, effect on
the concentration, translocation, distribution and uptake of Se by the fruit, shoot and root of dwarf french bean, pea
and tomato plants was investigated in order to evaluate the efficiency of Se biofortification.

Session 5.1. Vegetable Growing, Ornamental, Medicinal and Aromatic Plants 175



Péter Ragalyi, Anita Szabd, Orsolya Szécsy, N6ra Szlics-Vasarhelyi, Nikolett Uzinger, Péter Dobosy, Gyula
Zaray, Zdenko Loncari¢, Andrijana Rebeki¢, Mark Rékasi

Material and methods

The effect of Se-enriched irrigation water was studied on dwarf french bean (Phaseolus vulgaris L.) cv. ‘Golden
Goal, pea (Pisum sativum L.) cv. ‘Rajnai torpe’ and tomato (Solanum lycopersicum L.) cv. ‘Mano’ in a greenhouse
at the Experimental Station of the Center for Agricultural Research in Orbottyan, Hungary. A pot experiment was
performed using the top 0-20 cm layer of three types of soil from Hungary according IUSS Working Group (2015):
sand [Mollic Umbrisol (Arenic)], silty sand (Luvic Calcic Phaeozem) and silt (Calcic Chernozem). However, the
effect of different soil types on the test parameters is not analysed, so these data served as repetitions in the process
of the statistical analysis.

Volume of the pots was 10 L and four holes were drilled in the bottom to allow leached water to escape. The bottom
of the pots was filled with 4-8 mm gravel, which was covered with a fine synthetic fiber and 10 kg of soil.

Tomato seedlings were grown in a commercial substrate until 6-8 leaf stage, after which they were planted into pots
(1 seedling per pot) on 24 May 2018 having a growing period of 88 days. Germinated seeds of dwarf french bean (3
per pot) and pea (1 per pot) were directly sown on 7 May and 11 April 2019 and were harvested on 20 June and 4
July, respectively.

The application of Se-enriched irrigation water started three weeks after planting/sowing. The experiment was set up
in three replicates with three treatment levels: Se-0: control, Se-1: 100 and Se-2: 500 ug Se L' in the form of Na,SeO,
in the irrigation water. Thus the number of pots was 3 Se levels x 3 soil types (not evaluated here) x 3 replications =
27 pots for each vegetable. The water was applied with an automatic irrigation system. Individual drip stakes were
placed in each pot. Volume of irrigation water was adjusted according to the requirements of the plants: soil moisture
content of six selected pots of each vegetable culture was monitored every hour. Fertilization was carried out weekly
by mannually adding 200 ml Hoagland’s nutrient solution per pot.

After harvest, root, shoot (stem+leaves) and fruit were separated. Fresh mass and dry matter (DM) were determined.
Tomato and green bean fruits were milled and freeze-dried at -70°C, 200 Pa for 72 hours. Other plant parts were
were dried at 40°C in a laboratory dryer for two days. Se content of dried samples were measured using inductively
coupled plasma mass spectrometer (ICP-MS) after HNO, + H O, digestion. The Se translocation factors for the pairs
of different plant parts were calculated as the ratio of the concentrations of the corresponding parts. The amount of Se
absorbed by each plant part was calculated by multiplying the dry weight and the Se concentration of the respective
plant part. Other details of the experiment can be found in earlier published papers (Ragalyi et al., 2021 and 2022.).

One and two-factor factorial analysis of variance was used to evaluate the plant parameters. The factors are clearly
defined in the appropriate place of results and discussion. The level of significance was set to a 95% confidence
interval (p<0.05). Significantly different groups were determined using Tukey’s HSD post hoc test. Statistica v.13
(StatSoft Inc.) software was used for all the statistical calculations. Data visualization was made with R statistical
software (R Core Team 2022.) using ggplot2 package (Wickham, 2016.).

Results and discussion

Statistically significant difference developed as a result of each treatment level, i.e. between Se-0 and Se-1, as well as
Se-1 and Se-2 (thus between Se-0 and Se-2) concerning the Se concentration of bean root, pea fruit and all parts of
the tomato. For bean shoot and fruit, as well as pea shoot and root, Se concentrations differed significantly only in
the Se-2 treatment compared to Se-0 or Se-1 treatment levels.

Graph 1 shows the comparison of the Se concentrations in the different parts of the studied vegetables. Different
letters indicate significant differences between Se concentrations of different parts of studied vegetables within each
treatment level. In the case of Se-0 treatment, for all three crops, the Se concentration in the root was significantly
higher than in the above ground parts of the plants. Se in the root reached a higher concentration in the green
pea than in the other two crops. In the control Se-0 treatment, the concentrations remained below 1 mg kg in all
cases, which corresponds to the findings of Marschner (2012.). There was no significant difference between the Se
concentration measured in the shoot and fruit of each plant in the control. As a result of Se enrichment, a higher
concentration of Se developed in tomato shoot compared to the root and fruit, whereas in the case of green bean and
pea, the highest concentration was still found in the root. In the Se-2 treatment, no significant difference could be
detected between the Se concentrations measured in the bean root and fruit.
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Different letters within each treatment level denote significant differences between mean values based on Tukey’s
HSD, p < 0.05. Error bars represent standard deviations.
Graph 1 Se concentration in plant parts of different vegetables

Table 1 shows the translocation factors for the vegetables at the different Se treatment levels. The shoot/root (root-to-
shoot) translocation of tomato was significantly the most efficient for the Se-1 and Se-2 treatments, and comparing
the control treatments, it was also the highest for tomato, although this latter was not statistically verified. The
fruit/shoot translocation factor was the highest in bean. No significant difference was found between the fruit/root
translocation factors, however the data varied greatly. The value was the highest in the case of pea treated with 100
ug Se L, while on average the values of tomato were higher than the other two vegetables.

Graph 2 shows the amount of Se taken up by vegetables per pot, which is the Se concentration in D.M. multiplied by
dry yield. Naturally, the biomass production of the crops is quite different according to their biological capabilities,
which increased the differences in uptake.

The y-axis shows that Se-1 treatment increased Se uptake by two orders of magnitude, and Se-2 treatment also
multiplied Se-1 treatment values: this increase was 7.6 times for green beans, 5.1 times for peas, and 4.8 times
for tomatoes in the average of plant parts. Mostly, the highest amount was taken up by the shoot, but in the Se-0
treatment in pea the fruit (i.e. grain) took up the most Se, and in the Se-1 treatment, in the case of green bean and
pea almost the same amounts were taken up by shoot and fruit (Graph 2).

Table 1. Se translocation factors for bean, green pea and tomato

Vegetable Se dose Shoot/Root Fruit/Shoot Fruit/Root
ratio

Bean Se-0 0.342° 1.04%%< 0.187¢
Se-1 0.457° 1.26° 0.568°
Se-2 0.664° 1.24° 0.812°

Pea Se-0 0.207° 1.22%® 0.245°
Se-1 1.21° 0.7802b<d 1.14°
Se-2 0.815° 0.665¢ 0.496°

Tomato Se-0 0.503° 0.703b<¢ 0.361°
Se-1 3.11* 0.328¢ 0.998°
Se-2 3.60* 0.275¢ 0.987¢

Different letters indicate significant differences within each column (Tukey’s HSD, p < 0.05).

Session 5.1. Vegetable Growing, Ornamental, Medicinal and Aromatic Plants 177



Péter Ragalyi, Anita Szabd, Orsolya Szécsy, N6ra Szlics-Vasarhelyi, Nikolett Uzinger, Péter Dobosy, Gyula
Zaray, Zdenko Loncari¢, Andrijana Rebeki¢, Mark Rékasi

Graph 2. Amount of Se absorbed by vegetables per pot and distribution in plant parts

Bitterli et al. (2010.) reports plant Se accumulation, root to shoot transfer and relationship between Se accumulation
in plants and Se concentrations of growth media in detail for various plant species. Examining the diverse plant
species, the accumulation of Se can vary more than two orders of magnitude among different plants grown in a
media with the same Se concentration, however in this present study, vegetables had similar Se contents (Graph 1).
The authors also state, that more Se accumulates in the leaves than in other plant parts, but differences are generally
small and only rarely higher than one order of magnitude in the case of a given plant species. This fact is also
confirmed by the present experiment, since the largest variation among the translocation factors shown in Table 1
was indicated by the shoot/root ratio of pea in the Se-0 treatment showing 5-fold difference.

The discussion of the results of the green beans and peas in the present experiment is difficult due to the lack of
similar experiments. Arvy (1993.) examined green bean Se uptake and translocation in green beans at young stage
during a few hours after treatment. However, to the best of our knowledge, the translocation and distribution of Se
in the different plant tissues of mature beans has not been investigated so far.

Se enrichment of green peas with leaf spray has been investigated (Poblaciones and Rengel, 2018.; Hegedtisova et al.,
2017.), as well as Se intake of pea seedlings through roots (Lukaszewicz et al., 2018.). Kadar (2009.) applied extremely
high treatments of 30, 90 and 270 kg ha' Se to peas. Even with the 30 kg ha! treatment, the Se concentration
increased more than 100 times, with a similar concentration in the stem and in the grain, while the crop practically
perished at the Se load of 270 kg ha™. The author also found that pea grain is genetically protected against Cr(III),
Cr(VI), Pb and Cu treatments, whereas the Zn enrichment was a maximum of 1.7 times, and the Se accumulation
was 283 times compared to control. Although Se is not essential for plants, it is structurally similar to sulphur, which
is essential, and plants have only a limited ability to distinguish between the two (Terry et al., 2000.).

In the present experiment, the enrichment of tomato with Se was effective, as Graph 1 clearly shows that the
concentration rises remarkably as a result of the treatments. Similar results were obtained by Edelstein et al. (2016.)
who found that Se accumulation of all (edible and non-edible) tissues of tomato linearly increased with rising Se
concentrations in irrigation water, which were 0, 0.5, 1.0 and 1.5 mg Se L'. However, there was a difference in the
extent of the effect, because the slope of the increase in concentration caused by Se treatment was the steepest in the
case of the shoot, followed by the root and the fruit, which also corresponds to the results of the present experiment.
Similar results were obtained by Foroughbakhch Pournavab et al. (2020.), who investigated the effect of 0, 2 and 5
mg L Se enriched irrigation water on tomato Se concentration. In contrast, Carvalho et al. (2003.) found that the Se
concentration of the fruit was less than 1% compared to nonedible parts.

Conclusions

The results support the feasibility of Se biofortification through irrigation with Se-enriched water for
green bean, pea and tomato. However, based on the amount of Se absorbed by the examined vegeta-
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bles, as well as the amounts of production, tomato biofortification can be recommended primarily.
Further studies are needed to explore the relationship between the applied treatment doses and the
fruit Se content in more detail.
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SaZetak

Ampelotehnicki zahvati defolijacije i prorjedivanja grozdova na kvalitativni potencijal grozda. Cilj
ovog istrazivanja je utvrditi utjecaj rane defolijacije i prorjedivanja grozdova na kemijski sastav grozda
i gospodarske karakteristike sorte “Zlatarica vrgorska. Sadrzaj organskih kiselina utvrden je pomocu
HPLC uredaja, dok je analiza hlapljivih spojeva provedena pomocu plinske kromatografije. Tretmani
su znacajno utjecali na udio kozice i sjemenke u grozdu, kemijske pokazatelje kakvoce mosta (sadrzaj
$ecera i ukupnih kiselina, sadrzaj vinske i jabu¢ne kiseline, asimiliraju¢i dusik, sadrzaj hlapljivih
spojeva). Dobiveni rezultati istrazivanja potvrduju opravdanu primjenu provedenih zahvata i njihov
pozitivan utjecaj na gospodarske karakteristike sorte.

Kljucne rijeci: Zlatarica vrgorska, defolijacija, prorjedivanje grozdova

Uvod

Zlatarica vrgorska autohtona je sorta vinove loze koja se uzgaja na podrucju vrgorskog polja. Vinogorje Vrgorac se
nalazi u podregiji Dalmatinska zagora. Prvi spomen sorte potjece iz 1821. godine (Riterr von Heintl, 1821.). Zlatarica
ima identi¢an genetski profil kao i talijanska sorta Francavidda (Schneider i sur., 2014.). Rije¢ je sorti lokalnog znacaja
koja se rijetko uzgaja na podrudju Brindisija u Apuliji. Zlatarica je vrlo cijenjena na podrucju Vrgorca zbog dobrih
i stabilnih priroda i daje lagana i uZitna vina. Sorta je relativno osjetljiva na pepelnicu i sivu plijesan. Defolijacija
je zahvat zelene rezidbe kojim se odstranjuju bazalni ili vrsni listovi u razli¢itim fenofazama razvoja vinove loze.
Zahvatom se utje¢e na mikroklimu trsa (Sabbatini i Howell, 2010.). PostiZe se bolja prozra¢nost i osvijetljenost
grozda. Primjenom defolijacije smanjuje se pojava zaraZenosti gljivicnim bolestima, ali i efikasnija primjena
sredstava za zastitu bilja (Bubola, 2015.). Termin rana defolijacija odnosi se na defolijaciju trsova prije ili neposredno
nakon cvatnje. Uslijed uklanjanja fotosintetski najaktivnijih listova, dolazi do nedostatka asimilata $to uzrokuje
slabiju oplodnju, zametanje manjeg broja boba i rjede grozdove (Caspari i sur., 1998.). Primjenom rane defolijacije
mozemo uspje$no kontrolirati prirod nasuprot kvalitete mosta kod sorata velikog generativnog potencijala (Poni i
sur., 2006.). Osrecak i sur. (2011.) istrazivali su primjenu djelomi¢ne defolijacije na sortama Traminac i Manzoni.
Osim na polifenolni sastav, primijenjeni zahvati nisu imali znacajniji utjecaj na ostale promatrane parametre.
Bubola i Presuri¢ (2011.) su utvrdili kako defolijacija nije znacajnije utjecala na prirod i kemijske pokazatelje grozda
kod sorte Malvazija istarska. Prorjedivanjem grozdova mijenjamo odnos izmedu broja grozdova i lisne povrsine,
odnosno povecava se lisna povrsina naspram broja grozdova (Karoglan Konti¢ i Miro$evi¢, 2008.). Prorjedivanje
grozdova je iznimno skup zahvat koji iziskuje dosta radne snage te ga treba primjenjivati selektivno (Diago i sur.,
2010.). U vedini istraZivanja prorjedivanje grozdova utjee na povecanje sadrzaja $ecera i smanjenje ukupne kiselosti
(Wang isur., 2018.). Obradovi¢ i sur. (2020.) utvrdili su kako projedivanje grozdova nije utjecalo na ve¢inu kemijskih
pokazatelja kakvoce grozda kod sorte Chardonnay, a Skrab i sur. (2021.) su utvrdili da prorjedivanje grozdova nije
imalo znacajnijeg utjecaja na prirod i kemijske parametre mosta kod sorte Ribolla Gialla. Defolijacija i prorjedivanje
grozdova mogu imati znacajan utjecaj na sadrzaj hlapljivih spojeva (Feng i sur., 2015., Reynolds i sur., 2007.).

Cilj istraZivanja je utvrditi utjecaj rane defolijacije i prorjedivanja grozdova na kemijski sastav grozda i gospodarske
karakteristike sorte “Zlatarica vrgorska.
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Materijal i metode

Pokusni vinograd nalazi se u vinogorju Vrgorac, lokalitet Topolac. Uzgojni oblik je dvostrani kordonac. Vinograd je
posaden 2012. godine na podlozi Vitis berlandieri x Vitis riparia SO4 cijepljenjem na sadnom mjestu. Sklop sadnje
je 2 x 0,9 m. Pokus je postavljen slu¢ajnim bloknim rasporedom s tri pokusne varijante 2020. godine. Na samom
lokalitetu vinograda nalazimo aluvijalna tla na jezerskim taloznima visoko vapnene ilovace. Aluvijalna karbonatna
tla u Vrgorskom polju su dosta duboka, hladna i lagana za obradu. Kapacitet za vlagu i zrak im je dobar. Svaka
varijanta ima tri ponavljanja s po deset trsova. Pokusi su ukljuéivali kontrolu (K), defolijaciju (Def) i prorjedivanje
grozdova (Def+Pr). Provedena je bazalna defolijacija po zavrsetku cvatnje (E-L 31, prema Coombe (1995.) u obje
pokusne varijante koje su ukljuc¢ivale defolijaciju. Uklonjena su Cetiri bazalna lista, dok su kod prorjedivanja grozdova
uklonjeni svi osim bazalnog grozda na mladici.

U tehnoloskoj zrelosti utvrden je prirod po trsu. Nakon obavljene berbe odvojen je prosje¢ni uzorak od 10 grozdova po
repeticiji. Na izdvojenim uzorcima grozda su utvrdeni sadrzaj $ecera (Oe®), ukupna kiselost (g L), sadrzaji hlapljivih
spojeva i pojedina¢nih organskih kiselina, slobodnog amino dusika (FAN) odreden metodom derivatizacije uz
o-ftaldialdehid i N-acetil cistein kao derivatizacijske reagense, amonijaka (NH,) odreden primjenom ion selektivne
elektrode, i ukupnog dusika (YAN) iskazan kao zbroj vrijednosti FAN i NH, i pH vrijednost. Isto tako, provedena je
osnovna analiza mehanickog sastava grozda (% udio peteljke i boba) prema Prostoserdovu (1946.).

Osnovni fizikalno kemijski pokazatelji kvalitete mosta, sadrzaj ukupnih topivih tvari (°Oe), sadrzaj ukupnih kiselina
i pH vrijednost odredeni prema (OIV, 2022). Sadrzaj pojedina¢nih organskih kiselina (vinske, jabu¢ne i limunske)
u mostu odreden je pomoc¢u HPLC-a (High-Performance Liquid Chromatography, Agilent 1100 Serie, Waldbronn,
Germany) iz prosje¢nog uzorka svjeze iscijedenog, centrifugiranog (13000 x g, centrifuga VWR Mega Star 600R) i
procis¢enog mosta (Zoecklein i sur., 1995.).

Analiza hlapljivih spojeva provedena je primjenom metode opisane u Sikuten i sur. (2021) na vezanom sustavu
plinski kromatograf (Thermo Scientific Trace 1300) - spektometar masa (Thermo Scientific ISQ 7000) uz prethodnu
izolaciju analita mikroekstrakcijom na ¢vrstoj fazi u izvedbi klina (engl. Solid Phase Microextraction Arrow) pomoc¢u
automatiziranog sustava za pripravu uzoraka. Za ¢vrstu fazu koristen je sustav CAR-PDMS-DVB. U posudicu za
uzorke dodano je 100 mg suhe koZice. Prije same adsorpcije na ¢vrstu fazu, uzorak je uravnotezen pri 60 °C u
trajanju od 10 min. Adsorpcija analita provedena je pri 60 °C u trajanju od 49 min. Desorpcija je provedena u
injektoru plinskog kromatografa pri 250 °C u trajanju od 7 min. Kromatografska analiza provedena je pomoc¢u TR-
Wax kolone (60 m x 0,25 mm x 0,25 um) uz temperaturni program u rasponu temperatura od 40 do 210 °C. Snimanje
spektara masa provedeno je pracenjem struje svih iona u rasponu od 30 do 300 m/z dok je energija elektrona bila
70 eV. Identifikacija je provedena pomoc¢u usporedbe vremena zadrzavanja, retencijskih indeksa te usporedbom
spektara masa s onima u NIST 17 i Wiley 12 bazi podataka.

Statisticka obrada podataka provedena je analizom varijance (ANOVA). Analizom varijance ustanovljena je znacajna
razlika izmedu ispitivanih klonova i njihovih testiranih vrijednosti. Dobiveni rezultati obradeni su uz pomo¢ SAS
v 9.3 statistickog softvera (2012, SAS Institute Inc., NC, SAD). Usporedba srednjih vrijednosti klonskih kandidata
provedena je Duncan’s Multiple Range testom.

Rezultati i rasprava

Mehanicki pokazatelji grozda (udio kozice i sjemenki u grozdu) (tablica 1.) bili su pod znacajnim utjecajem
provedenih ampelotehnickih tretmana. Prosje¢no najmanji udio kozice i najvisi udio sjemenki zabiljezen je u
kontrolnom tretmanu dok su provedeni tretmani utjecali na znacajno povecanje udjela kozice i smanjenje udjela
sjemenki u grozdu. Ve¢i udio kozice u odnosu na meso i sjemenke pozitivno utjece na kvalitetu zbog povecanja
povrsine koZice u odnosu na volumen bobice (Miras-Avalos i sur., 2019.)
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Tablica 1. Usporedba srednjih vrijednosti uvometrijskih i mehanickih pokazatelja
Udio Udio

Pokusna Masa Masa boba Masa mesa u kozice u Udio. . Udio .

varijanta grozda (g) (g) peteljkovine (g)  grozdu  grozdu peteljkovineu  sjemenki u
(%) (%) grozdu (%) grozdu (%)

K 442 .38a 429.81a 12.57a 85.89a 9.74b 2.86a 1.51a

Def 375.31a 364.89a 10.42a 85.58a 10.11a 2.84a 1.47b

Def+Pr 368.71a 358.52a 10.19a 85.84a 10.09a 2.74a 1.33c

*srednje vrijednosti oznacene razlicitim slovima izmedu sorata razlikuju se na razini p<0.05 koristenjem
Duncan’s multiple-range testa

Zahvati defolijacije i prorjedivanja grozdova utjecali su na znac¢ajno povelanje sadrzaja Secera (od 78.33 do 84.33
O¢’) i smanjenje ukupnih kiselina (4.27 do 3,41 g L) izmedu kontrole (K) i tretmana kako slijedi (Def, Def+Pr)
(tablica 2.). Utvrdeno je u skladu s istrazivanjima Wanga i sur. (2018.) koji su koji su vréili prorjedivanje grozdova
uklanjanjem svih grozdova osim bazalnih u E-L 31.

Tablica 2. Usporedba srednjih vrijednosti promatranih gospodarskih svojstava i kemijskih pokazatelja kakvo¢e mosta

. Sadrzaj $ecerau  Ukupna kiselost Prirod (kg . 0
Pokusna varijanta moétu (Oe’) (gLY) pH trs) Broj grozdova trs
K 78.33b 4.27a 3.6la 3.28a 9.8a
Def 84.33a 3.86ab 3.67a 2.85a 8.8ab
Def+Pr 84.33a 3.41b 3.66a 2.97a 8.4b

*srednje vrijednosti oznacene razlicitim slovima izmedu sorata razlikuju se na razini p<0.05 koristenjem
Duncan’s multiple-range testa

Provedeni ampelotehnic¢ki zahvati znacajno su utjecali na smanjivanje sadrzaja vinske kiseline (od 4.98 do 4.33 g
L"). Kod provedenog tretmana defolijacije (Def) utvrden je najvisi sadrzaj jabu¢ne kiseline (0.52 g L") u odnosu
na ostala dva tretmana. Bududi da su provedeni zahvati ukljucivali uklanjanje dijela fotosintetski aktivnog li§¢a,
dobiveni rezultati su ocekivani (Caspari i sur., 1998.). Naime organske kiseline se velikim dijelom sintetiziraju u
listovima te translociraju u bobe tijekom dozrijevanja grozda (Burbidge i sur., 2021.). Provedena istrazivanja su u
skladu s istrazivanjima Bubole i sur. (2012.) na sorti Malvazija istarska, a u suprotnosti s istrazivanjima Obradovic¢ i
sur. (2020.) na sorti Chardonnay.

Tablica 3. Usporedba srednjih vrijednosti sadrzaja pojedina¢nih organskih kiselina

Pokusna varijanta Vinska kiselina (g L) Jabu¢na kiselina (g L) Limunska kiselina (g L")
K 4.98a 0.46ab 0.11a
Def 4.33c 0.52a 0.12a
Def+Pr 4.69b 0.37b 0.36a

*srednje vrijednosti oznacene razlicitim slovima izmedu sorata razlikuju se na razini p<0.05 koristenjem
Duncan’s multiple-range testa

Asimilacijski dusik predstavlja zbroj vrijednosti slobodnog amino dusika i amonij iona. Sve navedene vrijednosti
su na donjem pragu te apsolutno nedostatne za pravilno odvijanje fermentacije (Butzke, 1998.). Donje granica
vrijednosti YAN-a su od 150 do 200 mg L* (Bell i Henschke, 2005.). Mot tretmana defolijacija i prorjedivanje
(Def+Pr) imao je znacajno nizu koncentraciju asimilacijskog dusika (151.54 mg L™') u odnosu na defolijaciju (Def).
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Tablica 4. Usporedba srednjih vrijednosti slobodnog amino dusika (FAN), amonij iona (NH,*) i asimilacijskog
dusika (YAN)

Pokusna varijanta FAN (mg L") NH," (mg L") YAN (mg L")
K 52.80a 110.33a 163.11a

Def 52.31a 106.00a 158.15ab
Def+Pr 55.67a 95.87b 151.54b

*srednje vrijednosti oznacene razlicitim slovima izmedu sorata razlikuju se na razini p<0.05 koristenjem
Duncan’s multiple-range testa

Analizom sadrzaja hlapljivih spojeva u grozdu utvrden je sadrzaj 40 pojedinac¢nih organskih spojeva koji su podijeljeni
u 7 grupa hlapljivih spojeva (tablica 5.). Provedeni tretman defolijacije za razliku od defolijacije i prorjedivanja
grozdova znacajno je utjecao na sadrzaj aldehida, alkohola, monoterpena, seskviterpena. Dobiveni rezultati su u
skladu s rezultatima Bureau i sur. (2000.) i Skrab i sur. (2021.).

Tablica 5. Usporedba srednjih vrijednosti grupa hlapljivih spojeva izrazeni u apsolutnoj povrsini pikova (x10°)

5:3;;?; Aldehidi Alkoholi Ketoni ~ Monoterpeni Kiseline  Seskviterpeni Ostali  UKUPNO
K 2560,5b 243,6b 24,89a  5,20b 12,69a 7,69b 4,40a  2859,0b
Def 2826,1a 372,8a 2,65c¢ 6,00a 11,07b 8,32a 3,30c  3230,3a
Def +Pr  2542,5b 219,3c 16,97b  5,40b 9,91c 6,77¢ 3,80b  2804,7b

*Prosjecne vrijednosti oznacene razlicitim slovima ukazuju na znacajne statisticke razlike izmedu pokusnih
varijanata (uz p > 0,05), koristenjem Duncan’s multiple range testa
**rezultati usporedbe srednjih vrijednosti hlapljivih spojeva su izraZeni u velicini pika

Zakljucak

Tretmani defolijacije i defolijacije i prorjedivanja grozdova kod sorte Zlatarica vrgorska znacajno su utjecali na
povecanje udjela kozice i smanjenje udjela sjemenki u grozdu. Kad je rije¢ o gospodarskim karakteristikama,
tretmani su znac¢ajno utjecali na povecanje sadrzaja Se¢era, smanjenje sadrzaja ukupnih kiselina i broja grozdova po
trsu. Analizom sadrzaja pojedina¢nih organskih kiselina utvrdeno je da su tretmani znac¢ajno utjecali na smanjenje
sadrzaja vinske kiseline, dok je kod defolijacije zabiljezen prosje¢no najvisi sadrzaj jabu¢ne kiseline. Provedeni zahvat
defolijacije znacajno je utjecao na sadrzaj hlapljivih spojeva za razliku od tretmana defolijacije i prorjedivanja. Ovo
istrazivanje temeljeno je na jednogodisnjem pokusu, a koji bi trebalo primijeniti u viSegodi$njem istrazivanju kako bi
dobili $to relevantniji prikaz utjecaja provedenih ampelotehnic¢kih zahvata na karakteristike sorte Zlatarica vrgorska.

Napomena

Istrazivanja za ovaj rad dio su projekta ,,Gospodarska evaluacija autohtonih sorata Zlatarica vrgorska i Trnjak crni s
ciljem njihove revitalizacije (Vitis vinifera L.)“ financiranog od strane Grada Vrgorca.
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Influence of defoliation and grape thinning on the
chemical composition of grapes of a grapevine
variety Zlatarica vrgorska in the winegrowing area
Vrgorac

Abstract

Agronomic practices such as defoliation and grape thinning can have a great impact on the grape
quality. Aim of this research is to explore the impact of early defoliation and grape thinning on
chemical composition and economic characteristic of grapevine variety Zlatarica Vrgorska. Content
of the organic acids has been determined with HPLC method, while the analyses of the volatile
compounds was done with the gas chromatography. The results of uvometric and mechanic indicators
showed that the obtained agronomic practices significantly influenced on the share of skins and seeds
in grapes, sugar content, total acidity, tartaric and malatic acid, yeast assimilable nitrogen and volatile
compounds. The obtained results of the research confirm the reasoned application of the defoliation
and grape thinning and their positive impact on the economic characteristics of the variety.

Keywords: Zlatarica vrgorska, defoliation, grape thinning

58th Croatian & 18th International Symposium on Agriculture | 11-17 February, 2023, Dubrovnik, Croatia



ORIGINAL SCIENTIFIC PAPER

Impact of late winter pruning of Portugieser
grapevines ( Vitis vinifera L.) on yield components
and grape composition

Marina Ani¢, Mirela Osrecak, Petra Stambuk, Lovre Ljubi¢i¢, Marko Karoglan

University of Zagreb, Faculty of Agriculture, Svetosimunska cesta 25, Zagreb, Croatia, (manica@agr.hr)

Abstract

Postponing pruning until early spring has been shown to be an effective way of delaying vine phenology.
We investigated the effects of the timing of late winter pruning on ‘Portugieser’ vines in northwestern
Croatia (2021), on yield, berry primary and phenolic composition. Late winter pruning (at the time
of budbreak of basal buds and when two to three leaves were separated) was compared with standard
winter pruning. Late winter pruning at budbreak resulted in grapes with the highest total phenolic and
anthocyanin content and the lowest sugar and flavonol content at harvest, while late winter pruning
performed when two to three leaves were separated had the highest titratable acidity and lowest total
phenolic content.

Keywords: grapevine, anthocyanins, late pruning, polyphenols

Introduction

Winter pruning is a canopy management procedure usually carried out during dormancy. Its main purpose is to
maintain the training system of the vine and to regulate the yield and vegetative growth. It is known that winter
pruning performed late in the season, when buds are already beginning to swell, delays bud-break by a few days,
helping to avoid spring frosts, which is especially important in regions with cool climates (Poni et al., 2022).

Increased temperatures in spring and summer often accelerate flowering, ripening and harvest date, while the final
stage of grape ripening (from veraison to harvest) usually occurs in the hottest months of July and August, resulting
in grapes with higher sugar content, lower acidity and poor color development. This is a climate change-related
phenomenon that is of increasing concern to grape and wine producers around the world. To mitigate these effects,
several approaches exist in different wine regions of the world, including postverasion trimming and leaf removal
apical to the cluster zone (Caccavello et al., 2017, Palliotti et al., 2013) and preveraison application of auxin (Béttcher
etal., 2022).

One of the approaches to deal with high temperatures during ripening is to delay the onset of bud break by delaying
winter pruning, with the assumption that this will delay vine phenology, delay grape ripening and cause the final
stage of sugar and phenolic ripening to shift to cooler conditions after high summer temperatures. Delaying bud
break by pruning at this time can be explained by apical dominance, in which basal bud growth is suppressed by bud
break of apical buds of the cane, but then basal buds are forced to break after pruning (Friend and Trought, 2007,
Keller, 2015). Therefore, postponing the winter pruning date seems to be an effective way to delay fruit ripening
and improve grape chemical composition (Frioni et al., 2016, Frioni et al., 2019, Gatti et al., 2016, Gatti et al., 2018,
Moran et al., 2019). Late winter pruning can have an effect on crop yield and improve grape and wine characteristics
(Netzer et al., 2022). In warmer climates, late winter pruning can be an effective tool to improve vine water status due
to delayed canopy development (Netzer et al., 2022).

Although late winter pruning is a promising tool to delay ripening, its effect depends largely on the timing of pruning
(Frioni et al., 2016). The later in the season winter pruning is performed, the more it can affect floral primordium
differentiation, flower development, fruit set and fertilization (Frioni et al., 2016). Extremely late winter pruning
can result in unacceptably low yield. Repeating the treatment following years may further delay vine phenology,
as repeating the same late pruning treatment on the same vines may result in excessive use of available reserves in

Session 5.2. Viticulture, Enology and Pomology 189



Marina Ani¢, Mirela Osreéak, Petra Stambuk, Lovre Ljubici¢, Marko Karoglan

the spring to support vegetative growth (Gatti et al., 2018). The aim of our study was to investigate the effect of late
winter pruning on yield, berry primary and phenolic composition of field-grown ‘Portugieser’ (Vitis vinifera L.)
grape variety.

Materials and Methods

A one-year study (2021) was conducted on ‘Portugieser’ (Vitis vinifera L.) grape variety grown in a vineyard in north-
western Croatia. The study was conducted on the Jazbina experimental field of the Department of Viticulture and
Enology, Faculty of Agriculture, University of Zagreb (long. 45°51'N, lat. 16°0'E). The soil type was anthropogenic
pseudogley with clay texture. The vines were trained on the bilateral Guyot system, 80 cm above the ground. The
rows were oriented northeast-southwest, with 2.1 m between rows and 1.2 m between vines (4000 vines/ha). The
vines were grown using cultural practices common to continental Croatia.

Three pruning treatments were applied at different phenological stages based on the modified Eichhorn and Lorenz
(E-L) scale (Coombe, 1995): E-L 4 (budbreak of basal buds), E-L 9 (two to three leaves were separated), E-L 1 (winter
bud phase- control). The study was set in a randomized block design with three blocks per treatment, each block
containing 6 vines. Regardless of timing, all vines were pruned with 2 spurs with 2 buds and 2 canes with 10 buds,
which had around 24-25 buds.

Yield was measured on the vine basis, together with counting the number of clusters per vine. Samples of grapes
from all three treatments were harvested at the same time. Must samples were produced from the harvested grapes
by crushing them. The basic parameters of the must are total soluble solids, titratable acidity and pH. The soluble
solids content was measured with a hand-held refractometer and pH was determined with a pH meter. The titratable
acidity was determined using the coloration pattern volumetric method according to the O.I.V. (O.1.V,, 2001).

Randomly selected 100 berries per block were stored at -20°C. The grape skins were manually removed from the
frozen berries and freeze dried. To obtain a powder, the skins were grinded with the MiniG Mill (SPEX Sample Prep,
Meutchen, USA), and were stored at -20°C until analysis. The extraction of the phenolic compounds was carried out
according to the method described by Tomaz et al. (2016). The separation, identification, and quantification of the
phenolic compounds from berry skin extracts was performed on an Agilent 1100 series system (Agilent, Germany),
equipped with DAD, FLD, and coupled to an Agilent Chem Station data-processing station according to the one
described by Tomaz and Maslov (2016). The results are expressed in mg/kg dry weight (DW) of skin. All data were
analyzed using the one-way ANOVA procedure, and when differences between treatments were significant, Tukey’s
test at P>0,05 was used to separate the means, using the XLSTAT software v.2020.3.1. (Addinsoft, New York, NY,
USA).

Results and Discussion

Late winter pruning performed at the time of the budbreak increased yield, which was attributed to a higher average
cluster weight (Table 1), a concept also seen in Friend and Trought (2007), who demonstrated that pruning around
budburst may improve yield in cultivars that have unbalanced crop load because of poor fruitset. Winter pruning
at E-L 4 appeared to stimulate yield production and increase cluster weight, as late winter pruning could have
triggered preferential bursting of buds with different inherent fertility (Petie et al., 2017). On the other hand, late
winter pruning performed when two to three leaves were separated did not affect yield and cluster weight (Table 1).
Contrasting results of late winter pruning regarding the effect of timing of treatment on yield have been reported,
which demonstrates a complex interaction between vine growth, phenology and the environment. In the research of
Petrie et al. (2017), the yield variation in the ‘Shiraz’ vines were primarily caused by changes in bunch number and
berry mass. Late winter pruning performed 1, 2 or 3 weeks after budbreak reduced the yield of cv. ‘Malbec’ in Israel
(Netzer etal., 2022). On the other hand, in the research by Frioni et al. (2016), winter pruning performed at budbreak
did not affect vine growth, yield and grape composition at harvest, but when performed in May, yield per vine
decreased due to lower berry and cluster number, as a result of source limitation to the developing cluster primordia.
Late pruning can lead to reduced yield compared to standard winter pruning, possibly due to reduced bud fertility,
fewer clusters per vine and smaller berries (Gatti et al., 2018, Zheng et al., 2017).

Treatment with late winter pruning reduced grape sugar content regardless of timing (Table 1), confirming the
findings of other researchers that delayed winter pruning can delay fruit ripening (Allegro et al., 202, Buesa et al.,
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2022, Falginella et al., 2022, Gatti et al., 2018). Late winter pruning performed at the time of the budbreak also
reduced the total acidity of the must (Table 1). Similar to our results, late winter pruning of cv. Merlot delayed grape
ripening and lowered sugar levels and acidity at harvest (Friend and Trought, 2007). Late pruning treatments can
result in shorter shoot lengths and delayed phenological stages for the early ripening cultivars (Ferrara et al., 2022).

Table 1. Yield and basic composition of ‘Portugieser’ grape juice from different late pruning treatments (2021)

Control LWP1 LWP2
Yield /vine (kg) 2,47 b 3,23a 2,65 ab
Cluster weight (g) 134b 189a 153b
Soluble solids (°Oe) 106 a 93 ¢ 101b
Titratable acidity (g/L) 82b 6,7 ¢ 93a
pH 3,38 a 3,38 a 3,27 a

LWPI- late winter pruning performed at budbreak, LWP2- late winter pruning performed when two to three
leaves were separated, data were analysed through one-way ANOVA, means are separated with Tukey’s test at
P>0,05

Late winter pruning at the time of budbreak resulted in grapes with higher total phenolic and anthocyanin content
and lower flavonol content at harvest, whereas late winter pruning performed when two to three leaves were separated
had higher titratable acidity, fenolic acids and flavan-3-ols content, and lower total phenolic content compared with
standard winter pruning (Table 2). Late winter pruning, regardless of timing, increased the total stilbene content
of ‘Portugieser’ grape skin. Similar results were shown by others. Buesa et al. (2022) showed that late pruning just
before budbreak delayed grape ripening, resulting in grapes with higher anthocyanin concentration for similar sugar

content at harvest.

Table 2. Polyphenolic composition of ‘Portugieser’ grape skin from different late pruning treatments (2021)

Control LWP1 LWP2
Delphinidin-3-O-glucoside 1445,12 a 1217,88 ¢ 134198 b
Cyanidin-3-O- glucoside 472,65 b 231,15¢ 613,73 a
Petunidin-3-O- glucoside 2374,16 a 2064,76 b 1921b
Peonidin-3-O- glucoside 1753,82 a 1146,07 b 1709,8 a
Malvidin-3-O- glucoside 8704,9 b 10116,63 a 7116,68 ¢
Delphinidin -3-O-(caffeoyl) glucoside 119,31 a 114,58 b 99,56 ¢
Peonidin-3-O-(acetyl) glucoside 117,86 a 86,27 ¢ 94,03 b
Malvidin-3-O-(acetyl) glucoside 1390,37 b 1796,89 a 1139,77 ¢
Delphinidin -3-O-(coumaroyl) glucoside 44,78 a 33,02b 31,36 b
Malvidin-3-O-(caffeoyl) glucoside 330,39 b 388,45a 228,75 ¢
Peonidin-3-O-(coumaroyl) glucoside 328,77 a 308,62 b 245,52 ¢
Malvidin-3-O-(coumaroyl) glucoside 1479,85b 234522 a 12254 b
Total anthocyanins 18561,98 b 19849,54 a 15767,58 ¢
Myricetin-3-O- glucoside 456,32 b 503,8 a 448,46 b
Mpyricetin -3-O-glucuronide 35,39b 57,37 a 8,58 ¢
Quercetin-3-O-galactoside 158,83 b 126,62 ¢ 201,23 a
Quercetin -3-O- glucoside 5343,69 b 4958 ¢ 5721 a
Quercetin -3-O- glucuronide 77,18 b 88,7 a 64,61 ¢
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Kaempferol-3-O-rutinoside 408,76 b 399,12 b 513,56 a
Kaempferol -3-O- glucoside 201,34 a 219,71 a 192,66 a
Kaempferol -3-O- glucuronide 14,74 a 6,96 ¢ 12,69 b
Izorhamnetine-3-O- glucoside 75,24 a 77,73 a 59,12 b
Total flavonols 6771,49 a 6438,01 b 6764,87 a
Caftaric acid 94,22 ¢ 202,41 b 366,72 a
Protocatechuic acid 25,48 b 32,96 a 31,86 a
Total phenolic acids 119,7 ¢ 235,57 b 398,58 a
Viniferin 3,7b 3,57 b 422 a
Resveratrol-3-O- glucoside 281,47 b 302,51 a 309,52 a
Total stilbenes 285,17 b 306,8 a 313,74 a
Gallocatechin 150,41 ¢ 240,69 a 220,95 b
Epigallocatechin 170,6 ¢ 210,34 b 258,63 a
Procyanidin Bl 150,45 b 176,89 b 222,41 a
Procyanidin B3 13,18 a 14,84 a 15,3 a
Catechin 72,92 ¢ 120,98 b 164,38 a
Procyanidin B2 52,21b 56,72 b 72,19 a
Epicatechin 2,07b 2,76 b 12,79 a
Total flavan-3-ols 611,84 ¢ 823,22 b 966,95 a
Total phenolic concentration 26350,18 b 27652,22 a 24211,42 ¢

LWPI- late winter pruning performed at budbreak, LWP2- late winter pruning performed when two
to three leaves were separated, data were analysed through one-way ANOVA, means are separated
with Tukey's test at P>0,05

Netzer et al. (2016) found that late winter pruning increased anthocyanin content in grapes, possibly due to the
lower number of clusters per vine, resulting in a distribution of more assimilates to each cluster, or to better exposure
of clusters to sunlight due to the more compact canopy. Performing late winter pruning when shoots were 10 cm
long decreased sugar content, increased total acidity, and increased anthocyanin content in the study by Palliotti
et al. (2017). According to Frioni et al. (2016), late spur pruning in May increased total anthocyanin and phenolic
content, possibly as a result of smaller berry size. On the other hand, late winter pruning a few weeks after budbreak
did not affect sugar, total acidity and total anthocyanin content of ‘Maturana’ grapes grown in the Rioja region of
Spain (Zheng et al., 2017), and late winter pruning performed at the time of sap bleeding stage did not affect total
anthocyanin and flavonol concentrations in ‘Merlot” grapes from Treviso, Italy (Falginella et al., 2022).

Conclusion

Late winter pruning is a cost-effective canopy management practice that allows grape growers to cope with frost but
also to postpone grape ripening to cooler temperature conditions. This study suggests that postponing the winter
pruning date tends to have positive effects on grape quality compared to standard winter pruning. Late winter
pruning can delay the ripening and harvest date of ‘Portugieser’ grapes without negatively affecting the basic fruit
composition, as delaying pruning to budbreak resulted in grapes with the highest total phenolic and anthocyanin
content and the lowest sugar content at harvest. More in-depth studies are needed to evaluate how the interaction
between environmental conditions, variety, and the timing of late winter pruning affects the accumulation of sugars
and berry color during ripening.
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Abstract

Six vinification treatments, including control treatment (K7) were carried out to investigate: the
impact of 48-h pre-fermentative mash cooling (8 °C) followed by 13-days maceration (C15), 28-days
maceration (C30) and saignée technique (CS15); and the impact of 48-h heating (50 °C) followed by
13-days maceration (H15) and 28 days (H30) on total phenolic content (TPC) and antioxidant capacity
(AC) in Teran wines. TPC was analysed by a method based on Folin-Ciocalteu reagent and AC was
determined by FRAP and ORAC assay. The results showed higher TPC and AC in all treatments
compared to the control wine (K7). The highest TPC was found after saignée technique applied (CS15).
Pre-fermentative heating and 30-day maceration treatment (H30) showed the strongest antioxidant
capacity, with both FRAP and ORAC assay.

Keywords: Teran red wine, pre-fermentative procedures, prolonged maceration, total phenolic content,
antioxidant capacity

Introduction

Phenolic compounds are the main class of secondary metabolites in plants. Wine is one of the beverages with the
highest phenolic content (Drosou et al., 2015) which also plays a major role in some organoleptic characteristics of
wine, such as colour and astringency (Bai et al., 2013). The final phenolic content in wine depends on the type of
soil, climate, grape, harvest, and pre- and post-harvest treatments (Bai et al., 2013; Mufioz-Bernal et al., 2021). The
health-promoting properties, including antimicrobial, anticarcinogenic, and antioxidant properties (Biiyiiktuncel et
al., 2014), of phenolic compounds are influenced by their structure, solubility, conjugation with other polyphenols
or other compounds (Singh et al., 2018; Zeb, 2020). The antioxidant activity of phenolic compounds is attributed
to the capacity of scavenging free radicals, donating hydrogen atoms, electrons, or chelate metal cations. Many
studies have shown a strong and positive correlation (p < 0.05) between the phenolic compound contents and the
antioxidant potential (Plav$a et al., 2012; Minatel et al., 2017). The interest in natural antioxidants has increased in
recent years because of their presumed safety and potential nutritional and therapeutical effects. Among natural
antioxidants, red wine has attracted particular interest due to a high content of biologically active compounds
(Buytiktuncel et al., 2014). This implies that the antioxidant capacity of wine, an important property closely related
to the total amount of phenols, varies with grape varieties, vintages, weather, and wine-making procedures (Lissi
et al., 2014), pre-fermentative procedures, fermentation/maceration, and maturation. Maceration is a critical step
to obtain the best characteristics of wine since a large number of phenolic compounds come from seeds and skins
(Aleixandre-Tudo and du Toit, 2018; Mufioz-Bernal et al., 2020). Also, extended (prolonged) maceration is a widely
used winemaking technique, based on extended the contact of grape solids and wine after the end of fermentation
(Sacchi et al., 2005). This technique has been used to alter the mouthfeel of the wines, possibly by facilitating
proanthocyanidin extraction and the formation of polymeric pigments (Casassa et al., 2013). Additionally, different
pre-fermentative enological techniques have been used and studied to understand their effects on the color and
phenolic compound composition of the wine (Heredia and Guzman-Chozas, 1993; Cejudo-Bastante et al., 2014).
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One example is cold pre-fermentative maceration, also known as cold soaking or cryomaceration, which could
be adopted to extract water-soluble compounds in the absence of alcohol at low temperatures (5 - 10 °C), mainly
phenolic and volatile compounds (Heredia et al., 2010; Barros et al., 2022). Another non-conventional technique,
called thermovinification, entails short heating of the skins from 50 to 80 °C extracting them with the juice, pressing,
and then cooling before fermentation. If heating at the same temperature before fermentation is extended for a
longer period (for instance, up to 24 h), the process is called pre-fermentative heat treatment (Escudier et al., 2008;
Rossi et al., 2022). The heat damages the hypodermal cell membranes, releasing anthocyanins, and it also denatures
polyphenol oxidase, preventing browning. Since there is no alcohol present at the time of heating, it would not be
expected to increase tannin extraction (Sacchi et al., 2005). Furthermore, frequently in use is the saignée technique,
also known as pre-fermentation juice runoft. The juice is removed before fermentation, thus increasing the skin-
to-juice ratio, thereby enhancing the extraction of phenolic compounds and stabilizing the apparent color of the
wine (Sacchi et al., 2005). Teran (Vitis vinifera L.) is the most widespread red autochthonous cultivar on the Istrian
peninsula, in Croatia (Plav$a et al., 2012; Rossi et al., 2022). This study aimed to investigate how pre-fermentative
cooling or heating procedure, saignée technique, and various maceration durations affect the total phenolic content
(TPC), and antioxidant capacity (AC) in Teran red wines.

Material and methods

The grapes of cv. Teran (Vitis vinifera L.) was grown in wine-growing hill Western Istria, the town of Pore¢, in a
typical Istrian terroir. The harvest was held in 2020 when the sugar content was measured at 18.9 °Brix, 8.0 g L of
total acidity expressed as tartaric acid, and pH 3.2. On the same day, manually harvested grapes were destemmed
and crushed with standard equipment and homogenized. Red grape mash was equally divided according to the plan
of the experiment (Table 1).

Table 1: Overview of the experiment: pre-fermentative procedures, winemaking techniques and maceration duration
in Teran wine treatments

Fermentation and maceration

Pre-fermentative Maceration duration
Treatment* procedure Winemaking é\’[aceratl(?n/ Maceration + pre-fermentative
(48 hours) technique ermentation duration procedure
temperature

CS15 Saignée 13 days 15 days

C15 Cooling - at 8 °C 13 days 15 days

C30 28 days 30 days

Prolonged 24°C y Yy

HI15 ) maceration 15 days 15 days
Heating - at 50 °C

H30 28 days 30 days

K7 / Standard 7 days /

*C-cooling; H-heating; S-saignée; K-contol; 7,15,30 - days of maceration duration in total

Five vinification treatments were submitted to pre-fermentative mash cooling at 8 °C (cryomaceration) or mash
heating at 50 °C for 48 hours, proceeded with fermentation at 24 °C and followed by prolonged maceration in
two periods of duration: 13 days, respectively 15 days in total including pre-fermentative procedure (C15; H15)
and 28 days, in total 30 days (C30; H30). In one of the treatments with pre-fermentative mash cooling, the saignée
technique was performed before fermentation. A proportion (33 %) of the total juice quantity was racked and
concentrated mash proceeded with fermentation (24 °C) and prolonged 13-days maceration, 15 days in total (CS15).
This experiment has also included a control treatment (K7), with a standard 7-day maceration and a maceration/
fermentation at temperature of 24 °C. Every treatment was performed in three replicats in 220 L-stainless steel tanks.
All grape mashes were inoculated with 30 ghL" of selected Saccharomyces cerevisiae dry yeast (Fermol Mediterranee,
AEB), and chaptalized with 3 kg hL" of saccharose. After the end of maceration, mashes were pressed and wine was
racked in clean tanks. After six months the wine were bottled and stored prior to analysis. The total phenolic content
of each wine was determined by the Folin—Ciocalteu colorimetric method (Singleton and Rossi, 1965) using a Cary
50 UV/Vis spectrophotometer (Varian Inc., Harbour City, CA, USA), at the Institute of Agriculture and Tourism in
Pore¢. The absorbance was measured against a blank at a wavelength of 765 nm, and the results were expressed as
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gallic acid equivalents in mg L' of wine (mg GAE L'). While analysis of the antioxidant capacity in the wines were
performed at the Faculty of Food Technology and Biotechnology in Zagreb by the ferric reducing/antioxidant power
(FRAP) assay, and the oxygen radical absorbance capacity (ORAC) assay. The FRAP assay was conducted according
to the method of Benzie and Strain (1996) and the results are expressed in mmol L FeSO, x 7H,O. The ORAC assay
was performed according to Ninfali et al. (2005), as briefly described in Mazor Joli¢ et al. (2011). Fluorescence was
measured by a Varian Cary Eclipse Spectrofluorometer (Palo Alto, CA, USA). The results were calculated as ORAC
values using the difference in the area under the fluorescein decay curve between the blank and the sample. The
results are expressed as mmol L of Trolox equivalents (TE). Analyses of antioxidant capacity by FRAP and ORAC
assays were conducted in triplicate. One-way analysis of variance (ANOVA) and Fisher’s least significance difference
(LSD) test were used to compare mean values (p < 0.05). Statistics were performed using Statistica 10.0. software
(Sta-Soft Inc. Tulsa, OK).

Results and discussion

Obtained results showed that total phenolic content (TPC) in all treatments was significantly higher in comparison
to the control treatment (K7), where 821.52 mg L was measured (p < 0.05) (Figure 1).

Lower-case letters above column represent significant differences at p
< 0.05 level according to the LSD test.

Figure 1: Total phenolic content (mg L) in Teran wines, 2020.

These results are in accordance with Rossi et al. (2020), who investigate similar vinification procedures and
prolonged macerations on Teran wine of grapes from the same vineyard. In our investigation, the highest content
of phenols, 2710.61 mg L, was found in treatment submitted to pre-fermentative mash cooling, saignée technique,
and prolonged post-fermentative 15-day maceration (CS15). This is confirmed by the fact that removing the juice
with a certain level or ratio would theoretically increase the concentration of water-soluble compounds in the juice
(Wu et al., 2017; Cheng and Watrelot, 2022). Regarding TPC among treatments with pre-fermentative mash cooling
or heating and prolonged post-fermentative 15-day maceration (C15 and H15), a significant difference was not
evident. Possibly, because the extraction of phenols did not reach the maximum within 15 days of maceration. This
is in correspondence with results published by Plavsa et al. (2012), where TPC increases significantly with the length
of maceration and 20-day-long maceration shows higher values than 15-day-long maceration. But the difference
was seen in respect of our treatments submitted to prolonged post-fermentative 30-day maceration (C30 and H30),
where the heating procedure in H30 exhibited a greater effect on TPC in comparison to the cooling procedure in
C30. In our previous study, dealing with total and free anthocyanins, C30 also showed lower values in comparison to
other treatments (Orbani¢ et al., 2022).

According to the FRAP assay, values in all treatments were statistically higher compared to the control wine (K7).
Treatment that underwent pre-fermentative heating and prolonged 30-day maceration (H30) provided significantly
the highest antioxidant capacity, 23.67 mmol L Fe?*, with respect to the control treatment where 10.77 mmol L™
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Fe** was measured. An identical situation was obtained with ORAC assay, values ranged from 17.76 mM Trolox
found in K7 to 31.67 mM Trolox in H30 treatment (Figure 2).

Lower-case letters above column represent significant differences at p < 0.05 level according to the LSD
test.
Figure 2: Antioxidant capacity in Teran wines (2020) analysed by FRAP and ORAC assay

This could be explained by the fact that the heating process is not effective in extracting tannins, which are responsible
for phenolic stability (Sacchi et al., 2005). Therefore, providing direct condensation and co-pigmentation reactions
of tannins with flavanol-3-ol monomers, anthocyanins, anthocyanin-derived pigments, and oligomers is decreased
(Smith et al., 2015). Consequently, some phenolic compounds stay unbound thus enhancing antioxidant activity,
with the hydrogen atoms of the adjacent hydroxyl groups (o-diphenol), located in various positions of the rings
A, B, and C, with the double bonds of the benzene ring, and with the double bond of the oxo functional group
(-C=0) of some flavonoids (Minatel et al., 2017). When correlation coefficients (r) were examined, a very strong
correlation between FRAP and ORAC at 0.998 (p < 0.05) was noted. The results of correlation analysis showed that
these methods are almost comparable in characterizing antioxidant capacities. Other researches using antioxidant
capacity measurement methods have also shown a high correlation (Radeka et al., 2022; Tahmaz and Soylemezoglu,
2022). Moreover, the positive linear correlation of moderate strength among TPC and antioxidant capacity by FRAP
assay was determined, exhibiting an r value of 0.657 (p < 0.05) (Figure 3), providing evidence that the predominant
source of antioxidant activity derives from phenolic compounds in wine (Paixao et al., 2007). A similar correlation
was obtained in the case of ORAC assay and TPC, with an r value of 0.627 (p < 0.05) (Figure 4). These results could
be explained with consideration that phenolic subgroups, possible synergy, and antagonism among them, degree of
polymerization, and radical molecules contained in wine have different influences on antioxidant capacity (Di Majo
et al. 2008). Additionally, Arnous et al. (2002) reported that polymeric and other types of pigments may not have
similar antioxidant characteristics in comparison with monomeric anthocyanins.

Figure 3: Correlation among TPC and FRAP Figure 4: Correlation among TPC and ORAC
values in Teran wines (r = 0.657) values in Teran wines (r = 0.627)
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Conclusions

Applied pre-fermentative procedures demonstrated a significant impact on total phenolic content as well as on
the antioxidant capacity of Teran red wines when compared with wine produced by standard technique. Obtained
evidence could be employed in applying investigated vinification procedures in the winemaking industry to produce
Teran and other red wines of the desired style, thus providing diversification of the wine market. Furthermore, with
considerable bioactive content, which acts as added value, the beneficial properties of moderate consumption of
wine are enhanced.
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Sadrzaj ukupnih fenola i antioksidativni kapacitet
vina sorte “Teran’: utjecaj predfermentativnih
tretmana masulja

SaZetak

Provedeno je $est vinifikacijskih tretmana, uklju¢ujuéi kontrolu (K7) kako bi se istrazio: utjecaj
predfermentacijskog hladenja masulja (48 h; 8 °C) koji se nastavio maceracijom od 13 dana (C15), 28
dana (C30), te saignée tehnologijom (CS15); i utjecaj tretmana grijanja (48 h; 50 °C), koji se nastavio
maceracijom od 13 (H15) i 28 dana (H30) na koncentraciju ukupnih fenola (TPC) i antioksidativni
kapacitet (AC) vina "Teran’. TPC odredeni su metodom koja se temelji na reakciji s Folin-Ciocalteu
reagensom, a antioksidativni kapacitet metodama FRAP i ORAC. Prema dobivenim rezultatima,
vrijednosti TPC i AC u vinima svih tretmana vi$e su u odnosu na kontrolni tretman (K7). Najvise TPC
dobiveno je u tretmanu sa saignée tehnologijom (CS15). Tretman koji uklju¢uje predfermentativno
zagrijavanje i produzenu maceraciju od 30 dana (H30) pokazao je najve¢i antioksidativni kapacitet,
koriste¢i obje metode (FRAP i ORAC).

Klju¢nerijeci: Teran, predfermentacijski tretmani, produljena maceracija, ukupnifenoli, antioksidativni
kapacitet
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Abstract

American blueberry is a perennial fruit species, the fruits of which are rich in antioxidants that have a
positive effect on human health. During cultivation, it is necessary to pay attention to quality nutrition,
protection and agrotechnical measures to achieve the highest quality fruits. This research aims to
investigate the effects of foliar application of biopolymer formulations filled with microalgae and zinc
sulfate during the cultivation of two blueberry cultivars (‘Duke’ and ‘Aurora’) on the quality of the
fruit. After the harvesting, in samples of blueberry fruits, some chemical properties were determined
(anthocyanins, flavonoids and polyphenols). The results obtained showed that the application of
certain bipolymer formulations increased the amount of polyphenols by 17%, flavanoids by 7,2%, and
anthocyanins by 26% in the blueberry fruits of selected blubbery cultivars.

Keywords: encapsulation, blueberry, microalgae, microparticles, zinc, foliar

Introduction

Blueberry(Vaccinium corymbosum L.) is an increasingly popular food due to its favorable nutritional characteristics.
It has numerous positive nutritional and pharmacological properties, such as a high proportion of vitamins,
minerals and secondary metabolites; polyphenols and antioxidants. The presence of secondary metabolites in the
diet contributes to the normal functioning of the organism, reducing the chance of oxidation processes and the
development of numerous diseases. It occurs as a perennial, bushy plant. The main reason for growing this blueberry
is its fruit, a berry composed of an exocarp and a mesocarp. It is suitable for consumption in fresh and dried form,
freezing and processing (Nikoli¢ et al., 2015). The leading world producers are the USA (294,000 tons), Canada
(146,370 tons) and Peru (180,300 tons), while 720 tons of blueberries were grown in Croatia in 2020 (FAOSTAT,2022).
The most commonly cultivar are ‘Duke, ‘Aurora, ‘Patriot, ‘Bluecrop, ‘Nui’ and ‘Hannah’s Choice’ (Nikoli¢ et al., 2015).
Species of the genus Vaccinium began to be collected and experimentally cultivated as early as the beginning of the
18" century (Trehane, 2004), and experienced the greatest commercial success in the period between 1995 and 2005,
when the area of total blueberry plantations increased by 90% (Zhao, 2007).

Blueberries require special climatic and environmental conditions that must be ensured for profitable production and
the highest quality. Blueberry fruit has a low energy value and is rich in nutritious and bioactive components such
as flavonoids, phenolic acids, vitamins and minerals (Nikoli¢ et all, 2015, Nile et all., 2014). It has high antioxidant
properties thanks to a large amount of phenolic compounds (Soce, 2019). The antibacterial, antimutagenic, anti-
inflammatory and anti-cancer effects of certain active components of blueberry have also been confirmed (Landete,
2012). They have a favorable effect on maintaining the health of the circulatory system and improving vision (Nabavi,
2018). Flavonoids in food are responsible for pigments, aroma, annulation of oxidation and protection against the
deactivation of enzymes and vitamins (Yao et al., 2004). The most abundant flavonoids in strawberry fruits are
anthocyanins, and it has been proven that blueberry anthocyanins and other polyphenols have beneficial effects
on reducing hyperglycemia, body weight and cholesterol accumulation (Roopchand et al., 2013). The nutritional
composition of crops, including blueberries, can be improved by appropriate nutrition. One of the ways is the feeding
of microalgae, which gives satisfactory results as a supplement in the food industry and agriculture.

According to the systematics of microalgae, they are prokaryotic and eukaryotic photosynthetic microorganisms.
Their cells have a simple structure, that ensures rapid and successful growth in unfavorable conditions, which is
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why they are found in diverse and extreme ecosystems; deserts, thermal springs and under the ice of Antarctica.
(Heimann et all. 2015). Microalgae are attracting attention as a high-potential raw material for biofuel production
(Sikiri¢ et al., 2019). They are a potential source of numerous bioactive and energetic substances such as polymers,
peptides, fatty acids, carotenoids and sterols. Their photosynthetic activity is high, which is why they perform rapid
growth and biomass synthesis (Kim, 2015). They have a lot of potential as sources of carotenoids, vitamins and
phenols, and as natural antioxidants, they can cancel lipid peroxidation in food and serve as a natural preservative
(Vadlja, 2019). The production of microalgae itself is simple, and high yields are achieved with minimal investment.
Microalgae derivatives are completely biodegradable and have no harmful effects on the environment (Cevid, 2016).

Biopolymer formulations of microcapsules have numerous applications; in food, cosmetic and agricultural
production. Various bioactive components can be encapsulated and thus ensure their gradual release, and depending
on their size, the speed of release can be determined. When it comes to agricultural production, the application of
encapsulated bioactive components is a relatively new method of treatment, and their effect is still being tested.
Biopolymer formulations of microcapsules can be used as a supplement, which achieves continuous release, i.e.
a longer supplement effect (Vincekovi¢ et al., 2016 and Vincekovi¢ et al., 2017). Polymers for the preparation of
biopolymer formulations may include proteins (gelatin, gluten, casein), carbohydrates (starch and its derivatives,
gum arabic, xanthan gum, agar, dextran, alginates, cellulose derivatives), waxes and lipids (glycerides of palmitic and
stearic fatty acids, acetyl -alcohol, beeswax) and synthetic polymers (polyvinyl alcohol, polyacrylic acid, polystyrene,
polyurethanes and polysiloxanes) (Petrovi¢, 2010).

The aim of this study is the folliar application of microcapsules formulations through the process of spraying them
over the crown of the shrub so that the plant could absorb nutritiens through the leaves. With foliar application
fertilization are 8-20 times greater than nutrient uptake from the soil through the roots, reducing the consumption
of the applied agent.

Material and methods
Plant material and experimental design

The experiment was conducted at the blueberry plantation of Fragaria Ltd in Velika Ludina (45°36’10.1"N
16°36’14.8”E) in 2021. The experiment was set up according to the method of randomized block design in four
replicates. Each experimental row consisted of 80 blueberry plants (20 in each repetion), and each treatment was
applied to 5 plants in each row.

Treatments: The biopolymer formulations filled with microalgae and zinc sulfate were prepared in the laboratory
of the Department of Chemistry, Faculty of Agriculture, University of Zagreb. The control treatment was distilled
water, the second treatment is a 10% Chlorella algae solution, and the remaining two treatments were two types of
microcapsules; sodium alginate microcapsules with zinc sulfate ZnSO, x 7H,O and sodium alginate microcapsules
with both zinc sulfate ZnSO, x 7H,O and microalgae solution. The microcapsules were prepared using the ionic
gelation technique at room temperature by adding a solution of the carrier of the active substance, sodium alginate,
with a Biichi-Encapsulator B-390 (BUCHI Labortechnik AG, Switzerland) into a solution of zinc sulfate heptahydrate
(1 mol dm™)(Vincekovi¢ et all. 2016).

Each cultivar of blueberries was treated three times (April 16, May 11, and June 1 in 2021). The foliar application
was carried out with a manual pressure sprayer (LUX TOOLS Cl), and about 200 mL of the preparation was used
per plant. The preparation contained 10 g of microcapsules per plant (200 g per repetition i.e.800 g per treatment.
The application solution was prepared by putting 800 g of capsules and 5.2 L of distilled water into the canister so
that there would be a total of 6 L of the treatment agent. The doser of the manual pressure sprayer is 3 L, which was
enough for 2 rows of application, i.e. repetitions.

Fruit sampling: Ripe fruits were harvested for the ‘Duke’ on June 21 and 28 and for the ‘Aurora’ on August 2 and
9, 2021. For each treatment, at each harvest, an average sample of about 500 g was taken. Samples were stored in a
refrigerator at the Department of Pomology Faculty of Agriculture until analysis. The dependent variables in each of
the analyzes represented the average of the values of 2 measurements (1* harvest and 2" harvest.).

Analysis of total polyphenols, flavanoids and anthocyanins: Total polyphenols were determined based on the
colorimetric reaction of the Folin-Ciocalteu reagent with some reducing reagents (polyphenolic compounds). The
absorbance intensity of the resulting blue coloration at 765 nm is determined spectrophotometrically (Ough et all,,
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1988), whereby the intensity of the coloration is directly proportional to the proportion of polyphenolic compounds
in the tested sample (Singleton et all., 1965). Results are expressed as gallic acid equivalents (GAE) [mg EGAL/100 g
FW]. Total flavonoids (Ivanova et al. 2010) are determined spectrophotometrically Results are expressed as quercetin
equivalent (QE) [mg QE/100 g FW] at a wavelength of 360 nm. Anthocyanins are determined by the method
according to Giusti and Wrolstad (2001). Results are expressed as equivalent of cyanidin-3-glucoside (C3GE) [mg
C3GE/100 g FW] at 520 nm and 700 nm. All spectrophotometric measurements were done by Shimadzu UV-1900i
spectrophotometer.

Statistical analysis: The data were presented as mean + standard deviation. Differences between means of examined
chemical parameters of blueberry cultivars were compared by the Kolmogorov-Smirnov test and Wilcoxon W test
ta at a significance level of 95%, with a risk level of 5%. The data analysis was done in using SPSS Statistics, version
24.0. ) were used. Considering the small samples, one of the non-parametric statistical procedures was used to test
each hypothesis, although the Kolmogorov-Smirnov test indicates the normality of the distribution of the results in
all measurement subjects for the cultivar.

Results and discussion

The results of chemical analyzes of blueberry fruits for phenols can be found in Tables 1 and 2. According to the
authors Dongnan et al. (2017) the average amount of polyphenols in the fruits of the ‘Duke’ is 380 mg/100 g FW.
The Mann Whitney U test and the Wilcoxon W test determined a statistically significant difference in the amount of
polyphenols in the fruits between the ‘Aurora’ and ‘Duke] and it can be determined with 99% certainty that the fruits
of the ‘Aurora’ have a higher amount of polyphenols compared to the fruits of the ‘Duke] with 1% risk (Table 3.).

Table 1. Polyphenols, Flavanoids and Anthocyanins content in blueberries ‘Duke’

Polyphenols Flavonoids Anthocyanins
Treatment

mg EGK/100 g FW mg QE/100 g FW mg C3GE/100 g FW

1.harvest 2.harvest 1.harvest 2.harvest 1.harvest 2.harvest
Control 293.82 183.23 205.63 136.61 136.59 69.74
Microalgae solutions 317.59 173.86 217.64 136.64 144.59 71.26
Microcapules zinc 298.98 182.29 221.60 138.44 136.86 72.54
Microcapsules microalgae ) ¢0 ) 167.11 209.39 126.83 139.02 65.54
and zinc

Table 2. Polyphenols, Flavanoids and Anthocyanins content in blueberries ‘Aurora’

Treatment Polyphenols Flavonoids Anthocyanins

mg EGK/100 g FW mg QE/100 g FW mg C3GE/100 g FW

1l.harvest 2. harvest 1.harvest 2.harvest 1l.harvest  2.harvest
Control 276.52 248.50 184.73 190.75 70.94 66.78
Microalgae solutions 256.19 261.81 197.56 219.64 71.24 73.07
Microcapules zinc 323.79 274.60 218.22 219.28 94.45 81.84
Microcapsules  microalgae 5, ¢ 5 305.52 229.08 222.41 95.66 91.38
and zinc
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Table 3. Statistical analyzes of polyphenols saturation results concerning cultivar

Cultivar N M C SD U A p
‘Aurora’ 16 286.88 286.05 29.15

‘Duke’ 16 237.99 240.85 30.56

Total 32 30.00 166.00 0.00**

Legend: N-sample size; M - arithmetic mean; C- median; SD- standard deviation; U- Mann Whitney U test; W-
Wilcoxon W test; p- statistical significance
Note: *p < 0.0; *p < 0.05

According to the authors Dongnan et al. (2017), the average amount of flavonoids in the fruits of the ‘Duke’ is 220
mg/100 g~ FW. The Mann Whitney U test and the Wilcoxon W test showed a statistically significant difference in
the amount of flavonoids in the fruits between the cultivars Aurora’ and ‘Duke), and it can be determined with 99%
certainty that the fruits of the ‘Aurora’ have a higher amount of flavonoids, compared to the fruit ‘Duke, with a 1%
risk (Table 4).

Table 4. Statistical analyzes of flavonoid results with regard to cultivar

Cultivar N M C SD U w p
‘Aurora 16 212.74 206.69 27.31

‘Duke’ 16 174.10 174.34 16.64

Total 32 21.00 157.00 0.00**

Legend: N-sample size; M - arithmetic mean; C- median; SD- standard deviation; U- Mann Whitney U test; W-
Wilcoxon W test; p- statistical significance
Note: **p < 0.01; *p < 0.05

The Mann Whitney U test and the Wilcoxon W test determined a statistically significant difference in the amount of
anthocyanins in the fruits between the cultivars ‘Aurora’ and ‘Duke} and it can be determined with 99% certainty that
the fruits of the cultivar ‘Duke’ have a higher amount of anthocyanins compared to the fruits of ‘Aurora’ varieties,
with 1% risk (Table 5).

Table 5. Statistical analyzes of anthocyanin results with regard to cultivarvariety

Cultivar N M C SD U W p
‘Aurora’ 16 82.22 77.79 13.26

‘Duke’ 16 104.54 105.16 15.69

Total 32 31,00 167,00 0,00%*

Legend: N-sample size; M - arithmetic mean; C- median; SD- standard deviation; U- Mann Whitney U test; W-
Wilcoxon W test; p- statistical significance
Note: **p < 0.01; *p < 0.05

Analysis of variance did not establish a statistically significant difference in the amount of polyphenols in the fruits
between treatments, and with 95% confidence, it can be determined that there is no difference in the amount of
phenols concerning the different treatments (Table 6). Although the results themselves showed some differences
(treatments with capsules with zinc and microalgae in the cultivar ‘Aurora’), the sample itself was not large enough
to prove significant differences through statistical analysis.
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Table 6. Statistical analyzes of polyphenols results concerning the type of treatment.

Treatment N M C SD H p
Control 8 250.27 243.58 30.12

Microalgae solutions 8 259.84 264.83 34.02

Microcapsules Zn 8 269.91 273.10 35.73

Microcapsules Alge/Zn 8 269.72 264.78 53.97

Total 32 1.55 0.67

Legend: N-sample size; M - arithmetic mean; C - median; SD - standard deviation; H - Kruskal-Wallis test; p-
statistical significance.
Note: **p < 0.01; *p < 0.05

The analysis of variance did not establish a statistically significant difference in the amount of flavonoids in the fruits
between treatments, and with 95% confidence, it can be determined that there is no significant difference in the
amount of flavonoids concerning the different treatments (Table 7).

Table 7. Statistical analyzes of flavanoids results concerning of treatment

Treatment N M C SD H p
Control 8 179.47 176.86 18.19

Microalgae solutions 8 197.77 195.98 36.50

Microcapsules Zn 8 199.46 196.57 22.89

Microcapsules Alge/Zn 8 196.98 191.08 37.58

Total 32 2,99 0,39

Legend: N-sample size; M - arithmetic mean; C - median; SD - standard deviation; H - Kruskal-Wallis test; p-
statistical significance. Note: ** p < 0.01; * p < 0.05
Note: **p < 0,01; *p < 0,05

The analysis of variance did not establish a statistically significant difference in the amount of anthocyanins in the
fruits between treatments, and with 95% certainty, it can be determined that there is no significant difference in the
amount of anthocyanins concerning the different treatments (Table 8).

Table 8. Statistical analyzes of anthocyanin results concerning the type of treatment

Treatment N M C SD H p
Control 8 86.01 80.60 22.75

Microalgae solutions 8 91.13 81.15 24.51

Microcapsules Zn 8 96.42 93.84 11.72

Microcapsules Alge/Zn 8 97.93 97.71 13.02

Total 32 2,79 0,43

Legend: N-sample size; M - arithmetic mean; C - median; SD - standard deviation; H - Kruskal-Wallis test; p-
statistical significance. Note: ** p < 0.01; * p < 0.05
Note: **p < 0,01; *p < 0,05

Although the results themselves showed some differences (treatments with capsules with zinc and capsules with
zinc and microalgae in the variety Aurora’), the sample itself was not large enough to prove significant differences
through statistical analysis which could be explained because of the weather extremes through the all 2021.

The conducted research opens up the potential for additional investigations of biopolymer formulations of microalgae
because they are understudied and have great potential for application in sustainable fruit productionv
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Conclusions

The results of this research showed an increased proportion of total polyphenols, flavanoids and an increased
proportion of anthocyanins in blueberry fruits of the ‘Aurora’ cultivar foliar treated with biopolymer formulations
with a solution of zinc sulfate ZnSO, x 7H,O and biopolymer formulations with a solution of Chlorella microalgae.
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Pomoloska svojstva vi$nje sorte ‘Oblacinska’ na
vlastitom korijenu i na podlozi ‘Raseljka’
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SaZetak

Vi$nja (Prunus cerasus, L.) uzgaja se na razli¢itim vegetativnim i generativnim podlogama. Na rast i
razvoj, kao i na pomoloska svojstva utjeCu genotip, podloga, te agroekolosgka obiljezja. Cilj rada je bio
utvrditi postoje li razlike medu mjerenim pomoloskim svojstvima ploda visnje ‘Oblac¢inske’ uzgajane
na vlastitom korijenu i uzgajane na podlozi ‘Raseljka. Mjerenja pomoloskih svojstava su pokazala vecu
masu ploda kod vi$nje ‘Oblac¢inska’ na podlozi ‘Rageljka’ (3.54 g) u odnosu na istu na vlastitom korijenu
(2.87 g). Sirina i visina ploda su bile vece kod vi$nje ‘Oblac¢inska’ na podlozi ‘Rageljka.

Kljucne rijeci: vi$nja, podloga, pomoloska svojstva

Uvod

‘Oblacinska visnja’ predstavlja populaciju velikog broja klonova (genotipova), (Milatovi¢ i Nikoli¢, 2011.). Prema
navodima Misic¢a (1989) “Oblacinska vi$nja’, danas predstavlja heterogenu populaciju koja je uglavnom, nastala
vegetativnim razmnozavanjem izdancima. Ne treba, medutim, isklju¢iti moguénost utjecaja generativnog nacin
razmnozavanja na $irenje ove populacije. Stablo ove vi$nje je slabe do umjerene bujnosti, loptaste do $iroko
piramidalne krune, vrlo pogodno za gustu sadnju. (Milutinovi¢ i Nikoli¢, 1997.). Zbog redovite rodnosti, visokih
uroda i kvalitete ploda ubrzo se prosirila u uzgoju (Puskar, 2005). Kako se lako razmnozava izdancima, ‘Oblac¢inska
vi$nja' se Cesto uzgaja na vlastitom korijenu. Otporna je prema niskim zimskim temperaturama i proljetnim
mrazevima. Takoder je otporna na susu. Cvjeta srednje rano. Samooplodna je. Rada dobro i obilno (15 - 30 t/ha).
U odnosu na standardne sorte vi$anja kao $to su ‘Rexelle’ i ‘Haimanova konzervna, Oblacinska dozrijeva 10 - 15
dana ranije od istih, ali je unutar populacije Oblacinske vi$nje zabiljezeno razli¢ito dozrijevanje. Vrijeme zriobe je
genetski uvjetovano, ali i varira pod utjecajem vanjskih ¢imbenika. Obladinska sazrijeva u drugoj polovici lipnja
(Soski¢, 2008.). Plod je okruglastog do okruglastokolacastog oblika, prili¢no ujednacene krupnoce i vremena zriobe.
Pokozica je tanka, tamnocrvene boje. Meso je crveno, srednje ¢vrsto, so¢no, kiselkastog ukusa, aromati¢no i vrlo
kvalitetno. Sok je tamnocrvene boje. Kostica je sitna i lako se odvaja od mesa. Plod se lako odvaja od peteljke. Otvor
ploda po odvajanju peteljke ostaje zatvoren, te se sok ne gubi. Relativno je dobre transportablinosti i pri obi¢nim
uvjetima moze se ¢uvati u svjezem stanju 3 - 5 dana. Pogodan je za preradu u najrazli¢itije proizvode (Nikoli¢ i sur.,
2011), imajuéi u vidu da je plod ‘Oblacinske vi$nje’sitan, ali sa izrazenim kvalitetom mesa i soka. Izuzetno je dobra za
proizvodnju sokova, kompota i za konditorsku industriju (Mratini¢, 2010).

Od generativnih podloga za vi$nju, naj¢esce se koriste divlja tre$nja i raseljka, te sjemenjaci kulturnih sorata vi$nje.
Danas se u svijetu koristi relativno veliki broj vegetativnih podloga za vi$nju, porijeklom od tre$nje, raseljke, obi¢ne
vi$nje, stepske vi$nje, kao i meduvrsnih hibrida (Mratini¢, 2010). Vegetativne podloge za vi$nju su ‘F 12-T" Colt;
‘St. Lucia 64, klon vi$nje ‘Stocton Marello, ‘Obla¢inska vi$nja, ‘Avalska vi$nja’ i drugi tipovi domace vi$nje. Pored
navedenih, kao podloge za vi$nju koriste se i izdanci visnje (Miljkovi¢, 1991). ‘Raseljka’ je botanicki bliza visnji
nego tre$nji. Koristi se kao podloga za vi$nju, na suhim tlima, manje plodnim, ali dovoljno dubokim, kao i izrazito
vapnenim tlima. Ne podnosi zbijena, kisela, vlaZna tla i na njima brzo strada. Otporna je prema susi. Sorte cijepljene
na njoj postizu manju bujnost, krace su dugovje¢nosti. U proizvodnim nasadima kao podloga za vi$nju se koristi
sjemenjak ‘Raseljke’ (Prunus mahaleb Mill.) koja je dobra podloga za vi$nju u su$nijim uvjetima, jer ima snazno
razgranat korijen, dobro podnosi susu, laksa skeletoidna tla (Vrsaljko i sur., 2010). Izmedu sorti viSanja s jedne
strane i podloga s druge strane postoji vegetativna podudarnost. Anderson i sur. (1993) zaklju¢uju da podloge utje¢u
na raniju ili kasniju cvatnju, na koli¢inu uroda i krupnoc¢uploda. Pored navedenog, razli¢ita istrazivanja govore o
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tome kako podloga ima znacajan utjecaj na urod vi$anja, kao i tip tla i drugi ekologki ¢initelji (Perry i sur., 1993).
Poznavanje biologije vi$nje, kao i njenih zahtjeva prema agroekoloskim uvjetima je bitno zbog izbora sorte, izbora
proizvodnog prostora, izbora podloge, uzgojnog oblika, odrzavanja tla, kao i kvalitete plodova. Visnja najbolje
uspijeva na dubokim, dobro dreniranim tlima, ilovaste, pjeskovito ilovaste do glinasto ilovaste teksture. Vi$nja na
podlozi ‘Raseljka’ pli¢e rasprostire korijenovu mreZu, nego na tre$nji kao podlozi . Glavninu korijena (75%) stablo
vi$nje na podlozi ‘Raseljka; rasprostire do dubine od 40 cm. U dubljim tlima postoje povoljni uvjeti za bolju opskrbu
vodom i hranjivima, odnosno za dublje rasprostiranje korijena.

Vis$nja za dobar rast i rodnost zahtjeva slabo kiselu do neutralnu pH reakciju tla (Miljkovi¢, 1991). Optimalna pH
vrijednost tla za uzgoj vi$anja se krece izmedu 5.51 7.0. Vi$nja se moZe uzgajati i na tezim i zbijenijim i drugim manje
povoljnim tlima ukoliko se izabere odgovarajuca podloga. Cilj rada je bio utvrditi postoje li razlike medu mjerenim
pomoloskim svojstvima ploda ‘Oblacinsk’ uzgajane na vlastitom korijenu i uzgajane na podlozi ‘Raseljka.

Materijal i metode

Istrazivanje je provedeno u vi$nje ‘Oblacinska’ starosti 15 godina. Vo¢njak se nalazi u op¢ini Ljubinje, na jugoistoku
Bosne i HercegovineJedan dio stabala u vo¢njaku vi$nje ‘Oblac¢inska’ je uzgojen na vlastitom korijenu (izdanak),
drugi dio stabala vi$nje ‘Oblacinska’ je uzgojen na podlozi ‘Raseljka’ (Prunus mahaleb, Mill.). Uzgojni oblik je vaza.
Razmak sadnje vi$nje ‘Oblacinske’ bio je 4 x2.5 m, a pravac redova je sjever-jug. U vo¢njaku je primjenjena zimska
rezidba, zatita od bolesti i teto¢ina i redovita gnojidba, a navodnjavanje je omoguceno sustavom kap po kap.
Iz voénjaka su uzeta dva prosje¢na uzorka tla, sa dubine 0-30 cm. Prvi prosje¢ni uzorak tla uzet je s lokaliteta
gdje je posadena vi$nja ‘Obla¢inska’ na vlastitom korijenu, a drugi s lokaliteta gdje je ‘Obla¢inska’ posadena na
podlozi ‘Raseljka’ Analize tla su obavljene u pedoloskom laboratoriju Agronomskog i prehrambeno-tehnoloskog
fakulteta Sveucilista u Mostaru, prema sljede¢im metodama: reakcija tla (pH) — potenciometrijski, ukupni karbonati
- metodom Scheibler, humus prema Kotzmannu, dusik metodom po Kjeldahl-u, a fizioloski aktivni fosfor i kalij
prema Al metodi (Amonim - laktat - octena kiselina kao sredstvo za ekstrakciju fosfora i kalija).Za pomoloska
mjerenja, po potpuno slu¢ajnom rasporedu odabrano je po pet stabala Oblacinske na vlastitom korjenu i pet stabala
na podlozi ageljka. Stabla su odabrana slu¢ajnim odabirom iz razli¢itih dijelova voénjaka. Sa svakog stabla ubrano je
po 30 plodova u fenofazi pune zrelosti. Masa ploda (g) je mjerena na analitickoj vagi (Kern 440 -45). Visina i $irina
ploda (mm) je mjerena uz pomo¢ ru¢nog digitalnog pomi¢nog mjerila (Hm Mullner werkzeuge). Provedena je
deskriptivna statistika i T- test (Knezovi¢, 2019.) u MS Excelu 2019.

Rezultati i rasprava
Analiza tla

Temeljem rezultata analize prosje¢nih uzoraka tla, vidno je da je uzorak tla uzet sa lokaliteta gdje je posadena
‘Oblac¢inska’ na podlozi ‘Raseljka; alkalne reakcije (pH 7.38). Sadrzaj ukupnog vapna u uzorcima tla nije visok.
Uslijed redovite gnojidbe organskim i mineralnim gnojivima tla su dobro opskrbljena humusom i osnovnim biljno
hranidbenim elementima (NPK), narocito ukupnim dusikom i fiziologki aktivnim fosforom (Tablica 1).

Tablica 1.: Rezultati kemijskih ispitivanja uzoraka tla u vo¢njaku‘Oblacinske’ vi$nje

pH Ukupni Sadrzaj Ukupni Fiziologki aktivni
‘Oblacinska’ visnja CaCo, humusa N (mg/100 g tla)
0,
H,0 KCl (%) (%) (%) PO, K,0
Vlastiti korijen 7.76 7.09 4.0 3.57 0.48 31.50 22.48
‘Raseljka’ 8.20 7.38 3.78 4.10 0.36 32.90 24.60
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Pomoloska svojstva

U ablici 2 istaknute su minimalna i maksimalna vrijednost aritmeticke sredine, standardne devijacije i varijacijski
koeficijent (%) ‘Oblacinske’ vi$nje uzgajane na vlastitom korijenu i na podlozi ‘Raseljka’ Iz prikazanih podataka
moze se uociti da je najvarijabilnije svojstvo bila masa ploda .

Tablica 2. Pomoloska svojstva‘Oblacinske’ visnje

Min Max Mean s CV(%)
‘Raseljka’ Visina(mm) 10.46 17.94 14.77 0.08 0.57
Sirina(mm) 13.68 21.72 17.57 0.11 0.60
Masa(g) 2.26 5.34 3.54 0.04 1.08
Vlastiti korijen  Visina(mm) 11.27 16.43 13.35 0.07 0.52
Sirina(mm) 12.62 18.92 15.50 0.08 0.52
Masa(g) 1.71 4.02 2.87 0.03 1.14

Min - minimalna vrijednost; Max - maksimalna vrijednost; Mean-srednja - vrijednost; s - standardna devijacija;
CV - varijacijski koeficijent (%)

Masa ploda

Nakon provedenog T testa za masu ploda utvrdene su znacajne razlike izmedu prosje¢nih vrijednosti za kombinaciju
‘Oblacinske’ i podloge (t_  13.49*; p<0.01). Masa ploda utvrdena za vi$nju ‘Oblacinska’ na podlozi ‘RaSeljka’ (3.54
g), znacajno se razlikovala u odnosu na visnju ‘Oblacinska’ na vlastitom korijenu 2.87 g (Tablica 3).

Sirina ploda

Analizom podataka pomoc¢u T testa za svojstvo $irina ploda utvrdene su znacajne razlike izmedu prosje¢nih
vrijednosti (t, 15.90**; p<0.01). Najveca Sirina ploda izmjerena je za visnju ‘Oblacinska’ na podlozi ‘Radeljka’ i
iznosila je 17.57 mm i visoko znacajno se razlikovala u odnosu na vi$nju ‘Oblacinska’ na vlastitom korijenu koja je
iznosila 15.58 mm (Tablica 3).

Visina ploda

Kori$tenjem T testa utvrdene su znacajne razlike izmedu prosje¢nih vrijednosti visine ploda za analiziranu sortu
vi$nje, odnosno kombinacije ‘Oblacinske’ visnje i dvije podloge (t_ 11.83**; p<0.01). Znacajno viSa vrijednost
visine ploda utvrdena je kod vi$nje ‘Oblacinska’ na podlozi ‘Raseljka’ (14.77 mm) u odnosu na vi$nju ‘Oblacinska na
vlastitom korijenu 13.55 mm (Tablica 3).

Tablica 3. Prosje¢ne vrijednosti pomoloskih svojstava ploda ‘Oblacinsk’

Podloga Masa (g) Sirina (mm) Visina (mm)
‘Raseljka’ 3.54 17.57 14.77
Vlastiti korijen 2.87 15.58 13.55

t 13.49** 15.90** 11.83**

P 0.01 0.01 0.01

** - visoko znacajne razlike uz nivo znacajnosti p 0.01

Kod ispitivanih stabala prosje¢na masa ploda vi$nje ‘Oblacinska’ na podlozi 'Raseljka’ je bila 3.54 g, a na vlastitom
korijenu prosje¢na masa ploda je iznosila 2.87 g, §to je sli¢no s istrazivanjima drugih autora.

Prema istrazivanju (Puskar, 2005.) u predselekcijskom radu 1993. godine masa ploda istrazivanih stabala vi$nje
’Oblacinska’ kretala se od 2.49 do 4.66g. Pavicevi¢ (1976.) navodi da u ovisnosti o intenzitetu oplodnje i godine, masa
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ploda kod ‘Oblacinske’ vi$nje na vlastitom korijenu, moze iznositi od 2.8 do 4.9 g. Puskar (2002.) navodi da se masa
ploda vi$nje ‘Oblacinska’, uzgajane na vlastitom korijenu kretala izmedu 2.2 i 3.9 g. Nikoli¢ i sur. (2005./1) navode
da je kod ispitivanih klonova vignje ‘Obla¢inska‘ masa plodova varirala od 2.62 do 3.52 g. Sebek (2019.) na osnovu
svojih istrazivanja navodi da je vi$nja ’Oblacinska’ uzgajana na vlastitom korijenu imala masu ploda od 3.0 g.

Prema dobivenim podatcima, prosje¢na $irina ploda za vi$nju ’Oblac¢inskana podlozi ‘Raseljka‘ je iznosila 17.57
mm i bila je ve¢a u odnosu na prosje¢nu $irinu ploda kod ‘Obla¢inske’ na vlastitom korijenu, gdje je iznosila 15.58
mm. Puskar (2002.) piSe da se Sirina ploda istrazivanih tipova *Oblacinske’ (na vlastitom korijenu) kretala izmedu
16.1120.1 mm, a visina ploda se kretala od 12.9 do 16.7 mm. Trajkovski (2016.) navodi vrijednosti prosje¢ne Sirine
plodova vi$nje ‘Oblacinska’ (na podlozi 'Raseljka’) izmedu18.38 i 16.57 mm, dok za prosje¢nu visinu plodova navodi
vrijednosti od 14.67do 16.16 mm. MiloSevi¢ i MiloSevi¢ (2012.) su na osnovu isvojih istrazivanja utvrdili prosje¢nu
visinu ploda vi$nje ‘Oblacinska’ na vlastitom korijenu, 14.85 mm i prosje¢nu $irinu ploda od 15.50 mm.
Milutinovi¢ i sur. (1980.) piSe da se $irina ploda kretala od 16.0 do 19.7 mm, a visina od 14.5 do 17.00 mm.
Kiprijanovskiisur. (2018.) suuo¢ilive¢umasuidimenzije ploda kod vi$nje ‘Oblacinska’ cijepljene na podlogu ‘Raseljka’
u odnosu na stabla na vlastitom korijenu. Takoder, ta stabla bila tolerantnija prema susi, hladno¢i, karbonatima.
Prosje¢na tezina ploda je iznosila 2.96 g na ‘Raseljci’ do 2.64 g na vlastitom korijenu. Razli¢ita istraZivanja govore da
podloga ima znacajan utjecaj na urod vi$anja, kao i tip tla i drugi ekoloski ¢initelji (Perry i sur., 1993.), Izmedu sorti
vi$anja s jedne strane i podloga s druge strane postoji vegetativna podudarnost. Pod podudarno$¢u se podrazumijeva
dobro sjedinjenje izmedu podloge i plembke, koja je uvjetovana anatomsko - fizioloskim svojstvima (Mratini¢, 2010.).
Anderson i sur., (1993.) navode da podloga utjece na raniju ili kasniju cvatnju sorte, na koli¢inu njihova uroda i
veli¢inu ploda. ploda kao i njegove dimenzije ovise o sorti i podlozi, ¢emu u prilog Rakonjac i sur. (2016.) navodi
da su prosje¢na masa plodova sorata vi$nje ‘Meteor koraii, Kelleris 14, ‘Rexelle, ‘Hajmanova konzervna’ cijepljenih
na podlozi ‘Raseljka’ bile manje vrijednosti u odnosu na prosje¢ne mase plodova s stabala koja su bila cijepljena
na podlogu divlje tresnje. Kopytowski i sur. (2010.) navode kako su sorte visanja cijepljene na sjemenjak ‘Raeljke’
imale najmanje prosje¢ne vrijednosti visine,$irine i mase plodova u odnosu na plodove onih stabala koja su bila
cijepljena na podloge divlja tresnja i ‘F12/1’. Vazan ¢imbenik u izboru podloge moze biti njezina prilagodljivost
razli¢itim tipovima tla i/ili otpornost na nepovoljne abioticke i bioticke uvjete (Lang i sur., 1997.). Podloga, njeno
prokorjenjivanje, raspolozivost biljno hranidbenih elemenata i njihova pokretljivost u tlu mogu biti odgovorni za
masu ploda (Thouraya i sur., 2016.).

Zakljucak

Mjerenja su pokazala da je ve¢a masa ploda bila kod visnje ‘Obla¢inska’ na podlozi ‘Raseljka’ (3.54 g) u odnosu
na istu sortu na vlastitom korijenu (2.87 g). Takoder izmjerena je veca $irina i visina ploda za vi$nju ‘Oblacinska’
na podlozi ‘Raseljka’ u odnosu na istu na vlastitom korijenu. Iz navedenog je uocljivo da je podloga utjecala na
pomoloska svojstva ploda ‘Oblac¢inske’ vi$nje. Podloga ‘Raseljka’ se pokazala boljom podlogom za vi$nju ‘Oblacinska’
u danim uvjetima uzgoja, pa se ova podloga moze preporuciti za $irenje u proizvodnji.
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Pomological properties of Oblacinska variety on
own root and grafted on ahaleb

Abstract

Sour cherry (Prunus cerasus, L.) is grown on different vegetative and generative rootstocks. The
growth and development of the variety, as well as the pomological properties are influenced by the
genetic properties, the rootstock, and the agroecological characteristics. In this paper, the goal was to
determine whether there are differences between the measured properties of fruit ‘Obla¢inska’ grown
on its own root and grown on a ‘Mahaleb. Measurements properties showed a higher fruit weight of
the ‘Oblacinska’ on the rootstock (3.54 g) compared to the same one on its own root (2.87 g). The fruit
width (mm) and fruit height (mm) were greater for the sour cherry ‘Obla¢inska’ grown on a rootstock
‘Mahaleb’

Keywords: sour cherry, rootstock, pomological properties
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Sazetak

U istrazivanju je analiziran utjecaj razli¢itih sojeva kvasaca i duljina maceracije (8 i 12 dana) na
osnovni kemijski sastav i aromatski profil vina ‘Trnjak’ Cilj rada bio je utvrditi razlike izmedu
kontrolnog tretmana s epifitnim kvascima i sekvencijalne inokulacije sojeva Lachancea thermotolerans
i Saccharomyces cerevisiae te tretmana sa S. cerevisiae na sastav vina. Rezultati su pokazali utjecaj
sekvencijalne fermentacije na rast ukupne kiselosti te smanjenje pH vrijednosti, ¢ime se postizu svjeZina
i stabilnost koje doprinose kakvo¢i i dugovje¢nosti crnih vina juznih vinogorja. Duljina maceracije i
vrste kvasaca znacajno su utjecali na koncentracije ukupnih aldehida, estera i hlapljivih fenola.

Kljucne rijeci: Saccharomyces cerevisiae, Lachancea thermotolerans, sekvencijalna inokulacija,
aromatski spojevi

Uvod

Na kvalitetu vina utje¢u mnogi ¢imbenici poéevsi od zemljopisnog podrijetla grozda, sastava mosta, procesa
vinifikacije i mikrobne aktivnosti razli¢itih vrsta kvasca. Vino je sloZzena mjesavina kemijskih spojeva medu kojima su
i hlapljivi spojevi arome koji se prema podrijetlu mogu podijeliti na primarne ili sortne, sekundarne ili fermentacijske
te tercijarne ili arome starenja, a koji su ujedno pod jakim utjecajem aktivnosti kvasaca tijekom proizvodnje vina
(Belda i sur., 2017.). Saccharomyces cerevisiae tradicionalno je naj¢esée koristena vrsta kvasca u proizvodnji vina
zbog iznimnih fermentabilnih sposobnosti u velikom rasponu uvjeta provodenja alkoholne fermentacije. Tijekom
posljednjeg desetljeca, uloga ne-Saccharomyces kvasaca u proizvodnji vina se povecala, jer su brojna istrazivanja
potvrdila njihove jedinstvene enoloske karakteristike koje utje¢u na poboljsanje kvalitete i aromatskog profila vina
(Rojas i sur., 2001.; Jolly i sur., 2003.; Swiegers i sur., 2005.; Domizio i sur., 2007.; Viana i sur., 2008.;)

Lachancea thermotolerans je ne-Saccharomyces vrsta kvasaca pozeljna zbog pozitivnog doprinosa senzornim
svojstvima vina (Capece i Romano, 2019.) i proizvodnje uravnoteZenih vina. L. thermotolerans u sekvencijalnoj
inokulaciji sa S. cerevisiae pridonosi snizavanju pH vrijednosti i povecanju ukupne kiselosti temeljem sinteze
L-mlije¢ne kiseline. L. thermotolerans osigurava alkoholnu jakost u rasponu od 5 do 9 vol. %, pa ¢ak i 10 vol. %
(Hranilovi¢ i sur., 2018.), ali se sekvencijalno inokulira sa S. cerevisiae za potpunu fermentaciju $ecera (Morata i
sur., 2019.). Osim §to moze prezivjeti nekoliko dana pri 9 vol. % alkohola (Kapsopoulou, 2007.), postojana je i kad
fermentacijom dominira S. cerevisiae (Mills i sur., 2002.). Kao $to je ve¢ dokazano, maceracija znacajno utjece na
kemijski sastav i senzorna svojstva crnog vina. Mnoga su istrazivanja pokazala da se poZeljna razina trpkoce, aroma
i karakter vina mogu posti¢i kontroliranjem uvjeta maceracije, kao $to je duljina trajanja i temperatura procesa.
Osim toga, spojevi poput tanina, terpena, estera i sli¢no, dolaze u dodatne interakcije tijekom procesa maceracije
(Cheynier i sur., 2006.).

Trnjak crni je sorta s, jo§ uvijek, nedovoljno istrazenim podrijetlom. Smatra se autohtonom sortom Imotske
krajine i zapadne Hercegovine. Istice se manjim prinosom i izrazito kvalitetnim sastavom mosta i vina. Uz visoku
koncentraciju Secera od 20 - 26 % i nizu do srednju koncentraciju ukupne kiselosti (4,5 - 6 gL™!) ovisno o godini i
terminu berbe, karakterizira ga i visoka koncentracija polifenola. Vina su stoga puna, ekstraktna, s koncentracijom
alkohola od 12 - 15 vol. %, intenzivno rubinske boje i vrlo ugodne arome (Mirosevi¢ i Turkovi¢, 2003., Sokoli¢, 2006.,
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Maleti¢ i sur., 2015.), a ponekad neharmoni¢na zbog niske ukupne kiselosti.

Cilj ovog rada bio je utvrditi razlike izmedu tretmana s epifitnim kvascima, sekvencijalne fermentacije s kvascima
L. thermotolerans i S. cerevisiae te tretmana sa S. cerevisiae obzirom na duljinu maceracije, na kemijski sastav vina
“Trnjak’

Materijali i metode

Grozde sorte "Trnjak” s polozaja Potpolje (Mostarsko vinogorje, BiH) berbe 2019, koristeno je u istrazivanju. Ukupno
150 kg masulja ravnomjerno je podijeljeno u 50 L-posude na maceraciju u trajanju 8 dana (A, B, C), te na maceraciju
u trajanju od 12 dana (D, E, F). Masulj je sulfitiran s 5 %-tnom H,SO,. Tretmani A i D kao kontrolna varijanta
sulfitirani su s 50 mL 5 %-tne H,SO; tretmani B i E su sulfitirani s 10 mL 5 %-tne H SO, te inokulirani s kvascem L.
thermotolerans (Laktia, Lallemand; 15 g 50 kg™), a nakon 24 h uslijedila je dodatna inokulacija sa S. cerevisiae (BDX,
Lallemand; 15 g 50 kg). Tretmani C i F sulfitirani su s 50 mL 5 %-tne H,SO, te inokulirani sa S. cerevisiae kvascem
(Fermol Premier Cru, AEB; 15 g 50 kg™). Nakon 8 dana maceracije i alkoholne fermentacije, masulj tretmana A, BiC
presan je hidrauli¢nom pre$om te je most u fermentaciji svakog pojedinog tretmana raspodijeljen u tri ponavljanja,
otakanjem u staklene posude volumena 10 L s vrenjacom, u kojima je nastavljena alkoholna fermentacija. Kod
tretmana D, E, F odraden je isti postupak nakon 12 dana maceracije. U prvom pretoku, nakon zavr$ene fermentacije,
izvrSena je korekcija sulfita s 1 mL L' 5 %-tne H,SO, u svim tretmanima. Nakon drugog pretoka analizirani su
osnovni kemijski parametri koncentracije alkohola, ukupne kiselosti i pH vrijednost prema metodama O.I.V-a
(2012.). Analiza hlapljivih organskih spojeva vina provedena je primjenom vezanog sustava plinske kromatografije
(Thermo Scientific Trace 1300), spektometar masa (Thermo Scientific ISQ 7000) uz prethodnu izolaciju analita
mikroekstrakcijom na ¢vrstoj fazi u izvedbi klina (engl. Solid Phase Microextraction Arrow) pomocu automatiziranog
sustava za pripravu uzoraka (Jagati¢ Korenika i sur., 2022.). Kao ¢vrsta faza koristen je sustav CAR-PDMS-DVB. U
posudicu za uzorke dodano je 5 mL vina i 2,5 g NaCl. Prije same adsorpcije na ¢vrstu fazu, uzorak je uravnotezen pri
55 °C u trajanju od 10 min. Adsorpcija analita provedena je pri 55 °C u trajanju od 60 min. Desorpcija je provedena
u injektoru tekuc¢inskog kromatografa pri 250 °C u trajanju od 7 min. Kromatografska analiza provedena je pomoc¢u
TR-Wax kolone (60 m x 0,25 mm x 0,25 um) uz temperaturni program u rasponu temperatura od 40 do 210 °C.
Snimanje spektara masa provedeno je pracenjem struje svih iona u rasponu od 20 do 500 m/z dok je energija elektrona
bila 70 eV. Identifikacija je provedena pomoc¢u usporedbe vremena zadrzavanja, retencijskih indeksa te usporedbom
spektara masa s onima u NIST 17 1 Wiley 12 bazi podataka. Rezultati su prikazani kao zbroj pojedinacnih vrijednosti
za grupe aromatskih spojeva (ukupni aldehidi, esteri, visi alkoholi, terpeni, hlapljivi fenoli, masne kiseline laktoni,
C13 norisoprenoidi i ostali spojevi). Statisticka analiza obuhvacala je faktorijelnu ANOVU s ciljem ispitivanja
utjecaja duljine maceracije, kvasaca kao i njihove interakcije na sadrzaj razli¢itih grupa aromatskih spojeva u vinu.
Za analizu ukupne varijabilnosti sadrzaja pojedinih grupa aromatskih spojeva i osnovnih parametara kakvoce vina
kod analiziranih uzoraka vina koriStena je analiza glavnih komponenti (PCA) primjenom statisti¢ckog programa
XLSTAT v.2022.1.1. (Addinsoft).

Rezultati i rasprava

Rezultati analize osnovnih kemijskih parametara u vinu (Grafikon 1) prikazuju znacajan utjecaj L. thermotolerans
x S. cerevisiae na povecanje koncentracije ukupne kiselosti, uz zna¢ajno smanjenje pH vrijednosti (tretmani B i
E), §to je u skladu s prethodnim istrazivanjima (Morrata i sur., 2019., Comiti i sur., 2011., Dutraive i sur., 2019.,
Benito, 2018., Gobbi i sur. 2013.), ¢ime se postize stabilnost vina, $to je iznimno vazno za vina juznijih vinogorja s
nizim ukupnim kiselinama i poviSenom pH vrijedno$¢u. Koncentracija alkohola bila je zna¢ajno najniza kod istih
tretmana, $to je u skladu s istrazivanjima (Gobbi i sur., 2019., Dutraive i sur., 2019).
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Grafikon 1. Utjecaj trajanja maceracije o primijenjenih kvasaca na osnovni kemijski sastav vina sorte “Trnjak’
(srednje vrijednosti oznacene razlicitim slovima razlikuju se uz p<0,05 na temelju Duncan’s multiple range testa)

Nekoliko istrazivanja izvijestilo je o znacajno nizim koncentracijama alkohola (od 0,2 do 0,9 vol. %) kod
sekvencijalnih inokulacija S. cerevisiae i L. thermotolerans, u odnosu na njihove kontrolne varijante sa S. cerevisiae,
¢ime se naglasava potencijal L. thermotholerans u proizvodnji vina s nizom koncentracijom alkohola (Kapsopoulou
i sur., 2007., Gobbi 2013., Benito i sur., 2016., Benito i sur., 2015). Duljina maceracije nije utjecala na pH vrijednost
vina $to je u skladu s Yilmaztekin i sur. (2015.), u istrazivanju tri duljine maceracije (5, 10, 15 dana). Prema istom
istrazivanju najvisa koncentracija reducirajucih Secera i ukupne kiselosti je kod vina maceriranog 5 dana, i njihove
razine nisu u korelaciji s viemenom maceracije, kao koncentracija alkohola koja je bila visa s produljenjem vremena
maceracije. U ovom istrazivanju duljina maceracije od 12 dana znacajno je utjecala na koncentraciju alkohola,
reducirajuceg Secera i ekstrakta bez $ecera i ukupnih kiselina (Grafikon 2). Koncentracija aldehida povezana je
sa stupnjem zrelosti, tretmanima prije fermentacije, enzimatskom oksidacijom i razgradnjom lipida grozda, kao
i sortom. Usporedujuci ukupne koncentracije aldehida kod sorata ‘Babi¢’, 'Blatina’, ‘Frankovka’ i "Trnjak’, u
istrazivanju Korenika i sur. (2021.), najvie koncentracije su u vinima "Trnjak’, dok izmedu ostalih nema znacajnih
razlika. Koncentracija ukupnih aldehida u tretmanu s L. thermotolerans u istom istrazivanju bila je znacajno visa u
odnosu na kontrolu, $to nije u skladu s ovim istrazivanjem, gdje je koncentracija aldehida znac¢ajno niza (Tablica 1).
Terpeni i C13 norisoprenoidi su skupine aromatskih spojeva koji ¢ine sortnu aromu vina i odlikuju se cvjetnim i
voénim aromama, a oslobadaju se u most tijekom procesa primarne prerade u slobodnim ili hlapljivim te vezanim
oblicima.

Grafikon 2. Analiza osnovnih komponenti (PCA) - grupe aromatskih spojeva i osnovni parametri
kakvoce vina “Trnjak’
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U ovom istrazivanju zabiljeZen je utjecaj sekvencijalne fermentacije s L. thermotolerans na C13 norisoprenoide $to je
u skladu s rezultatima Korenika i sur. (2021.). Visi alkoholi i esteri kao spojevi fermentacijske arome mogu biti pod
utjecajem vrste kvasaca i uvjeta fermentacije (Padilla i sur., 2016.). L. thermotolerans, kao niti dvije duljine maceracije
nisu utjecali na razlike u koncentracijama visih alkohola prema nasem istrazivanju, iako se L. thermotolerans smatra
umjerenim proizvodacem visih alkohola (Balikei i sur., 2016.). Znacajno najniza koncentracija estera zabiljezena je
u tretmanu B, kao i u istrazivanju Korenika i sur. (2021.), gdje su najviSe koncentracije estera povezane s kontrolnim
tretmanom vina ‘Trnjak’. Medutim, kod produljene maceracije, u tretmanu E, zadrzana je najvisa koncentracija
u odnosu na tretmane D i F. Koncentracija masnih kiselina povezana je s pocetnim sastavom mosta i uvjetima
fermentacije. Ovi spojevi opisani su vo¢nim, mlije¢nim i masnim aromama (Rocha i sur., 2004.). U istrazivanju
Yilmaztekin i sur. (2015.) najviSe koncentracije masnih kiselina pronadene su u petodnevnoj maceraciji, pri 10
dana maceracije koncentracija se smanjuje, pa opet raste nakon 15 dana maceracije. Njihova koncentracija u ovom
istrazivanju bila je visa kod maceracije od 8 dana, te je potvrdena znacajna razlika pod utjecajem duljine maceracije.
Na smanjenu koncentraciju masnih kiselina zna¢ajno moze utjecati sekvencijalna fermentacija s L. thermotolerans
(Comitini i sur., 2000.; Korenika i sur., 2021.), §to nije statisticki potvrdeno u ovom istrazivanju. Laktoni su vazni
spojevi primarne arome grozda, posebno u vinima Rizlinga rajnskog, gdje doprinose sortnoj aromi (Ribéreau-Gayon
isur., 2006.). Prema rezultatima ovog istrazivanja najvisa koncentracija laktona bila je u tretmanu B, §to je takoder
u skladu s istrazivanjem Korenika i sur. (2021). Hlapljivi fenoli su znacajni spojevi arome dobiveni iz ekstrahiranih
frakcija grozda ili vina (Fereira i Lopez, 2019.). Najvi$e koncentracije potvrdene su u tretmanima B i E, sli¢no kao
u istrazivanju Korenika i sur. (2021.). Prema Yilmaztekin i sur. (2015) koncentracija hlapljivih fenola se smanjuje
s duljinom maceracije (10 i 15 dana), $to je u skladu s ovim rezultatima gdje su znacajno niZe koncentracije bile
zastupljene nakon maceracije od 12 dana.

Tablica 1. Utjecaj duljine maceracije, razli¢itih kvasaca Koncentracije grupa aromatskih spojeva (pg/L) u vinima

"Trnjak”

Tretman Aldehidi Esteri Visi Terpeni  Hlapljivi Masne Laktoni CI3
alkoholi fenoli kiseline

Trajanje maceracije

8 dana 3272a 10476,1 a  49065,9 182,2 194,0a 5388,2a 60,2 6,4
12 dana 237,5b  9186,1 b 67877,5 181,9 117,7b  4608,3b 59,0 5,9
*>* * n.s. n.s. o * n.s. n.s.

Vrsta kvasaca

Epifit 287,7a  9857,5b 84267,2 181,4 59,1b 5145,3ab 65,3a 59b

L.t.xS.c. 262,5b  8196,1 ¢ 46462,3 171,8 349.9a  4592,3b 61,1a 7,3 a

S. cerevisiae 296,9 a 11439,8a 44685,6 192,9 58,4 b 5257,7 a 52,4 b 53b
* o n.s. n.s. > n.s. * *

Trajanje maceracije
* vrsta kvasca

8 dana*epifit 3559a  14349,8a 470253 a 197,8a  554de 6072,5a  49.2b 55b
8 dana*L.t.xS.c. 2989b  68282d  50939,0a 182,6ab 4779a  4833,1b  66,8a 7,8a
8 dana*S.c. 326,7ab 10250,5b 492334 a 166,0ab 485e 5258,7ab 64,6a 57b
12 dana*epifit 237,8c  8529,9c  42345,8a 188,0ab 61,4cd  44429b  555b 50b
12 dana*L.t.xS.c. 226,0c  9564,0b  41985,5a 1609b 221,0b  4351,4b  554b 6,7 ab
12 dana*S.c. 248,6c  9464,4bc 119301,0a 196,8a  69,6c¢ 5031,8b  659a 6,0b
maceracija*kvasac  n.s. e n.s. * . n.s. * n.s.

ANOVA: n.s. - nije signifikantno, *-signifikantno (p<0,05), **-visoko signifikantno (p<0,01); srednje vrijednosti
pojedinih grupa hlapljivih organskih spojeva oznacene razlicitim slovima unutar tretmana i interakcije znacajno
se azlikuju uz p<0,05 na temelju Duncan’s multiple range testa
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Zakljucak

Prema dobivenim rezultatima istrazivanja uc¢inka duljine maceracije i kvasaca na sastav vina "Trnjak" uocljivi su
udinci sekvencijalne inokulacije S. cerevisiae x L. thermotholerans na poveéanje ukupne kiselosti i ekstrakta bez
$ecera te smanjenje koncentracije alkohola i pH vrijednosti, §to je vazno za stabilnost i svojstva crnih vina. Duljina
maceracije znacajno je utjecala na koncentraciju alkohola, reducirajucih $ecera i ekstrakta bez Secera. Sekvencijalna
fermentacija utjecala je na rast koncentracije visih alkohola, laktona i C13 norisoprenoida te na pad koncentracije
estera. Koncentracije vi$ih alkohola i terpena nisu se znacajno razlikovale s obzirom na tretmane. Duljina maceracije
znacajno je utjecala na koncentraciju aldehida, estera, hlapljivih fenola i masnih kiselina, pri ¢emu su njihove
koncentracije bile zna¢ajno niZe nakon 12 dana maceracije.
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Maceration lenght and yeast species as chemical
composition factors of Trnjak wine (V. vinifera L.)

Abstract

The research analyzed the influence of different yeast strains and lengths of maceration (8 and 12
days) on the basic chemical composition and aromatic profile of wine made from Trnjak variety. The
aim of the study was to determine the differences between the control treatment with epiphytic yeasts
and the sequential inoculation treatment with Lachancea thermotolerans x Saccharomyces cerevisiae
strains and the treatment with S. cerevisiae on the wine composition. The results showed the influence
of sequential fermentation on the increase of total acidity and the reduction of pH values, which result
in freshness and stability that contribute to the quality and longevity of red wines from southern
vineyards. The length of maceration and the types of yeasts significantly influenced the concentrations
of total aldehydes, esters and volatile phenols.

Keywords: Saccharomyces cerevisiae, Lachancea thermotolerans, sequential inoculation, aromatic
components
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Abstract

Dog rose (Rosa canina L.) is a wild fruit species widely distributed in Croatia in forest edges and
agricultural areas. This research discusses the morphological variability of the dog rose fruits in the
Mediterranean part of Croatia. Fruits were collected in situ, in four different ecological areas: the coastal
region (Split and Klis) and the hinterland (Neori¢ and Kamesnica). Morphological characterisation of
the fruits (fruit weight, fruit length, fruit width, fruit shape index) was performed. The results showed
that the highest average weight (1.59 g) and fruit width (1.59 mm) was measured in the population
Kamesnica, and the highest average height (20.13 mm) and fruit index (shape index; 1.74) was
determined in the population Klis. The greatest variability was determined for the trait fruit weight with
a coeflicient of variation of 41.58% (Klis); 41.03% (Split); 37.61% (Neori¢) and 34.55% (Kame$nica).
The obtained results indicate the need to expand the phenotype research on more populations in the
Mediterranean part of Croatia, and to determine the influence of habitat, population size and climatic
conditions on populations variability.

Keywords: dog rose, fruits, phenotype, populations

Introduction

Dog rose (Rosa canina L.) is a deciduous perennial shrub naturally distributed in Europe, Asia, and North Africa
(Segota and Limi¢, 2018; Franji¢, 2021). The genus Rosa includes 37 species in the Croatian flora (Nikoli¢, 2018;
Tomljenovi¢ et al., 2020), and species Rosa canina is one of the most widespread wild species of the genus Rosa in
the entire Republic of Croatia (Tomljenovi¢ et al., 2021). It grows in thickets, open areas, forest edges, various types of
oak forests, hedges, etc. It can grow as a solitary plant or in small groups and belongs to the Eurasian floristic element
(Franji¢, 2021). Dog rose grows in the continental part of Croatia as well as on the Adriatic coast and islands (Kovaci¢
et al., 2008) and in the mountains. On the Adriatic coast it can be found on stony and sun-exposed slopes (Sindrak
et al., 2012; Tomljenovi¢ et al., 2020) and on mountains it grows up to 1400 m altitude on the Velebit mountain
(Kremeret et al., 2021). Dog rose grows up to 3 m tall, with long, quite thick, erect, spreading branches. Rose ("brier,
rose Brier hip, dogberry, hip tree, dog rose, hep tree, hip fruit, wild brier”) are the fruits of Rosa genus in the Rosaceae
family (Demir, 2001). The red fruit is a 1.5-2 cm long aggregate with a large number of angular, hairy nutlets. The
rose hip is a pseudocarp or false fruit, consisting of fleshy walls surrounding a cavity containing the single-seeded
fruits or achenes (Igual et al., 2021; Franji¢, 2021) In the Dalmation region dog rose blooms in May and June, and
the fruit ripens from August to October (Sindrak, 2012; Segota and Limi¢, 2018). Rose fruits were used as food from
Neolithic Ages, (Godwin, 1975) but recently, interest in rose hips as a small fruit crop has increased (Uglla et al.,
2005). The utilization of dog rose fruits has a long tradition, it is used in tea, jam, dessert soups, syrup, marmalade,
jelly etc. Rose hips have a higher content of vitamin C than any other commonly available fruit or vegetable (Demir,
2001; Segota and Limi¢, 2018). The rosehip fruit is known to strengthen the body’s defenses against infections and
especially against colds (Shnyakina and Malygina, 1975; Demir, 2001). Although dog rose is researched, cultivated
and improved all over the world, it is poorly researched in the Mediterranean part of Croatia (Sindrak et al., 2012;
Tomljenovi¢ et al., 2019; Tomljenovié et al., 2020). Large differences between plants are observed in nature, especially
in fruit size and color, and often at very small habitats. (Sindrak et al., 2012). The aim of this study was to determine
the morphological characteristics of the fruits from the dog rose populations in Mediterranean part of Croatia.
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Material and methods

Populations from four different geographic areas of Croatia were selected and sampled. Fruit samples were collected
in situ in the middle Dalmatian archipelago: Split (L1) (20-60 m a.s.l.), Klis (L2) (100-200 m a.s.l.), Neori¢ (L3) (300-
600 m a.s.l.) and Kamesnica (L4) (800-1300 m a.s.l.) (Figure 1). Fruits of dog rose were harvested during September
2022. At each location 10 shrubs were selected, and 30 healthy and undamaged fruits per shrub were collected. Four
quantitative properties were evaluated: fruit weight, fruit length, fruit width and fruit shape index. Fruit weight (g)
was measured using a digital scale (Metler Toledo; + 0.01 g). Fruits were scanned using an Epson Perfection V700
Photo Scanner, and length (mm), width (mm) and fruit shape index (mm) were determined using the WinSEEDLE
Pro 2019a 32-bit analysis software. Data obtained from this study were analyzed using Statistica software version
11.0 (StatSoft Inc., USA). Analysis of variance (ANOVA) was performed to determine the difference among
accessions in pomological fruit properties. Differences among means were considered significant at P < 0.05 using
Tukey’s honest significant difference test.

Figure 1. Sampling locations of investigated populations: Split (L1), Klis (L2), Neori¢ (L3) and Kamesnica (L4).

Results and discussion

The results of the descriptive statistical analyses for each investigated population and statistically
significant difference (P<0,05) between the populations are shown in Figure 2.

The fruit weight varied from 1.41 g to 1.59 g. The highest value was measured in the population Kamesnica, L4 (1.59
g), and it did not differ from the fruit weight of the Split, L1 (1.57 g). The fruit weight of populations Neori¢, L3 and
Klis, L2 were smaller than Kame$nica and Split. The fruit weight values obtained in this study are in accordance with
the results of fruit weight (1.28 to 2.38 g) obtained in the study by Tomljenovi¢ et al. (2021) for dog rose populations
in the Mediterranean part of Croatia. Fruit weight can vary widely and is affected by many factors such as: variety,
growing conditions (Najda and Buczkowska, 2013) and altitude and climatic conditions (Ghiorghiti et al., 2012;
Tomljenovi¢, 2022).
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Figure 2. Descriptive statistics for analysed traits of dog rose fruits from four studied populations: Split (L1); Klis
(L2); Neori¢ (L3) and Kamesnica (L4).

The average fruit lenght varied from 18.99 mm (Kamesnica, L4) to 20.13 mm (Split, L1), while the average fruit
width varied from 11.55 mm (Klis, L2) to 13.21 mm (Kame$nica, L4). There were no significant differences in the
fruit lenght between the populations Split (L1) and Klis (L2), nor were there any differences between the populations
Neori¢ (L3) and Kamesnica (L4). Greater variability within populations was found for fruit lenght compared to
fruit width. The average lenght of the fruit determined in this study is in accordance with the results of the study
by Tomljenovi¢ et al., (2021) in which the values ranged from 17.94 to 21.93 mm. Celik et al., (2015) and Ersoy and
Ozen (2016) state in their research that fruit length is a trait with high variability. The highest shape index, and thus
the most elongated fruit shape, was found in the populations Split, L1 (1.73) and Klis, L2 (1.74), while the lowest
values were found in the populations Neori¢, L3 (1.61) and Kamesnica, L4 (1.45), whose fruits were round to an
oval shape (Figure 3). Results of our study for shape index is in accordance with result of dog rose fruits in the
Mediterranean part of Croatia (Tomljanovi¢ et al., 2019).

Within populations, statistically significant differences at the significance level of P<0.05 were found for all fruit
properties studied (Table 1). In the Split population (L1), fruit weight varied from 0.77 g to 2.25 g, fruit length
from 15.33 mm to 25.84 mm, fruit width from 9.24 mm to 14.27 mm and shape index from 1.34 to 2.44. In the Klis
population (L2), fruit weight varied from 0.86 g to 2.09 g, fruit length from 15.15 mm to 30.50 mm, fruit width from
10.26 mm to 13.48 mm and shape index from 1.48 to 2.34. Fruit weight in the Neori¢ population (L3) varied from
0.89 g to 2.15 g, fruit length from 15.85 mm to 24.87 mm and fruit width from 1.17 mm to 13.40 mm. The fruit shape
index varied from 1.31 to 1.94. In the population Kamesnica (L4), the fruit weight varied from 1.03 g to 2.43 g, the
fruit length from 13.71 mm to 27.04 mm, the fruit width from 10.67 mm to 15.53 mm and fruit shape index from
0.89 to 1.82 (Table 1).

224 58th Croatian & 18th International Symposium on Agriculture | 11-17 February, 2023, Dubrovnik, Croatia



From the sea to the mountain: morphological variability of Rosa canina L. fruits from the Mediterranean
part of Croatia

Table 1. Quantitative properties and coefficient of variation (CV) of dog rose fruit from four studied populations:

Split (L1); Klis (L2); Neori¢ (L3) and Kamesnica (L4).

Number of Fruit weight Fruit length (mm) Fruit width (mm) Fruit shape index
accessions
Split (L1)
L1_RCO001 0.77£0.2g 16.94+1.14gh 9.65+0.91de 1.77+0.14def
L1_RC002 1.43+0.36def 16.63+0.96gh 12.5+1.13b 1.34+0.09g
L1_RC003 1.96+0.48bc 21.49+1.89d 13.41+1.06ab 1.60+0.14ef
L1_RC004 2.25+0.77ab 21.18+2.06def 14.27+1.71a 1.49+0.12ef
L1_RC005 1.18+0.4f 24.08+2.82b 10.52+1.35cd 2.31£0.33b
L1_RC006 1.22+0.26ef 15.33+1.4%h 11.04+1.00c 1.39+0.11f
L1_RC007 2.45+0.42a 25.84+2.35a 12.89+0.97b 2.00£0.11c
L1_RCO008 1.74+0.36¢d 19.70+1.4ef 13.26+0.91b 1.49+0.12f
L1_RC009 1.554+0.27de 17.74+1.43fg 12.63+0.96b 1.41+0.13f
L1_RCO010 1.1440.24f 22.0+3.15¢ 9.24+1.31e 2.44+0.22a
CV (%) 41.03 19.00 16.65 23.77
Klis (L2)
L2_RC001 1.0340.20cd 24.10+3.52b 10.28+1.04f 2.34+0.27a
L2_RC002 1.0740.23cd 17.68+1.53ef 10.74+1.09ef 1.65+0.12¢
L2_RC003 2.09+0.52a 22.19+1.65¢ 13.48+1.11a 1.65+0.11c
L2_RC004 1.21+0.32c 17.28+1.11ef 11.71+0.98d 1.48+0.08d
L2_RC005 1.6240.30b 18.99+1.19de 12.68+0.81ab 1.50+0.10d
L2_RCO006 1.64+0.29b 16.73£1.02fg 11.39+0.73de 1.47+0.07d
L2_RC007 0.86%0.17d 15.15+1.37g 10.26+0.73f 1.48+0.13d
L2_RC008 2.25+0.88a 30.50+5.04a 12.58+1.44bc 2.24+0.27a
L2_RC009 1.1940.30cd 16.99+1.15efg 11.85+1.02¢cd 1.44+0.08d
L2_RCO010 1.23+£0.19¢ 20.74+1.34cd 10.50+0.89f 1.99+0.17b
CV (%) 41.53 24.48 12.58 22.25
Neori¢ (L3)
L3_RC001 1.63%0.26b 21.49+1.55bc 12.15+£0.98ab 1.7840.15bc
L3_RC002 2.15+0.56a 24.87+1.80a 12.88+1.17a 1.94+0.12a
L3_RC003 1.37+0.23¢ 19.83+2.11cd 11.56+0.98bc 1.7240.20c
L3_RC004 0.96+0.18d 15.47+1.10ef 11.32+0.80bc 1.37+0.11e
L3_RCO005 1.58+0.40b 18.54+1.84d 13.08+1.12a 1.42+0.08e
L3_RC006 1.11+0.26¢d 17.68+1.39de 11.17+0.66¢ 1.58+0.11d
L3_RC007 1.38+0.23bc 16.53+2.12¢e 12.71+0.68a 1.31+£0.20e
L3_RC008 1.02+0.18d 19.67+1.33d 10.36+0.75d 1.90+0.13ab
L3_RC009 2.01+0.56a 22.07+2.11b 13.40+1.06a 1.65+0.15cd
L3_RCO010 0.89+0.24d 15.85+1.63f 11.26+0.93e 1.41+0.13e
CV (%) 37.61 17.32 10.99 15.98
Kamesnica (L4)
L4_RC001 2.43+0.48a 27.04%2.24a 15.53+1.22a 1.75+0.16a
L4_RC002 1.46+0.28d 20.18+1.69b 12.22+1.00d 1.66+0.13b
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L4_RC003 1.09+0.15e 17.64+1.31d 11.44+0.51e 1.53+0.10c

L4_RC004 1.12+0.19¢ 13.71+1.42f 15.41+1.10a 0.89+0.06e

L4_RCO005 2.14+0.39bc 19.80+1.47b 13.8740.95b 1.43£0.09cd
L4 _RCO006 1.48+0.22d 18.42+1.15¢cd 12.40+0.85d 1.4940.09cd
L4 _RCO007 1.45+0.26d 17.95+1.17d 12.80+0.93cd 1.40+0.07d

L4 RCO008 1.49+0.32cd 15.65+1.33¢ 13.44+0.98b 1.1740.07d

L4_RC009 2.19+0.21b 20.17+0.98b 14.33+0.73b 1.41+0.09¢d
L4_RCO010 1.03+0.20e 19.36+1.13bc 10.67+0.73f 1.82+0.12a

CV (%) 34.55 19.06 13.46 19.20

The values are given as mean £SD, n=30. Different lower-case letters in each column indicate significant
difference between accessions within population for P<0.05 by the Tukey.

Of all the investigated properties, the highest variability was found for fruit weight. The coefficient of variation
(CV) was 41.58% for Klis (L2), followed by Split, L1 (41.03%), Neori¢, L3 (37.61%) and Kamesnica, L4 (34.55%).
Furthermore, for fruit length, the highest CV was recorded in the population Klis, L2 (24.48%) and the lowest in
Neori¢, L3 (17.32%). For fruit width, the highest CV value was found in the population Split, L1 (16.65%), and the
lowest in Neori¢, L3 (10.99%). The variability of the fruit shape index was the highest in the Split (L1) (23.77%), and
the lowest in the Neori¢ (L3) (15.98%) population (Table 1).

Figure 3. Fruits of investigated populations: Split (L1), Klis (L2), Neori¢ (L3) and Kamesnica (L4).

Conclusion

Variability in fruit properties was recorded between and within populations. The highest variability was found for
fruit weight. According to the data on fruit shape index, Split (L1) and Klis (L2) populations have more elongated
fruits, while Neori¢ (L3) and Kames$nica (L4) have rounder fruits. It is necessary to include a larger number of
populations in the research and to study the influence of habitat, population size and climatic conditions on
population variability. Additional physicochemical and molecular studies aimed at selecting the best samples for use
in the food and pharmaceutical industries are also needed.
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SaZetak

U ovom radu su opisane metode mehanicke filtracije, odnosno izdvajanja krutih ¢estica iz vode koje
se primjenjuju u odrzavanju kvalitete vode u razli¢itim akvakulturnim proizvodnim sustavima i u
procis¢avanju otpadnih voda. To se postiZe gravitacijom, kojom se odvajaju taloZive Cestice specifiéne
tezine vece od vode, filtracijom u uzem smislu kojom se odvajaju suspendirane Cestice i flotacijom
kojom se odvajaju Cestice manje specifi¢ne tezine od vode. TaloZive ¢estice uklanjaju se u bazenima
za taloZenje, cijevnim taloznicima i hidrociklonima. Filtri kojima se odvajaju suspendirane cestice
imaju odredenu vrstu sita, poput mrezice ili membrane, medij u obliku zrnaca pijeska ili plastike, ili
neki porozni medij koji propusta vodu a zadrzava mehanicke ¢estice. Najfinije Cestice suspendiranog
otpada izdvajaju se procesom flotacije pomocu struje zraka. Za obradu otpadnih voda iz akvakulturnih
sustava koriste se i umjetne mocvare.

Klju¢ne rijeci: akvakultura, sedimentacija, filtracija, flotacija

Uvod

Kruti akvakulturni otpad uglavnom se sastoji od nepojedene hrane, fecesa i ostalih metabolic¢kih izlu¢evina te je bogat
spojevima s ugljikom, dusikom i fosforom (Dauda i sur 2019; Timmons i sur., 2001; Cripps i Bergheim, 2000; Van
Gorder i Jug-Dujakovi¢, 1996). Jedna od glavnih karakteristika krutog akvakulturnog otpada je veli¢ina, odnosno
specifi¢na tezina njegovih Cestica pa se moze podijeliti na plivajudi, rasprseni ili suspendirani i taloZivi (Timmons i
sur., 2001). Koli¢ina i karakteristike otpada nastalog prehranom ovise o uzgajanoj vrsti, njenoj veli¢ini, na¢inu uzgoja
i karakteristikama hrane (Amirkolaie, 2011).

Zbrinjavanje krutog otpada ovisi o vrsti uzgojnog sustava. Ribnjaci, odnosno zemljani bazeni (pond), su stati¢ni
i nemaju posebnu opremu za proci§¢avanje vode. Mehanicka filtracija u njima nije primjenjiva. Oni se uglavnom
oslanjaju na unutarnje procese u kojima se kruti otpad talozi na dno ribnjaka i akumulira tijekom vremena. Jedini
nacin uklanjanja krutog otpada je uklanjanjem mulja, $to se radi nakon dva ili vise ciklusa uzgoja ribe. Nedostatak
aktivne tehnike zbrinjavanja otpada, odnosno mehanicke i biologke filtracije u ribnjacima ogranicio je njihovu
iskoristivost na ekstenzivne i poluintenzivne sustave (Dauda i sur., 2019).

Za razliku od ribnjaka, gdje se kruti otpad talozi unutar sustava, proto¢ni sustav ima visoku razinu izmjene vode,
gdje se vecina proizvedenog otpada protokom ispusta iz uzgojnog sustava. U velini proto¢nih sustava vrijeme
zadrzavanja vode krace je od sat vremena (Dauda i sur., 2019). Mehanicka filtracija nije primjenjiva unutar samog
uzgojnog sustava, ali je njena primjena moguca u tretmanu izlazne, odnosno otpadne vode iz uzgojnog sustava
(uzgojnih bazena). Izdvajanjem krutih cestica iz otpadne vode proto¢nog sustava tesko je i skupo upravljati zbog
velike brzine vode s niskom koncentracijom otpada (Dauda i sur., 2019).

Kod djelomi¢no proto¢nih, odnosno otvorenih recirkulacijskih sustava i zatvorenih recirkulacijskih sustava,
mehanicka filtracija jedan je od neophodnih postupaka odrzavanja optimalne kvalitete vode u uzgojnim prostorima.
Taloznice, mehanicki filtri i povrsinski odjeljiva¢i pjene (foam fractionator) neophodne su komponente takvih
sustava (Jug-Dujakovi¢ i sur., 2008; Gavrilovi¢ i Jug-Dujakovi¢, 2018). U takvim sustavima je potrebno ispuniti dvije
osnovna grupe uvjeta za odrzanje kvalitete vode: (I) uvjete koje zahtijeva uzgajana vrsta te (II) uvjete koje zahtijeva
odvijanje pojedina¢nih procesa i funkcioniranje samih komponenti sustava (Colt, 2006). Ovo podrazumijeva
uklanjanje krutih ¢estica koje bi eventualno mogle naskoditi uzgajanom organizmu te uklanjanje ¢estica koje bi
mogle smanjiti u¢inkovitost neke komponente u sustavu, poput biofiltra ili UV reaktora.
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Kako bi se koli¢ina otpada odrzala na razini prihvatljivoj za ispustanje u recipijent ili recirkuliranje te da bi se mogao
primijeniti pravilan i u¢inkovit postupak upravljanja otpadom i/ili njegova tehnoloska obrada, potrebno je poznavati
njegove karakteristike (Cripps i Bergheim, 2000). Brojni autori navode kako kruti otpad iz proto¢nih i djelomi¢no
proto¢nih sustava nije jednostavno ukloniti zbog njegove male koncentracije u vodi. Recirkulacijski sustavi ispustaju
male koli¢ine koncentrirane otpadne vode c¢ije je proc¢is¢avanje lakse i jeftinije (Van Gorder i Jug-Dujakovi¢, 1996).
Kelly i sur. (1997) i Bergheim i sur. (1998) dokazali su da uc¢inkovitost mehanicke filtracije raste s koncentracijom
otpada i da se moze oc¢ekivati povecanje njene uspjes$nosti ukoliko se poveca koncentracija otpada u izlaznoj vodi.
Twarowska i sur. (1997) naglasavaju prednost kontinuiranog predtretmana koji ¢e koncentrirati otpad. Zbog
posebnih karakteristika veli¢inskih frakcija krutog otpada on se vrlo ¢esto koncentrira u dva odvojena toka talozivih
i rasprsenih cestica koje se zatim posebno obraduju.

Izdvajanje krutih Cestica gravitacijom

Izdvajanje krutih ¢estica gravitacijom temelji se na sedimentaciji. To je proces u kojem se Cestice koje imaju ve¢u masu
ili specifiénu gravitaciju od vode, taloze da bi se mogle izdvojiti. Karakteristika ovog procesa jest brza sedimentacija
guscih i vecih Cestica iz vode od manjih odnosno manje gustih. Zato je potrebno odrzati veli¢inu éestica te omoguditi
njihovo izdvajanje iz vode $to je prije moguce, posebno prije nego dode do pumpanja vode te minimalizirati bilo
kakve turbulencije prije samog izdvajanja ¢estica (Timmons i sur., 2001). Sedimentacija je najée$c¢a i najpoznatija
metoda uklanjanja Cestica u akvakulturi. Ujedno i najjeftiniji proces jer koristi silu gravitacije, a njezini nedostatci su
nisko opterecenje te neu¢inkovito tretiranje ¢estica manjih od 100 pm.

Bazeni za taloZzenje mogu biti i kruzni i pravokutni, a zajedni¢ko im je obiljeZje da su dizajnirani tako da je turbulencija
i resuspenzija teku¢ine minimalna ¢ime se osigurava u¢inkovito uklanjanje talozivih cestica, prikupljanje i praznjenje
nataloZenog mulja i njegovo ugusc¢ivanje u $to manjem volumenu. U pravilno dizajniranim talozZnicima razlikuju se
Cetiri zone; ulazna, talozna, zona mulja i izlazna zona (Timmons i sur., 2001; Cripps i Bergheim, 2000). Sedimentacija
se odvija u zoni taloZenja, a nakon odvajanja od vode Cestice se akumuliraju u zoni mulja. Pro¢i$¢ena tekudina se
u pravilu skuplja preko popre¢nog presjeka bazena te se onda ispusta. Bazeni za talozenje su jako uc¢inkoviti ako su
pravilno dizajnirani i ako se s njima pravilno upravlja. Njihove prednosti su to $to zahtijevaju mali unos energije,
relativno su jeftini za instalaciju i upravljanje, ne zahtijevaju nikakve posebne operativne vjestine te ih se moze lako
nadodati unutar postoje¢ih ili novih postrojenja, a nedostaci su nisko hidraulicko opterecenje i slabo uklanjanje
manjih Cestica (ispod 100 um). Uz to, ono $to predstavlja prepreku primjene bazena za talozenje jest njihovo ¢is¢enje
te ¢injenica da im je potreban veliki prostor §to moze biti jako skupo (Timmons i sur., 2001).

Cijevni taloZnici su razvijeni unaprjedivanjem bazena za talozenje. Dizajnirani su tako da se smanji povrsina i
vrijeme potrebno za taloZenje. To su tankovi u koje su umetnute ploce ili cijevi pod kutom od 45°-60° ispod kojih je
smjesten ulaz vode. Kako voda protjece, Cestice se zadrzavaju na plo¢ama, a proci$¢ena voda izlazi na vrhu. Brzina
vode kroz cijev se mora regulirati da bi se izbjegla turbulencija. Kada se cijevi napune Cesticama, voda prestaje
prolaziti kroz njih, a proces prestaje sve dok se cijevi ne ociste. Vece cijevi zahtijevaju manje ¢i$¢enja, ali imaju manji
ucinak taloZenja, dok manje cijevi imaju puno bolji u¢inak, ali su njihovo ¢iséenje i odrazavanje zahtjevniji. Najveéa
mana cijevi je §to se ne mogu same dovoljno ocistiti pa ih treba distiti i ru¢no (Timmons i sur., 2001).

Izdvajanje sedimentacijom se primjenjuje i u hidrociklonskim separatorima gdje se voda s ¢esticama krutog otpada
podvrgava centrifugalnom ubrzanju pa se Cestice brze odvajaju od tekudine. Postoje dvije vrste hidrociklonskih
separatora, vrtlozni i radijalni. VrtloZni separatori funkcioniraju tako $to se voda ubrizgava tangencijalno u vanjskom
dijelu jedinice $to dovodi do kruZenja vode oko centralne osi bazena. Ova primarna rotacija stvara sekundarni
radijalni tok prema centru tanka ¢ija inercija pomaze u skupljanju ¢estica. Vrtlozni separatori se u pravilu koriste
kod tretiranja vode u kojoj su Cestice visoke specifi¢ne gravitacije (2,65 veée od gravitacije vode) (Andoh, 1998).
U radijalnom hidrociklonu se voda ubrizgava u sredi$tu i onda tece prema rubovima, pri ¢emu se tok usporava
prikupljajudi ¢estice (Davidson i Summerfelt 2005). Radijalni separator se pokazao u¢inkovitiji i s manje oscilacija,
uklanja do 48 % cestica za razliku od kruznog koji uklanja do 23 % (Davidson i Summerfelt 2005). U odnosu na
bazene za taloZenje i cijevne taloznike, hidrocikloni mogu obraditi ve¢u koli¢inu vode u manjem vremenu zbog
brzeg protoka, ali upravo zbog tog kontinuiranog toka trose veliku koli¢inu vode koju je potrebno nadomjestiti u
sustavu, ne mogu ni izdvojiti ¢estice manje od 50 pum i relativno su skupi (Timmons i sur., 2001).
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Izdvajanje krutih Cestica filtracijom

Filtracija u uzem smislu rije¢i podrazumijeva izdvajanje Cestica iz teku¢ine pomocu neke vrste perforirane pregrade
koja zadrzava Cestice koje su vece od njenih $upljina, a propusta tekucinu. Proces filtracije se provodi u razli¢itim
filterskim kucistima pomocu sita, granularnih ili poroznih materijala (Timmons i sur., 2001).

Primjena sita za filtriranje je jako popularna jer zahtjeva minimalan trud i mali prostor. U takvim filtrima se
upotrebljava sito sitnih pora, mikrosito, koje zadrzava suspendirane Cestice, a propusta tekucinu. Veli¢ina Cestica
koje se mogu profiltrirati ovisi o veli¢ini pora sita. Talog se zatim odvaja pomo¢u mlaznica koje ispiru zacepljeno sito
malom koli¢inom vode pod jakim pritiskom. Faktor koji ¢ini svaki sitasti filtar razli¢itim i izazovnim za projektiranje
je upravo proces prikupljanja Cestica s povrsine mikrosita (Losordo i sur., 1999). Ovisno o tome kakva se kvaliteta
vode Zeli osigurati koristi se sito veli¢ine pora od 60 do 200 pm, prosje¢no mikrosito ima otvore izmedu 40 do 100
um pri ¢emu je uspje$nost odvajanja Cestica izmedu 30-80 % (Timmons i sur., 2001).

Najée$di sitasti filtar u akvakulturi je bubanj filtar (drum filter) u kojemu voda ulazi u njegovu otvorenu bazu i prolazi
procis¢ena kroz mrezicu postavljenu na oplosje bubnja. U vecini slucajeva se bubanj pokrece tek kad se mrezica
zalepi Cesticama koje se zatim pomoc¢u mlaznica ispiru u unutarnji kanal za prikupljanje otpada. Bubanj filtar se u
redovnom procesu kompletno rotira svake dvije do tri minute. Ukoliko dolazi do ¢es¢e rotacije znaci da je sustav
preopterecen te da je potrebna promjena ili popravak filtra (Timmons i sur., 2001). Bubanj filtri imaju $irok raspon
primjene, zauzimaju malo prostora i prakti¢ni su za odrzavanje, a njihov u¢inak usko je povezan s parametrima
poput hidraulickog opterecenja, veli¢ine pora mreze, koncentracije ¢estica i intenziteta ispiranja (Xiao i sur., 2019).
Za primjenu rotirajuceg bubanj filtra u recirkulacijskom sustavu u smislu ograni¢enja troskova kao najekonomic¢nija
komponenta preporuca se manji filtar koji radi s kontinuiranim ispiranjem (Dolan i sur., 2013).

Alternativa rotiraju¢em bubanj filtru su disk filtri koji su u pravilu dosta jeftiniji od bubnjeva. U disk filtar voda ulazi
s jedne strane, prolazi kroz nekoliko rotirajuc¢ih diskova s mrezicom 1i izlazi proc¢i§¢ena na drugoj strani. Njihova
mana jest ta da se zbog vertikalne orijentacije mikrosita ¢estice mogu zadrzati dugo vremena prije uklanjanja pa
moze do¢i do pucanja i razbijanja ¢estica (Timmons i sur., 2001).

Sitasti filtri s nagnutim pojasom sastoje se od spremnika s vodom u kojem je pod odredenim kutom postavljena
mreza u obliku trake. Voda s jedne strane ulazi u spremnik kroz koji se giba mrezasta traka i izlazi pro¢is¢ena na
drugoj strani. Na traci se zadrzavaju Cestice koje se mlazom vode ispiru u kanal za prikupljanje otpada. Zabiljezen
protok ovih filtara je i ve¢i od 7500 L/min, ali je malo podataka o njihovim radnim karakteristikama (Losordo i
sur., 1999). Prednost ovakvih filtara je njeZna obrada ¢estica i jednostavno odrzavanje, a nedostatak ve¢i kapitalni
troskovi (Timmons i sur., 2001).

Filtar s parabolicnom mreZom je metalna mreZasta struktura visoke ¢vrstoce, krutosti i nosivog kapaciteta,
jednostavna oblika i rada bez potro$nje energije i niskih troskova odrzavanja (Xiao i sur., 2019). Chen i sur., (2015.)
su istrazivali primjenu ovakvog filtra u recirkulacijskom sustavu i zaklju¢ili da su brzina ulaznog protoka i brzina
uklanjanja krutih ¢estica obrnuto proporcionalne. Tijekom rada povrsinu mreze je potrebno ru¢no ribati jednom na
sat, te pratiti brtvljenje i pravovremeno provjeriti sigurnost mreze kako bi se sprijecilo ostecenje koje bi utjecalo na
ukupni u¢inak obrade vode (Xiao i sur., 2019.).

Pjescani filtar je posuda pod tlakom u koju ulazi i prolazi voda kroz kvarcni pijesak za finu filtraciju, veli¢ine pora
do 20 pm. Filtri s granulama pijeska mogu biti dizajnirani tako da voda protjece, obi¢no odozgo prema dole, kroz
gusti sloj pijeska u nekoj tla¢noj posudi ili tako da voda ulazi odozdo i odrZava zrnca pijeska raspr$ena u takozvanom
fluidiziranom sloju. I jedni i drugi su Cesti u akvakulturi, ali im je osnovni nedostatak brzo ¢epljenje i odvijanje
biofiltracije (Timmons i sur., 2001). Ovi se filtri obi¢no koriste u recirkulacijskim akvakulturnim sustavima i imaju
prednosti poput niske cijene, jednostavne konstrukcije, visoke uc¢inkovitosti uklanjanja suspendiranih cestica,
ucinkovitog ispiranja, dok nedostaci uklju¢uju visoki tlak ispiranja, filtracijski materijal koji se lako stvrdne i visoke
troskove odrzavanja. Uz to, pijesak je potrebno cesto provjeravati kako bi se na vrijeme uklonio povrsinski plutajuci
mulj i pobolj$ao ukupni sustav za procis¢avanje vode (Xiao i sur., 2019). Upravo zbog preceste potrebe za ispiranjem
Timmons i sur. (2001.) ne preporuc¢uju upotrebu pjes¢anih filtara za mehanicku filtraciju u akvakulturi, osim u slabo
optere¢enim sustavima.

Granularni filtar je zatvorena posuda ispunjena plasti¢nim zrncima razli¢itih oblika koje plutaju unutar posude i
pokrecu se ovisno o protoku vode ¢iji je ulaz smjesten pri dnu. Pri dnu i vrhu filtra su postavljene perforirane ploce
koje sluze za zaustavljanje zrnaca. Dok filtar radi zrnca se nalaze u fluidiziranom sloju priljubljena uz gornju plo¢u
koja im ne dopusta da isplutaju iz filtra. S nakupljanjem suspendiranih cestica smanjuje se veli¢ina Supljina medu
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zrncima $to dovodi do lijepljenja sitnijih ¢estica i potrebe za ispiranjem. Filtri manjeg volumena se obi¢no ispiru tako
da se zaustavi protok vode i isprazni cjelokupan volumen vode, a granule ostaju na donjoj plo¢i. Kod filtara veleg
volumena se zaustavlja protok vode, a volumen koji je ostao u filtru se mije$a propelerom ili upuhivanjem zraka pri
¢emu se krute otpadne Cestice odvajaju od zrnaca i taloze na dnu filtra. Zatim se iz donjeg dijela ispusta voda s tako
koncentriranim otpadom. Za ovakvo ispiranje potrebna je mala koli¢ina vode (Van Wyk i sur., 1999).

Porozni filtri u pravilu imaju ¢vr$ée medije od sitastog filtra te manje pore od granularnih medija. Zbog vrlo sitnih
pora, odnosno mogucnosti zadrzavanja vrlo finih Cestica ovi se filtri obi¢no upotrebljavaju nakon nekog drugog
oblika mehanicke filtracije u sustavima koji zahtijevaju vodu gotovo bez ikakvih ¢estica, poput sustava za inkubaciju
jaja i licinki. Stovige, u takvim se sustavima ovi filtri ¢esto upotrebljavaju i za obradu ulazne vode. Njihova osnovna
prednost je uklanjanje ¢estica manjih od 1 pum, a glavni nedostatak brzo ¢epljenje i potreba za ispiranjem, odnosno
izmjenom uloska (Timmons i sur., 2001). U filtre s poroznim medijem ubrajaju se filtri s dijatomejskom zemljom
i razli¢itim ulo$cima (Timmons i sur., 2001.). Noviji filtri s dodatkom zeolita i aktivnog ugljena imaju i dodatnu
primjenu; mogu smanjiti do 92,82 % ukupne koncentracije amonijaka i povecati koncentraciju otopljenog kisika za
54,23 % (Zahidah i sur., 2018.).

Izdvajanje krutih Cestica flotacijom

Flotacija je postupak izdvajanja vrlo finih cestica iz teku¢ine njihovim isplivavanjem na povr§inu pomoc¢u mjehuric¢a
zraka. Propuhivanjem zraka kroz teku¢inu na mjehurice zraka se hvataju cestice koje zatim zajedno njima isplivaju
na povrsinu tekucine. U akvakulturi se ova metoda odvajanja krutog otpada od vode odnosi uglavnom na uklanjanje
nakupina proteina i masti iz nepojedene hrane, a odvija se procesima odstranjivanja zrakom, odnosno obiranja
proteina, ili frakcioniranjem pjene. Proces se provodi tako da voda tece kroz kontaktnu komoru odozgo prema dole,
a mjehuriéi zraka upuhani pri dnu komore struje u suprotnom smjeru. Povr$inski aktivne tvari, poput proteina i
masti, pri¢vrste se na mjehurice i s njima putuju prema povrsini vode. Tu mjehuriéi pucaju, a tvari se nakupljaju
u obliku pjene koja se zatim izdvaja kao otpad. Ovaj proces ovisi o promjeru mjehuri¢a, omjeru zraka i vode,
koncentraciji krutih ¢estica i njihovim povrsinskim kemijskim svojstvima (Cripps i Bergheim, 2000; Timmons i sur.,
2001; Brambilla i sur., 2008). Kao i filtri s poroznim medijem, zbog mogu¢nosti izdvajanja jako sitnih ¢estica ovakvi
filtri se obi¢no upotrebljavaju nakon nekog drugog oblika filtracije u sustavima koji zahtijevaju vrlo kvalitetnu vodu.
Uz pomo¢ flotacije moze se znacajno smanyjiti koncentracija otpadnih Cestica iz sustava §to dovodi do smanjenja
koli¢ine organske tvari koja prolazi kroz bakterijsku razgradnju te ima veliki utjecaj na koncentracija dusika u
sustavu (Sadeghi i sur., 2018).

Umjetne mocvare

Umjetne mocvare su plitki sustavi za proci§¢avanje otpadnih voda koji su zasadeni mocévarnim biljkama koje
oponas$aju prirodnu mocvaru i oslanjaju se na prirodne procese za procis¢avanje. Umjetna moc¢vara ima prednosti
u odnosu na ostale sustave obrade otpada jer zahtijeva malo ili nimalo energije. Umjetne moc¢vare postaju stanista
razli¢itim organizmima i mogu biti oku ugodne (Miller i Semens, 2002). Izlazna voda $alje se u mocvaru u kojoj
rastu moc¢varne biljke u poroznom zemljanom supstratu. Voda prokapava kroz porozni supstrat i tako se filtrira i
prociscava. Biljke uzimaju i iskori$tavaju hranjive tvari iz otpadne vode, dok korijen biljaka utje¢e na pojacavanje
procesa procis¢avanja (Lekang, 2007). Veliki nedostatak umjetnih mocvara je nizak hidrauli¢ki kapacitet u odnosu
na koli¢ine vode u akvakulturi (Lekang, 2007) te potreba za viSe kopnene povrsine od alternativnih sustava (Miller i
Semens, 2002). Ipak tehnologija umjetnih mo¢vara postaje sve vaznija u recirkulacijskim akvakultuirnim sustavima
jer su se moc¢vare pokazale kao dobro uhodana i ispaltiva metoda (Turcios i Papenbrock, 2014).

Zakljucak

Poznavanje karakteristika krutog otpada osnovni je uvjet odabira pravilnog i ucinkovitog postupka njegova
uklanjanja. Odabir mehani¢kih filtara ovisi o veli¢ini Cestica, protoku, dimenziji uredaja, ucestalosti i trajanju
ispiranja te potro$nji energije. Cestice krutog akvakulturnog otpada se ovisno o njihovim svojstvima izdvajaju se iz
uzgojne vode procesima gravitacije, filtracije ili flotacije. Gravitacijska sedimentacija je naj¢e$¢a i najpoznatija metoda
mehanicke filtracije u akvakulturi, a ujedno je i najjeftinija jer koristi silu gravitacije. Medutim, njen nedostatak je
nisko opterecenje te neucinkovito tretiranje malih Cestica. Filtracijom se iz vode uklanjaju suspendirane i rasprsene
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Cestice, a koriste se razliciti sitasti filtri te filtri s granularnim ili poroznim medijem. Sitasti filtri imaju visoke
hidraulicke kapacitete, zauzimaju malo prostora te imaju mali gubitak vode za ispiranje otpada. Granularni filtri su
ucinkoviti u uklanjanju suspendiranih Cestica, ali se u njima obi¢no odvija i biologka filtracija $to se moze iskoristiti
u slabo optereéenim sustavima. Fini otpad se iz uzgojne vode uklanja ili pomocu filtara s poroznim medijem ili
flotacijom. Unato¢ brojnim metodama otlkanjanja krutog otpada, potrebno je razvijati intenzivne uzgojne sustave s
naglasakom na kontroli nastanka otpada boljom formulacijom hrane i optimizacijom hranidbe.
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Mechanical filtration in aquaculture

Abstract

This paper describes the methods of mechanical filtration, i.e. the separation of solid particles from
water, which are used in maintaining the quality of breeding water in different

aquaculture production systems and/or purification of waste water. Gravity separation removes
settleable waste in settling basins, tube settlers and hydrocyclones. Filtration separate suspended
particles in filters that have some kind of sieve, like a mesh or a membrane, a bead medium like sand
or plastic, or a porous medium. The finest particles of dissolved and floating waste are separated by
the flotation process using an air stream. Constructed wetlands are also used for waste treatment from
recirculating aquaculture systems.

Keywords: aquaculture, sedimentation, filtration, flotation

58th Croatian & 18th International Symposium on Agriculture | 11-17 February, 2023, Dubrovnik, Croatia



ORIGINAL SCIENTIFIC PAPER

Cephalopods in the bottom trawl catches of the
northern and central Adriatic Sea

Svjetlana Krstulovi¢ Sifner!, Toni Elezovi¢!, Igor Isajlovi¢?, Nedo Vrgoc?, Stjepan Jukié¢ Peladi¢?"

"University of Split, Department of Marine Studies, Rudera Boskovica 37, Split, Croatia (ssifner@unist.hr)
’Institute of Oceanography and Fisheries in Split, Ivan Mestrovi¢ Promenade 63, Split, Croatia

Abstract

Bottom trawl catches of cephalopods in the northern and central Adriatic Sea were analysed using
data collected during the MEDITS 2016 expedition. A total of 19 species were registered and the most
represented were: Alloteuthis media, Loligo vulgaris, Illex coindetii, Todaropsis eblanae and Eledone
moschata. The largest number of species was found at depths of 100-200 m and the lowest at 10-50
m. The highest mean abundance index of cephalopods was in 100-200 m depth stratum. The most
abundant species in depths 10-50 m was L. vulgaris, in strata 50-100 m and 100-200 m A. media, and in
stratum 200-500 m . coindetii. The highest abundance indices were registered in Croatian fishing zones
C and D. The obtained results could serve as a basis for improved long-term sustainable management
of this group of marine invertebrates.

Keywords: cephalopods, Adriatic Sea, abundance, depth distribution, fishing zones

Introduction

Cephalopods are bioecologically and commercially very important group of marine organisms. Because of their
abundance and wide distribution, they are significant components of marine food webs, both as predators and as prey.
Therefore, the extent of their exploitation and the status of their populations are critical to the overall sustainability
of marine ecosystems (Vidal et al., 2014). Cephalopods are widely distributed throughout the Mediterranean,
including the Adriatic Sea, and they have been used for human consumption since ancient times. The first studies
on cephalopods in the Adriatic date back to the 18" century (see details in Mandi¢, 1984) and these animals have
been of interest to scientists in the area ever since (Krstulovi¢ Sifner et al., 2011; Quetglas et al., 2019). Because
cephalopods are valuable to fisheries, it is important for management to increase general knowledge about them.
For this reason, we aimed to provide an insight into the distribution and abundance of fished cephalopod species in
the eastern part of the Adriatic Sea, i.e. in Croatian waters, both by depth and by fishing zone as defined by Croatian
Low (NN, 5/2011). This study is a contribution to a better understanding of the cephalopod assemblages in different
areas of the northern and central Adriatic and provides valuable information for a better future management of this
group of animals.

Materials and methods

Samples were collected in the summer during the MEDITS 2016 expedition in the northern and central Adriatic
Sea (GSA 17) (Figure 1) according to a stratified sampling scheme at the following depth strata: 10-50 m, 50-100
m, 100-200 m, and 200 to 500 m. The fishing tool used for sampling was an experimental trawl net named GOC 73
(Fiorentini et al., 1999). All catches were standardised using the swept-area method, and abundance and biomass
indices (N/km? and kg/km?) were used to represent the density of caught populations (Sparre and Venema, 1998).
Details of the MEDITS (engl. MEDiterranean International Trawl Survey) protocol can be found in Bertrand et al.
(2002). All cephalopods caught were determined to the species level using the FAO key (Mangold and Boletzky,
1987), counted and weighed.
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Figure 1. MEDITS sampling stations in the northern and central Adriatic Sea (GSA 17); sampling stations
presented by dots

The data obtained during the expedition were used to represent the cephalopod fauna caught in GSA 17 and for
analysis by depth and fishing zone in the territorial waters of the Republic of Croatia, i.e. in zones A, B, C, D, G and
EE where the last two zones have similar ecological characteristics and were therefore analysed together (Figure
2). The zones of the current exclusive economic zone (H, I, ] and K), where cephalopods are of less importance for
bottom trawling, were excluded from the analyses.
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Figure 2. Fishing zones of the Republic of Croatia analysed in the study (A, B, C, D, EF and G)

Results and discussion
Abundance and biomass indices of cephalopods

During the MEDITS 2016 expedition, a total of 19 cephalopod species were registered, belonging to 5 different
families: 3 species Sepiidae, 7 species Sepiolidae, 2 species Loliginidae, 3 species Ommastrephidae and 4 species
Octopodidae (Table 1).
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Table 1. The list of cephalopod families and species registered during MEDITS 2016 in GSA 17 with indicated mean
abundance and biomass indices (N/km? and kg/km?)

Family Species Abundance index ~ Biomass index (kg/
(N/km?) km?)
Sepiidae Sepia elegans Blainville, 1827 103.05 0.945
Sepia officinalis Linnaeus, 1758 3.93 0.686
Sepia orbignyana Férussac, 1826 7.88 0.257
Sepiolidae Rossia macrosoma (Delle Chiaje, 1830) 1.99 0.054
Sepietta neglecta Naef, 1916 2.14 0.008
Sepietta obscura Naef, 1916 0.71 0.002
Sepietta oweniana (d'Orbigny, 1841) 9.55 0.066
Sepiola intermedia Naef, 1912 0.51 0.001
Sepiola robusta Naef, 1912 0.51 0.001
Sepiola rondeletii Leach, 1817 1.17 0.007
Loliginidae Alloteuthis media (Linnaeus, 1758) 1623.68 3.647
Loligo vulgaris Lamarck, 1798 726.00 10.952
Ommastrephidae Illex coindetii (Vérany, 1839) 897.53 20.697
Todarodes sagittatus (Lamarck, 1798) 0.51 0.044
Todaropsis eblanae (Ball, 1841) 153.64 8.005
Octopodidae Eledone cirrhosa (Lamarck, 1798) 24.01 2.305
Eledone moschata (Lamarck, 1798) 266.43 23.138
Octopus salutii Vérany, 1839 0.20 0.004
Octopus vulgaris Cuvier, 1797 5.86 2.505

Considering both indices, the most represented species were Illex coindetii (897.53 N/km?, 20.70 kg/km?), Loligo
vulgaris (726 N/km?, 10.95 kg/km?) and Eledone moschata (266.43 N/km?, 23.14 kg/km?). On the other hand,
considering only the abundance index, A. media was the most abundant of all cephalopod species (1623.68 N/km?).
Nevertheless, due to its small body size the biomass index was relatively low (3.65 kg/km?), and unlike the three
previously mentioned species, it is not considered one of the commercially important species in the Adriatic despite
its abundance. Relatively low values of the abundance index for the commercially important species Octopus vulgaris
can be attributed to the fact that this species is caught in the Adriatic Sea mainly with lures, hooks and lines, pots and
spears, and only sporadically with bottom trawl nets (Grubisi¢, 1988). Similarly, Sepia officinalis is caught with other
fishing tools besides trawls. The main fishing season of this species corresponds to its reproductive season, which is
spring, while it is caught sporadically during other seasons (De Mauro et al., 2007).

Distribution of cephalopods by depth stratum

Depth distribution analysis showed that cephalopods are most abundant in stratum 100 to 200 m (7367.64 N/km?).
The second most important depths are in stratum 10 to 50 m (3736.93 N/km?), followed by stratum 200-500 m where
the highest mean biomass index was also registered (3096.45 N/km? 127.72 kg/km?). This probably indicates that the
distribution depends on their life stages and that, in general, larger individuals of some cephalopod species prefer
deeper waters (Figure 3).
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Figure 3. Abundance and biomass indices of cephalopods by depth strata (N/km? and kg/km?)

In shallow waters, 10-50 m, the lowest number of species was caught, i.e. a total of 8 species. The most abundant
among them were L. vulgaris, A. media and E. moschata.

At stratum 50-100 m, 15 cephalopod species were registered. The most abundant were A. media (970.04 N/km?) and
E. moschata (262.56 N/km?). E. moschata was also the most represented species regarding the biomass indices at
depths 10-50 m and 50-100 m, with 75 kg/km?and 12,39 kg/km?, respectively.

The largest number of cephalopod species was recorded in stratum 100-200 m, 16 in total, were the most abundant
species were A. media and I. coindetii, and the highest biomass index was found for I. coindetii and T. eblanae.

At the deepest stratum, 200-500 m, only 9 cephalopod species were registered. The most abundant were the members
of Ommastrephidae family, e.g. T. eblanae and I. coindetii. Still, majority of the commercially important species were
not fished at these depths, i.e. O. vulgaris, L. vulgaris, E. moschata and S. officialis.

It is obvious that in the middle strata (50-100 m and 100-200 m) the species diversity is higher and the species are
more abundant, while in the shallow and deepest strata (10-50 m and 200-500 m) the number of species is much
lower but their relative weight is higher. This refers mainly to E. moschata in the shallow waters, and Ommastrephidae
in the deepest stratum and, to a lesser extent to E. cirrhosa.

Distribution by fishing zone

The distribution of cephalopods in Croatian fishing zones was analysed and presented (Figure 4). In the fishing zone
D, open southern parts of the Croatian Adriatic, the highest mean abundance and biomass indices of cephalopods
were recorded. Among all cephalopods, the most representative species in this zone were Illex coindetii, Alloteuthis
media and Todaropsis eblanae. It was found that the second most important regarding cephalopods was the zone C,
i.e. the area of the open central Adriatic Sea, also the area well known for the very intensive commercial, bottom-trawl
fishery. In this is area the species A. media, Eledone cirrhosa and I. coindetii were mainly caught. Almost as important
is the fishing zone G, i.e. the channel area of the Central Adriatic Sea, where the most abundant were Loligo vulgaris
and E. moschata. In the fishing zone A, covering an area along the western coast of the Istrian peninsula, the biomass
index was very high (100.29 kg/km?), in contrast to the abundance index. The main reason for this are very large
catches of the large sized Musky octopus, E. moschata, a species very common in this area. The same species was very
abundant in zones E and F, i.e. in the channel areas of the northern Adriatic. However, zones E and F, and especially
the zone B, i.e., the open northern Adriatic, had lower mean abundance and biomass indices, indicating the lower
commercial importance of cephalopods for bottom trawling in these zones compared to the others zones described
previously.
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Figure 4: Distribution of cephalopods in the Croatian fishing zones expressed with abundance and biomass
indices (N/km?, kg/km?).

Considering only the commercially most important species, the situation is as follows: S. officinalis was most
represented in fishing zones A (12.48 N/km?) and D (1.96 kg/km?) by number and weight, respectively. L. vulgaris
was most represented in the fishing zone G (2382.62 N/km?, 30.72 kg/km?). I. coindetii was most abundant in the
fishing zone D (4439.59 N/km?, 69.49 kg/km?). E. moschata had the highest abundance index in fishing zones EF
(463.60 kg/km?), and the highest biomass index in the zone A (77.37 N/km?). Eledone cirrhosa was most abundant in
the fishing zone C (84.2 N/km?, 7.83 kg/km?) and Octopus vulgaris in the fishing zone B (27.77 N/km?, 14.79 kg/km?).

Conclusion

Cephalopods are distributed in all depth strata in GSA17, and in all fishing zones in the Croatian part of the northern
and central Adriatic. In the bottom trawl catches dominate commercially important species, such as Eledone moschata
and Illex coindetii, but results also indicate very high abundances of some other species, e.g. Alloteuthis media and T.
eblanae, which are not considered as commercially important. The obtained results may be useful in improving the
management of cephalopod stocks in the Adriatic Sea by providing a better insight into their depth distribution and
abundance in different fishing areas.
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Glavonosci u koc¢arskim lovinama sjevernog i
srednjeg Jadrana

Sazetak

Ulovi glavonozaca u sjevernom i srednjem Jadranu analizirani su iz podataka prikupljenih pridnenom
povla¢nom mrezom kocom tijekom ekspedicije MEDITS 2016. Registrirano je ukupno 19 vrsta, a
najzastupljenije su bile: Alloteuthis media, Loligo vulgaris, Illex coindetii, Todaropsis eblanae i Eledone
moschata. Najveli broj vrsta pronaden je na dubinama 100-200 m, a najmanji na 10-50 m. Najve(i
prosje¢ni indeks brojnosti glavonozaca je utvrden u dubinskom pojasu 100-200 m. Najzastupljenija
vrsta na dubinama 10-50 m bila je L. vulgaris, na 50-100 m i 100-200 m A. media, a na 200-500 m I.
coindetii. Najveca brojnost glavonozaca zabiljezena je u hrvatskim ribolovnim zonama C i D. Dobiveni
rezultati mogu posluziti kao osnova za bolje dugoro¢no odrzivo upravljanje ovom skupinom morskih
beskraljeznjaka.

Klju¢ne rijeci: glavonosci, Jadransko more, ucestalost, rasprostranjenost, ribolovne zone
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SaZetak

U ovom istrazivanju su pracene promjene dielektri¢nih svojstava i pH vrijednosti kao pokazatelja
svjezine trlje skladistene u prikladnim i neprikladnim temperaturnim uvjetima u odnosu na promjene
organoleptickih svojstava. Elektrovodljivost je znacajno brze opadala s vremenom skladiStenja u
neprikladnim uvjetima, dostignuvsi donju razinu prihvatljivosti nakon ¢etiri dana. Vrijednosti ocitane
torimetrom su u prikladnim uvjetima skladiStenja tre¢i i éetvrti dan skladiStenja pokazale blagi pad,
ali je prema izmjerenim vrijednostima riba ostala unutar kategorije ,.vrlo svjeza®“. Razina pH se tijekom
pokusa u prikladnim uvjetima, nakon pocetnog pada od dana ulova, nije zna¢ajno mijenjala, za razliku
od neprikladnog skladistenja gdje je varirala kroz dane (od 7,336 do 6,833). Promjene organoleptickih
svojstva pratile su promjene dielektrickih svojstava i pH vrijednosti koje su se pokazale validnim
metodama brzo za rutinsko praéenje promjene svjezine trlje skladistene na ledu.

Kljucne rijec¢i: morska riba, senzorska ocjena, kvaliteta, organolepticka svojstva, svjezina ribe

Uvod

Kvarenje ribe zapo¢inje vrlo brzo nakon ulova, pogotovo kod visokih temperatura (Berkel i sur., 2004), a rezultat je
enzimatske autolize, oksidacije i mikrobnog razvoja (Huss i sur., 1995). Sprjecava se, odnosno usporava, na nekoliko
nacina: hladenjem, smrzavanjem, su$enjem, soljenjem, dimljenjem, konzerviranjem, fermentacijom, no za bilo koji
oblik konzerviranja nuzno je hladenje neposredno nakon ulova (Ghaly i sur., 2010). Niska temperatura smanjuje
mikrobnu aktivnost koja uzrokuje kvarenje i tako odrzava kvalitetu ribe (Ashie i sur., 1996). Tehnike skladi$tenja
trebaju sprijeciti kvarenje uzrokovano mikrobnom aktivno$éu, a istovremeno zadrzati kvalitetu i nutritivou
vrijednost ribe (Ghaly i sur., 2010). Kvaliteta ribe, odnosno njena svjezina, se ¢esto kvantificira procjenom senzorskih
pokazatelja (izgled, miris, tekstura i dr.) te mjerenjem biokemijskih i fizikalnih svojstava ribe (Franceschelli i sur.,
2021).

Cilj ovog rada je usporediti promjenu svjezine trlje blatarice, Mullus barbatus (Linnaeus, 1758), kao jedne od
najzastupljenijih vrsta u ko¢arskom ulovu na istrazivanom podrucju (Gavrilovi¢ i sur., 2022), mjerenjem dielektri¢nih
svojstava koze, pH vrijednosti mesa i senzorskom ocjenom tijekom skladiStenja u razli¢itim teperaturnim uvjetima.

Materijal i metode

Jedinke trlje su prikupljane ko¢arenjem u Neretvanskom kanalu, odnosno ribolovnoj podzoni G5, tijekom svibnja
i studenog 2021. godine. Sva riba je neposredno nakon ulova hladena potapanjem u mjesavinu morske vode s
ledom do sortiranja. Iz ukupnog ulova, pri svakom uzorkovanju koje je obavljano, tijekom sortiranja izdvojene su
po 22 jedinke trlje koje su stavljene na ljuskasti led u samodrenirajuce polistirenske kutije i pohranjene u brodski
hladnjak do istovara. U prvom tretmanu (svibanj) riba je nakon istovara skladi$tena u prijenosnom sanduku koji
zadrzava hladnocu (,,jacera®) u kojoj je led mijenjan i dodavan samo prva dva dana skladi$tenja (neprikladni uvjeti
skladistenja). U drugom tretmanu (studeni) riba je skladistena u hladnoj komori gdje je po potrebi dodavan led
(prikladni uvjeti skladi$tenja) kako bi se o¢uvala konstantna teperatura. Temperatura u sanduku kod neprikladnog
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skladistenja se kretala od 5°C tijekom prva dva dana do 17°C cetvrtog dana skladistenja. U drugom tretmanu,
prikladnog skladistenja u hladnoj komori odrzavana je konstantna temperatura od 2°C. Mjerenje dielektri¢nih
svojstava i vrijednosti pH mesa ribe te senzorska ocjena obavljeni su neposredno po pocetku skladistenja (kasni
vecernji sati na dan izlova- nulti dan) te potom drugog, treceg i cetvrtog dana skladistenja. S obzirom da je mjerenje
obavljeno u no¢nim satima krajem nultog dana, prvo idu¢e mjerenje obavljeno je drugog dana skladistenja.
Dielektri¢na svojstva trlje su mjerena torimetrom (Distell Fish freshness meter, Model Torrymeter) na dorzalnoj
bo¢noj strani tijela, neposredno iza $krznog poklopca i iznad bo¢ne pruge (Distell, 2011). Mjerenje je izvrSeno na
nacin da su se elektrode uredaja prislonile na svaku jedinku tri puta prije mjerenja iduce jedinke te je kao vrijednost
eletrovodljivosti zabiljezen prosjek tri ocitanja. Elektrode torimetra su izmedu svakog oditanja na istoj jedinki i
izmedu mjerenja razlicitih jedinki prebrisane cistim papirnatim ubrusom kako bi se smanjila moguca greska pri
mjerenju. BiljeZene su vrijednosti o¢itane torimetrom na skali od 0 do 18, pri ¢emu vise vrijednosti oznacavaju
svjeziju ribu (Distell, 2011). Mjerenje pH vrijednosti mesa trlje je izvrSeno digitalnim multiparametarskim uredajem
(pH 70 Vio DHS) s ubodnom pH i temperaturnom sondom (XS Instruments). Vrijednosti su mjerene na dorzalnom
misi¢u ribe neposredno iza glave, na nacin da je tijekom svakog mjerenja sonda ubodena na drugo mjesto, odnosno ni
jedno naknadno mjerenje nije provedeno na mjestu uboda prethodnog mjerenja kako bi se izbjegle greske. Paralelno
su pracena organolepticka svojstva skladi$tene ribe. Senzorska ocjena svjezine ribe obavljena je prema metodi koju
su opisali Parlapani i sur. (2015), pri ¢emu su obuceni ¢lanovi tima ocjenjivali vanjski izgled, kozu, sluz, o¢i i miris
ribe. Sva senzorska svojstva ocjenjivana su ocjenom od 1 do 5 prema deskriptivnoj skali, pri ¢emu je ocjena 5 bila za
najsvjeziju ribu. Riba s prosje¢nom ocjenom 3 smatrana je minimalno prihvatljivom za trzi$te, odnosno ribom ¢iji je
rok upotrebe na granici prihvatljivosti.

Razlike u vrijednostima elektrovodljivosti i pH mesa izmedu svih dana mjerenja unutar jednog tretmana su ispitane
analizom varijance ponovljenih mjerenja (repeated measures ANOVA) (razina znacajnosti 0,05). Nakon toga je
proveden Tukey HSD post hoc test za visestruko usporedivanje parova dana kako bi odredili izmedu kojih to¢no
dana postoji znacajna razlika u mjerenjima. Razlika u vrijednostima elektrovodljivosti i pH mesa pojedinih dana
skladistenja izmedu tretmana je ispitana T-testom (razina znacajnosti 0,05). Svi podaci su obradeni u programu
Microsoft Excel, a statisticke analize su provedene u statistickom programu PAST 4.05 (Hammer i sur., 2001).

Rezultati i rasprava

Pracenjem dielektri¢nih svojstava trlje utvrden je trend pada srednjih vrijednosti o¢itanih torimetrom u oba uvjeta
skladistenja (Grafikon 1). Analizom varijance utvrdena je znacajna razlika izmedu dana skladi$tenja kod oba uvjeta
skladistenja (p<0,05). Tukey HSD post hoc testom je zabiljezen znacajan pad vrijednosti izmedu pojedinih dana
skladistenja. Znacajna razlika je utvrdena izmedu dana ulova i treceg i ¢etvrtog dana prikladnog skladiStenja te
izmedu drugog i ¢etvrtog dana prikladnog skladi$tenja. Prilikom neprikladnog skladi$tenja, postoje znacajne razlike
izmedu svih dana istrazivanja osim dana ulova i drugog dana skladi$tenja te treeg i ¢etvrtog dana skladiStenja
(Tablica 1). T-test je pokazao da nema razlike u dielektri¢nim svojstvima ribe izmedu tretmana na dan ulova i na
drugi dan skladi$tenja dok je kasnije ta vrijednost znacajno niza kod neprikladno skladistene ribe (Tablica 2).
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Grafikon 1. Kretanje vrijednosti dielektricnih svojstava trlje kroz vrijeme skladistenja u prikladnim (a) i
neprikladnim (b) uvjetima

Tablica 1. Dobivene p-vrijednosti Tukey HSD post hoc testa izmedu pojedinih dana mjerenja za dielektri¢na svojstva
u prikladnim (iznad dijagonale) i neprikladnim uvjetima skladi$tenja (ispod dijagonale). Statisticki znacajne razlike

su oznacene s *.

Dielektri¢na svojstva Dan 0 Dan 2 Dan 3 Dan 4
Dan 0 0,345 0,011* <0,01*
Dan 2 0,380 0,472 <0,01*
Dan 3 <0,01* <0,01* 0,069
Dan 4 <0,01* <0,01* 0,959

Distell priru¢nik (2011) za vrste iz reda Perciformes (Pagellus coupei, validno Pagellus bellottii) navodi i kategorizira
vrijednosti dielektri¢nih svojstava izmjerenih torimetrom na sljedec¢i nacin: 11-13 je vrlo svjeza riba; 7-10 indicira
pad svjezine; 4-6 je gotovo pokvarena riba. Prema ovom priru¢niku vrijednosti ispod 4 oznacavaju nejestivu ribu.
Tijekom istrazivanja je prosje¢na vrijednost dielektri¢nih svojstava na dan ulova u oba tretmana iznosila vise od 12
i do cetvrtog dana je pala na 11,364 u prikladnim uvjetima te na 8,111 u neprikladnim uvjetima. Ove vrijednosti
pokazuju da je tijekom prikladnog skladistenja trlja ostala vrlo svjeza i nakon cetiri dana, dok je u neprikladnim
uvjetima svjezina pala blizu donje granice prihvatljivosti.

Tablica 2. Srednje vrijednosti izmjerenih dielektri¢nih svojstava i pH tijekom trajanja pokusa (T-test). Statisticki
znacajne razlike su oznacene s *.

Dan 0 Dan 2 Dan 3 Dan 4
Diel. pH  Diel. pH Diel. pH Diel. pH
svojstva svojstva svojstva svojstva
Prikladno 12,530 7,256 12,182 7,165*  11,879* 7121% 11,364 7,132
skladistenje
Neprikladno ) 00 7195 12,001 7,336 8,439 7,265*  8,111* 6,833*
skladistenje
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Analizom varijance je utvrdena statisti¢ki znacajna razlika izmjerenih pH vrijednosti izmedu dana skladistenja kod
oba tretmana (p<0,05). Tukey HSD post hoc test je pokazao da ta znacajna razlika postoji izmedu dana ulova i svih
dana mjerenja kod prikladnog skladi$tenja. Pri neprikladnom skladi$tenju, pH vrijednost je zna¢ajno vi$a drugi dan
skladistenja u odnosu na dan ulova, te onda znadajno pada u &etvrtom danu skladistenja (Grafikon 2, Tablica 3).
Razlika vrijednosti pH izmedu tretmana je provjerena T-testom i bila je zna¢ajna kroz sva tri dana skladistenja: drugi
i treci dan je vrijednost pH bila znacajno veca, a ¢etvrti dan znacajno manja u uvjetima neprikladnog skladistenja
(Tablica 2).

a) pH, prikladno skladistenje b) pH, neprikladno skladistenje
7.8 7.8
7,6 7,6 ’

74 1 7.4
72 A = 7,2 % d'}_l -
I . -

a7 A
6.8 = . - 6,8 L
6.6 6.6
6.4 6,4
6.2 6,2
dan 0 dan 2 dan 3 dan 4 dan 0 dan 2 dan 3 dan 4
Dani skladistenja Dani skladistenja

Grafikon 2. Kretanje pH vrijednosti trlje kroz vrijeme skladistenja u prikladnim (a) i neprikladnim (b) uvjetima

Tablica 3. Dobivene p-vrijednosti Tukey HSD post hoc testa izmedu pojedinih dana mjerenja za pH u prikladnim
(iznad dijagonale) i neprikladnim uvjetima skladiStenja (ispod dijagonale). Statisti¢ki znacajne razlike su oznacene
s*.

pH Dan 0 Dan 2 Dan 3 Dan 4
Dan 0 <0,01* <0,01* <0,01*
Dan 2 0,011* 0,161 0,401
Dan 3 0,362 0,367 0,949
Dan 4 <0,01* <0,01* <0,01*

Senzorska svojstva su takoder pokazala karakteristicne negativne promjene nakon cetiri dana neprikladnog
skladi$tenja: neugodan miris, zamudena sluz, pucanje koze na trbusnom podruéju, mutne o¢i. Po dobivenoj ocjeni
ta riba viSe nije bila prihvatljiva za trziSte. Na prikladno skladistenoj ribi takve negativne promjene nisu uocene
(Grafikon 3).
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Grafikon 3. Promjena senzorskih svojstava tijekom skladistenja u oba tretmana

Kretanja torimetrijskih vrijednosti su slicna onima kakve su zabiljezili Simat i sur. (2009) u istraZivanju utjecaja
skladistenja na dielektri¢na svojstva lubina, Dicentrarchus labrax. Pri niskim temperaturama su dielektricka svojstva
i senzorske osobine kroz dulje razdoblje upuéivala na visoku kvalitetu ribe, dok je pri vi$im temperaturama kvaliteta
naglo opadala. Ustanovili su i da torimetar moZe pokazivati prihvatljivu kvalitetu ribe ¢ak i kad po senzorskim
osobinama riba padne ispod granice prihvatljivosti, $to je slicno neprikladno skladistenim trljama u ovom
istrazivanju. Kod ulovljene i skladi$tene ribe vrijednost pH prvo pada zbog stvaranja mlije¢ne kiseline usred stresa,
zatim neko vrijeme stagnira i onda s autolitickim procesima raste, §to pogoduje umnozavanju bakterija i vodi ka
kvarenju (Daskalova 2019; Kyrana i sur., 1997; Abbas i sur., 2008). Visa vrijednost pH u drugom i tre¢em danu
kod neprikladno skladiStene ribe moze upudivati na pocéetnu fazu kvarenja. Nagli pad pH u posljednjem danu
mjerenja pokazuje nastanak kiselih raspadnih produkata, odnosno posljedica je posljedica raspadanja unutarnjih
organa, odnosno probavnog trakta i istjecanja Zelu¢anog sadrzaja $to je utjecalo na pH cijele ribe. Vrijednost pH kod
prikladno skladistene ribe je pala nakon dana ulova i zatim stagnirala kroz cijelo razdoblje skladi$tenja, $to znaci da
je o¢uvana svjezina ribe i u tom razdoblju nije zapoceo proces kvarenja.

Zakljucak

Praéenjem organoleptickih, dielektri¢nih svojstava i vrijednosti pH je utvdeno da primjereno pothladena skladistena
svjeza riba zadrzava odgovarajucu kvalitetu kroz razdoblje od najmanje Cetiri dana (razdoblje skladistenja ribe u
ovom istrazivanju). Kod neprikladno skladi$tene ribe zabiljezene su izraZenije promjene u praenim parametrima,
koji su bili u skladu sa senzorskim pokazateljima kvalitete. To potvrduje da metode mjerenje promjene dielektrickih
svojstava i pH vrijednosti mogu biti kori$tene za brzu rutinsku ocjenu svjeZine ribe na trzistu.

Napomena

Istrazivanje provedeno za ovaj rad je izvr$eno u sklopu Projekta “Ribarsko-znanstvena mreza Grada Plo¢a” u okviru
Mjere 1.3. “Partnerstvo izmedu znanstvenika i ribara za razdoblje 2017.-2020.”
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Changes in flesh dieletric properties and pH values
of red mullet, Mullus barbatus, under different
storage conditions

Abstract

In this study, the values of dielectric properties and pH were monitored as indicators of red mullet
freshness and compared with the organoleptic properties of the fish under suitable and unsuitable
storage conditions. The conductivity of the fish decreased much faster under unsuitable conditions,
reaching the lower acceptable value after four days. The same conductivity value decreased slightly
under suitable conditions on the third and fourth day, but still remained in the “very fresh” category.
Similarly, pH remained constant after an initial decrease on the day of capture under appropriate
storage conditions, but fluctuated for several days under improper storage conditions (from 7.336
to 6.833). The readings for both parameters changed in accordance with changes in the organoleptic
properties of the fish. Monitoring of dielectric properties and pH proved to be a reliable method for
routine evaluation of freshness of red mullet stored on ice.

Keywords: marine fish, sensory evaluation, quality, organoleptic properties, fish freshness
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Abstract

The aim of this study was to determine the presence of sedentary yellow and migrating silver eels
in the catch at the mouth of river Neretva in different seasons, describe their basic morphological
characteristics, and to compare the results with the available literature. Samples were collected in the
spring (March and May), summer (June and July), and Autumn (September and November) of 2021,
using two traditional fishing tools — eel traps with a mesh size 12 mm and fyke nets with a mesh size
24 mm. The life stage (yellow or silver eel) was determined using quantitative and qualitative criteria.
A total of 61 specimens were caught, 13 of which were silver, and 48 were yellow eels. Yellow eels were
present in the catch during the entire sampling period: 21 specimens were caught in the spring, 13
in the summer, and 14 in the autumn. All 13 specimens of silver eels were recorded in autumn when
they usually start the spawning migration towards the Sargasso sea. The average length of silver eels
was 47.18+11.69 cm and the average weight was 235.08+235.12 g. The mean length and weight of
yellow eels were the smallest in the summer (38.31+5.32 cm and 101.00+£56.79 g) and the largest in
the spring (41.43+5.91 cm and 129.90+69.20 g). The importance of continuous monitoring of the eel
population is emphasized, including the determination of relevant biological characteristics such as age
and growth, and more detailed determination of the escapement rate of silver eels.

Keywords: European eel, Neretva, Eastern Adriatic sea, Eel monitoring

Introduction

European eel (Anguilla anguilla L.) is a catadromous species inhabiting the eastern Atlantic from Scandinavia to
Morocco including the Mediterranean, Adriatic, and the Black sea with the connected freshwater bodies (Deelder,
1984; Rochard and Elie, 1994). It presented the target species in European fisheries since olden times throughout its
distribution (Kettle et al., 2008; Gabriel and Wendt, 2003; Koch, 1925; Van Dam, 1998). Modernization of fishing
tools, poor control, increase in fishing pressure, environmental changes, loss of habitat, disease, dam construction,
and pollution led to a rapid decline in its populations (ICES, 2020). Consequently, recruitment decreased by roughly
95% (Wgeel, 2008). This caused the eel to be listed in the IUCN Red List as Critically Endangered since 2008 (ICES,
2020).

In the eastern Adriatic, the river Neretva and its delta are very well known for eel fishing. In the 1930s, total annual
eel landings in Croatia were between 62 and 93 metric tons (Morovi¢, 1948), and in 2020 reported landings dropped
to only 388kg (EUROSTAT, 2022). Yellow sedentary and silver migratory are two life stages of eels that are commonly
fished in the river Neretva (Morovi¢, 1965; Glamuzina et al., 2022). Today, there are only 13 legal fishing areas for
silver eel in the autumn, while the yellow eel is fished for by the local communities with traditional fishing tools
(Glamugzina et al., 2022).

The establishment of continuous monitoring to improve local management plans is emphasized in order to restore
abundance of European eel (Feunteun 2002). Spatial and temporal movements of different life stages and monitoring
of silver migratory eels have been in focus for over 20 years (e.g. Lambert and Feunteun 1998; Acou et al., 2005;
Barry etal., 2016; Verhelst et al., 2022), but are still missing in some localities. The transition from yellow to silver eel
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involves a series of gradual morphological and functional changes in order to prepare the eels for seaward migration
(Durif et al., 2000). These changes include enlargement of the eyes (Pankhurst, 1982), differentiation of the lateral
line (Zacchei and Tavolaro, 1988), change in integument color and structure (Fontaine, 1994), increase in fat content
(Larsson et al., 1990), etc. The use of only one of the characters is seldom satisfactory for classifying the individuals
as completely yellow or silver, as some individuals do not clearly fit the two groups (Feunteun et al., 2000). Therefore,
methods have been developed to distinguish yellow from silver eels, by examining a combination of the above
characteristics (e.g. Cottrill, 2002; Acou et al., 2005; Durif et al., 2005). The aim of this study was to determine the
presence of sedentary yellow and migrating silver eels in the catch at the mouth of river Neretva in different seasons,
describe their basic characteristics, and compare the results with the available literature.

Material and methods

Samples were collected at the mouth of river Neretva in the south Adriatic. Two traditional fishing tools were used
— eel traps with mesh size 12 mm and fyke nets with mesh size 24 mm, in the spring (March and May), Summer
(June and July), and Autumn (September and November) of 2021. The eels that were caught were weighed to the
nearest gram, total length was measured to the nearest millimeter, and eye height and eye width were measured to
the nearest 0.1 millimeters. The coloration of the skin and differentiation of the lateral line were recorded according
to Acou et al. (2005).

The life stage was determined by qualitative (skin coloration and lateral line differentiation) and quantitative criteria
(ocular index) according to Acou et al. (2005). The ocular index was computed using the formula (Pankhurst, 1982):
OI={[(A+B,)/4)]x[(A +B,)/4]xn/TL}x100, where Ol is the ocular index, A and B are the horizontal and vertical eye
diameter, TL is the total body length and R and L are the right and left eye diameters.

Threshold values of OI for determining the life stage were set to 6.5 (Pankhurst, 1982) instead of 8.0 (Marchelidon
et al. 1999, Acou et al. 2003) because three different criteria were used for the identification of silver stage eels. The
number of yellow and silver eels in different seasons during the sampling was reported. Statistical differences in
weight and total length were determined by ANOVA test.

Results and discussion

A total of 61 specimens of European eel were caught at the mouth of Neretva river, 13 (21%) of which had an OI
above the threshold of 6.5 (Fig. 1). Eye enlargement is one of the first changes to occur during the metamorphosis,
with contrasting skin coloration and lateral line differentiation occurring later (Durif et al., 2000; Han et al., 2003).
Although it is difficult to determine the exact order of silvering stages (Acou et al., 2005), three specimens of yellow
eels with the OI over 5.0 and one with the OI over 6.0 were recorded in June, which is approximately the period in
which the silvering process usually begins (Fontaine, 1994). This could indicate that the metamorphosis should have
started around the time they were captured.

Figure 1. Values of the ocular index of yellow (empty circles) and silver eels (black circles) with the threshold line
set at 6.5 (Pankhurst, 1982).
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All eels that had an OI greater than a threshold value of 6.5 had contrast coloring on dorsal and ventral sides and a
differentiated lateral line (Fig. 2) making them fully differentiated silver eels. No yellow eels that had a differentiated
lateral line or contrast coloration were found. In research conducted on three rivers in France, Frémur, Oir, and
Loire, Acou et al. (2005) also found that among yellow eels the most numerous were specimens without any silvering
criteria (OI, lateral line differentiation, or contrast pigmentation). The absence of yellow eels with at least one of the
silvering criteria present in this research could be related to the sampling location and sampling period. Further
research is needed to understand the extent to which silver eels in the Neretva delta are descended from yellow eels
living in the estuary and inland yellow eels coming from freshwaters.

Figure 2. Silver eel caught at the mouth of river Neretva with visible contrast coloring and a
differentiated lateral line.

Yellow eels were present in the catch during the entire sampling period: 21 specimens were caught in spring, 13 in
the summer, and 14 in the autumn. All 13 specimens of silver eels were recorded in autumn, in November. This is
consistent with the literature as it is the time of migration of silver eels toward the Sargasso sea (Deelder, 1984).
Morovi¢ (1955) claimed that in the lower flow of river Neretva the autumn catch consisted exclusively of silver eels
in the years 1943, 1946, and 1947. Glamuzina et al. (2022) reported the presence of only a small percentage (9.8-
16.4%) of silver eels in the autumn/winter catch during 2016-2019, with the dominance of the yellow eels throughout
the year in Badinska lakes and the Parila lagoon, also located at the mouth of river Neretva. Changes in presence
of different life stages in the aforementioned area are impossible to trace due to an approximately 70-year gap in
available data, but a decrease in the share of silver eels in the autumn catch can be noted.

Righton and Metcalfe (2011) hypothesized that the silvering of the eels can be a reversible process. Svedidng and
Wickstrom (1997) suggested that the possible reason for temporary arrest or regression of the maturation process is
insufficient fat accumulation during the yellow eel feeding stage. The feeding habits of eel in the river Neretva and its
delta are poorly documented but it is generally considered that they mostly prey upon benthic fauna and small fish
(Ali, 2017). Reduced food availability is possible due to a poor state of benthic and fish communities documented
in the Parila lagoon (Prusina et al., 2017) accompanied by increased competition for food following recent changes
in species composition (Glamuzina et al., 2021). Anyway, for validation of this claim further research is needed to
determine the overlap in the diets of the eel and newly arrived species.

The mean length and weight of yellow eels were the smallest in summer (38.31+5.32 cm and 101.00£56.79 g) and the
largest in spring (41.43£5.91 cm and 129.90£69.20 g) (Table 1). These results agree with the findings of Glamuzina
et al. (2022), although the authors did not specify the life stage. Silver eels had statistically significant higher length
and weight compared to yellow eels caught in summer and autumn determined by ANOVA test (p<0.05). Morovi¢
(1955) states that silver eels analyzed during sampling in 1943, 1946, and 1947 had a mean length of 49-56 cm and
a mean weight of 206-266 g which is slightly higher than those in this research. Glamuzina et al. (2022) found that
the most abundant size classes of all eels caught were between 30 and 45 cm or 50-150 g which coincides with the
findings of this paper. Large differences in the size of silver eels in this paper were noticed, ranging from 36.2 to
73.0 cm (73 to 861 g). It is still not exactly known why some eels reach the silver stage at a smaller size (Righton and
Metcalfe, 2011), but it is taught that males usually reach it at a younger age (Rossi and Collombo, 1976). Also, some
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large specimens (over 4 kg) were recorded, which allegedly never sexually matured and have remained in the yellow
stage (Morovi¢, 1973).

Table 1. Length and weight values of yellow and silver eels during the sampling period (Min-minimal value, Max-
maximal value, Mean-average value, SD- standard deviation)

Number of Total length (cm) Weight (g)

specimens (n)

Season Life stage
Min Max Mean + SD Min Max  Mean + SD

Spring 21 34.4 60.3 41.43+5.91 57 394 129.90+69.20
Summer Yellow eel 13 29.4 51.8 38.31+£5.32 47 267 101.00+56.79
14 29.1 56.4 39.21+7.11 41 289 105.93+62.28
Autumn
Silver eel 13 36.2 73.0 47.18+11.69 73 861 235.084+235.12

Another factor that needs to be taken into account is that the Neretva delta periodically undergoes the process of
salinization, especially during the summer when saltwater can protrude up to 25 kilometers upstream (Ljubenkov
and Vranjes, 2012). This phenomenon creates a large transitional area between freshwater and seawater (Glamuzina
and Dobroslavi¢, 2020). Salinity and oxygen saturation can influence the sex ratio of eels in different environments
(Morovi¢, 1957). Because females grow faster and undergo metamorphosis later (Bauchot, 1986), the sex ratio can
affect the size and proportion of yellow and silver eels. Other factors that can influence growth, maturation, and
escapement are the presence of parasites, water pollution, and diseases (Quadroni et al., 2013), which have all been
documented at the studied area (e.g. Mateljak and Mati¢, 2011; Radocaj et al., 2022).

In order to investigate the potential changes in the presence of different life stages of eel at the mouth of the river
Neretva, it is necessary to establish continuous monitoring and cooperation with local fishermen. Also, the need for
a description of relevant biological characteristics such as age and growth and determination of the escape rate of
silver eels for the investigated locality is highlighted.

Conclusions

Yellow European eel was present in the catch at the mouth of the Neretva river in spring, summer, and autumn, while
silver eels were present only during the autumn of 2021. All collected silver eels were found to be fully differentiated
by qualitative (skin coloration and lateral line differentiation) and qualitative (ocular index) criteria. Yellow eels did
not show any changes in the aforementioned criteria, which means that no specimens in transition between stages
were found. Silver eels had statistically significant higher values of length and weight compared to yellow eels caught
in summer and autumn.
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SaZetak

Divlja tre$nja (Prunus avium L.) najznacajnije je listopadno stablo iz porodice Rosaceae. Buduéi da u
povoljnim vremenskim uvjetima izlu¢uje znacajne koli¢ine nektara zanimljiva je pcelinja pasa. Cilj je
ovoga rada bio odrediti fizikalno-kemijska svojstva meda od divlje tre$nje. Istrazivanje je provedeno
na pet uzoraka meda prikupljenog 2022. godine s podru¢ja Karlovacke Zupanije. Prosje¢na vrijednost
elektri¢ne provodnosti iznosila je 0,89 mS/cm, a HMF-a 1,59 mg/kg. Udio fruktoze prosje¢no je iznosio
37,58%, a glukoze 28,03%, dok je njihov omjer bio 1,34. Na osnovu boje ovaj med pripada u skupinu
svjetlijih vrsta s 53,7 mm Pfundove ljestvice. Ovo preliminarno istrazivanje prikazuje vrijednosti
odabranih fizikalno-kemijskih parametera meda od divlje tre$nje. Medutim potrebna su daljnja
istrazivanja koriste¢i dodatne analiticke metode kako bi se dobio potpuni fizikalno-kemijski profil.

Klju¢ne rijeci: divlja tre$nja, fizikalno-kemijska svojstva, med

Uvod

Divlja tre$nja (Prunus avium L.) najznacajnije je listopadno stablo iz porodice Rosaceae, a rasprostranjena je po
brdskim bjelogori¢nim $umama na podrucju Europe, zapadne Azije i sjeverne Afrike. Brzorastuca je vrsta koja
uglavnom raste na osami i Sumskim rubovima, a rjede se javlja u gustim mjeSovitim sastojinama (Santi i sur,
1998., Popovi¢ i Kerkez, 2016.). Njezina cvatnja se odvija krajem ozujka ili pocetkom travnja, ovisno o nadmorskoj
visini, a u povoljnim vremenskim uvjetima izlu¢uje znacajne koli¢ine nektara. Cvjetovi su dvospolni, jednodomni,
pravilni, promjera 2,5-3,5 cm, skupljeni u §titaste cvatove (Slika 1.a). Dvostrukog su ocvijeca, ¢aska je gradena od pet
duguljastih, unazad povinutih lapova cjelovitog ruba, vjen¢i¢ je sa¢injen od pet obrnuto jajastih, bijelih latica veli¢ine
1-1,5 cm. Tucak ima dva sjemena zametka, pra$nici su mnogobrojni sa Zutim pra$nicama i bijelim prasnickim
nitima. Cvatnja traje oko deset dana (Kremer i Krusi¢ Tomai¢, 2015.). Primjenom suvremenih tehnologkih radnji u
péelarstvu, a jedna od njih je i koristenje polunastavaka kao medi$nog prostora, kod kosnica nastavlja¢a omogucéava
dobivanje uniflornih vrsta meda koje do sada nisu bile prepoznate upravo iz razloga $to pcele na okvirima s ve¢om
povr$inom saca mijesaju nektar veceg broja razli¢itih biljnih vrsta te je na taj nacin teZe posti¢i uniflornost. To se
posebice ocituje kod biljnih vrsta koje nemaju jak medonosni potencijal. Najvazniji uvjeti za uspje$no pcelarenje
osim jakih pcelinjih zajednica su dobre pasne prilike, pravilni razmjestaj péelinjih zajednica na pasi te pravovremena
primjena tehnologije. Fizikalno-kemijska i senzorska svojstva meda (nektarni med ili medun/medljikovac) koriste
se za odredivanje njegove kvalitete, a na njih uvelike utje¢u vrsta nektara, tip tla, klimatski uvjeti te postupci prije
i nakon vrcanja meda (Persano Oddo i sur., 1995; Gomes i sur., 2010.). Iako je divlja tre$nja izvorna biljna vrsta na
europskim prostorima njezin med jo$ uvijek nije prepoznat kao unifloran, te o njemu nema dostupnih znanstvenih
podataka. Stoga je cilj ovog preliminarnog istrazivanja bio utvrditi odabrana fizikalno-kemijska svojstva meda od
divlje tre$nje i na taj nacin dobiti prva saznanja o ovom medu.

Materijal i metode

U ovom istrazivanju analizirano je ukupno pet uzoraka meda od divlje tre$nje (Slika 1.b) Uzorci meda prikupljeni
su tijekom travnja 2022. godine od lokalnih pcelara s podrucja Karlovacke Zupanije ¢ije su péelinje zajednice (Apis
mellifera carnica Pollman, 1879.) bile smjestene u brdskim podruc¢jima na kojima se nalaze znacajne sastojine divlje
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tresnje. Na pocetku cvatnje na svakoj je lokaciji dodan okvir sa satnom osnovom u odabrane pcelinje zajednice kako
bi se dobio $to uniflorniji uzorak meda. Nakon prikupljanja, uzorci su bili pohranjeni u staklenkama i drzani na
tamnom mjestu na 4°C do daljnjih analiza. Odredivanjem botani¢kog podrijetla analiziranih uzoraka meda prema
metodi Von der Ohe i sur. (2004) potvrdena je njegova uniflornost (> 45% peludnih zrnaca divlje tre$nje).

Slika 1. a) Divlja tresnja (Prunus avium L.); b) med od divlje tresnje

Fizikalno-kemijski parametri odredeni su u skladu s Pravilnikom o kakvo¢i uniflornog meda (2009) i Pravilnikom
o medu (2015., 2017.). SadrZaj vode odreden je refraktometrijskom metodom uz pomo¢ prijenosnog refraktometra
Mettler Toledo (Refracto 30 PX) na 20 °C, dok je elektricna provodnost utvrdena uz pomo¢ prijenosnog
konduktometra Mettler Toledo (EL3) u 20 % vodenoj otopini meda na 20 °C, pri ¢emu se 20 % odnosi na suhu tvar
meda. Sadrzaj hidroksimetilfurfurala (HMF) odreden je metodom po Whiteu pomoc¢u Shimadzu (Kyoto, Japan)
spektrofotometra (UV-1800). Mjerenja apsorpcije otopina meda odredena su na 284 nm i 336 nm, a rezultati su
izrazeni u mg/kg meda. Analiza ugljikohidrata provedena je na uredaju za visokotla¢nu teku¢insku kromatografiju
(HPLC) (Shimadzu Corp., Kyoto, Japan) koji se sastoji od detektora indeksa loma (RID-10A), HPLC kolone
(Agilent Zorbax NH,, 4,6x250 mm, veli¢ina Cestica 5 um), kvartarne pumpe (LC-20AD), pe¢nice (CTO-20AC) te
autosamplera (SIL-10AF). Identifikacija i kvantifikacija je provedena pomocu software-a (LabSolution Lite Version
5.52) koji kroz usporedbu vremena zadrzavanja i povrsina pikova ugljikohidrata iz meda i standarda uglijkohidrata
izra¢unava konac¢ne koncentracije koje su izrazene u %. Za odredivanje boje meda koristen je Lovibond Honey
Color-Pod, a rezultati su izrazeni u mm Pfund ljestvice. Podatci o fizikalno-kemijskim parametrima analizirani su
deskriptivnom statistikom pomoc¢u programa Microsoft Office Excel 2018.

Rezultati i rasprava

Rezultati odabranih fizikalno-kemijskih svojstava meda od divlje tresnje prikazani su u Tablici 1. Sadrzaj vode je jedan
od najvaznijih parametara kvalitete meda, a njezin udio u istrazivanim uzorcima kretao se od 16,4% do maksimalnih
18,5% te je u prosjeku iznosio 17,8%. Ovaj parametar u medu uvelike ovisi o tehnologiji pcelarenja, tipu kosnice, snazi
pcelinje zajednice i vremenu vrcanja meda. S druge strane, sadrzaj vode moze se razlikovati izmedu meda ovisno o
izvoru (nektar/medna rosa) ili vremenskim uvjetima na podrucju u kojem se med proizvodi. Stoga se vrijednosti
ovog parametra mogu mijenjati unutar sezone, ali i iz godine u godinu (Fallico i sur., 2004; Majewska i sur., 2019.).
Elektri¢na provodnost je fizikalno-kemijski parametar koji je u korelaciji s botanickim podrijetlom meda i koristi se
za identifikaciju meda u kombinaciji s melisopalinoloskom (peludnom) analizom. Izravno je povezana sa sadrZajem
minerala i organskim kiselinama u medu (Habib i sur., 2014; Da Silva i sur., 2016.).
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Tablica 1. Deskriptivna statistika fizikalno-kemijskih svojstava meda od divlje tre$nje

Voda El.provodnost HMF Fruktoza Glukoza Boja
Uzorak F/IG

(%) (mS/cm) (mg/kg) (%) (%) (mm Pfund)
1 16,4 0,77 0,45 37,99 27,83 1,37 55,0
2 18,2 0,77 2,77 37,68 28,29 1,33 42,5
Z 18,0 1,06 0,00 38,85 28,64 1,36 63,0

18,0 0,85 1,43 36,77 27,53 1,34 52,0
> 18,5 0,99 3,29 36,59 27,85 1,31 56,0
Prosjek 17,8 0,89 1,59 37,58 28,03 1,34 53,7
Min. 16,4 0,77 0,00 36,59 27,53 1,31 42,5
Maks. 18,5 1,06 3,29 38,85 28,64 1,37 63,0
SD 0,82 0,13 1,43 0,93 0,44 0,02 7,45

*SD -standardna devijacija

Vrijednosti elektri¢ne provodnosti kod meda od divlje tresnje kretale su se od 0,77 do 1,06 mS/cm, a u prosjeku je
iznosila 0,89 mS/cm. Na osnovu dobivenih rezultata vidljivo je da med od divlje tre$nje ima vi$u prosje¢nu elektri¢nu
provodnost od 0,80 mS/cm, $to je prema medunarodnim standardima granica razlu¢ivanja izmedu nektarnog
meda i meduna. Stoga se med od divlje tre$nje moze svrstati u skupinu nektarnih vrsta meda kod kojih vrijednosti
elektri¢ne provodnosti osciliraju, tj. mogu prelaziti iznad 0,80 mS/cm, kao §to je med od planike (Arbutus unedo),
vrijesa (Erica spp.), lipe (Tilia spp.) i vrijeska (Calluna vulgaris) (Pravilnik o medu, 2015.). Hidroksimetilfurfural
(HMF) jedan je od najvaznijih parametara za odredivanje svjezine meda (Ruoff i sur.,, 2007.; Zhu i sur., 2020.),
kao i trajanja i uvjeta skladitenja te ima tendenciju rasta tijekom procesa zagrijavanja (dekristalizacije) meda i/
ili njegovim dugotrajnim skladistenjem. U analiziranim uzorcima udio HMF-a se kretao od 0,00 do 3,29 mg/kg s
prosje¢nom vrijednosti od 1,59 mg/kg. HMF je prirodno prisutan u svjezem medu u niskim udjelima, no njegov
udio ovisi i o vrsti meda, njegovoj pH vrijednosti, udjelu kiselina i vlage te izlozenosti svjetlu. S obzirom na sadrzaj
glavnih $ecera, udio fruktoze prosjec¢no je iznosio 37,58%, a glukoze 28,03%, dok je njihov omjer bio 1,34. Na osnovu
boje, med od divlje tre$nje pripada skupini svjetlijih vrsta meda (svijetlo jantarna) s prosje¢no 53,7 mm Pfunda (42,5
mm - 63,0 mm).

Zakljucak

Temeljem rezultata preliminarnog istrazivanja odabranih fizikalno-kemijskih parametara meda od divlje tresnje,
isti se zbog prosjecno vise elektricne provodnosti od 0,89 mS/cm svrstava u skupinu uniflornih vrsta meda iako je
nektarnog podrijetla, a prelazi granicu razlu¢ivosti izmedu nektarnog meda i medljikovca koja iznosi 0,80 mS/cm.
Vrijednost HMF-a prosje¢no je iznosila 1,29 mg/kg. Prema boji med od divlje tre$nje svrstava se u skupinu svjetlijih
vrsta meda (svijetlo jantarni). Udio fruktoze prosjecno je iznosio 37,58 %, a glukoze 28,03%, dok je njihov omjer
bio 1,34. Daljnjim je istrazivanjima potrebno na ve¢em broju uzoraka upotpuniti podatke o fizikalno-kemijskim
svojstvima ove jo§ uvijek nedovoljno istrazene i raritetne vrste meda.
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Physicochemical properties of wild cherry honey
(Prunus avium L.)

Abstract

The wild cherry (Prunus avium L.) is the most important deciduous tree of the Rosaceae family. Since it
secretes considerable amounts of nectar in favorable weather conditions, it is an interesting honey bee
forage. The aim of this study was to determine the physicochemical properties of wild cherry honey.
The study was conducted on five honey samples collected during April 2022 in Karlovac County. The
average value of electrical conductivity was 0.89 mS/cm, and HMF content was 1.59 mg/kg. The average
fructose content was 37.58% and glucose 28.03%, while their ratio was 1.34. Based on the color, this
honey belongs to the group of lighter honey types with 53.7 mm Pfund scale. This preliminary study
revealed the data on selected physicochemical parameters of wild cherry honey, but further studies
using additional analytical methods are required to obtain a complete physicochemical profile of this

honeytype.

Keywords: wild cherry, physicochemical properties, honey
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Abstract

The aim of this paper is to provide a review of studies related to bluefin tuna (BFT) made in the eastern
Adriatic Sea. BFT is an important food source and early studies were mostly related to fishing. BFT has
wide spatial distribution, and for management purpose the International Commission for Conservation
of Atlantic Tunas (ICCAT) was established in late 1960s. After the development of BFT farming, many
studies were made on BFT in captivity. Croatian participation in ICCAT enabled participation of
Adriatic scientists in common BFT studies on wide regional scale and stimulated local BFT research in
the Adriatic Sea such as studies on fish parasites, molecular & genetic and nutritional studies.

Keywords: Bluefin tuna, studies, fishing, biology, Adriatic Sea

Introduction

Bluefin tuna (BFT), Thunnus thynnus, L., is one of the large pelagic fishes that have been the focus of interest of
fishermen and researchers in the Mediterranean, especially in the Adriatic Sea, for decades due to their exceptional
biology and economic value. Tuna farming brought dramatic changes in the fishing strategies as the majority of fish
caught are transfered to rearing cages for further breading rather than landed and/or sold directly. Such a practice
also had an impact on stock management. In this review some specific information on fishing and farming practice
with its socio-economic and environmental impacts are discussed with special emphasises on Adriatic environment.
Considering the long tradition of fishing for BFT and the great importance of this species for commercial fishing and
farming in the eastern part of the Adriatic Sea, the Republic of Croatia has simbolicaly presented the silhouette of
this amazing fish on its coins of 2 HRK (Fig. 1).

Figure 1. Croatian coin of 2 HRK with silhouette of bluefin tuna.

Material and methods

In this paper, the authors describe the historical work of fisheries experts on the eastern Adriatic coast and review
the most of available information on various aspects related to bluefin tuna fishing practices, its biology, ecology,
management and farming. A large number of older references, describes the great importance of BFT for local
fishing society and scientific communities. Recent PhD Thesis and studies on BFT, published in collaboration with
scientists from other regions, are reviewed also and continued interest and research efforts of scientists in the eastern
Adriatic dedicated to the study of BFT are documented.
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Results and discussion
Studies on bluefin tuna in 19th and at the beginning of the 20th century

A significant amount of knowledge concerning BFT life history and tuna fishing in the eastern Adriatic Sea by
the ancients does exist. Some biological studies of the sea fauna and the fisheries of the Adriatic, during Austro-
Hungarian presence, were published by foreign scientists (Faber 1883). Many important scientific documents dealing
with BFT trap fishery as the most ancient industrial acitvity in the fisheries of Adriatic were updated by Di Natale
(2018). Concerning the trap fishery activities along the north-eastern Adriatic, Kirsch (1900) provided very useful
information on how the trap fishery operated between the XIX and the XX centuries, with a detailed description
of methods and techniques applied (Fig. 2). Due to geomorphological characteristics of the north-eastern Adriatic
rocky coast (e.g. Kvarner and Rijeka Bay, Velebit channel, Cres and Krk islands) tuna’s migration occured along the
coast and more than 75% of tuna catches in 10-year period before II Wold War were obtained by trap fishery in this
area. At the beginning of II World War 28 active tuna traps operated in this area, while after the war the number of
active tuna traps decreased (Basioli, 1962).

w TR T IEET

century and the first part of the XX century (Kirsch, 1900).

One of the first Croatian fisheries scientists to devote part of his work at the Institute of Oceanography and Fisheries
in Split (IOR) before World War 11, describing the BFT fishing on the eastern Adriatic coast, was Tonko Soljan
(1930). In his book “Fishes of the Adriatic” Soljan (1948), morphometric and meristic characteristics necessary
for the identification of tunas and other fish species are available. Fishing techniques with different fishing gears
targeting BFT in the Adriatic Sea were also the subject of studies conducted after the World War II by other fishery
experts and scientists in Croatia (Basioli, 1962; Morovi¢, 1971).

Josip Basioli, in his book “Tuna fishing on the Adriatic” (1962, in Croatian), described in detail all local fishing
gears used for tuna fishing, including the appearance of the first purse seiners used for catching tuna and other large
pelagic fish in the open sea. He also presented statistical data on their catches in certain areas and on certain islands
along the eastern Adriatic coast, as well as the legislation in force at that time for catching large pelagic fish.

Morovi¢ (1971) in his book “Tuna and its Life” (in Croatian) has collected most of the current biological knowledge
about tunas, including their geographical distribution and systematic classification, and describes for the first time the
biometric characteristics of tuna body, as well as their growth, sexual maturity and reproduction. He also describes
the predators, parasites, migrations, and feeding habits of BFT. The aroused scientific interest in studing the biology
and ecology of BFT helped and enabled the research vessel “PREDVODNIK” owened by Institute of Oceanography
and Fisheries in Split (IOR) equipped with purse-seine net and the so-called “Purati¢ block” or power block for
fisheries research on pelagic fish (Fig. 3).
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Figure 3. Research vessel PREDVODNIK of Institute of Oceanography and Fisheries with Purati¢-block and
purse-seine net (From: Morovié, 1971; Foto: M. Alajbeg)

Otherwise, “Purati¢ block” is an invention of the Croatian emigrant to the USA, M. Purati¢, from the Adriatic island
of Bra¢ who worked as a fisherman on tuna fishing vessels in the Pacific. He invented how to facilitate the demanding
operation of purse seine nets lifting out of the sea on the fishing vessel, and his novelity is now an indispensable
device in BFT purse seine fishing (Vili¢i¢, 1985).

Another Croat living in the USA, Ante Vili¢i¢, worked as a fisherman in the purse seine tuna fishery in the Pacific,
where he gained valuable experience and became an expert in purse seine tuna fishing. After returning from the
Pacific to the Adriatic Sea, he transfered his knowledge and experience on the eastern Adriatic. He published the
book “Historical development of modern tuna fishing” (Vili¢i¢, 1985), describing the construction of the first fishing
vessel in the Adriatic equipped with a purse seine net for tuna fishing, as well as experiences and statistical data of
the tuna catches obtained. He pioneered the further development of BFT purse seine fishing in the open Adriatic Sea.

However, competition between modern fishing vessels equipped with purse-seine nets and traditional tuna fishing
gears (e.g. tuna traps, beach seines etc.) resulted in many conflicts among fisherman (Basioli, 1962). Purse-seine
fishing vessels were catching tuna schools far from the shore and therefore impacted abundance of tunas near shore.
Consequently, development of purse seine fishing fleet resulted in gradual decline of tuna trap fishery and other old
traditional tuna fishing gears used only in near shore areas. These old traditional fishing gears targeting large pelagic
fish, together with modern, more effective fishing gears and techniques targeting BFT and other marine species, were
described in “Fishing gears and techniques” by Cetini¢ and Swiniarski (1985).

The wide spatial distribution and long-distance migrations of BFT and other tuna species in the Mediterranean Sea
and Atlantic Ocean highlighted the need for an international approach to further studies and management, and
eventually the International Commission for the Conservation of Atlantic Tunas (ICCAT) was established in the
late 1960s. As a BFT scientist D. Morovi¢ participated in the first ICCAT meeting hold in Rome, December 1-6,
1969 (Morovi¢, 1971). After him, the monitoring of tuna catches on the east coast of the Adriatic Sea at the IOR
in Split was taken over by the Chilean-born scientist Alegria-Hernandez (1984; 1990). After her return to Chile,
fisheries scientist V. Tic¢ina was engaged in more detailed studies of BFT biology and fisheries in the 1990s. These
studies eventually resulted in his master’s thesis “Morphological and nutritional characteristics and fishing of tuna
(Thunnus thynnus L.) in the Adriatic Sea” (Ti¢ina, 1994) and publications (Ti¢ina, 1993, 1997, 1999), including study
on the age and growth of tuna caught in the Adriatic Sea (Ti¢ina and Kaci¢, 1998). However, there were no studies
on sport-fishing of BFT during the XX century. At the end of 20th century, in 1997 the Republic of Croatia became
a full member of the ICCAT, and V. Ti¢ina became a member of the Standing Committee on Research and Statistics
(SCRS) and served as the national BFT scientist of the Republic of Croatia in SCRS until 2010.
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Studies on bluefin tuna at the beginning of the 21st century

Starting from 1st decade of XXI century, Katavi¢ headed Croatian delegation to ICCAT in period 2001-2013,
and in parallel was involved in coordination and research activities focused on BFT related studies. Thanks to
his involvement two hystoric ICCAT sessions were held in the Republic of Croatia (Dubrovnik, 2006 and 2018
respectively). Providing the Vice —Chair to the General Fisheries Commission for the Maditerranean (GFCM) he
also strenghten regional studies on BFT at ICCAT sessions, acting on behalf both respectve regional bodies.

At the very beggining of XXI century, Ti¢ina and Kaci¢ (2001) studied usefulness of hydroacoustic devices (e.g.
commercial searchlight sonar) in tuna fishing operations in the Adriatic. V. Ti¢ina as a leading BFT scientist from
IOR, dedicated great part of his career to BFT research and together with his coleauges from the eastern Adriatic,
published a large number of research papers in ICCAT publication - Collective Volume of Scientific Papers during
the first decade of the XXI century (Katavi¢ et al., 2002; Miyake et al., 2003; Ti¢ina, 2007; Ti¢ina et al., 2002, 2003,
2004a, 2005, 2006). They joined the work of an international group of BFT scientists under the framework of ICCAT
Bluefin Year Program (BYP). Acting as BYP tagging coordinator, Ti¢ina and his colleagues conducted research
related to captive BFT tagging to investigate the post-tagging mortality and growth performance of BFT during
aquaculture activities (Ti¢ina et al., 2004b, 2007). Following BYP, the ICCAT launched Atlantic-Wide Research
Programme for Bluefin Tuna (GBYP) in which Katavi¢ served as an external expert aiming to improve knowledge
and understanding of the Atlantic BFT stocks and migrations.

Croats returning 1996 to their homeland from Australia brought with them their experience in tuna aquaculture
and decided to start this activity on the eastern Adriatic coast. Since the end of the 20th century, this extremely
profitable activity has developed very rapidly on the eastern coast of the Adriatic Sea. In the first decade of the XXI
century, fisheries-based BFT aquaculture became an important new activity in marine aquaculture, spreading rapidly
throughout the Mediterranean (Miyake et al., 2003; Ti¢ina, 2008). Given the domestication of tuna as a new species
in Mediterranean aquaculture and the fact that caught live bluefin tuna is gaining importance as seed fish in cage
farming, the need to study the relationship between the economic activities of fisheries and aquaculture is coming to
the fore (Katavi¢ and Ticina, 2005). As a result, there has been very good cooperation between the Croatian Ministry
of Agriculture and scientists from the Laboratory of Fisheries Science and Management of Pelagic and Demersal
Resources and the Laboratory of Aquaculture of the IOR. This eventually led to their joint participation in a larger
number of ICCAT studies (e.g. BFT stock assessments), as well as in many international scientific meetings and a
larger number of jointly published scientific papers on this topic.

Katavi¢ et. al. (2002) undertake a pioner studies with caged juvenile BFT in the Adriatic Sea indicating a significant
increase of average daily weight gain compare to wild fish. In the later studies, the research provides important
information on the growth performances of BFT juveniles caged in the Adriatic under specific conditions (Katavic
et al., 2003a, 2003b, 2003¢; Ti¢ina et al., 2007). However, due to the fact that fish were not landed in the same year
when they were caught, BFT farming caused difficulties in terms of catch statictics (i.e. gap in data collection) and
consequently difficulties to BFT stock assessment and management measures based on multi-year catch data. IOR’s
scientists studied this catch data issue, and eventually in close cooperation with country administration in 2005
developed projects (called: PUT and PRUT) aimed to monitor and follow captured small BFT used as seed fish
in farming process up to their harvest/landing. Outcomes of studies made within framework of projects PUT and
PRUT improuved accuracy of ICCAT BFT catch statistics from the Adriatic Sea.

In the second decade of XXI century, the biometric characteristics of BFT originating from the Mediterranean Sea
(Ti¢ina et al., 2011), and migration pattern of tagged BFT juveniles were studied. Further research efforts were made
on use of a stereoscopic underwater camera system, as a non-invasive tool, in estimating the number and biomass of
caged live BFT (Grubisi¢ et al., 2013a; Katavi¢ et al., 2016; Ti¢ina et al. 2016). In respecting specifity of BFT stock in
the Adriatic and farming practice applied, a novel Adriatic L-W algorithm were determined (Katavi¢, et al., 2018).
Comparing size and weight distribution of caged fish large variation among farms were adressed to difference in
husbandry and environmental conditions (Katavi¢ et al., 2013, 2017).

Considering that BFT farming highly depends on the availability of small pelagic fish used as feed, studies were
made with the aim of estimating the type and amount of food needed (Mileti¢, 2011; Mileti¢ et al., 2019), as well as
possible improvements in feeding zootechnics and sustainability of tuna farming (Mislov Jelavi¢ et al., 2012). The
spontaneous spawning of BFT in cages and the spatial distribution of the earliest developmental stages were studied
also (Grubisi¢ et al. 2013b; DZoi¢ at al. 2017).

Session 6. Fisheries, Wildlife Management and Apiculture 263



Vjekoslav Ticina, lvan Katavic, Leon Grubisi¢

Successful ICCAT management measures related to BFT stocks resulted in increased small BFT abundance in the
Adriatic Sea. Eventually, scientists and fisherman noted also that behavior of numerous BFT affect other fishing
activities, particularly small pelagic purse-seine night fishing with artificial lights. The influence of presence of BFT
within purse-seine fishing grounds affecting the catch of small pelagic fish and damage of fishing nets was studied
(unpublished). However, on the other hand, increased abbundance of BFT in the Adriatic Sea acted in favour of sport
and recreational tuna fishing, known as Big Game Fishing (BGF). BGF tournaments become very popular events in
Croatia, but given a very low quota allocated to BGE, this type of fishing is mainly based on the catch-and-release
practice. In cooperation with ICCAT-GBYP and the Croatian Association for Sport Fishing at Sea and BFT farmers,
in 2017 IOR’s scientists studied effects of different types of hooks used in BGF with aim to reduce post-hooking
mortality and suffering of BFT relesed (Grubisi¢ et al. 2018).

Research on the impact of BFT farming on the marine ecosystem (Matijevi¢ et al., 2012; Staglici¢ et al., 2017; Segvi¢
etal, 2011; Ti¢ina et al., 2020) were also important contributions to overall BFT studies on the eastern Adriatic Sea.
Within framework of international cooperation, scientists from IOR also contributed to various international studies
on tuna biology and ecology at large spatial scale in the Atlantic and the Mediterranean (Rooker et al., 2008; Brophy
et al., 2015; Druon et al., 2016; Deguara et al., 2017; Corriero et al., 2020). In addition, it should be mentioned that
BFT has also been used as an object for the study on fish parasites that it also hosts (Mladineo at al., 2008; Stani¢ and
Mladineo, 2020).

Recently, BFT has been often used as object in various genetic studies in the Adriatic Sea, resulting in PhD thesis of
young IOR’s scientists. In her studies on BFT, Trumbi¢ (2015) established a normalized mixed tissue of BFT cDNA
library, pyrosequenced, assembled and annotated. It was used as a proposal for the construction of a BFT-specific
DNA microarray. The relationship between the BFT host and the digenean trematode Didymosulcus katsuwonicola
was further investigated using DNA microarrays and transmission electron microscopy. Furthermore, Lepen Plei¢
(2018) cloned the first full-length mRNA and gDNA sequences of BFT in order to obtain molecular characterization
and expression analysis of three pro-inflammatory cytokines IL-1p, TNFal and TNFa2 in cage-reared BFT. The
expression analysis was performed in peripheral blood leukocytes stimulated in vitro with LPS, Poly I:C and parasite
protein extract; and in gill tissue during natural parasite infection. In order to find out whether survival or mortality
through the BFT farming cycle can be monitored at the genetic level and linked to several genes related to immunity
and stress response, IOR’s researchers defined a set of 13 EST-SSRs for BFT, analysing wild vs. farmed adult BFT
specimens (Radonic et al., 2020).

Finally, considering the fact that bluefin tuna is an important food for human consumption, special attention was
paid to the fact that BFT is a long-lived species whose tissues are susceptible to bioaccumulation of various organic
pollutants and heavy metals present in the marine environment. Therefore, IOR’s scientist in collaboration with
scientists from the Institute of Medical Research and Occupational Health in Zagreb and the Department of Marine
Sciences and Applied Biology in Alicante, were studying this issue also (Fernandez-Jover et al., 2020; Klin¢i¢ et
al., 2020; Kljakovi¢-Gagpi¢ and Ti¢ina, 2021). This is particularly important for BFT from the Mediterranean Sea,
highlighting importance to study BFT produced by tuna farming aquaculture activities in the Adriatic Sea, as one of
the most enclosed parts of the Mediterranean. This is one of the reasons why BFT from eastern part of the Adriatic
Sea should be better studied than those from other areas. Doing so, further studies may also reveal other ecological
patterns of BFT.

Conclusions

Based on the review made, it is understood that BFT inspired a large number of experts and scientists working in the
eastern Adriatic Sea to study its morphology, behaviour, biology, ecology and its life traits. Since ancient times BFT
represented an important food source for coastal fishing communities, at the beggining studies on different fishing
practices and types of fishing gears targeting BFT were the in the focus. The importance of studies in XX century
related to BFT fishery was emphasized by high commercial value and the ability for capture BFT.

Dueto BFT’slong distance migrations very wide spatial distribution and multiple stock-users, need for an international
management of this valuable sea resource resulted in establishment of ICCAT in 2nd half of XX century, higlighting
the necessity for international stock assessments. Therefore, emphasis was given to studies that monitored BFT
fishing activities in order to obtain regional statistical catch database and eventually provide management measures
for sustainable BFT fishing.
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Development of BFT farming practices in the Adriatic Sea at the begginning of XXI century, opened to Adriatic
scientists a new study area, with a lot of chalenges and research opportunities coupling fisheries and aquaculture
scientists. Therefore, many studies made in XXI century were mostly related to captive BFT kept in growth-out
floating cages. Croatian active participation in ICCAT and SCRS offered to the Adriatic scientists’ possibilities for
developing international cooperation, enabling their participation in common BFT studies on regional, wide spatial
scales, as well as fueling BFT research in the Adriatic environment.

More recently, BFT in the Adriatic Sea is ferquently used as an object of studies on fish parasites, molecular and
genetic studies, as well as a studied food item important in human consumption. As a comercially very important
large pelagic fish, BFT will certainly continue to play important role in fishery-based aquaculture (e.g. tuna farming)
and sport fishing and inspire scientist and experts in their future studies.
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Abstract

The paper presents research of the shellfish community on shellfish larvae collectors set up in two areas
of the ecological network Natura 2000, Pantan (HR3000430), and the Cetina estuary (HR3000126).
The collectors were set up with the purpose to collect data on bivalve biological diversity, to record
emergence of invasive species and to collect juveniles of critically endangered species Pinna nobilis,
Linnaeus 1758. Analysis of the shellfish larvae collectors resulted in the determination of 19 species
from 11 families. During collector processing, none of the P. nobilis juveniles were found, but the
cosmopolitan and invasive species Styela plicata was determined for which there are indications of
being a reservoir of the Haplosporidium pinnae parasite which is detected as the probable cause of P
nobilis mass mortality. Further monitoring and analysis of the bivalve community and the occurrences
of invasive species is recommended.
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Introduction

Considering the multiple dimensions and complexity of life forms, there is no single measure to express biological
diversity, but the number or heterogeneity (Sodhi and Ehrlich, 2010). With climate change as one of the main
factors causing species extinction and ecosystem degradation, population growth, unsustainable use of resources,
pollution, and the spread of invasive species further affect coastal areas and living communities (Ninan, 2009). A
variety of bivalves inhabit the mouth of the Cetina River, characterized by a salty lagoon, sandy and muddy bottom,
among which was also a population of now critically endangered Pinna nobilis species (Sasi¢ Kljajo et al. 2009,
Kurtovi¢ Mréeli¢, 2020). Pantan as a Mediterranean estuarine marsh and lagoon with vegetational, ornithological,
and ichthyological value on a national and international level prior to the mortality events also had recorded P.
nobilis species by the Public Institution Sea and Karst (Cvitani¢, 1999, Kurtovi¢ Mréeli¢ personal communication).
In order to preserve and/or restore biological diversity in a state of natural balance in Natura 2000 sites it is important
to document and analyze the changes in the bivalve community and record the progress in efforts to recover native
species such as P. nobilis and at the same time provide an early alert for invasions (Official gazette 80, 2013; Kersting
and Hendriks, 2019a).

Material and methods

In the Natura 2000 site Cetina estuary (HR3000126), the larvae mesh bag collectors were placed in three locations
with three replicas at different depths: Punta middle - 3 collectors at a depth of 2 m, Punta beginning - 6 collectors
at a depth of 2 and 4 m, Mala Luka - 15 collectors at depths of 2, 4, 6, 8 and 10 m. In the Natura 2000 area Pantan
(HR3000430), three replicas with one mesh bag collector were placed at a depth of 2 m. The mesh bag collectors
were placed on the main rope lines placed vertically fixed to a small concrete mooring on the seabed and marked
with a buoy on the surface. One mesh bag collector consists of a polyethylene bag for vegetables in which 3 more
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polyethylene bags for vegetables were installed. The mesh bag collectors were 2 m apart on a rope line, while the rope
lines were 10 m apart. The mesh bag collectors were collected by SCUBA divers after being submersed for around 6
months from June to November 2021. As soon as collected, the mesh bag collectors were placed in plastic “tubs” with
seawater with a volume of 80 L. All fouling organisms found on the mesh bag collectors were manually separated and
placed in a plastic tub following the filtration on a 500 um sieve and conservation in 500 ml vials with 96% ethanol
to do further laboratory analyses. In the laboratory analysis, all the species were sorted, counted, and determined
with the help of an Olympus SZX10 stereo microscope. Determination was done according to Nikiferos (2005)
and Giannuzzi-Savelli et al. (2001) while for the need of classification and nomenclature the European register of
marine species was implemented (Costello et al. 2002). Following the laboratory analysis of the samples, all obtained
quantitative and qualitative data were entered into the Microsoft Excel program. Statistical package Primer 6 with
Permanova (Clarke and Warwick, 1994) was used for further statistical data analysis.

Results and discussion

During the research, a total of 6414 individuals were recorded on the bivalve larvae mesh bag collectors. A total
of 19 bivalve species from 11 families were determined (Graph 1.), and no juvenile individuals of the P. nobilis
species. The non-native invasive species Stylea plicata was found at the Pantan location at a depth of 2 m. Species
with commercial value such as Mytilus galloprovincialis, Ostrea edulis, Mimachlamys varia, Modiolus barbatus and
Arca noae were recorded. The most numerous species were Limaria sp., Musculus costulatus, Muscuslus subpictus,
Hiatella rugosa, Parvicardium exiguum and A. noae. The smallest number of bivalves was recorded at the Pantan
location, while the largest number was recorded at the Mala Luka location. A total of 3,585 bivalves were counted at
the Mala Luka location, and the bivalve species Limaria sp., M. subpictus, M. costulatus and A. noae were the most
numerous. A total of 171 individuals were recorded at the Pantan location, and the M. costulatus and P. exiguum
were the most prevalent species. In terms of the number of registered bivalves, Punta beginning is the second most
numerous location, and the species with highest numbers were Limaria sp. and M. costulatus. In Punta middle, the
most abundant species were Limaria sp., M. costulatus and P. exiguum.
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Graph 1. The total number of bivalves recorded by species at the locations Punta beginning, Punta middle, Mala
Luka and Pantan.
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The results of the analysis of shellfish biodiversity on a larvae mesh bag collector from the Cetina estuary area are
presented in presence/absence Tables numbered 1, 2, and 3, and for the Pantan area in Table 4.

Table 1. Biodiversity of bivalves on a mesh bag collector in the area of the Natura 2000 ecological network - Cetina
estuary (Punta beginning - PP, Punta middle - PS).

PP1 PP1 PP2 PP2 PP3 PP3 PS1 PS2 PS3

2m 4m 2m 4m 2m 4m 2m 2m 2m

BIVALVE SPECIES

Anomia ephippium
Arca noae
Flexopecten hyalinus

Hiatella rugosa

+ + + 4+ o+
1

+ + o+ 4+ o+

+ + + 4+ +

Limaria sp.

+ + + 4+ + o+
+ + + 4+ + o+
+ + o+ 4+ + o+

Mimachlamys varia

Modiolus adriaticus - . - - - - - - -
Modiolus barbatus - - - - - _ _

Musculus costulatus + -

+
1

Musculus subpictus + -

Mytilus galloprovincialis +

+ + +
+ + o+ 4+ o+
1
+ o+ o+
+ + o+

Parvicardium exiguum

+

+
+
+
Ostrea edulis - + +
+
+

Pseudochama gryphina

+

Mytilus sp. - - - - - - + - +

Coralliophaga lithophagella
Lajonkairia lajonkairii - - - - - - - - .
Mytilaster lineatus - - - - + - - - -
Polititapes lucens - - - - - - - - -

Table 2. Biodiversity of bivalves on a mesh bag collector in the area of the Natura 2000 ecological network - Cetina
estuary (Mala Luka — ML).

ML1 ML2 ML1 ML1 ML2 ML2 ML2 ML2 ML2

BIVALVE SPECIES
4m 6m 8m 10m 2m 4m 6m 8m 10m

Anomia ephippium + + + + + + + -
Arca noae + - - + - + + +
Flexopecten hyalinus + + + + - + + + +
Hiatella rugosa + + + + + + + + +
Limaria sp. + + + + + + + + +
Mimachlamys varia - - + + + + - + +
Modiolus adriaticus + - - - - . - + _
Modiolus barbatus - - - - - - - + _
Musculus costulatus + + + + +
Musculus subpictus + - + + _
Mytilus galloprovincialis ~ + - + - + - +

Ostrea edulis - + + + + + +
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Parvicardium exiguum + + + - + + + - +
Pseudochama gryphina - - - - - . - B, }

Mytilus sp. - - - - - - . - -
Coralliophaga

lithophagella

Lajonkairia lajonkairii - - - - - - - - .
Mytilaster lineatus - - - - - - - . -

Polititapes lucens - - - - - - - - -

Table 3. Biodiversity of bivalves on a mesh bag collector in the area of the Natura 2000 ecological network - Cetina
estuary (Mala Luka - ML).

BIVALVE SPECIES ML3 ML 3 ML3 ML3
4m 6m 8m 10m
Anomia ephippium - + + +
Arca noae - + + +
Flexopecten hyalinus + + + +
Hiatella rugosa + + + +
Limaria sp. + + + +
Mimachlamys varia - + + +
Modiolus adriaticus - - . B,
Modiolus barbatus - - - .
Musculus costulatus + + + +
Musculus subpictus + - + +
Mytilus galloprovincialis + - - -
Ostrea edulis + + +
Parvicardium exiguum + + +
Pseudochama gryphina - + + B,
Mpytilus sp. - - . -
Coralliophaga lithophagella - - + -
Lajonkairia lajonkairii - - + -

Mpytilaster lineatus - - - -

Polititapes lucens - - - _

Table 4. Biodiversity of bivalves on a mesh bag collector in the area of the Natura 2000 ecological network - Pantan
(Pantan - P).

P1 p2 pP3
BIVALVE SPECIES

2m 2m 2m
Anomia ephippium - + +
Arca noae + + R
Flexopecten hyalinus - + +
Hiatella rugosa - - -
Limaria sp. + +

Mimachlamys varia - -
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Modiolus adriaticus
Modiolus barbatus
Musculus costulatus

+ + + 4+

Musculus subpictus

Mytilus galloprovincialis
Ostrea edulis - - -
Parvicardium exiguum + + +
Pseudochama gryphina - - -
Mytilus sp. . - -
Coralliophaga lithophagella - - .
Lajonkairia lajonkairii - - -
Mytilaster lineatus - - -
Polititapes lucens + - B,

Based on the available literature in the area of the Cetina estuary, before this research, there were no studies on the
acceptance of bivalve larvae on the mesh bag collectors. However, a survey of bivalve communities in the sediment
of the Cetina estuary was carried out with the aim of assessing the populations of commercially important species,
where 32 species were collected by hydraulic dredge, including M. galloprovincialis, O. edulis, A. noae, Chlamys sp.,
Modiolus adriaticus, M. barbatus, which were also recorded in this research. In the mentioned research, the area
showed a high spatial heterogeneity of the habitat and the diversity of bivalves, unlike other investigated areas of the
eastern Adriatic, however, according to the authors, the methodology is not suitable for assessing bivalve biodiversity
but contributes to knowledge about their distribution (Peharda et al., 2010). Another study conducted in the Adriatic
Sea in the Bay of Bokokotor with mesh bag collectors (Pera$ et al., 2018) detected a total of 15 species of bivalves
including Acanthocardia sp., Anomia ephippium, Aequipecten opercularis, C. varia, Chlamys multistriata, Flexopecten
glaber, Lima hians, H. rugosa, Modiolarca subpicta, M. galloprovincialis, O. edulis, P. nobilis, Pecten jacobaeus, P.
radiata, and Tapes decussatus, of which seven are the same as in this research. Marceta et al. (2022) conducted
research in the northwestern Adriatic where they analyzed the settlement of bivalve larvae on collectors that were
installed at two locations, Pellestrina and Caleri. A total of 28 species of bivalves were determined on 140 installed
collectors. The most abundant species in the spring-summer period were M. galloprovincialis, F. glaber, M. varia and
A. opercularis, and in the summer-autumn period Anadara transversa and E glaber. In addition, the non-indigenous
species Arcuatula senhousia was discovered. The collectors that we analyzed in this research were immersed for six
months and 19 species of bivalves were determined. No invasive bivalve species was found on a total of 27 collectors
installed in four locations, however, an invasive species of ascidiacea S. plicata was found (Fig. 1).
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Figure 1. An individual of the invasive species Styela plicata found in the location Pantan.

It was detected that S. plicata as an invasive species with an increasing number in all seas can represent a potential
threat to native organisms such as P. noblis and potentially be a frequent natural reservoir and carrier of haplosporidia.
With the help of molecular tests, increasing number of haplosporidia was discovered in ascidiacea of the genus
Styela which serve as the primary host, whom they leave when they come to a new environment and find a new
host (Messerman and Bowden, 2016). Reduction or removal of these species may reduce the infectious pressure
of haplosporidia parasite if present (Messerman and Bowden, 2016). While settling of P. nobilis larvae on mesh
bag collector is a complex process under influence of abiotic and biotic parameters that generate high variability
in settlement rates, therefore larval settlement trends can be assessed only through longer data sets (Kersting and
Garcia-March, 2017) with further research in invasive species presence.

Conclusions

The research presents qualitative and quantitative data on the bivalve larvae settlement on a mesh bag of bivalve
larvae collectors installed in the areas of the ecological network Us¢e Cetine (HR3000126) and Pantan (HR3000430).
Obtained data are significant for assessing the state of biodiversity in the mentioned areas and as an early alert for
invasive species. All results are useful for future program planning and the implementation of habitat protection in
the areas of the ecological network which are also habitats of P. nobilis species. Further monitoring, research, and
analyses are needed.
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SaZetak

Hrskavi¢njace se smatraju najugrozenijom skupinom morskih riba na Mediteranu te je cilj ovog rada
bio istraziti njihovu masenu zastupljenost u ribolovnom ulovu razli¢itih ribarskih alata na podrudju
ribolovne podzone G5. Uzorci su prikupljani tijekom studenog 2020. te sije¢nja, oZujka, svibnja, lipnja
istudenog 2021. godine. U ukupnom ulovu svih ribolovnih alata koji je iznosio 1684,5 kg identificirano
je 90 vrsta morskih organzima (ko$tunjace, hrskavi¢njace, glavonosci i rakovi), pri ¢emu je masena
zastupljenost hrskavi¢njaca bila 12%. U ovisnosti o ribolovnom alatu, maseni udio ove skupine varirao
je od 5 do 53%. Najveéu masenu zastupljenost u ukupnom ulovu svim ribolovnim alatima imali su
pas mekus, Mustelus mustelus (Linnaeus, 1758), macka mrkulja, Scyliorhinus stellaris (Linnaeus,
1758) te pas mekus$ pjegavi, Mustelus punctulatus (Risso, 1827). Utvrdene su ukupno cetiri jedinke
osjetljivih vrsta hrskavi¢njaca ¢iji je maseni udio iznosio 1,1% ukupnog ulova: jedna Zutuga dracorepa,
Bathytoshia centroura (Mitchill, 1815), jedna Zutuga, Dasyatis pastinaca (Linnaeus, 1758) te dva goluba
¢ukana, Aetomilaeus bovinus (Geoffroy Saint-Hilaire, 1817). S obzirom da je ovo istraZivanje provedeno
na ograni¢enom podruéju jedne podribolovne zone, potrebno je istraziti i druga ribolovna podruéja u
Jadranu kako bi se dobile potpunije informacije o prisutnosti hrskavi¢njaca, posebno osjetljivih vrsta,
u ribarskom ulovu.

Kljucne rijeci: Jadrnsko more, hrskavi¢njace, osjetljive vrste, ribolovni alati

Uvod

Zivotni ciklus hrskavi¢njaca karakteriziraju spori rast, kasno spolno sazrijevanje, niska plodnost i dugi Zivotnog
vijeka (Damals i Vassilopoulou, 2011), $to doprinosi sporijem obnavljanju populacije (Dulvy i sur., 2014). U
Jadranskom moru je zabiljezeno ukupno 59 vrsta ove skupine (Cetkovi¢ i sur., 2021). Ve¢ina morskih pasa te morske
macke i raze vr$ni su grabezljivci i imaju vaznu troficku funkciju u morskom ekosustavu (Barausse i sur., 2014).
Razli¢iti ¢cimbenici kao §to su oneci$¢enja i uniStavanje stani$ta mogu utjecati na brojnost hrskavi¢njaca (Barausse i
sur., 2014). Brojni autori smatraju kako je ova skupina zbog prekomjernog izlova (komercijalnog ribolova i prilova)
najugrozenija skupina morskih riba na Mediteranu (Dulvy i sur., 2014; Barausse i sur., 2014; Serena i sur., 2020).
Danas jo$ uvijek nema dovoljno informacija o prisutnosti hrskavi¢njac¢a u ribarskom ulovu na podrucju Jadranskog
mora kako bi se mogla procijeniti njihova ugrozenost. U literaturi se nalaze podatci o istrazivanjima provedenim
u Istri (Ivesa i sur., 2021a) te na crnogorskom dijelu istogénog Jadrana (Cetkovi¢ i sur., 2021). Prema podatcima
na podrudju Istre, hrskavi¢njace su znacajno zastupljene u ulovu razli¢itih ribolovnih alata, iako veliki dio jedinki
zavr$ava kao odbaceni ulov,odnosno prilov (Ivesa i sur., 2021 a). Cilj rada bio je utvrditi zastupljenost hrskavi¢njaca
u ulovu razli¢itim ribolovnim alatima na podrucju ribolovne podzone G5 u isto¢nom Jadranu.

Materijal i metode

Istrazivanje je provedeno tijekom zajednickog terenskog rada s ribarima s podrué¢ju Opcine Gradac, grada Ploca
i Trpnja u sklopu projekata ,,Ribarsko-znanstvena mreza Grada Plo¢a“ i ,Ribarsko-znanstvena suradnja u Op¢ini
Gradac® Podrucje istrazivanja obuhvaca ribolovnu podzonu G5 (Slika 1).
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Slika 1. Karta s prikazom poloZaja ribolovne podzone G5 (Izvor: NN 5/2011)

Uzorkovanje je obavljano tijekom studenog 2020. te sije¢nja, ozujka, svibnja, lipnja i studenog 2021. godine
kori$tenjem pet ribolovnih alata: pridnene povla¢ne mreze koce, jednostruke mreze stajacice - prostice, trostrukih
mreza stajadica - listarice i poponice te parangala. Analiza kocarskog ulova obavljena je ukupno 11 puta (u studenom
2020., ozujku, svibnju i studenom 2021.), pri ¢emu je trajanje potega iznosilo dva do Cetiri sata. Sve stajacice, bez
obzira na vrstu, polagane su nakon zalaska sunca a podizane u ranim jutarnjim satima. Analiza ulova prostica
obavljana je u studenom 2020. te svibnju, lipnju i studenom 2021., dok je ulov listarica analiziran u studenom 2020.
godine, a poponica u sije¢nju 2021. Ulov parangala (ukupno 4000 udica) analiziran je u svibnju 2021. godine, pri
¢emu je vrijeme stajanja u moru iznosilo od pet do sedam sati. Nakon podizanja svakog ribolovnog alata sve ulovljene
jedinke (kostunjace, hrskavi¢njace, glavonosci i rakovi) su nakon determinacije vagane. Potom je detaljno analizirana
masena zastupljenost za svaku pojedina¢nu vrstu hrskavi¢nja¢a u ukupnom ulovu te prema pojedinom alatu prema
formuli: masena zastupljenost = ukupna masa jedne vrste/masa ukupnog ulova x 100. Za obradu podataka koristen
je Microsoft Exel (2016).

Rezultati i rasprava

U ukupnom ulovu svih ribolovnih alata zajedno utvrdeno je 90 vrsta morskih organzima iz skupina: kostunjace,
hrskavi¢njace, glavonosci i rakovi. Maseni udio hrskavi¢njaca iznosio je 12 % ukupnog ulova, dok je ostatak otpadao
na ostale skupine (88 %) (Grafikon 1). Utvrdeno je jedanaest vrsta hrskavi¢njaca: Zutuga dracorepa, Bathytoshia
centroura (Mitchill, 1815), Zutuga, Dasyatis pastinaca (Linnaeus, 1758), golub ¢ukan, Aetomilaeus bovinus (Geoffroy
Saint-Hilaire, 1817), golub, Myliobatis aquila (Linnaeus, 1758), raza modropjega, Raja miraletus (Linnaeus, 1758),
pas mekus zvjezdasti, Mustelus asterias (Cloquet, 1819), pas mekus, Mustelus mustelus (Linnaeus, 1758), pas meku$
pjegavi Mustelus punctulatus (Risso, 1827), macka bljedica, Scyliorhinus canicula (Linnaeus, 1758), macka mrkulja,
Scyliorhinus stellaris (Linnaeus, 1758), drhtulja, Torpedo marmorata (Risso, 1810). Najvece masene udjele medu
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hrskavi¢njacama imali su pas mekus s 31 % i macka mrkulja s 25 %, a najmanje golub ¢ukan i pas mekus zvjezdasti
sa svega 1%.

Grafikon 1. Masena zastupljenost hrskavicnjaca u ukupnom ulovu svih ribolovnih alata na podrucju ribolovne
podzone G5 tijekom razdoblja istrazivanja (studeni 2020. godine te sijecanj, oZujak, svibanj, lipanj i studeni
2021. godine)

U ukupnom ulovu hrskavi¢njaca, utvrdene su tri vrste koje prema Pravilniku o obliku, sadrzaju i nac¢inu vodenja i
dostave podataka o ulovu u gospodarskom ribolovu na moru (NN 38/2018) pripadaju osjetljivim vrstama. Iako se
radi o svega Cetiri jedinke (jedna Zutuga dracorepa od 10 kg, jedna Zutuga od 6,4 kg te dva goluba ¢ukana od 2,11 07
kg), maseni je udio osjetljivih vrsta zbog njihove veli¢ine iznosio 1,1% ukupnog ulova.

Ukupni ulov pridnene povlaéne mreze koce sastojao se od 61 vrste morskih organizama. Maseni udio hrskavi¢njaca
iznosio je 12%, dok je ostatak otpadao na ostale skupine organizama. Najve¢e masene udjele medu hrskavi¢nja¢ama
imali su pas mekus$ s 29 % i macka mrkulja s 27 %, dok je najmanji maseni udio imao pas mekus zvjezdasti sa svega
1 % (Grafikon 2).

Grafikon 2. Masena zastupljenost hrskavicnjaca u ukupnom ulovu pridnene povlacne mreZe koce na podrucju
ribolovne podzone G5 tijekom razdoblja istrazivanja (studeni 2020., ozujak, svibanj i studeni 2021.)
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U ukupnom ulovu jednostruke mreze stajadice (prostice) utvrdeno je 56 vrsta morskih organizama. Utvrdene su
svega Cetiri vrste hrskavi¢njaca ¢iji je maseni udio iznosio 5 %, dok je ostatak otpao na kostunjace, glavonosce i
rakove. Najve¢i maseni udio medu hrskavi¢nja¢ama imao je pas mekus s 36 %, a najmanji raza modropjega s 4%

(Grafikon 3).

Grafikon 3. Masena zastupljenost hrskavicnjaca u ukupnom ulovu prostice na podrucju ribolovne podzone G5
tijekom razdoblja istraZivanja (studeni 2020., svibanj lipanj i studeni 2021.)

Utrostrukojmrezistajadici popiniciutrvdenoje 12 vrstamorskih organizama od éegaje 53 % otpadalo na hrskavi¢njace,
a ostatak na kostunjace, glavonosce i rakove. U mrezi poponici bile su zastupljene tri vrste hrskavi¢njaca: pas mekus
pjegavi s 47 %, drhtulja s 34% te golub ¢ukan s 19 % masenog udjela medu hrskavi¢nja¢ama (Grafikon 4).

Grafikon 4. Masena zastupljenost hrskavicnjaca u ukupnom ulovu poponice na podrucju ribolovne podzone G5
tijekom razdoblja istrazivanja (sijecanj 2021.)

Ukupni ulov trostruke mreZe stajacice (listarice) sastojao se od 31 vrste od ¢ega su Cetiri pripadale skupini
hrskavi¢njaca. U ulovu ove stajacice zastupljenost hrskavi¢njaca iznosila je 24%, dok je masena zastupljenost vrsta
iz ostalih skupina iznosila 76 % . Najve¢u masenu zastupljenost imali su macka mrkulja s 41% i pas mekus pjegavi s
39 % (Grafikon 5).
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Grafikon 5. Masena zastupljenost hrskavi¢njaca u ukupnom ulovu listarice na podrucju ribolovne podzone G5
tijekom razdoblja istraZivanja (studenom 2020.)

U ukupnom ulovu parangala hrskavi¢njace su bile zastupljene s 25 %, dok je ostalih 75 % otpadalo na kostunjace,
glavonosce i rakove. Utvrdeno je ukupno devet vrsta morskih organizama, od cega Cetiri vrste hrskavi¢njaca: raza
modropjega s 43 %, pas mekus s 32 %, macka mrkulja s 14 % zastupljenosti i macka bljedica s 11 % masenog udjela
medu hrskavi¢nja¢ama (Grafikon 6).

Grafikon 6. Masena zastupljenost hrskavicnjaca u ukupnom ulovu parangala na podrucju ribolovne podzone G5
tijekom razdoblja istraZivanja (svibanj 2021.)

Iz prikazanih rezultata mozemo vidjeti da je na podrudju ribolovne podzone G5 udio ostalih skupina morskih
organizama u ukupnom ulovu svih ribolovnih alata zajedno veéi u odnosu na udio hrskavi¢nja¢a. Medu
hrskavi¢njacama u gotovo svim ribolovnim alatima najve¢u masenu zastupljenost imali su pas mekus, pas mekus
pjegavi, macka mrkulja, a zatim slijede macka bljedica, drhtulja, raza modropjega, golub, Zutuga i pas mekus zvjezdasti.
U istrazivanju Ivese i sur. (2021b) na podrudju Medulinskog zaljeva tijekom 2018. godine maseno najzastupljenije
hrskavi¢njace u ulovu bile su mac¢ka mrkulja i pas mekus, dok su u manjem postotku bili su pristuni drhtulja i golub.
Za razliku od istrazivanja iz 2018. godine, Ivesa i sur. (2021a) su tijekom 2021. godine utvrdili da su na podrudju
Istre broj¢ano najzastupljenije hrskavi¢njace drhtulja, macka bljedica i mac¢ka mrkulja, dok je najmanju zastupljenost
imao pas mekus. Marino i sur., (2018) navode da je na podrudju sjevernog Jadrana pas meku$ najzastupljeniji, zatim
slijedi pas mekus$ pjegavi, dok se pas mekus zvjezdasti smatra rijetkim. Na podrudju ribolovne podzone G5 takoder
su najzastupljeniji bili pas mekus i pas mukas pjegavi, dok je prisutnost psa mekusa zvjezdastog bila mala.

Brojni istraziva¢i navode kako dolazi do pada brojnosti hrskavi¢nja¢a na Mediteranu i kako ih je potrebno dodatno
zastiti (Dulvy i sur., 2014; Serena i sur., 2020). Dulvy i sur. (2014) kao glavni razlog opadanja populacija ove skupine
riba navode negativan utjecaj ribolova. Medutim, isti autori navode kako osim ribolova postoje i drugi ¢imbenici
koji mogu utjecati na pad brojnosti ovih vrsta riba to su promjene u sastavu bioloskih zajednica, degradacija stanista
i razlic¢ita onecis¢enja (Dulvy i sur., 2014).
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Zakljucak

Maseno najzastupljenije vrste hrskavi¢njaca u ribolovnim alatima na podrudju ribolovne podzone G5 su pas mekus
i macka mrkulja. Sukladno rezultatima, prisutnost osjetljivih vrsta hrskavi¢njaca gotovo je zanemariva jer su tijekom
kompletnog razdoblja istrazivanja utvrdene svega Cetiri jedinke hraskavi¢njaca (jedna Zutuga dracorepa, dvije Zutuge
i dva goluba ¢ukana). S obzirom da je ovo istrazivanje provedeno na ograni¢enom podruéju jedne podribolovne
zone, potrebno je istraziti i druga ribolovna podrucja u Jadranu kako bi se dobile potpunije informacije o prisutnosti
hrskavi¢njaca u ribarskom ulovu. Takoder bi bilo uputno provesti dodatna istrazivanja kojima bi se proucili
zdravstveni status, biologija i populacijska dinamika ovih vrsta riba.

Napomena

Istrazivanje je provedeno u sklopu Projekata “Ribarsko-znanstvena mreza Grada Plo¢a” u sklopu Mjere 1.3,
“Partnerstvo izmedu znanstvenika i ribara za razdoblje 2020.-2022” i ,,Partnerstvo izmedu znanstvenika i ribara u
Op¢ini Gradac® u sklopu Mjere 1.3.
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Weight representation of cartilaginous species in
the catch in the fishing subzone G5 area, Eastern
Adriatic

Abstract

Cartilaginous species are considered the most endangered group of marine fishes in the Mediterranean.
For thisreason, the aim of this study was to investigate their weight representation in the catch of different
fishing gears in the area of the fishing subzone G5. The sampling was performed during November
2020, and January, March, May, June, and November 2021. The total catch of all fishing gears together
was 1684,5 kg, and 90 species of marine organisms were determined (bony fishes, cartilaginous fishes,
cephalopods, and crustaceans). Weight representation of cartilaginous fishes in the total catch was
12%, and it varied from 5 to 53% depending on the fishing gear. Among cartilaginous species, common
smooth-hound, Mustelus mustelus (Linnaeus, 1758), nursehound, Scyliorhinus stellaris (Linnaeus,
1758), and blackspotted smooth-hound, Mustelus punctulatus Risso, 1827, had the highest weight
representation. Four specimens of vulnerable cartilaginous fish species, representing 1,1% of the total
catch, were determined: one Roughtail stingray, Bathytoshia centroura (Mitchill, 1815), one common
stingray, Dasyatis pastinaca (Linnaeus, 1758), and two bull rays, Aetomilaeus bovinus (Geoffroy Saint-
Hilaire, 1817). Given that this research was conducted in a limited area of one fishing subzone, it is
necessary to investigate other fishing areas in the Adriatic in order to obtain detailed information on
the presence of cartilaginous fishes in the catches.

Keywords: Adriatic Sea, cartilaginous fishes, vulnerable species, fishing gears
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Nutritional value of whey after the production of
Trappist cheese

Drazenko Budimir

Agricultural Cooperative “Livac”~ Aleksandrovac bb, Laktasi, Bosnia and Herzegovina (budimir@inceco.net)

Abstract

The aim of this paper is to present the results of research, obtained for the nutritional values of whey
by-products in the production of Trappist cheese. It is a famous cheese produced by the monks of the
monastery “Marija Zvijezda” from Banja Luka in cooperation with the cooperative Liva¢. Whey is a
well-known by-product of cheese production. New trends in nutrition require balanced nutritional
values, and as a contribution to this is important to know the same about whey. Traditional cheeses and
whey have high nutritive and health benefits. This paper presents the nutritional benefits of whey thats
remains after the production of Trappist cheese. The content of whey in the dry residue is: fat - 0.41
g/100 g of whey, saturated fatty acids - 0.20 g, carbohydrates - 4.80 g, protein - 0.92 g and NaCl content
is 0.11 g. The energy value of whey is 27 kcal or 112 kJ.

Keywords: nutritional value, whey, cheese Trappist

Introductions

Todays we all follow a fast lifestyle and this causes stress. On this occasion, people are paying more and more attention
to proper nutrition. Milk and dairy products belong to the category of basic foods in human diet. A balanced diet has
become an integral part of life and the declaration of finished products. The indigenous dairy products are of special
importance within that category. They are foods that not only satisfy the basic needs for nourishment, but at the same
time are part of the material culture and tradition of a particular country.

Milk and dairy products have always been part of the diet with a beneficial effect on humans. Nowadays, we strive for
new goals, namely the the prevention of certain diseases and the maintenance of health through nutrition (Grerman
et al, 2003). On the market today, there is a wide range of milk and dairy products whose functional properties are
based on their natural high-value nutrient composition (Tudor and Havranek, 2009). Whey has been a well-known
by-product in the cheese production since the beginning of cheese making, i.e. for more than 8,000 years. Hypocrites
(460 BC) underlined the worthiness of whey and suggested it as a therapy for the treatment of tuberculosis, skin
diseases, digestive problems and jaundice (Blazic et al., 2017). In the 18th century in Switzerland, Austria and
Germany whey was used to treat diarrhoea, dysentery, and some forms of poisoning. It was a common belief then
that whey had diuretic properties and invigorating effect on the body (Elatar et al., 2010). Whey is a greenish-
yellow liquid that originates of vitamin B2 (riboflavin), and lags behind after coagulation casein milk during cheese
production. Depending on the method of coagulation of casein, differ acid (action acid) and sweet whey (by enzyme
action). Whey is a product rich in lactose, proteins, vitamins and minerals. Minerals include: potassium, sodium,
calcium, magnesium, chlorides and phosphates which are present in whey in almost the same amount as in milk.
The content of lactic acid in whey varies depending on the storage period and conditions (Luci¢, 1983; Zandona et
al,, 2021).

Today, the annual growth of whey production is 2% on the global level, and is growing in parallel with the annual
growth of milk and cheese production (Tratnik, 2003). The rapid growth of global markets for food ingredients,
including whey-based protein powders, which are ‘among the winners of several new nutrition trends and food
developments’ (Vik and Kvam, 2017). An indication of this trend is the large and growing market for functional
food ingredients, i.e. probiotics, proteins and amino acids, phytochemicals and plant extracts, prebiotics, fibres and
specialty carbohydrates, omega-3 fatty acids, carotenoids, vitamins, and minerals. In 2018, these were estimated to
be worth US$ 68.6 billion worldwide, rising to US$ 94.2 billion by 2023 (PR Newswire, 2018).
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It is also important to emphasize that whey has only 25 kcal (105 kJ). Therefore, whey is a low-calorie, highly nutritive
product which makes it an ideal ingredient of various diets and a highly valuable component in the food processing
industry (Jarc et al., 1994). Nutritional value of 3 kg of whey is equivalent to the nutritional value of 1 litre of milk
(Popovi¢-Vranjes and Vujici¢, 1997). The most important whey protein-based products are: protein concentrates,
isolates and hydrolysates of whey proteins (Jovanovi¢ et al., 2005). Whey protein concentrates have functional
properties, they are completely digestible and suitable for cheese production (Bozani¢ et al., 2000). Whey proteins
should have a special place in the nutritional programme. Whey proteins have long been used in the dairy industry
because of their nutritional and functional properties. Recently, they have also been used in other food processing
industries, such as baby food, bakery, and meat industries (Herceg and Rezek, 2006).

Whey is a by-product in the technological process of cheese or casein production, so it has a very variable composition.
One example of the average proportions of whey ingredients is shown in Table 1.

Table 1. Approximate composition of separated whey, %

Contense Cheese whey, % HCL acid Casein whey, %
Tal solid 6 6.4

Water 94 93.6

Fat 0.05 0.05

True protein 0.6 0.6

Lactose 4.5 4.6

Ash ( Minerals) 0.5 0.8

Lactic acid 0.05 0.05

Source: Dairy Processing Handbook (2020)

Whey contains about 50% of the dry matter mainly lactose and whey proteins as a whole, soluble minerals and B
vitamins, while vitamin C is broken down already during cheese production (Tratnik, 1998). In general, whey has
high nutritional value and is easily digested and assimilated. It is also considered an excellent source of functional
proteins and a rich source of vitamins B, minerals (Ca, P, Na, K, CI-, Fe, Cu, Zn and Mg) and lactose (Macwan et.al
2016; Papademas et al., 2019).

Because of excellent nutritional and functional properties of whey solids, a substantial portion of whey is processed
into whey powder, while the remainder is used for the production of sweet whey powder, demineralised whey,
delactosed whey, whey protein concentrate whey protein isolate or lactose (Celik and Oniir, 2016).

Cheese is a food of high nutritional value and can occupy an important place in a healthy and well-balanced diet
(Gregurek, 2015). The nutritional value of cheese is determined by many parameters; the most important is the
quality of the milk from which the cheese is produced, then the technological process of cheese production and finally
the process of cheese ripening. As such, cheese is a very good source of protein and milk fat. On the other hand, it is
a good source of fat-soluble vitamins and in the case of mature cheese (especially with a longer ripening period) we
have a slightly lower lactose content, which makes it suitable for the diet of consumers who are intolerant to lactose
(Thomas et all, 2000). This strong market trend is strongly driven by the rise of ‘functional nutrition, which refers
to the increased engineering and reengineering of foods in coevolution with changing corporate strategies, trends
in food, diets and health trends, and new food and nutrition policies (Vik and Kvam, 2017). Thermal instability of
whey proteins relative to casein is attributed to the absence of phosphorus, low proline content, and higher content
of cystine, cysteine, and methionine (Popovi¢-Vranje$ and Vujici¢, 1997).

Lactose is the main ingredient in whey dry matter (Table 2) and has multiple role. It is easily digestible even for an
infant, as evidenced by breast milk, which contains much more lactose (about 6-7%) than cow’s milk (about 4.6-
4.9%) (Tratnik et al., 1988.).
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Table 2. Composition of sweet whey, before and after demineralisation

Whey Dry metter %  Protein  Ash Camg/100g Lactose Lactic acid
% % % %

Sweet whey 5.40 0.76 0.45 43.35 4.10 0.11

Demineralized 4.73 0.52 0.02 1.90 4.10 0.02

Source: Tratnik et al., 1988

The average content of whey dry residue is: 70% lactose (depending on the acidity of whey), 14% proteins, 9%
minerals, 4% fats, and 3% lactic acid, BlaZi¢ et al., 2018).

The nutritional value of Trappist cheese is: milk fat content = 34.5 g/100 g of cheese, saturated fatty acids contain
24.7 g, carbohydrates 0.8 g, protein 27.5 g and NaCl content 2.05 g. The energy value of Trappist cheese is 424 kcal
or 1758 kJ (Budimir, 2021).

Table 3. Analysis of the composition of Trappist cheese Marija Zvijezda

Parameter Determined value (g/100g)
Fat content 34.5

Saturated fatty acid content 24.7

Carbohydrate content 0.8

Sugar content 0.0

Protein content 27.5

NaCL 2.05

Energy value in 100 g: 424 kcal ili 1758 k]

Source: Budimir, 2021

The beginning of cheese production in Marija Zvijezda monastery is dated to 1872, in a small dairy built by Father
Franz, which he called the ,,.Swiss“. However, this cheese plant production did not last long due to animal diseases
that caused the lack of milk. The production of the original cheese began in 1882 when in the monastery in Banja
Luka arrived Father Ignatius from the French monastery ,,Port-du-Salut® The cheese was very well known and it
was awarded with numerous prizes at fairs in Europe. At first, the monks processed the milk from their own farm
and later they started to buy it from local farmers (Bozinovi¢, 2009). The secret was passed orally from brother to
brother, or they took it with them into the grave. Kirin (2003) wrote about this: “Even though in cheese making
industry the Trappist cheese was dominantly present for the entire century, in our literature there are very little data
about the technological process of making this cheese”. Due to the secrecy of making cheese, there is no description
of the original Trappist cheese from Banja Luka, so it can only be speculated (Budimir and Bagari¢, 2015). This
secrecy draws the following conclusion: “The quality of the cheese and the art of its production are predicated largely
on the method of its preparation. Specifically, a dozen specialists participated in the production of the cheese. The
cornerstone was set on March 18, 1893. In this branch, besides other buildings, a cheese making plant was opened.
The local people brought the milk and the monks processed it into cheese and butter (Bozinovi¢, 2009).

Cheese production in both branches was developed successfully. Up to now, there were no reliable data on the
organoleptic properties of the original Trappist cheese, and the secrecy of its production does not allow us to obtain
an insight into the production technology. Mainly, the research was done to study the chemical composition, quality
and organoleptic characteristics of semi-hard cheese, produced in the former communist dairies. Cheese production
was revived again in 2008 when Father Tomislav went to France in the monastery of Mont-des-Cats and learned the
technique of cheese making and brought back the recipe for cheese production (Budimir, 2012).
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Material and Methods

The research and sampling were conducted on the farm agricultural cooperative Liva¢, located in Aleksandrovac,
Laktasi municipality, Bosnia and Herzegovina. The cooperative is engaged in the production of raw milk. Since 2008,
in the newly built area for cheese production, in cooperation with the Trappist monks, Trappist cheese by Marija
Zvijezda has been produced, according to a recipe owned by the Marija Zvijezda monastery. Currently, about 2.5
tons of Trappist cheese are produced per month. The cheese factory has HACCP and ISO 2008:2009 certificates and
is under the supervision of a veterinary inspection. The cheese factory is licensed to export to the European Union
market and as such complies all applicable hygiene and health regulations.

Physical-chemical tests were performed at the Veterinary institute “Slaven”, Veterinary diagnostic laboratories, which
are accredited laboratories for food testing in RS and Bosnia and Herzegovina.

The tests were performed in order to establish: the fat content according to the method of the Bosnia and Herzegovina
Official Gazette (No. 85/13, MI-258), saturated fatty acids content (according to previously method), content of
carbohydrates (according to internal method UMH 356), and sugar content (according to internal method). As for
the protein content, the tests were carried out based on the Bosnia and Herzegovina Official Gazette, No. 85/13,
Annex II, Section V and the NaCl content was determined according to the internal method.

Energy level was calculated based on the method of the Bosnia and Herzegovina Official Gazette, No. 68/13.

Results and Discussion

Trappist cheese belongs to the group of semi-hard cheeses, that are easy to cut. Unlike the products present on the
market under the same name, which are either too soft or too hard to cut. Unfortunately, since there has been no
possibility of banning the use of the name, here are several varieties of this cheese on the market. Whey used in the
production of Trappist cheese belongs to the group of sweet whey (due to the actions of enzymes).

Lactose as the most important ingredient in whey has a multiple role. It stimulates intestinal peristalsis and supports
the absorption of calcium and phosphorus, ensures optimal levels of magnesium and digestion of fats and other
nutrients in the body. It also establishes a slightly acidic reaction in the intestines, thus preventing the growth and
multiplication of harmful bacteria. After coagulation of casein, the whey proteins remain in the whey. The share of
minerals in whey is very variable, which is a consequence of various biochemical processes in cheese production
technology.

Table 4. Analysis of the composition of whey after productions of Trappist cheese Marija Zvijezda

Parameter Determined value (g/100g)
Fat 0.41

Saturated fatty acid 0.20

Carbohydrate 4.80

Lactose 4.80

Protein 0.92

NaCL 0.11

Energy value in 100 g: 27 keal ili 112 k]

Table 4. shows that in 100 g of whey from Trappist cheese Maria Zvijezda contains 0.41 g of fat content. The content
of saturated fatty acids in whey by-products of Trappist cheese is 0.2 g / 100 g of whey. The obtained result are wery
low, if we compare them with that of cheese. In the tested samples, a carbohydrate content of 4.8 g/ 100 g of whey was
obtained. The protein content of the samples was 0.92 g/ 100 g. The salt content was 0.11 g in 100 g of whey, and the
sugar content was 4.8 g in the samples. The energy value of 100 g of whey by-products in the production of Trappist
cheese Marija Zvijezda is 27 kcal, or 112 kJ.

There are many possibilities to use whey; in cottage cheese production, fermented and probiotic dairy products, and
whey protein concentrates. In addition to their high nutritional value due to the high content of essential amino
acids, whey proteins are widely used in the food industry due to their significant functional properties. The main
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reasons for the insufficient use of whey for food purposes are attributed to the greater amount of water, and in dry
matter, the greater amount of minerals, which causes technological problems and reduced production efficiency.

Conclusions

Mankind is bacoming increasingly aware of the importance of taking good care of nature, origins, safety and
nutritional value of traditional products, which are gradually taking a special place in the nutrition of modern
man. The consumption of traditional cheeses and whey are among the key elements of a well-balanced diet. The
production of whey-based dairy products is possible due to the excellent functional properties of whey proteins,
which allow them to fit into many products. They are calssified as value-added products since they have a positive
effect on overall health by reducing the risk of diseases. There are many possibilities for the use of whey: in cottage
cheese production, fermented and probiotic dairy products, and whey protein concentrates. In addition to their high
nutritional value due to the high content of essential amino acids, whey proteins are widely used in the food industry
due to their significant functional properties.
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Nutritivna vrijednost sirutke nakon proizvodnje
sira Trapista

Sazetak

Cilj ovoga rada je prikazati rezultate istrazivanja, nutritivne vrijednosti sirutke koja nastaje u procesu
proizvodnje sira Trapist. Trapist je ¢uveni sir kojeg proizvode redovnici samostana ,,Marija Zvijezda“
iz Banja Luke u suradnji sa zemljoradnickom zadrugom ,Livac® Sirutka je poznat nus proizvod
koji nastaje u proizvodnji sireva. Novi trendovi u ishrani ljudi zahtjevaju izbalanisirane nutritivne
vrijednosti, stoga je vazno poznavati iste kod sirutke. Tradicionalni sirevi i sirutka pozitivno utje¢u na
zdravlje ljudi. U radu su prikazane hranjive dobrobiti sirutke nakon proizvodnje sira trapista. Sadrzaj
pojedinih sastojaka u 100 g sirutke (u suhoj tvari) iznosi: mlije¢na mast - 0.41 g, zasi¢ene masne
kiseline - 0.20 g, ugljikoihidrati - 4.80 g, proteini - 0.92 gi NaCl - 0.11 g. Energetska vrijednost sirutke
je 27 keal ili 112 kJ.

Klju¢ne rijedi: nutritivna vrijednost, sirutka, sir Trapist
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SaZetak

U Republici Hrvatskoj povecan je interes uzgajivaca za lakon ovcom. Cilj rada je utvrditi koncentracije
Fe, Zn i Cu u krvi lakon ovce u ranom stadiju laktacije i usporediti ih s drugim rezultatima istraZivanja.
Istrazivanje je provedeno na 30 ovaca prosje¢ne dobi od 4 godine u u tre¢oj laktaciji tj., ranom stadiju
laktacije. Utvrdene prosje¢ne koncentracije Fe, Zn i Cu (2,81, 0,91 i 0,97 mg L") u krvi lakon ovaca
nisu znacajnije odstupale u usporedbi s dosadasnjim rezultatima. Nije utvrdena znac¢ajna korelacija
izmedu koli¢ine utvrdenih mikroelemenata u krvi lakon ovce u ranom stadiju laktacije. Nesto visa
koncentracija Fe u krvi ukazuje na obrok bogat Fe, ali i promjenama u metabolizmu Fe s obzirom na
pojacanu sintezu mlijeka i ve¢i genetski potencijal za mlije¢nost lakon ovce.

Klju¢ne rijeci: lakon ovca, Fe, Zn, Cu, krv, laktacija

Uvod

U Republici Hrvatskoj (RH) sve je ve¢i interes uzgjivaca za mlije¢nim pasminama ovaca i proizvodnjom ovcjeg
mlijeka. Shodno tome, povecan je interes uzgajivaca za kupnjom lakon pasmine ovaca. Tijekom 2021. godine u
Republici Hrvatskoj otkup ov¢jeg mlijeka provodilo je 11 mljekara i 6 registriranih obiteljskih sirana. Tako je tijekom
2021. godine u RH isporudeno ukupno 2,76 mil kg ov¢jeg mlijeka od 333 proizvodaca. U skladu s Pravilnikom
o utvrdivanju sastava sirovog mlijeka (NN 136/2020) higijenska kvaliteta ov¢jeg mlijeka ocijenjena na temelju
utvrdivanja ukupnog broja mikroorganizama je vrlo dobra i glavnina se svrstava u I. razred (92,65 %). Uzgoji lakona
u RH organizirani su u kontinentalnom dijelu bogatom Zitaricama s obzirom na potrebu koristenja kvalitetnih
krmiva pri balansiranju obroka u cilju ispoljavanja genetskog potencijala (Antunovi¢ i sur., 2022.a). Prema podacima
Hrvatske agencije za hranu i poljoprivredu-HAPIH (2022.) u 2021. godini u RH od ukupnog broja uzgojno valjanih
ovaca (44.229 grla) na uzgojno valjane lakon ovce otpada 5,21 %, odnosno 2.405 grla. Zupanije s najveéim brojem
uzgojnih grla lakona su Karlovacka (1.085), Viroviticko-podravska (591) te Vukovarsko-srijemska (191). Manji
uzgoji lakon ovce zastupljeni su u Istarskoj (168), Bjelovarsko-bilogorskoj (156) i Brodsko-posavskoj Zupaniji (155),
a najmanji u Osjecko-baranjskoj Zupaniji (59). Veci broj lakon ovce u RH ukazuje na povecan interes uzgajivaca $to
jeipotvrdeno povec¢anjem njihovoga broja u protekle tri godine za 54 %. Naime, prema podacima HAPIH-a (2022.)
2019. se uzgajalo 1.559 grla lakona i to kod 5 uzgajivaca, a 2021. godine ve¢ 2.405 grla lakona kod 10 uzgajivaca.
Lakon ovca (Lacaune) je poznata francuska pasmina ¢iji je genetski potencijal za mlije¢nost znac¢ajno unaprijeden
kvalitetno provodenom selekcijom na mlije¢nost. Osim visoke proizvodnje mlijeka, ona ima i naglaSenu proizvodnju
mesa. U laktaciji od 180 do 200 dana daje oko 200 litara mlijeka, s tim da najbolja grla daju i preko 400 litara
mlijeka (Mio¢ i sur., 2007.). U Francuskoj se kontrola mlije¢nosti lakona sustavno provodina 512.000 grla (prosjecna
mlijec¢nost je 292,6 | mlijeka kroz 168 dana; http://en.france-genetique-elevage.org/Lacaune-dairy-line.html). U RH
se pri provodenju kontrole mlije¢nosti kod lakon ovce u 2021. godini na 749 zakljucenih laktacija, pri duzini laktacije
od 172 dana i razdoblju muznje 40 dana, utvrdilo ukupno 433,3 kg mlijeka (325,9 kg mlijeka u razdoblju muznje
te 107,4 kg posisanog mlijeka) ili dnevno 2,5 kg mlijeka po kontroliranoj uzgojno valjanoj lakon ovci (HAPIH,
2022.). Kako je lakon ovca relativino nova pasmina u na$im uzgojima potrebno je istraziti i njen metabolicki profil
pa tako i sadrzaj mikroelemenata u krvi tijekom laktacije. Osobito je to naglaseno tijekom rane laktacije kada je i
najveca koli¢ina izlu¢enog mlijeka ¢emu se treba posvetiti dodatna pozornost (Antunovi¢ i sur., 2022.b). Stoga se
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rani stadij laktacije posebice prou¢ava u cilju spoznaja i pokusaja stabilizacije brojnih metabolickih procesa. Fe, Zn i
Cu trebaju biti zastupljeni u hrani u cilju zadovoljavanja njihovih potreba kao i njihovoga raznorodnog sudjelovanja
u brojnim metaboli¢kim procesima u organizmu ovce (Yokus i sur., 2004.; Antunovi¢ i sur., 2021.a; Derar i sur.,
2022.). Istrazivanje samo nekih koncentracija makroelemenata u krvi lakon ovce u RH proveli su Antunovi¢ i sur.
(2022.b) dok istrazivanja o koncentracijama mikroelemenata u krvi lakon ovaca nema u dostupnoj literaturi. Cilj je
ovoga rada utvrditi koncentracije Fe, Zn i Cu u krvi lakon ovce u ranom stadiju laktacije te dobivene koncentracije
usporediti s dostupnim istrazivanjima.

Materijal i metode

Utvrdivanje koncentracija Fe, Zn i Cu provedeno je u krvi lakon ovaca na obiteljskom gospodarstvu Orki¢ d.o.0. u
Gundincima. Odabrano je 30 ovaca u 3 laktaciji koje se bile na pocetku laktacije (60. dan). Prosje¢na dob ovaca bila
je 4 godine. Ovce su hranjene peletiranom krmnom smjesom sa 15% sirovih bjelancevina u koli¢ini 1,00 kg, 600
g/dan smjesom Zitarica (1/3 zob i 2/3 je¢am) te sijenom lucerne po volji. Ovce su sto¢nu sol i vodu imale po volji.
Uzorkovanje krvi provedeno je za vrijeme jutarnje muznje u sterilne vacum epruvete Venoject® (Sterile Terumo
Europe, Leuven, Belgium) iz jugularne vene (10 ml). Po transportu u laboratorij krvni uzorci su centrifugirani na
3000 okretaja/min pri ¢emu je odvojen serum koji je smrznut na -80°C. Nakon odmrzavanja seruma utvrdene su
koncentracije Fe, Zn i Cu koje su izrazene mg L. Uzorci hrane i krvi su razoreni sa 10 ml smjese 5:1 HNO, i H,0,
na 180°C tijekom 60 min u mirkovalnoj pec¢nici (CEM Mars 6). Koncentracije Fe, Zn i Cu utvrdene su na ICP
(PerkinElmer Optima 2100 DV). Svi uzorci su analizirani u duplikatu. Koncentracije Fe, Zn i Cu u hrani ovaca
prikazane su u tablici 1 i izrazene su u mg kg™ suhe tvari.

Tablica 1. Koncentracija Fe, Zn i Cu u hrani ovaca

Vrsta hrane

Element, mg kg ST

Krmna smjesa Smjesa Zitarica Sijeno Sto¢na sol
Fe 377,70 129,90 91,96 37,55
Zn 165,80 20,93 9,58 0,34
Cu 24,50 4,66 5,49 0,43

ST - suha tvar

Rezultati istrazivanja utvrdeni su deskriptivnom statistikom u programu SAS (9.4), procedurom MEANS te su
izrazeni kao srednja vrijednost, standardna devijacija (SD), minimalna i maksimalna vrijednost (MIN i MAX),
standardna pogreska srednje vrijednosti (SEM) i koeficijent varijacije (CV). Povezanost izmedu varijabli utvrdene
su pomocu Pearsonovog koeficijenta.

Rezultati i rasprava

U tablici 2 prikazana je opisna statistika za koncentracije Fe, Zn i Cu u krvi lakon ovaca u ranoj laktaciji.

Tablica 2. Opisna statistika koncentracija Fe, Zn i Cu u krvi lakon ovaca u ranoj laktaciji

Element, mg L™ Srednja vrijednost SD MIN MAX SEM CV, %
Fe 2,81 1,13 1,71 6,50 0,25 40,26
Zn 0,91 0,22 0,66 1,81 0,05 24,60
Cu 0,97 0,20 0,50 1,34 0,05 20,99

SD - standardna devijacija, SEM - standardna pogreska srednje vrijednosti; MIN - minimalna vrijednost; MAX -
maksimalna vrijednost; CV - koeficijent varijacije

Analizom tablice 2 vidljivo je da je prosje¢na koncentracija Fe, Zn i Cu u krvi lakon ovaca bila 2,81, 0,911 0,97 mg L.
Nesto visi koeficijent varijacije utvrden je za koncentracije Fe $to ukazuje na izrazenu varijabilnost ovoga elementa.
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Brojni su ¢imbenici koji utje¢u na metabolizam mikroelemenata stoga su njihovi metaboli¢ki putevi i razumijevanje
djelovanja vrlo zahtjevni. jedni od vaznih ¢imbenika su: fiziologki stadij Zivotinje, razina stresa, metode utvrdivanja,
razina i izvor mikroelemenata u hrani kao i njihovi antagonisti i dr. (Lopes-Alonso i sur., 2020.). Miglio i sur. (2018.)
su u istrazivanjima s lakon ovcom u laktaciji utvrdili prosje¢ne koncentracije Fe u krvi od 26,6 mmol L™ te Zn od
78,9 ug L. Nize koncentracije Zn i Cu (0,791 0,75 mg kg™) te viSe koncentracije Fe (117,33 mg kg') u krvi krizanih
ovaca (Sakiz x Awassi) tijekom laktacije u Turskoj u usporedbi s predmetnim istrazivanjem utvrdili su Youkus i sur.
(2004.). U istrazivanju Antunovica i sur. (2021.b) provedenom u RH s travni¢ckom pramenkom u ranoj laktaciji (60.
dan), koje su boravile na pasnjaku, utvrdene su nize koncentracije za Fe, Zn i Cu (561,79; 630,02 i 867,06 ug L).
Nize prosje¢ne koncentracije Fe (1790,7 ug L), Zn (664,0 ug L) i Cu (0,7 mg kg') u serumu ovaca u usporedbi s
predmetnim istrazivanjem u Austriji utvrdili su takoder Schweinzer i sur. (2017.). U istrazivanjima u Turskoj s Buchi
ovcama u laktaciji utvrdene su nize koncentracije Zn i Cu u krvi (Kulcu i Yur, 2003.).

Herd i Hoff (2011.) te Pugh i Baird (2012.) u serumu ovaca utvrdili su sljede¢e koncentracije: za Fe od 900 do 2700
te od 700 do 1960 pg L, za Zn od 550 do 1200 te od 700 do 1400 pg L, a za Cu od 0,75 do 1,7 te od 0,57 do 0,76
mg L. Medutim, Page i sur. (2018.) isti¢u da se odgovarajuce koncentracije Cu u krvi ovaca kre¢u od 0,70 do 1,00
ug dL, koncentracije Fe od 116 do 122 ug dL", a koncentracije Zn od 0,8 do 1,2 ug dL"'. Navedeno ukazuje da
su utvrdene koncentracije Zn i Cu u krvi lakon ovaca u ranoj laktaciji u predmetnom istrazivanju bile u okviru
referentnih vrijednosti dok su koncentracije Fe bile nesto vie. Navedeno ukazuje na kvalitetnu nutritivou opskrbu
ovaca tijekom laktacije s istrazivanim mikroelementima (Tablica 1.). Razlog vi$ih koncentracija Fe u krvi ovaca moze
biti pod utjecajem vide razli¢itih ¢imbenika, prije svega o primijenjenoj metodi utvrdivanja, ali se moze povezati
i s pojacanim izlu¢ivanjem Fe putem mlijeka jer je u tom razdoblju i najvi$a sekrecija mlijeka. U istrazivanjima
provedenim u Litvi, Autukaité i sur. (2021.), takoder isticu razli¢ite promjene u koncentracijama Cu u krvi ovaca
koje ovise i o pasmini (safolk, merino i crnoglava litvanska ovca) te da su koncnetracije Cu ovisne ne samo o stresu
uzrokovanom promjenom kompozicije obroka nego i o temperaturi okolisa, ali i drugacijem fizioloskom odgovoru
razli¢itih pasmina ovaca. U istrazivanjima s lakon ovcom u laktaciji provedenim u Italiji, Miglio i sur. (2018.) su
utvrdili da odvijanje razli¢itih promjena u serumu lakon ovaca u usporedbi s drugim pasminama ovaca, na $to jos
utje¢u i dob te fizioloski status.

Tablica 3. Korelacijska povezanost izmedu utvrdenih koncentracija Fe, Zn i Cu u krvi lakon ovce u ranoj laktaciji

Element, mg L Fe Zn Cu
Fe 1,000 - -
Zn 0,140 1,00 -
Cu -0,181 0,155 1,00

Analizom tablice 3 vidljivo je da nije bilo znacajne povezanosti izmedu istrazivanih koncentracija Fe, Zn i Cu u krvi
lakon ovce. U istrazivanju Antunovica i sur. (2021.a) provedenom s travnickom pramenkom utvrdena je znacajna
povezanost izmedu Cu:Zn (r = 0,301; P=0,002) i Fe:Cu (r = 0,395; P=0,010) dok povezanost izmedu Zn:Fe nije bila
znacajna (r = 0,161; P= 0,308).

Zakljucak

Utvrdene koncentracije Fe, Zn i Cu u krvi lakon ovaca ukazuju na njihovu kvalitetnu opskrbu u ranoj laktaciji putem
hrane. Nesto viSe koncentracije Fe u krvi ovaca ukazuju na bogatstvo krmiva Fe, ali i promjene u metabolizmu Fe s
obzirom na poja¢anu sintezu mlijeka u ranoj laktaciji i utjecaj pojacane proizvodnje mlijeka ove mlije¢ne pasmine.

Napomena

Istrazivanja za ovaj rad su provedena u okviru Istrazivackog tima ,Inovativni uzgojno-tehnoloski postupci u
animalnoj proizvodnji“ Fakulteta agrobiotehnickih znanosti Osijek.
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Koncentracije Fe, Zn i Cu u krvi lakon ovce u ranom stadiju laktacije

Concentrations of Fe, Zn and Cu in the blood of
Lacaune sheep in the early stage of lactation

Abstract

In the Republic of Croatia, farmers interest in Lacaune sheep has increased. The aim of this study
was to determine the concentrations of Fe, Zn and Cu in the blood of Lacaune sheep in the early
lactation period and to compare them with available research. The present study was conducted with
30 sheep aged about 4 years in the third lactation, i.e., early lactation. The average concentrations of Fe,
Zn and Cu (2.81, 0.91 and 0.97 mg L", respectively) determined in the blood of Lacaune sheep were
not significantly different from previous results. No significant correlations were found between the
determined microelements in the blood of Lacaune sheep in the early stages of lactation. A slightly
higher concentration of Fe in the blood indicates a diet rich in Fe, but also changes in Fe metabolism
with regard to increased milk synthesis and higher genetic potential for milk production in Lacaune
sheep.

Keywords: Lacaune sheep, Fe, Zn, Cu, blood, lactation

Session 7. Animal Science 295



ORIGINAL SCIENTIFIC PAPER

Prinos i kvaliteta djetelinsko-travne smjese
crvene djeteline i klupcaste oStrice u razli¢itim
agroekoloskim uvjetima

Kresimir Bo$njak', Marina Vrani¢', Darko Uher',Tomislav Magek?, Kristina Starcevi¢?, Zvjezdana
Ravli¢’

ISveuciliste u Zagrebu Agronomski fakultet, SvetoSimunska cesta 25, Zagreb, Hrvatska (mvranic@agr.hr)
2Sveuciliste u Zagrebu, Veterinarski fakultet, Heinzelova 55, 10000 Zagreb, Hrvatska
Sveuciliste u Zagrebu Agronomski fakultet, SvetoSimunska cesta 25, Zagreb, Hrvatska - student

Sazetak

Istrazivanje produktivnosti i kvalitete djetelinsko-travne smjese (DTS) crvene djeteline i klupcaste
oétrice provedeno je tijekom dvije godine na dvije lokacije u RH.

Prosje¢ni prinos suhe tvari (ST) tijekom dvije godine istrazivanja na lokaciji Ogulin iznosio je 8,3 t ST
ha”, dok je u Novom Marofu utvrden prosje¢ni prinos od 6,9 t ST ha™. Produktivnost DTS na pojedinoj
lokaciji znac¢ajno je ovisila o vegetacijskoj sezoni, pri ¢emu je znacajno visi prinos ST (P<0,05) utvrden
na lokaciji Ogulin samo u jednoj godini istrazivanja.

Tako je utvrden znacajan utjecaj vegetacijske sezone na pokazatelje hranjive vrijednosti DTS-a, reakcija
DTS-a na ekoloske uvijete u pojedinoj vegetacijskoj sezoni mijenjala se ovisno o lokaciji istraZivanja.

Kljucne rijeci: klupcasta ostrica, crvena djetelina, djetelinsko-travna smjesa, kvaliteta, prinos

Uvod

Cimbenici koji utje¢u na prinos i kvalitetu krme s travnjaka mogu se grupirati u tri medusobno povezane grupe:
¢imbenici biljke (genetski, fizioloski, anatomski), ¢imbenici okoline (klima i tlo) te agrotehnicki zahvati u
proizvodnji voluminozne krme. Medusobno povezani oni ¢ine sustav proizvodnje voluminozne krme. U sklopu
razvoja i evaluacije sustava proizvodnje voluminozne krme na razini odredenog agroekoloskog podrudja ili pak na
razini farme, a u cilju povecanja konkurentnosti farmi, potrebno je sustavno provoditi istrazivanja produktivnosti i
kvalitete vrsta i kultivara za proizvodnju voluminozne krme.

Cimbenici okoline znatno utje¢u na prinos (Frankow-Lindberg i sur., 2009.) i kvalitetu voluminozne krme (Buxton
i Fales, 1994.). Oni modificiraju brzinu rasta i razvoja, utjeu na kemijski sastav biljnih dijelova i morfologiju.
Klimatski faktori poput temperature i oborine modificiraju utjecaj stadija razvoja biljke na sadrzaj neprobavljivih
neutralnih detergent vlakana (NDV) (Nordheim-Viken i Volden, 2009.). K tome, reakcija travnih vrsta na zahvate
managementa poput frekvencije defolijacije mijenja se s obzirom na klimatske uvjete (Volesky i Anderson, 2007.).
Opcenito govoredi, u uvjetima klimatskih promjena, u kojima je veca vjerojatnost pojave suse, produktivnost
¢istih kultura krmnih trava, mahunarki te samoniklih poluprirodnih travnjaka se smanjuje (Breitsameter i sur,,
2014; Hoffstatter-Miincheberg i sur., 2014.). U istraZivanju utjecaja koli¢ine oborina na prinos ST klupcaste ostrice
i trstikaste vlasulje Kohoutek i sur. (2012.) su utvrdili da je na prinos ST znacajnije utjecala koli¢ina oborina u
vegetacijskom sezoni nego ukupna godi$nja koli¢ina oborina. Petrychenko i sur. (2012.) navode da se tijekom susnih
godina produktivnost ve¢ine DTS-a na nizinskim livadama i poplavnim livadama smanjuje za 1-36%. U velikom
broju istrazivanja utvrden je utjecaj lokacije na kvalitetu biljne mase poput sadrzaja NDV-a (Brink i sur., 2010.) ili
sadrzaja vodotopivih ugljikohidrata (Perculija i sur., 2005.; Tremblay i sur., 2005.).

Istrazivanjem produktivnosti i kvalitete vrsta i kultivara za proizvodnju voluminozne krme u razli¢itim Sirokim
agroekoloskim uvjetima dobivaju se informacije o njihovom potencijalu i ulozi u sustavu proizvodnje voluminozne
krme na odredenom agroekoloskom podruéju ili na razini farme. Cilj ovoga istraZivanja bio je utvrditi prinos suhe
tvariikvalitetu krme djetelinsko travne smjese crvene djeteline i klupcaste ostrice u razli¢itim agroekoloskim uvjetima,
tijekom dvije godine na dvije lokacije, koje se razlikuju kako po klimatskim tako i po pedoloskim karakteristikama.
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Materijal i metode

Istrazivanje produktivnosti i kvalitete smjese crvene djeteline i klupcaste ostrice je provedeno tijekom dvije
vegetacijske sezone (2012. i 2013. godine) na dvije lokacije (Novi Marof i Ogulin) u Republici Hrvatskoj. Klimatski
podaci (DHMZ, 2022.) za obje lokacije i vegetacijske sezone u obje godine istrazivanja prikazani su u grafikonu 1.
Tlo na pokusnoj parceli lokacije Ogulin sadrzavalo je 0,71 mg P,O, kg tla, 2,25 mg K,O kg™ tla, 0,18 % ukupnog
dusika, 3,53 % humusa, a reakcija tla je iznosila pH 5,72 (H,0) odnosno pH 4,46 (KCI). Tlo pokusne povriine u
Novom Marofu sadrzavalo je 0,06 mg PO, kg™ tla, 1,18 mg K,O kg tla, 0,11 % ukupnog dusika, 2,03% humusa, a
reakcija tla je iznosila pH 6,42 (H,0) odnosno pH 5,07 (KCI).

Na obje lokacije osnovna obrada tla obavljena je oranjem na dubinu 25-30 cm, u jesen 2011. godine. Predsjetvena
obrada izvrSena je frezom (N. Marof) i roto drlja¢om (Ogulin). Gnojidba je na obje lokacije iznosila 350 kg ha* NPK
15:15:15. Sjetva je izvrSena 14.3.2012 (N. Marof) i 21.3.2012 (Ogulin). Na obje je lokacije posijana je djetelinsko
travna smjesa crvene djeteline (Trifolium pratense L., cv. Viva; 7,5 kg ha') i klupcaste ostrice (Dactylis glomerata L.,
cv. B15; 10 kg ha''). Sjetva je na obje lokacije obavljena zitnom sija¢icom na razmak izmedu redova od 11 cm. Nakon
sjetve tlo je povaljano. Uzorkovanje biljnog materijala izvr§eno je u fazi podetka cvatnje crvene djeteline. Kod svih
tretmana uzorci su uzeti destruktivnom metodom, ko$njom biljne mase sa povrsine 0,3 m?, elektri¢nim $karama
(Gardena), na 10 slu¢ajnih mjesta po osnovnoj parceli. Poko$ena zelena masa je izvagana te je uzet poduzorak za
kemijske analize.

Uzorci su osu$eni u susioniku na temperaturi 60 °C, u trajanju od 48 sati, te samljeveni u mlinu, na veli¢inu Cestica
1 mm. Utvrdivanje hranjivosti radeno je na uprosje¢enim prosje¢nim godi$njim uzorcima DTS-a na svakoj lokaciji,
ovisno o broju otkosa i relativnom udjelu pojedinog otkosa u ukupnom godi$njem prinosu ST. Analiza hranjivosti
krme utvrdena je koristenjem NIR spektroskopije. Uzorci su skenirani u infracrvenom elektromagnetskom spektru,
u rasponu valnih duljina 1100 - 2500 nm, u intervalima po 2 nm, kori$tenjem programa ISI SCAN. Svaki uzorak
skeniran je dva puta.

Prosje¢ni godis$nji prinos ST smjese na svakoj lokaciji izracunat je kao zbroj prinosa ST pojedinih otkosa u jednoj
godini istrazivanja. Ukupno je tijekom vegetacijske sezone 2012. godine na obje lokacije skinuta po 3 otkosa dok je
tijekom 2013. godine skinuto po 2 otkosa.

Pokus je bio postavljen po potpuno slu¢ajnom rasporedu. Statisticka analiza podataka izvedena je analizom varijance
(ANOVA) i testom usporedbe srednjih vrijednosti koriStenjem statistickog programa SAS (SAS, 1999.).

Rezultati i rasprava

Usporedujuci klimatoloske podataka (DHMZ, 2022.) na lokacijama na kojima je provedeno istrazivanje, Ogulin
u usporedbi sa Novim Marofom, ima za 0,4 °C nizu srednju godi$nju temperaturu zraka i 622 mm viSu godi$nju
koli¢inu oborina, odnosno nesto hladniju i vlazniju klimu (podaci nisu prikazani). Na obje lokacije, ako se uzimaju
podaci za cijelu godinu, 2012. godina se mozZe se okarakterizirati kao toplija i su$nija od viSegodi$njeg prosjeka, dok
je 2013. godina bila nesto toplija, no uz nesto vecu koli¢inu oborina od visegodisnjeg prosjeka.

Medutim, usporedujudi srednje temperature i koli¢ine oborina tijekom vegetacijske sezone 2012. i 2013. godine
na lokacijama Ogulin i Novi Marof (Grafikon 1), razvidno je da se obje godine na lokaciji Novi Marof mogu
okarakterizirati kao toplije i susnije od prosjeka. Nedostatak oborina tijekom vegetacijskog perioda 2012. godine
iznosio je 201 mm, donosno 138 mm tijekom 2013. godine, dok je prosje¢na temperatura vegetacijskog perioda u
2012. godini bila 1,6°C visa, a u 2013. godini 1°C vi$a u usporedbi sa visegodisnjim prosjekom.

Na lokaciji Ogulin, 2012. godina bila je toplija (+1,3°C) uz vrlo mali viSak oborina (+ 22 mm) tijekom vegetacije u
usporedbi sa prosjekom, dok je 2013. godina bila toplija (+0,7°C) i su$nija (- 233 mm) u usporedbi sa visegodi$njim
prosjekom (Grafikon 1).
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Grafikon 1. Srednje temperature i sume oborina tijekom vegetacijskog perioda (travanj-listopad) na istraZivanim
lokacijama (Ogulin i N. Marof) u 2012. i 2013. godini i visegodisnji prosjeci (DHMZ, 2022.)

Prosje¢ni prinos ST DTS-a utvrden tijekom dvije godine istrazivanja na dvije lokacije iznosio je 7,6 t ST ha'. Za
usporedbu, prosjecni prinos ST smjese klupcaste ostrice i crvene djeteline u rezimu koristenja sa tri otkosa godis$nje
iznosio je 8,9 t ST ha! (Farnham i George, 1994.). Bo$njak i sur. (2013.) su na Medvednici (638 m nadmorske visine)
u godini punog kori$tenja smjese klupcaste ostrice i crvene djeteline utvrdili prinos ST od 13,7 t ST ha'.

Agroekoloski uvjeti lokacije istrazivanja znacajno su utjecali na prinos ST DTS-a crvene djeteline i klupéaste ostrice
(P=0,03; Tablica 1). Prosje¢ni prinos ST utvrden na lokaciji Ogulin tijekom dvije godine istrazivanja bio je za 21 %
vi$i u usporedbi sa lokacijom Novi Marof. Medutim, reakcija DTS-a u prinosu ST na pojedinim lokacijama nije bila
identi¢na u obje vegetacijske sezone. Tijekom 2012 godine prinos ST utvrden na lokaciji Ogulin bio je za 2,9t ST ha™!
odnosno 47 % veci (P=0,0138) u usporedbi sa lokacijom Novi Marof (Tablica 1). Tijekom 2013 godine nije utvrdena
signifikantna razlika izmedu lokacija u prinosu ST (P=0,9213). Ovakav rezultat jasno ukazuje na vaznost koli¢ine
oborina tijekom vegetacijske sezone u formiranju prinosa travnjaka, kao $to to u svom radu isti¢u i Kohoutek i sur.
(2012.) naglasavajuci vaznost koli¢ine oborina tijekom vegetacijske sezone.

Usporedujuéi prosje¢ne vrijednosti prinosa ST DTS-a na obje lokacije u vegetacijskim sezonama 2012 i 2013 nije
utvrden signifikantni utjecaj vegetacijske sezone (P=0,9533) na prinos ST DTS-a crvene djeteline i klupcaste ostrice
(Tablica 1). Medutim, utvrdena je razlika u reakciji DTS-a na klimatske uvjete tijekom 2012. i 2013. godine unutar
istrazivanih lokacija. Tako je na lokaciji Ogulin utvrden 17 % manji prinos ST DTS-a u 2013. godini u usporedbi
sa godinom sjetve (P=0,0051) dok se prinos ST DTS-a utvrden na lokaciji Novi Marof u 2012 godini nije znacajno

(Tablica 1).
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Tablica 1. Prinos ST (t ha') DTS-a crvene djeteline i klupcaste ostrice na lokacijama Ogulin i Novi Marof tijekom
2012.12013. godine

Lokacija/Godina 2012 2013 Prosjek SEM'
Novi Marof 6,14 7,56 6,85 0.49
Ogulin 9,03 7,53 8,28 0.19
Prosjek 7,59 7,54

SEM 0,51 0,40

SEMT 0,49 0,20

" standardna pogreska srednjih vrijednosti godina unutar lokacije
" standardna pogreska srednjih vrijednosti lokacija unutar godine

Osim u slu¢aju sadrzaja sirovih bjelan¢evina (SB) i metabolicke energije (ME), utjecaj lokacije na ostale pokazatelje
kvalitete DTS-a crvene djeteline i klupcaste ostrice ovisio je o klimatskim uvjetima pojedine vegetacijske sezone
(Tablica 2). Tako je utjecaj lokacije na sadrzaj SB potpuno izostao (P>0,05) u obje godine istrazivanja, dok je u obje
godine istraZivanja, znacajno veci (P<0,05) sadrzaj ME utvrden na lokaciji Ogulin (Tablica 2). Utjecaj lokacije na
sadrzaj ST, sadrzaj NDV, vodotopivih ugljikohidrata (VUH) i probavljivost organske tvari (OT) bio je izrazeniji
tijekom 2013. godine (Tablica 2), pri ¢emu je na lokaciji Ogulin utvrden ve¢i sadrzaj NDV i VUH i ME, te veca
probavljivost OT u usporedbi sa lokacijom Novi Marof.

Utjecaj vegetacijske sezone na kvalitetu biljne mase smjese klupcaste ostrice bio je razli¢it na pojedinim lokacijama
(Tablica 2). Tako je na lokaciji Novi Marof, utjecaj godine na pokazatelje kvalitete gotovo u potpunosti izostao, dok
je na lokaciji Ogulin utjecaj godine na kvalitetu biljne mase bio znacajan (Tablica 2). Tijekom 2013. godine DTS
na lokaciji Ogulin sadrzavao je manje ST, manje SB, ve¢i sadrzaj VUH i ME, te vecu probavljivost OT (P<0,05) u
usporedbi sa 2012. godinom.

Tablica 2. Pokazatelji hranjivosti DTS-a crvene djeteline i klupcéaste ostrice na lokacijama Ogulin i Novi Marof
tijekom 2012.12013. godine

Pokazatelji hranjivosti ST NDV SB VUH POT ME
Godina/lokacija gkg' SM gkg! ST M]J kg' ST
012 Novi Marof 185,0 641,3 142,3 56,3 563,3 9,6
Ogulin 207,4 665,2 145,7 47,1 680,0 10,2
2013 Novi Marof 190,7 636,8 132,8 48,8 633,3 9,5
Ogulin 156,8 668,8 122 64,5 691,7 10,4
Signifikantnost
lokacije u 2012 NS NS NS NS NS e
lokacije u 2013 * ot NS * ook oo
godine u Novom Marofu NS NS NS NS NS NS
godine u Ogulinu x NS * e * *
Prosjeci
Novi Marof 187,8 639,1 137,6 52,6 598,3 9,6
Ogulin 182,1 667,0 133,8 55,8 685,9 10,3
Signifikantnost NS o NS NS * o
2012 196,2 653,3 144,0 51,7 621,6 9,9
2013 173,8 652,8 127,4 56,7 662,5 9,9
Signifikantnost NS NS o NS NS NS

NS - nije signifikantno; *, **, *** - signifikantno pri P<0,05, P<0,01, P<0,001, respektivno; SM - svjeZe mase;
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Zakljucci

U uvjetima nedostatka oborina i visokih temperatura tijekom vegetacijskog perioda, farmeri moraju racunati na
znacajan pad produktivnosti smjese crvene djeteline i klupcaste ostrice. lako dominantno pod utjecajem fenofaze u
trenutku kosnje, kvaliteta biljne mase kao reakcija na klimatske uvjete vegetacijske sezone znatno varira i mijenja se
ovisno o agroekoloskim uvjetima pojedine lokacije.

Napomena

Istrazivanje je provedeno u sklopu projekta ,,Primjena novih tehnologija proizvodnje voluminozne krme u cilju
povecanja konkurentnosti obiteljskih mlije¢nih farmi® Vije¢a za istraZivanje u poljoprivredi (VIP) Ministarstva
poljoprivrede, ribarstva i ruralnog razvoja RH, tijekom 2011-2013. godine.
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Yield and quality of clover-grass mixture of red
clover and orchardgrass in different agroecological
conditions

Abstract

Research on the productivity and quality of grass-clover mixture (GCM) consisted of red clover and
orchardgrass was carried out during two years at two locations in the Republic of Croatia.

The average dry matter yield (DMY) during the two years of investigation at Ogulin location was
8.3 t DM ha", while in Novi Marof 6.9 t DM ha™. The productivity of GCM at a particular location
was significantly depended on the growing season, whereby a significantly higher DMY (P>0.05) was
determined at the Ogulin location only in one year of the study.

Although a significant influence of climatic factors on the nutritional value of grass-clover mixture
was determined, the reaction of grass-clover mixture to ecological conditions in a particular growing
season varied depending on the location of the study.

Keywords: orchardgrass, red clover, grass-clover mixture, quality, yield
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SaZetak

Gnojidba dusikom (N) je vrlo bitna agrotehnicka mjera u proizvodnji krme na travnjacima koja utjece
na produktivnost travnjaka, botani¢ki sastav i hranjivu vrijednost krme. Cilj ovog istrazivanja bio
je utvrditi utjecaj primjene N na probavljivost organske tvari (POT) i sadrzaj metabolicke energije
(ME) u dostupnoj biljnoj masi samoniklog poluprirodnog pasnjaka zajednice Arrhenaretheretum
medioeuropaeum. Istrazivana su tri gnojidbena tretmana: N35 (35 kg N ha' god™), N100 (100 kg N
ha'! god™) i N150 (150 kg N ha! god™'), tijekom tri vegetacijske sezone. Gnojidba N nije utjecala na
POT i sadrzaj ME u dostupnoj biljnoj masi samoniklog poluprirodnog pasnjaka. Izostanak reakcije
travnjaka u POT kao i sadrzaju ME (P>0,05) utvrden je u svim godinama (P>0,05), ukazuju¢i da se
takva reakcija moze ocekivati u $irokom rasponu klimatskih uvjeta. Medutim, utvrden je jak utjecaj
vegetacijske sezone na istraZivana svojstva u svim istrazivanim razinama N gnojidbe (P<0,0001).

Kljucne rijeci: dusik, gnojidba, poluprirodni pasnjak, probavljivost, metaboli¢ka energija

Uvod

Primjena N ima klju¢nu ulogu u proizvodnji voluminozne krme na travnjacima. Vrlo je dobro poznato da primjena
N rezultira povecanjem produktivnosti travnjaka (Schils i Snijders, 2004; Annicchiarico i Tomasoni, 2010; Abraha
i sur., 2015.). Osim §to promovira rast biljne mase, N takoder utje¢e na botanicki sastav travnjaka (Kalmbacher i
Martin, 1996.), ali i na hranjivu vrijednost voluminozne krme. Pove¢anje N gnojidbe rezultira povecanjem sadrzaja
sirovih bjelancevina (SB) u biljnoj masi (Pelletier i sur., 2009.) i smanjenjem sadrzaja vodotopivih ugljikohidrata
bez utjecaja na sadrzaj strukturnih ugljikohidrata u voluminoznoj krmi (Enriquez-Hidalgo i sur., 2018; Cinar i sur.,
2020.).

Primjena N nema utjecaja na probavljivost organske tvari (OT) ¢istih kultura trava i djetelinsko travnih smjesa
(DTS) (Abraha i sur., 2015; Enriquez-Hidalgo i sur., 2018.) ili je on vrlo mali. Valk i sur. (1996.) zaklju¢uju da da se
POT trava ve¢im dijelom mijenja pod utjecajem stadija rasta nego pod utjecajem N gnojidbe .

U preglednom radu Peyraud i Astigarraga (1998.) navode da se sa smanjenjem primjene N sadrzaj energije
voluminozne krme ne mijenja ili se mijenja vrlo malo. Medutim, u nekim je radovima utvrdeno smanjenje sadrzaja
ME sa povecanjem N gnojidbe kod trstikaste vlasulje (Wolf i von Boberfeld, 2003.) i talijanskog ljulja (Abraha i sur.,
2015.).

Dok je utjecaj primjene N na kvalitetu krme sijanih travnjaka vrlo dobro istrazen, narocito sa aspekta sadrzaja
sirovih bjelancevina (SB), vrlo je malo radova koji opisuju utjecaj primjene N na kvalitetu krme poluprirodnih
travnjaka u uvjetima napasivanja. Cilj ovoga rada je utvrditi utjecaj primjene N na probavljivost OT i sadrzaj ME
krme samoniklog poluprirodnog pasnjaka.
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pasnjaka

Materijal i metode

Istrazivanje je provedeno tijekom tri godine na pokusnoj povrsini pokusalista ,Centar za travnjastvo* Sveucilista
u Zagrebu Agronomskog fakulteta (636 m n.v.). Pokusni pas$njak pripada travnjackoj zajednici Arrhenaretheretum
medioeuropaeum (Hulina, 1984.), a prije pocetka eksperimenta koristio se kombinirano, ko$njom i napasivanjem
govedima.

Istrazivan je utjecaj gnojidbe N na probavljivost organske tvari i sadrzaj metaboli¢ke energije u dostupnoj biljnoj
masi. Gnojidbeni tretmani su ukljucivali tri razine primjene N u koli¢ini od 35 kg N ha™* god* (N35), 100 kg N ha™
god! (N100) i 150 kg N ha' god ! (N150). Kod svih tretmana, po¢etkom proljetnog porasta biljne mase, primijenjeno
je 500 kg ha'' kompleksnog gnojiva NPK 7:20:30. Na taj nacin, uz 100 kg ha! P,O, i 150 kg ha"' K,O primijenjeno
je 135 kg N ha'l, $to je kod tretmana N35 bila i ukupna godi$nja koli¢ina N te tijekom vegetacije nije bilo primjene
dodatnih koli¢ina N. Kod ostalih tretmana (N100 i N150) ostatak N bio je primijenjen koristenjem KAN-a (27 % N)
u tri jednake aplikacije nakon prva tri turnusa napasivanja u svakoj godini istraZivanja.

Za napasivanje su koristene ovce Charolais pasmine, prosjecne tjelesne mase 70 kg. Intenzitet napasivanja bi je
odreden visinom tratine prije i nakon turnusa napasivanja. S napasivanjem se pocinjalo kada je prosje¢na visina
tratine dosegla 13-15 cm, dok je kraj napasivanja bio pri ciljanoj prosje¢noj visini tratine od 5 cm na kraju
turnusa napasivanja. Visina tratine utvrdivana je mjernim $tapom.

U cilju utvrdivanja probavljivosti OT i sadrzaja ME, prije pocetka svakoga turnusa napasivanja uzeti su uzorci biljne
mase ko$njom na visinu od 5 cm. Uzorci su uzeti sa 3 slu¢ajno odabrana mjesta po osnovnoj parceli (27,5 m?),
upotrebom okvira povrsine 0,3 m?. Za kosnju su koristene rucne $kare.

Uzorci su sudeni u susioniku na temperaturi 60°C tijekom 48 sati nakon ¢ega su samljeveni u mlinu ¢ekicaru (Christy,
Model 11) na veli¢inu ¢estica od 1 mm.

Probavljivost OT utvrdena je izra¢unom nakon in vitro razgradnje biljne mase kori$tenjem automatskog sustava
proizvodnje plina (Cone i sur., 1996.) . Kumulativna proizvodnja plina matematic¢ki je podijeljena koriste¢i
trofazni model (Groot i sur., 1996; Cone i sur., 1997.) kori$tenjem programa NLREG (Sherrod, 1995.). Detalji
inkubacijskog postupka opisani su u radu Bo$njak (2008.).

Probavljivost OT (POT) je izra¢unata koristenjem formule (Gosselink i sur., 2004.):
POT =300 + 1,616 x GP20 + 0,332 x SB

gdje je: GP20 - koli¢ina proizvedenog plina (ml g' OT) nakon 20 h inkubacije; SB - sadrzaj sirovih
bjelancevina (g kg™ suhe tvari (ST)). Sadrzaj SB utvrden je metodom po Kjeldahlu (AOAC, 2012.).

Sadrzaj ME je izracunat koriStenjem sljedece formule (Farina i sur., 2011.):
ME (M] kg™ ST)= [POT (%) x 0,16] -1,8

Podaci su obradeni analizom varijance, u statistickom programu SAS, koriste¢i MIXED proceduru (SAS,
1999.).

Rezultati i rasprava

U 2002. godini prosje¢na godis$nja temperatura zraka iznosila je 7,9 °C, §to je za 1,3 °C toplije od viSegodisnjeg
prosjeka, uz ukupnu godi$nju koli¢inu oborina od 1251,2 mm, $to je 20,2 mm vise od viSegodi$njeg prosjeka. Srednja
godi$nja temperatura zraka za 2003. godinu iznosila je 7,6 °C, §to je 1 °C vide u odnosu na viSegodisnji prosjek.
Ukupna koli¢ina oborina u 2003. godini je bila znatno ispod visegodi$njeg prosjeka, sa ukupno izmjerenih 889,5 mm
oborina, odnosno 38 % manje od viSegodi$njeg prosjeka. U 2004. godini srednja godi$nja temperatura zraka iznosila
je 6,6 °C, §to je identi¢no visegodi$njem prosjeku temperature, sa ukupnom godi$njom koli¢inom oborina od 1283,5
mm, §to je 52 mm vise od viSegodi$njeg prosjeka.

Prosje¢no za sve gnojidbene tretmane, POT je iznosila 741,97 g kg' OT. Za usporedbu, Abraha i sur. (2015.) su
utvrdili prosje¢nu POT talijanskog ljulja u uvjetima frekventne defolijacije od 798 g kg OT dok su Enriquez-Hidalgo
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i sur. (2018.), takoder u uvjetima napasivanja, utvrdili POT biljne mase engleskog ljulja od 770 g kg OT te smjese
engleskog ljulja sa bijelom djetelinom od 800 g kg™ OT.

Primjena N nije utjecala na POT (P>0,05, Tablica 1). Ovi rezultati i na primjeru poluprirodnog pasnjaka potvrduju
navode i zaklju¢ke iz ranijih istrazivanja u kojima primjena N nije utjecala na POT kako u uvjetima niZe primjene
N, do 60 kg N ha! (Abraha i sur., 2015.) tako i u uvjetima vrlo visoke gnojidbe N i primjene do 240 kg N ha' god™
(Enriquez-Hidalgo i sur., 2018.).

Nesignifikantna interakcija N x godina (P>0,05) ukazuje da je ovakva reakcija travnjaka u POT dostupne biljne mase
bila sli¢na u svim istrazivanim godinama.

Medutim, POT dostupne biljne mase bila je razli¢ita u pojedinim godinama istrazivanja (Tablica 1), ukazujuéi na
veliki utjecaj okoli$nih ¢cimbenika na POT dostupne biljne mase poluprirodnog pasnjaka. Razlika u POT biljne mase
poluprirodnog pasnjaka izmedu pojedinih vegetacijskih sezona iznosila je 54,4 g kg' OT (Tablica 1).

Tablica 1. Utjecaj N gnojidbe na probavljivost OT (POT) u dostupnoj biljnoj masi poluprirodnog pasnjaka

POT (gkg' OT)
Gnojidba 2002 2003 2004 Prosjek
N35 709,3 765,4 743,2 739,3
N100 717,5 773,8 748,9 746,8
N150 709,8 760,5 749,0 739,8
Prosjek 712,2¢ 766,6° 747,1°
Izvor varijabilnosti Signifikantnost P
N NS 0,1009
Godina oex <0,0001
N x Godina NS 0,6792

a, b, ¢ - prosjeci oznaceni razli¢itim slovima statisticki se razlikuju (P<0,0001); NS - nije signifikantno

Prosje¢ni sadrzaj ME u dostupnoj biljnoj masi poluprirodnog pasnjaka u ovom istrazivanju iznosio je 10,07 MJ kg™
ST. U istrazivanju Abraha i sur. (2015.) sadrzaj ME u biljnoj masi talijanskog ljulja u uvjetima frekventne defolijacije
iznosio je 11,26 MJ kg ST.

Gnojidba N nije utjecala (P>0,05) na sadrzaj ME u dostupnoj biljnoj masi poluprirodnog pasnjaka (Tablica 2),
pri ¢emu se su se prosjecne vrijednosti sadrzaja ME izmedu gnojidbenih tretmana kretale unutar 0,12 MJ kg ST.
Ovakav rezultat u skladu je s ranijim istrazivanjima koja su sazeli Peyraud i Astigarraga (1998.), koji navode da sa
smanjenjem primjene N sadrzaj energije voluminozne krme ostaje gotovo nepromijenjen. S druge strane, unato¢
¢injenici da je sadrzaj ME u istrazivanju Wolf i von Boberfeld (2003.) utvrdivan u uvjetima odgodenog kori$tenja i u
kasnoj fazi rasta i razvoja trstikaste vlasulje, autori su utvrdili trend pada sadrzaja ME s pove¢anjem N gnojidbe od
0 do 150 kg N ha'' god™. Sli¢no tome, ali u uvjetima frekventne defolijacije talijanskog ljulja, Abraha i sur. (2015.) su
utvrdili pad sadrzaja ME sa povecanjem gnojidbe N ve¢ i pri manjoj koli¢ini primijenjenog N (60 kg N ha™ god™),
pri ¢emu je sadrzaj ME bio za 0,48 M]J kg™ ST nizi u usporedbi sa kontrolom i 0,27 MJ kg ST nizi u usporedbi sa
primjenom 30 kg N ha god™.

Ovakva reakcija travnjaka u sadrzaju ME na primijenjeni N bila je sliéna u svim godinama istraZivanja, na $to
ukazuje nesignifikantna interakcija N x Godina (P<0,05; Tablica 2). To ukazuje na stabilnost reakcije travnjaka na
primijenjeni N u sadrzaju ME, odnosno da se sli¢na reakcija moze ocekivati u irokom rasponu klimatskih uvjeta.
Medutim, usporedujuéi prosjecne vrijednosti sadrzaja ME u pojedinim godinama (Tablica 2), prosje¢no za sve
gnojidbene tretmane, rezultati ukazuju na vrlo veliki utjecaj klimatskih uvjeta na sadrzaj ME u krmi poluprirodnog

pasnjaka. Razlika u prosje¢nom sadrzaju ME izmedu vegetacijskih sezona utvrdena u ovom istrazivanju iznosila je i
do 0,88 MJ kg ST (Tablica 2).
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Tablica 2. Utjecaj N gnojidbe na sadrzaj ME u dostupnoj biljnoj masi poluprirodnog pasnjaka

ME (M] kg™ ST)

Gnojidba 2002 2003 2004 Prosjek
N35 9,55 10,45 10,09 10,03
N100 9,68 10,58 10,18 10,15
N150 9,56 10,37 10,19 10,04
Prosjek 9,59 10,47° 10,15°

Izvor varijabilnosti Signifikantnost P

N NS 0,1050

Godina o <0,0001

N x Godina NS 0,6807

a, b, ¢ - prosjeci oznaceni razlicitim slovima statisticki se razlikuju (P<0,0001); NS - nije signifikantno

Primjena do

Zakljucak
150 kg N ha' god™ ne utje¢e na probavljivost OT i sadrzaj ME u dostupnoj krmi poluprirodnog

pasnjaka. Izostanak uc¢inka N gnojidbe na probavljivost OT i sadrzaj ME ostaje stabilan bez obzira na klimatske
uvijete pojedinih vegetacijskih sezona. Medutim, bez obzira na N gnojidbu, probavljivost OT i sadrzaj ME krme sa
poluprirodnog pasnjaka znatno variraju izmedu pojedinih vegetacijskih sezona.
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The effect of nitrogen fertilization on the
digestibility and metabolic energy content of
forage from indigenious semi-natural pasture

Abstract

Nitrogen (N) fertilization is a very important part of grassland management, which affects the grassland
productivity, the botanical composition and forage nutritional value. The aim of this research was to
determine the influence of N application on the digestibility of organic matter (POT) and the metabolic
energy content (ME) of indigenous semi-natural pasture which belongs to the Arrhenaretheretum
medioeuropaeurm community. Three fertilization treatments were investigated: N35 (35 kg N ha
year™), N100 (100 kg N ha! year’) and N150 (150 kg N ha year™!), during three vegetation seasons.
N fertilization did not affect the POT neither ME content of the available forage from semi-natural
pasture. The absence of a sward reaction in POT as well as in ME content (P>0.05) was found in all
years (P>0.05), indicating that such a reaction can be expected in a wide range of climatic conditions.
However, a strong influence of the growing season on the investigated properties was found in all the
investigated levels of N fertilization (P<0.0001).

Keywords: nitrogen, fertilization, semi-natural pasture, digestibility, metabolic energy
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SaZetak

U posljednjih nekoliko godina zamjetan je trend porasta populacije goveda pasmine angus u Hrvatskoj.
U svrhu opisa tehnologije uzgoja, te utvrdivanja reprodukcijskih i zdravstvenih odlika goveda ove
pasmine, koriSteni su podaci prikupljeni tijekom petogodisnjeg razdoblja s gospodarstva na podrudju
Korduna koje uzgaja 230 angus krava. Uspjesnost koncepcije iznosila je, ovisno o godini, od 65 do
96%, dok je u pra¢enom razdoblju evidentirano ukupno 760 teljenja uz 37 mrtvorodene teladi. Od
utvrdenih bolesti, u teladi se najc¢es¢e javlja proljev (23 slucaja), pneumonija (13 slucajeva), upala
pupka (5 slucajeva) te upala karpalnog zgloba (3 slu¢aja). Nije utvrdena pojava zaraznih bolesti, dok se
odrasla grla redovito tretiraju protiv parazita. Angus pasmina ima dobre reprodukcijske pokazatelje te
odli¢nu otpornost na pojavu bolesti.

Klju¢ne rijeci: angus, sustav krava-tele, telad, reprodukcijske odlike, zdravstvene odlike

Uvod

Stanje govedarske proizvodnje u nekoj zemlji, kao najvaznije grane stocarske proizvodnje, jest vazan pokazatelj
zivotnog standarda, ali i stanja ukupne poljoprivredne proizvodnje (Uremovi¢, 2004.). U Republici Hrvatskoj
je, nazalost, ve¢ duzi niz godina prisutan negativan trend u mlijecnom govedarstvu prvenstveno kao posljedica
relativno niskih i nekonkurentnih otkupnih cijena kravljeg mlijeka. Medutim, posljednjih godina je vidljiv rastu¢i
trend mesnog govedarstva, pri ¢emu je osobito izrazen interes uzgajivaca za sustavom krava-tele. Svakako, interes za
sustavom krava-tele je potaknut i ¢injenicom da u Republici Hrvatskoj postoji puno neiskoristenih poljoprivrednih
povrsina koje ne mogu posluziti kao ratarska zemljista, ve¢ kao pasnjaci. Takoder, ovaj sustav uzgoja zahtjeva manje
radne snage ($to nije nevazno osobito u dana$njim prilikama nedostatka (kvalitetne) radne snage na domacem
trzistu), i uyjedno ne zahtjeva velike tro$kove mehanizacije, kao ni izgradnje gradevinskih objekata (Uremovi¢ i sur.,
2002.).

Usporedno s rastu¢im interesom broja uzgajivaca koji se bave uzgojem goveda u sustavu krava-tele, posljednjih
godina zamijecen je porast broja uvezenih grla angus pasmine u Hrvatskoj. Stoga je cilj ovog rada prikazati najvaznije
odlike tehnologije uzgoja angusa, kao i reprodukcijske te zdravstvene odlike angus pasmine u sustavu krava-tele.

Odlike angus pasmine goveda

Pasmina goveda angus je nastala u Skotskoj u cilju formiranja ranozrelog, otpornog, mesnog goveda koje se moze
uzgajati na pa$njacima. Genetski je bezrogo govedo (pogoduje ekstenzivnom nacinu drzanja) i nizeg je rasta (krave u
grebenu dostizu visinu od 125 do 130 cm, a bikovi do 140 cm). Angus je jednobojno govedo koje se pojavljuje u dva
tipa: crnom i crvenom. Crna boja dlake je dominantna, ¢e$¢a je u uzgoju, trazenija na trzistu te postize bolju otkupnu
cijenu. Angus govedo je umjereno razvijenog tjelesnog okvira s dobro razvijenom muskulaturom, dugackog, sirokog
malom i $irokom glavom (Caput i sur., 2010.). Masa odraslih krava je od 550 do 700 kg, rasplodni bikovi mogu teziti
do 1000 kg, dok je optimalna masa junica i junaca u zavr$nom tovu od 500 do 600 kg. Junice u tovu ostvaruju dnevni
prirast od 850 do 950 g, a bikovi od 1000 do 1200 g (Caput i sur., 2010.).
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Porodna masa teladi je mala (30-35 kg) pa se pasmina odlikuje lakim teljenjem. Mlije¢nost krava je niska, ali dovoljna
za othranu teleta. Procijenjena mlije¢nost angus krava po laktaciji jest u prosjeku 1800-1900 kg (Przysucha i sur.,
2016.). Telad je vitalna i ostaje uz majku, bez potrebe za dodatnom njegom (Caput i sur., 2010.). Ova je pasmina
idealna za uporabna krizanja kako s mesnim, tako i s mlije¢nim pasminama goveda u cilju dobivanja kriZanaca
pogodnih za tov, s dobrom kvalitetom mesa (Ivankovi¢ i Miji¢, 2020.)

Obzirom na podruéja gdje su izvorno nastale, grla ove pasmine su otporna na nepovoljne vremenske uvjete te
izrazene temperaturne razlike. Kako je angus ranozrela pasmina, junice se za prvi pripust pripremaju ve¢ u dobi od
14 mjeseci, a nakon teljenja, krava se za novi reproduktivni ciklus priprema ve¢ nakon mjesec dana. Zahvaljuju¢i
pasiislobodnom nacinu drzanja, meso angusa idealne je masnoce i mramoriranosti, bez suvisne potkozne masti, te
je so¢no i mekano, specifiénog okusa i mirisa.

U Grafikonu 1. prikazano je brojno stanje krava i licenciranih bikova angus pasmine u razdoblju od 2017. do 2021.
godine. Primjetan je gotovo linearan trend povecanja brojnosti ¢istokrvnih krava angus pasmine, dok broj bikova
ima cikli¢ko kretanje uz vidljivo povecanje tijekom posljednje dvije godine.

Grafikon 1. Linearni prikaz brojnosti krava i bikova angus pasmine u Hrvatskoj u razdoblju od 2017. do 2021.
godine (Izvor: Ministartsvo poljoprivrede, 2022.)

Osnovne znacajke uzgoja sustava krava-tele

Sustav krava-tele podrazumijeva uzgojni sustav drzanja goveda mesnog ili kombiniranog proizvodnog tipa koji se
temelji na slobodnom drzanju na ispasi (Perculija, 2011.). Namijenjen je isklju¢ivo proizvodnji teladi ili junadi za
tov, a sve mlijeko koje krava proizvede, namijenjeno je hranidbi teladi - sisanjem (Knezevi¢ i sur., 2005.). Odluka
o odabiru pasmine trebala bi se zasnivati na mogu¢nostima i prihodima koje odredeno podrué¢je moze pruziti,
odnosno povrsini i kvaliteti raspolozivih pasnjaka, oranica i livada. Primjerice, u slu¢aju izdasnih i obilnih pasnjaka,
u obzir dolaze pasmine veceg kapaciteta rasta te visih prirasta, i obrnuto. Ovaj sustav u posljednje vrijeme je sve
vi$e zastupljen u proizvodnji govedeg mesa jer su njegove znacajke jednostavnost drzanja Zivotinja, manji troskovi
hranidbe, niska ulaganja u objekte, kao i smanjena potreba za radnom snagom. Osnova sustava krava-tele je jeftinija
hranidba koja se temelji na voluminoznim krmivima (pasa, sijeno i sjenaza), a u manjoj mjeri na krepkim krmivima.

Tehnologiju uzgoja sustava krava-tele ¢ini nekoliko faza koje zajedno ¢ine zatvoreni proizvodni ciklus, i to: 1.
razdoblje teljenja, 2. razdoblje pripusta, 3. faza potvrde graviditeta, 4. faza odbica teladi, 5. faza razvrstavanja po
spolu i kategorijama unutar stada, 6. razdoblje suhostaja. Za sustav krava-tele pozeljne su krave sa izraZenom
dugovjecnoscu i dobrim reproduktivnim odlikama (redovita pojava fertilnog estrusa i dobra koncepcija). Osim toga,
kao vazni ¢imbenici uspje$ne proizvodnje u sustavu krava-tele isti¢u se odlike vanjstine krava, i to: veli¢ina okvira,
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kapacitet rasta, bezroznost (Sutost), grada tijela, nogu, vimena i sapi. U sustavu krava-tele prakticira se prirodni
pripust i umjetno osjemenjivanje goveda. Kod prirodnog pripusta najées¢e se primjenjuje haremski pripust te
koristenje licenciranih bikova (uzgojno pozitivno ocijenjeni).

Tehnologija uzgoja angusa u sustavu krava-tele

U sustavu krava-tele goveda su tijekom cijele godine na pas$njacima, ¢ime se omogucéuje njihov stalni boravak u
prirodnom okruZenju. Cak se niti junadima u zavrnom tovu ne ograni¢ava kretanje, ve¢ se drze slobodno, na
otvorenom. Kod ovakvog nacina drzanja smanjeni su troskovi ulaganja u objekte i hranu, a dobrobit Zivotinja, kao
i kvaliteta zavr$nog proizvoda je veca. Jednom mjese¢no provodi se vaganje cijelog stada kako bi se utvrdila masa
svake pojedine jedinke i onda uskladila hranidba prema hranidbenim potrebama. Na ovakav nacin lakse se prati
prirast Zivotinja, graviditet krava, tjelesna masa junica pred prvi pripust te zavr$na masa junadi za klanje. Uzgojno
selekcijskim radom na gospodarstvu se odabiru Zivotinje s boljim odlikama fenotipa. Selekcijski pritisak je najveci
na krave, bikove rasplodnjake te junad koja je ¢e se koristiti za obnovu stada. Izlu¢uje se svaka jedinka s uo¢enom
eksterijernom manom: krivi stav nogu, lo$i papci i mane sustava za kretanje, zatim, nepozeljne su krave s teSkim
telenjima, one u kojih se javljaju pobacaji i mrtvorodena telad, no nisu pozZeljne niti one koje radanju blizanace.
Trenutno se u pracenom stadu krave i brede junice tele u jesenskom (rujan-listopad) i proljetnom (veljaca-svibanj)
razdoblju. No, cilj je sva teljenja prebaciti na proljetno razdoblje kako bi krave i novorodena telad mogli u ve¢oj mjeri
koristiti prirodni izvor hranjivih tvari (pasu). Kako je ovaj sustav namijenjen uzgoju tovne junadi za klanje i prodaju
gotovog proizvoda (mesa), najcesc¢e se obavlja se kastracija muske teladi. Istrazivanja su pokazala kako je meso
kastrirane junadi so¢nije i mekse, sadrzi viSe intramuskularne masti uz smanjenu pojavnost visoke pH-vrijednosti i
smanjenu pojavnost tamne boje mesa koja moze odbiti potrosaca prilikom kupnje (Morgan i sur., 1993.). Takoder,
kastracijom se postiZe smanjenje agresije muzjaka, lak§a manipulacija i izbjegavanje naskakivanja na junice u sluc¢aju
zajednickog drzanja (Kos, 2008.). Kastracija se u pra¢enom stadu redovito provodi gumicama za kastraciju i izvodi
se u prva dva tjedna Zivota. To se radi tako $to se gumicom stavljenom na korijen mosnje prekine dotok krvi u
sjemenike. Telad se na pracenom gospodarstvu odbija s tjelesnom masom oko 200 kg, pri dobi od 5,5 do 7 mjeseci.

Hranidba

Temelj hranidbe ovog sustava uzgoja su pasnjaci, kao najbolji, najprirodniji i najjeftiniji izvor hranjivih tvari. S
obzirom na moguca su$na ljeta i zime siroma$ne pasnjacima stado se tijekom cijele godine dodatno prihranjuje
krmivima na hranidbenom stolu. Krave i tovna junad dobivaju izmje$ani obrok koji se sastoji od livadnog sijena,
slame, je¢menog i sto¢nog brasna. Omjer voluminoze i Zitarica za krave je 70:30 dok junad u tovu dobiva manji udio
voluminoze, a ve¢i udio koncentrata (60:40). Tijekom ljetnih mjeseci u hranidbi tovne junadi koristi se i svjezi pivski
trop kao izvor relativno jeftinog proteina. Za razliku od Zivotinja drzanih u zatvorenom objektu ili na vezu, Zivotinje
drzane u sustavu krava-tele se dosta krecu te tako imaju i puno vele energetske potrebe organizma. Potrebe za
bjelan¢evinama, s druge strane, nisu toliko izrazene jer se u ovom sustavu ne radi o velikoj proizvodnji mlijeka. Vazno
je da sve dobne kategorije dobiju dovoljnu koli¢inu hranjivih tvari kako bi junad u tovu postigla zadovoljavajuce
dnevne priraste i kvalitetu mesa, krave zadovoljile svoje uzdrzne potrebe i potrebe teladi tijekom laktacije, dok je za
junice namijenjene rasplodu potrebno da se dovoljno tjelesno razviju za prvi pripust. Pitka voda i mineralne kocke
za lizanje su stalno dostupni svim kategorijama goveda u pra¢enom stadu.

Zdravstveno stanje promatranog stada

Bolesti angus goveda nisu ceste, tako da se ova pasmina, opéenito, smatra jednom od otpornijih pasmina goveda.
Najée$ce je potrebno intervenirati u teladi starosti do dva mjeseca zbog pojave proljeva, zatim pneumonija, upala
pupka i upala karpalnog zgloba, no obolijeva relativno mali broj teladi, uglavnom ona slabija i manje vitalna telad
(Grafikon 2.).
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Grafikon 2. Evidentirane bolesti angus teladi u pracenom stadu

Odrasle jedinke su dobrog zdravstvenog stanja, osim §to je u stadima redovita pojava bolesti moraksela tj. zaraznog
keratokonjuktivitisa (Slika 1.).

Stadij 1 Stadij 2 Stadij 3

Slika 1. Razvoj bolesti moraksela u goveda (stadij 1-3)
Izvor: (Cornell Cooperative Extension, 2022)

Na pracenom gospodarstvu u posljednjih je pet godina zabiljezeno 37 mrtvorodene teladi te 15 pobacaja od kojih
niti jedan nije prepoznat kao zarazan (Grafikon 3.)
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Grafikon 3. Pojavnost mrtvorodene teladi i pobacaja na pracenom gospodarstvu

Reprodukcijske odlike

Angus pasmina, kako je ranije navedeno, spada u skupinu ranozrelih goveda (Ivankovi¢ i Miji¢, 2020). Ranozrele
pasmine mogu se prvi put pripustiti ve¢ nakon navrSenih 16-18 mjeseci. Prilikom prvog pripusta, paznja ne smije
ostati samo na spolnoj zrelosti, nego i na fizickoj jer ukoliko dode do preranog pripusta, javljaju se brojni problemi
poput zakrzljalosti i poteskoca pri teljenju, smanjenog lucenja kolostruma i mlijeka, i sl. Uzgajivaci se drze pravila da
junice idu na prvi pripust kada dostignu 2/3 svoje zavr$ne mase. Mladi bikovi za reprodukciju po¢inju se koristiti ve¢
nakon navrsene godine dana, ali se pritom koriste na manjem broju plotkinja. Kod ove pasmine, kako cijelo vrijeme
boravi na otvorenom, prakticira se prirodni pripust, i to haremskim na¢inom, a umjetno se osjemenjuje tek manji
broj krava (one koje nisu ostale gravidne uz bika). Na predmetnoj farmi mjesec dana nakon sezone pripusta obavlja
se pregled ultrazvukom, kako bi se utvrdio broj gravidnih krava.

Vazni parametri na koje je potrebno obratiti paznju kod reprodukcije stada su: dob junica pri prvoj koncepciji,
dob krava pri prvom teljenju, trajanje graviditeta, trajanje servis perioda, interval teljenja te prosje¢na proizvodnja
tijekom Zivota (Konjaci¢ i sur., 2006.). Na predmetnoj farmi minimalna dob junica za prvu oplodnju je 15 mjeseci,
ali pritom junica treba teZiti minimalno 350 kg. Prosje¢na dob krava pri prvom teljenju je dvije godine, a gravidnost
u prosjeku traje 280 dana, odnosno devet mjeseci. Servis period (razdoblje od teljenja do ponovne koncepcije) moze
trajati od 45 dana pa do Cetiri mjeseca, dok interval izmedu teljenja iznosi od 11 do 14 mjeseci. Trenutno je u
pra¢enom stadu angusa raspon starosti krava od 5 godina do 11 godina, a ¢ak i starije krave se jo$ uvijek koriste u
reprodukciji. U Tablici 1. prikazani su prikupljeni reprodukcijski podaci predmetnog stada koji ukazuju na povoljne
reprodukcijske odlike angus pasmine (u posljednjih pet godina).
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Tablica 1. Reproduktivni podaci pracenog stada angus goveda tijekom posljednjih pet godina

Broi i udi Udi Lijecenje
Broj Broj Broj krava u Broj krava (r)? ; (;e nl(? Broj inteli) encii teladi u prva
Godina  rasplodnih  rasplodnih  prirodnom umjetno pOtVECe teljenja CIVENC2 dyva mjeseca
krava bikova pripustu osjemenjenih gravidnih pri teljenju  giarosti
krava (%)
(grla)
2018. 52 2 50 0 50 (96%) 47 1 2
2019. 267 4 202 32 234 (88%) 118 1,5 7
2020. 312 4 196 7 203 (65%) 290 4 19
2021. 271 3 205 11 216 (80%) 216 1,40 12
2022. 220 3 181 5 186 (85%) 89 1 4
Zakljucak

Hrvatski uzgajiva¢i prepoznali su potencijal i prednosti angus pasmine te radi toga populacija ima pozitivan
trend. Reproduktivne odlike goveda na pra¢enom gospodarstvu su bile zadovoljavajuce: od ukupnog broja krava u
pripustu ostaje gravidno 80-96% krava (izuzetak je bila 2020. godina kada je koncepcija iznosila samo 65%). Tijekom
posljednjih pet godina u pra¢enom stadu angus goveda bilo je svega 15 pobacaja i 37 mrtvorodene teladi. U odraslih
jedinki nije bilo problema sa zdravstvenim statusom, tek se u nekoliko jedinki pojavio zarazni keratokonjuktivitis
(moraksela) koji se lijecio antibioticima. Tijekom pracenog razdoblja u teladi se tijekom prva dva mjeseca najcesce
pojavljivao proljev, zatim pneumonija, upala pupka te upala karpalnog zgloba. Nije bilo pojave zaraznih bolesti,
dok su odrasla grla redovito tretirana protiv parazita. Angus pasmina se na pra¢enom gospodarstvu pokazala kao
izuzetno prilagodljiva te postize odli¢ne rezultate obzirom na relativno nepovoljne vremenske uvjete na podrucju
Korduna.

Napomena

Rad je izvod iz Zavr$nog rada Katarine Buha, bacc.ing.agr., naslova ,,Uzgoj i kori$tenje angus pasmine u sustavu
krava-tele“. Potrebni podaci su prikupljeni na farmi krava Poloj d.o.o.
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Breeding technology, reproductive and health
traits of the Angus breed in the cow-calf system

Abstract

In the last few years, there has been a noticeable trend towards an increase in the population of
Angus cattle in Croatia. For the purpose of describing the breeding technology and determining the
reproductive and health characteristics of cattle of this breed, data collected during a five-year period
from one farm in the Kordun area that breeds 230 Angus cows were used. Conception success was,
depending on the year, from 65 to 96%, while a total of 760 calvings with 37 stillborn calves were
recorded in the monitored period. Among the established diseases, diarrhea (23 cases), pneumonia (13
cases), navel inflammation (5 cases) and carpal joint inflammation (3 cases) are the most common in
calves. The occurrence of infectious diseases has not been determined, while adult throats are regularly
treated against parasites. The Angus breed has good reproductive indicators and excellent resistance

to disease.

Keywords: angus, cow-calf system, calves, reproductive traits, health traits
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SaZetak

Cilj je bio utvrditi frekvencije genotipova i alela na lokusima 606 i 612 MTNRIA gena te distribuciju
janjenja po sezonama u ovaca pasmine dalmatinska pramenka. U tu je svrhu genotipizirano 40
jedinki PCR-RFLP metodom i utvrdeni su sljede¢i genotipovi na lokusu 606: CC 0,10; CT 0,48 i TT
0,42, a na lokusu 612: GG 0,90 i GA 0,10. Na osnovu utvrdenih genotipova frekvencije alela bile su
sljedece: C 0,34; T 0,66; G 0,95 i A 0,05. Bez obzira na utvrdeni genotip na istrazivanim lokusima,
dominantna sezona janjenja bila je zima. Nejednaka prevalencija povoljnih alelnih varijanti na oba
istrazivana lokusa otezava donoselje zakljucka o genetskoj preddisponiranosti dalmatinske pramnke
za vansezonska janjenja.

Klju¢ne rijeci: genotip, alel, MTNRIA, dalmatinska pramenka, janjenje

Uvod

Sezonska reprodukcija Cesta je odlika vecine divljih vrsta koja omogucuje partus u optimalno doba godine (obi¢no
u proljece) te rast mladuncadi u povoljnim temperaturnim uvjetima uz dostupnost dostatnih koli¢ina hrane
prije sljede¢e zime (Thiéry i sur., 2002.). Proces pripitomljivanja doveo je do gotovo potpunog gubitka navedene
prilagodbe u goveda i svinja, ali je ona uglavnom jo$ uvijek zadrzana u veéine pasmina ovaca, koza i konja koji
potjecu s umjerenog klimatskog podrucja. Stoga je, u vecine pasmina ovaca razdoblje spolne aktivnosti regulirano
duljinom dana, odnosno fotoperiodom, a informacije o promjeni fotoperioda organizam prima putem hormona
melatonina. Koli¢ina izlu¢enog melatonina ovisi o izmjenama dana i nodi jer je trajanje sekrecije melatonina u
pozitivnoj korelaciji s brojem no¢nih sati (Karsch i sur., 1984.). Melatonin na ciljna tkiva i organe dijeluje putem
specifi¢cnih G-proteinskih receptora, MT1 i MT2, koji imaju visok afinitet za melatonin, a od kojih je samo MT1
receptor uklju¢en u regulaciju reprodukcijskih funkcija (Dubocovich i sur., 2003., Mura i sur., 2010.). Gen koji
kodira MT1 receptor ili MTNRIA gen u ovaca se nalazi na 26 kromosomu izmedu mikrosatelita CSSM43 i BM6526
(Messer i sur., 1997.). Navedeni gen se sastoji od dva egzona podjeljena s velikim intronom, a polimorfna mjesta
na pozicijama 606 1 612 (Reppert i sur., 1994.) drugog egzona omogucila su detekciju pozeljnih alela u razli¢itih
pasmina ovaca (Chu i sur., 2006.; Carcangiu i sur., 2009.; Mateescu i sur., 2009.; Mura i sur., 2010.; Martinez-Royo i
sur., 2012.; Saxena i sur., 2014.; Avanus i Altinel, 2016.; Vlahek i sur., 2017.; Drzaié i sur. 2016., 2017., 2019. 1 2020.;
Stari¢ i sur., 2020.). Detekcijom pozeljnih varijanti MTNR1A gena i odabirom jedinki s favoriziranim genotipovima
nastoje se ublaziti izravne posljedice sezonske reprodukcije kao $to su neravnomjerna ponuda ovéjih proizvoda
tijekom godine, osobito janje¢eg mesa i ov¢jeg mlijeka. Sezonska ponuda ovéjih proizvoda prisutna je i u Hrvatskoj
obzirom da veéinu uzgajanih pasmina odlikuje sezonska reprodukcijska aktivnost. Skupini takvih pasmina pripada
i dalmatinska pramenka koja se uzgaja na $irem priobalnom podru¢ju Dalmacije, u Dalmatinskoj zagori, Bukovici,
te na nekim srednjedalmatinskim otocima (Bra¢, Hvar, Vis, Kornati i dr.). Dalmatinska pramenka pripada skupini
kasnozrelih ovaca, a ovce uglavnom pripustaju ujesen tako da se ve¢inom ojanje u razdoblju od sije¢nja do ozujka
(Caput i sur., 2010.). Iako pasminu odlikuje sezonska reprodukcijska aktivnost, navedeni autori, naglasavaju
mogucnost dvokratnog godi$njeg janjenja ili tri janjenja u dvije godine u boljim hranidbenim uvjetima. Utvrdivanje
pozeljnih alelnih varijanti MTNRI1A gena omogucilo bi uvid u gentsku predispoziciju pasmine za izvansezonsku
reprodukciju. Stoga je cilj predmetnog istrazivanja bio utvrditi frekvencije genotipova i alela na lokusima 606 i 612
MTNRIA gena PCR-RFLP metodom te distribuciju janjenja po sezonama u stadu ovaca dalmatinske pramenke.
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Materijal i metode

Predmetnim je istrazivanjem bilo obuhvaceno 40 odraslih, tjelesno potpuno razvijenih i zdravih ovaca pasmine
dalmatinska pramenka koje su odabrane iz stada s ukupno oko 200 rasplodnih grla s podru¢ja Vrlike. Kriterij
za odabir rasplodnih ovaca bio je postojanje podataka o barem tri janjenja. Za potrebe izolacije DNK uzet je
uzorak tkiva s ruba usne $koljke, a podatci o datumu rodenja pojedine jedinke te podatci o janjenjima (redoslijed
i datum janjenja) ustupljeni su od strane Ministarstva poljoprivrede Republike Hrvatske. Izolacija DNK iz tkiva
provedena je GenElute® Mammalian Genomic DNA Miniprep Kit-om (Sigma-Aldrich, Saint Louis, MO, USA), a
uspjesnost izolacije i kvaliteta DNK provjereni su elektroforezom na 1% gelu agaroze (Lonza, Rockland, ME, USA).
Lancana reakcija polimeraze (eng. polymerase chain reaction PCR) provedena je prema protokolu proizvodaca
Promega sa GoTaq” G2 Hot Start Green Master Mix (Promega Corporation, Madison, WI, USA). PCR u ukupnom
volumenu od 25 pL ukljucivao je 1,0 uL tj. 50 ng genomske DNK, 12,5 uL. GoTaq® G2 Hot Start Green Master
Mix, 0,75 puL pojedine oligonukleotidne pocetnice 10 pM, i 10,0 pL vode slobodne od nukleaza. Oligonukleotidne
pocetnice: prema naprijed (eng. forward): 5-TGTGTTTGTGGTGAGCCTGG-3’ i prema natrag (eng. reverse):
5-ATGGAGAGGGTTTGCGTTTA -3’ (Sigma-Aldrich) preuzete su od Messer i sur. (1997.). Uvjeti PCR reakcije bili
su sljededi: reakcija aktivacije Taq polimeraze na 94°C/5 min, 35 ciklusa umnazanja ciljne DNK sekvence (94°C/30
s, 55°C/30s, 72°C/45 s) te krajnje produljenje umnozene Zeljene sekvence DNK na 72°C/5 min. Umnazanje ciljnog
DNK odsjecka provedeno je u 35 ciklusa. Navedeni uvjeti omogucili su amplifikaciju glavnog dijela drugog egzona
MTNRIA gena (GenBank Acc. No. U14109) duljine 824 bazna para (bp; Reppert i sur., 1994.). Provjera uspjesnosti
PCR reakcije obavljena je pomocu elektroforeze na 1% gelu agaroze paralelno s biljegom od 100 bp (PCR 100bp Low
Ladder; Sigma-Aldrich). Nakon uspjesne PCR amplifikacije genotipizacija za lokus 606 i lokus 612 MTNRIA gena
provedena je PCR-RFLP metodom s Rsal i MnlI restrikcijskim endonukleazama (New England Biolabs, Beverly,
MA, USA). Restrikcijsko cijepanje PCR produkata provedeno je u ukupnom volumenu od 20 pL sadrzavajuéi 10 uL
PCR produkta i 10 pL reakcijskog miksa pojedine restrikcijske endonukleaze. Rsal reakcijski miks sastojao se od:
5,85 pL demineralizirane vode, 2,0uL 10 x pufer T, 2,0 pL 0,1% BSA i 0,12 pL Rsal 1U, a MnlI reakcijski miks od:
6,88 pL demineralizirane vode, 3,0 L 10 x NEB pufera i 0,12 uL MnlI 5U. Inkubacija PCR produkata i restrikcijskog
miksa je provedena u vodenoj kupelji u ukupnom trajanju od 5 sati na 37°C za obje restrikcijske endonukleaze.
Rezultati enzimatskog cijepanja analizirani su elektroforezom na 3% gelu agaroze paralelno s biljegom od 50 bp
(DNA Step Ladder, Promega Corporation, Madison, WI, USA). Genotipizacija uzoraka na lokusu 606 bila je: CC
(267 bp, 23 bp), CT (290 bp, 267 bp, 23 bp) i TT (290 bp), a na lokusu 612: GG (236 bp, 67 bp), GA (303 bp, 236 bp,
67 bp) i AA (303 bp) (Carcangiu i sur., 2009.; Drzai¢ i sur., 2017., 2019., 2020.).

Frekvencije alela i genotipova te frekvencije janjenja po sezonama za utvrdene genotipove izraunate su koristenjem
statistickog programa R (R Core Team, 2008). Sezone su definirane na sljede¢i nacin: proljeée (od 21. 3. do 20. 6.),
ljeto (od 21. 6. do 20. 9.), jesen (od 21. 9. do 20. 12.) i zima (od 21. 12. do 20. 3.). Testiranje odstupanja frekvencija
utvrdenih genotipova od o¢ekivanih za populaciju u Hardy-Weinbergovoj ravnotezi u promatranom uzorku izvr$eno
je Hi-kvadrat testom (x2).

Rezultati i rasprava

Kod svih istrazivanih ovaca, analizom polimorfizama na osnovu duzine restrikcijskih fragmenata (RFLP),
identificirani su polimorfizmi MTNRIA gena na pozicijama 606 i 612 referentne sekvence (U14109). U tablici 1
prikazane su utvrdene frekvencije genotipova i alela na lokusima 606 i 612 MTNRIA gena i rezultati Hi-kvadrat
testa. Na lokusu 606 MTNRIA gena utvrdena su sva tri genotipa, a najzastupljeniji je bio heterozigotni genotip CT
s ferkvencijom 0,48, zatim homozigotni genotip TT s frekvencijom 0,42, dok je frekvencija homozigotnog genotipa
CC bila 0,10. Na drugom istrazivanom lokusu (lokus 612) utvrdena su samo dva genotipa i to homozigotni genotip
GG i heterozigotni genotip GA s frekvencijama 0,90 i 0,10. Genotip AA na lokusu 612 MTNRIA gena nije utvrden
u istrazivanim uzorcima ovaca dalmatinske pramenke. Utvrdena je vi$a frekvencija alela T (0,66) u odnosu na alel C
(0,34) na lokusu 606, te znatno vi$a frekvencija alela G (0,95) u odnosu na alel A (0,05) na lokusu 612.
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Tablica 1. Utvrdene frekvencije genotipova i alela na lokusima 606 i 612 MTNR1A gena te rezultati x2-testa

Frekvencija genotipova Frekvencija alela HWE

Lokus 606 Lokus 612 Lokus 606 Lokus 612 Lokus 606 Lokus 612
cC CT TT GG GA AA C T G A X X

0,0 048 042 095 010 000 034 066 095 005 0,155 0,111™

HWE - Hardy-Weinberg equilibrium; y*, = = 3,84; nz - nije znacajno

Chu i sur. (2006.) navode znacajno vise frekvencije C i G alela u poliestri¢nih pasmina (Small tail Han i Hu ovca) u
odnosu na sezonski poliestri¢ne pasmine (Suffolk, Dorset i njemacki merino). Navedeno potkrepljuju Saxena i sur.
(2014.) navodedi visoke frekvencije C (0,87) i G (0,88) alela u poliestri¢nih Chokla ovaca. Vise frekvencije Ci G alela
utvrdene su i u Sarda ovaca (0,66 i 0,78; Carcangiu i sur., 2009.) te u turske Kivircik pasmine (0,68 i 0,89; Avanus i
Altinel, 2016.) koje odlikuje duza pripusna sezona u odnosu na tipi¢ne sezonski poliestricne pasmine ovaca. I dok
su u poliestri¢nih pasmina i pasmina s produzenom pripusnom sezonom utvrdene vise frekvencije alela G na lokusu
612 MTNRIA gena, u divlje ovce (Ovis Gmelini Musimon) koju odlikuje izrazita sezonska pojava estrusa i janjenja
utvrdene su vise frekvencije alela A (0,66) u odnosu na alel G (0,34) te posljedi¢no i vise frekvencije genotipa AA
(0,50) u odnosu na genotip GG (0,18; Carcangiu i sur., 2010.). U sezonski poliestri¢nih pasmina ovaca, kao $to je
travnicka pramenka utvrdene su jednake frekvencije C (0,50) i T (0,50) alela te znatno viSe frekvencije G (0,88) u
odnosu na A (0,12) alel (Drzai¢ i sur., 2016.). Nadalje, u ovaca dalmatinske pramenke Vlahek i sur. (2017.) navode
vecu frekvenciju alela T (0,72) na lokusu 606 i vecu frekvenciju alela G (0,90) na lokusu 612 uz izostanak genotipa
AA, $to je potvrdeno predmetnim istrazivanjem (Tablica 1). U istarske ovce, takoder sezonski poliestri¢ne pasmine,
utvrdene su vise frekvencije T (0,63) u odnosu na C (0,37) alel te viSe frekvencije G (0,80) u odnosu na A (0,20) alel
(Drzai¢ i sur., 2020.). U slovenskih pasmina ovaca: istarske pramenke i bovske ovce utvrdene su vi$e frekvencije C
(0,59) uodnosuna T (0,41) alel te vise frekvencije G (0,641 0,68) u odnosu na A (0,36 i 0,32) alel (Stari¢ i sur., 2020.),
dok su u jezersko-sol¢avske pasmine isti autori utvrdili vise frekvencije alela T (0,64) i alela G (0,64) premda razlike
u frekvencijama alela koje autori navode nisu bile toliko izraZzene kao u ranije navedenim istrazivanjima. Razlike
u frekvencijama alela na istrazivanim lokusima MTNRIA gena u razli¢itih pasmina ovaca posljedica su razli¢itog
selekcijskog pritiska koji je prisutan u pojedinim uzgojima (Martinez-Royo i sur., 2012., Stari¢ i sur., 2020.).

Iz rezultata x2-testa je razvidno da utvrdeni genotipovi MTNRIA gena u istrazivanoj populaciji ovaca dalmatinske
pramenke na lokusima 606 i 612 statisti¢ki ne odstupaju znacajno od ocekivanih frekvencija genotipova populacije
u Hardy-Weinbergovoj ravnotezi (Tablica 1). Navedeno je i ocekivano obzirom da se radi o najbrojnijoj populaciji
ovaca u Hrvatskoj u koje zbog ekstenzivnog sustava uzgoja nije provodena intenzivnija selekcija. Distribuciju
genotipova na lokusima 606 i 612 MTNR1A gena unutar Hardy-Weinbergove ravnoteZe navode Saxena i sur. (2014.)
za Chokla pasminu, Dr7ai¢ i sur. (2016.) za travni¢ku pramenku, Drzai¢ i sur. (2019.) za cigaju te Drzai¢ i sur. (2020.)
za istarsku ovcu. Distribucija frekvencija janjenja ovaca dalmatinske pramenke temeljem genotipa na istrazivanim
lokusima MTNRIA gena po sezonama prikazane su u tablici 2. U istrazivanoj populaciji evidentirana su ukupno
142 janjenja, a od toga 88 janjenja bilo tijekom zime (61,97%), 53 tijekom proljeca (37,33%), dok je jedno janjenje
(0,7%) evidentirano tijekom jeseni.
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Tablica 2. Distribucija frekvencija janjenja dalmatinske pramenke po sezonama obzirom na genotipove lokusa 606 i
612 MTNRI1A gena

Sezona janjenja
Genotip Proljece Ljeto Jesen Zima UKUPNO
n % n % n % n % n %
CC 7 4,93 0 0,00 0 0,00 9 6,34 16 11,27
é o CT 31 21,83 0 0,00 1 0,70 36 25,35 68 47,89
S8 1T 15 10,57 0 0,00 0 0,00 43 30,28 58 40,85
X 53 37,33 0 0,00 1 0,70 88 61,97 142 100,00
GG 47 33,10 0 0,00 1 0,70 78 54,93 126 88,73
é o GA 6 4,23 0 0,00 0 0,00 10 7,04 16 11,27
ST AA - - - - - - - - - -
2 53 37,33 0 0,00 1 0,70 88 61,97 142 100,00

S obzirom na genotip na lokusu 606 po broju janjenja dominirale su jedinke heterozigotnog genotipa CT sa 68
janjenja, zatim jedinke homozigotnog genotipa TT sa 58 janjenja te jedinke homozigotnog genotipa CC sa 16
janjenja §to je sukladno utvrdenim frekvencijama genotipova na navedenom lokusu (Tablica 1). Jedinke sva tri
genotipa na lokusu 606 MTNRI1A gena najve(i broj janjenja ostvarile su tijekom zime. Navedena distribucija janjenja
po sezonama utvrdena je i s obzirom na genotip na lokusu 612 gdje je dominantna sezona janjenja, bez obzira na
genotip, bila zima. Po broju janjenja dominirale su jedinke GG genotipa zimi (78 janjenja) i u proljece (47 janjenja)
$to je sukladno visokim frekvencijama navedenog genotipa u istrazivanoj populaciji ovaca dalmatinske pramenke.
Carcangiu i sur. (2009.) navode ve¢i udio janjenja Sarda ovaca CC i GG genotipa u razdoblju rujan-prosinac (68%
i 80%) u odnosu na razdoblje sije¢anj-travaj (35% i 20%), dok za ovce TT i AA genotipa navode ve¢i udio janjenja
u razdoblju sijecanj-travanj (55% i 78%) u odnosu na razdoblje rujan-prosinac (45% i 22%). Autori dalje navode
podjednake udjele janjenja ovaca heterozigotnih genotipova CT i GA u oba razdoblja. Nadalje, jedinke GG genotipa
Sarda ovaca odlikuje veca plodnost te brza pojava estrusa nakon proljetnog janjenja i tretmana melatoninom (Mura
isur, 2019.) te znacajan utjecaj muzjaka na pojavu estrusa tijekom anestralnog razdoblja bez obzira na dob i tjelesnu
masu ovaca (Luridiana i sur. 2015.). Izostanak jasnijeg utjecaja istrazivanih polimorfizama MTNRI1A gena u ovaca
dalmatinske pramenke na pojavu janjenja uvelike je uvjetovan menadZzmentom u komercijalnom stadu iz kojeg su
prikupljeni uzorci. U proizvodnji mesa uzgajivacima je cilj da se ovce janje tijekom zime i u rano proljece kako bi
glavnina janjadi za trziste bila spremna u vrijeme Uskrsa kad je i najveca potraznja za janje¢im mesom. Uz navedeno,
distribucija genotipova na istrazivanim lokusima nije bila ujednacena, tko je na lokusu 606 zastupljenost CC genotipa
bila samo 0,10, dok je u istoj frekvenciji bio zastupljen genotip GA na lokusu 612, a genotip AA je izostao $to dodatno
otezava interpretaciju dobivenih rezultata.

Zakljucak

Obje povoljne varijante alela MTNRIA gena za mogu¢nost vansezonske reprodukcije (606 C i 612 G) nisu bile
dominantne na oba lokusa, ve¢ samo na lokusu 612, §to otezava donosenje zakljucka o podobnosti pasmine za
provedbu selekcije na van-sezonska janjenja. Nadalje, zastupljenost genotipova nije bila ravnomjerna ve¢ je bila
izrazita prevalencija genotipova CT i GG $to je imalo dodatni nepovoljni u¢inak u donosenju zakljucaka. Daljnja
istrazivanja koja bi ukljuc¢ivala genotipiziranje veceg broja jedinki, a osobito onih kod kojih su povijesno poznate
incidencije vansezonskih janjenja, znacajno bi doprinjela boljem razumijevanju ove problematike i donosenju
konkretnijih zakljuc¢aka o vezi izmedu genotipa i fenotipa u dalmatinske pramenke.
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MTNRIA gene polymorphisms in Dalmatian
pramenka

Abstract

The aim was to determine the frequency of genotypes and alleles at loci 606 and 612 of the MTNR1A
gene and the distribution of lambing by season in Dalmatian pramenka. For this purpose, 40 individuals
were genotyped using the PCR-RFLP method and the following genotypes were determined at loci 606:
CC0.10,CT 0.48, and TT 0.42 and loci 612: GG 0.90 and GA 0.10. Based on the determined genotypes,
allele frequencies were as follows: C 0.34, T 0.66, G 0.95, and A 0.05. Regardless of genotype at the loci,
the predominant lambing season was winter. Different prevalence of the favorable allelic variants at
both loci makes it difficult to draw a firm conclusion about the genetic predisposition of Dalmatian
pramenka for out-of-season lambing.

Keywords: genotype, allele, MTNR1A, Dalmatian pramenka, lambing
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Summary

The aim of the study was to estimate coefficient of inbreeding (F,. ) and generation interval (GI) in the
population of Pag sheep breed in order to provide a scientifically based background for implementation
of optimum contribution selection. The average F,_ was 6%, with inconsistent trend in the last decade,
and GI was estimated to be 4.44 years. The F,  was higher than reported for majority of few well
known European dairy breeds, while the GI was in line with the reports. The estimated F,_ calls for
attention of the breeders to keep it as low as possible in the future, preferably by following the basic

principles of the optimum contribution selection.
Keywords: Pag sheep, inbreeding, generation interval, selection

Introduction

The Pag sheep breed with an estimated population size of 30,000 animals has great economical, traditional, and
cultural importance for residents of the Pag island. Dairy products of the breed have a tremendous market niche
for long time now (milk ~1.7 €/L, cheese ~30 €/kg) which is the main reason why the breeders seek to permanently
increase the milk production in their flocks via selection. Pedigree and performance recording in this population
started about two decades ago in order to use BLUP in genetic evaluation for dairy traits (test-day repeatability animal
model; Spehar et al., 2020.). Substantial part of the phenotyped population has been recently genotyped (50K SNP
chip) for purpose of transition to genomic selection (single-step genomic BLUP; Legarra et al., 2009.). Inbreeding
is inevitable in small populations, especially under severe selection pressure due to overuse of genetically superior
animals. The rationale behind this claim relies on the fact that animals that share common genes, have similar
breeding values, and therefore tendency to inter-mate. In order to control inbreeding while providing selection gain,
future mating schemes should have a low expected inbreeding coeflicient of the offspring, which is a consequence of
the kinship between the parents (Legarra et al., 2009.). Generation interval (GI) represents an important population
parameter for predicting response to selection and provides an indication about dynamics of generations change in
the population under concern (Boichard et al., 1997.; Gutiérrez et al., 2003.). The shorter the GI, the faster selection
gain is expected in the population. However, this is the true only under assumption that selection intensity remains
the same, which cannot be obtained because these two parameters are tightly related to each other in undesirable
manner. The optimum contribution selection seems to be the best possible selection strategy in the future for this
population in order to provide selection gain while minimising loss of genetic variability. In the era of “genomics’,
the best possible solution seems to be the genomic selection. However, prior to transition to this complex strategy,
numerous questions about existing state of the population need to be answered. The level and trend of inbreeding
and GI are very important population parameters from this point of view so their estimation represents the main
goals of this study.

Material and methods

Pedigree records were provided by the Croatian Ministry of Agriculture. Initial pedigree comprised of 281760 animals
born from 1981 to 2019, but after comprehensive quality control of the pedigree, only subset of the animals with
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sufficient pedigree information was used in estimation of coefficient of inbreeding and GI. Number of fully traced
generations (NFG) represented the number of the last ancestral generation with known sire and dam. Number of
equivalent generations (NEG) was obtained as the sum of the proportions of known ancestors of an individual
over all traced generations as follows: . where was the number of ancestors of individual , and was the number of
generations between individual and its ancestor i (Maignel et al., 1996.). In this way, 1/2 was added for each known
parent, 1/4 for each known grandparent, 1/8 for each known great-grandparent and so on. Pedigree completeness
index (PCI) or harmonic mean of the pedigree completeness of the parents was calculated using the following
formula: with and being proportions of paternal and maternal ancestors estimated based on: where was the ratio
of known to unknown ancestors in each generation and was the number of generations (MacCluer et al., 1983.).
Completeness was calculated for individuals and for groups of individuals in each ancestral generation representing
the proportion of known ancestors in each generation (Figure 1). Reference population was set to animals born after
2010 with constraint imposed on animals with NEG=3. The generation interval was calculated as the average age of
the parents at birth of their offspring, and coefficient of inbreeding (F,, ) as the probability that two alleles chosen
at random from the maternal and paternal haplotypes are identical by descent. The pedigree analysis was conducted
in the R programming environment (R Core Team, 2020.) using package “optiSel” (Wellmann, 2021.). Preparation
of data, descriptive statistical analysis, and plotting of the results were carried out using “data.table” (Dowle and
Srinivasan, 2021.), “tidyverse” (Wickham et al., 2019.), “pastecs” (Grosjean and Ibanez, 2018.), “descriptr” (Hebbali,
2020.) and “ggplot2” (Wickham, 2016.).

Results and discussion

The coefficient of inbreeding (F,,,) obtained from genealogical records is accurate insofar as the quality of
the pedigree. Therefore, a thorough control of the pedigree completeness was carried out in order to establish a
reference population with sufficient ancestral information. Rams and ewes had practically the same completeness
of the pedigree (Figure 1). It is visible that 100% of individuals have known both ancestors in the first generation,
almost 99% of them in the second, 85% in the third, 56% in the fourth and 31% in the fifth. The average NEG, NFG,
NMG, and PCI in the reference population was 3.96, 2.48, 6.9, and 0.73, respectively (Table 1). The obtained quality
control parameters of the pedigree kind of guarantee that F,,  and GI in this population was estimated with sufficient
dose of certainty. The estimated average of F,_  in the reference population was 6% (Table 1) with three quarters of
population having F,_ | below 1% (Table 2). Different quality of the pedigree between different populations often
poses huge limits to fair comparisons of estimates of F, obtained in different studies. Many studies on sheep breeds
do not impose any restrictions based on the pedigree quality parameters while estimating F,_ , which often results
with severe underestimation of the true value of F,  Our estimate might be to some extent comparable to F,
obtained in Italian (Cortellari et al., 2022.), Spanish (Granado-Tajada et al., 2020.), and French (Rodriguez-Ramilo et
al., 2019.) dairy sheep breeds. However, missingness of pedigree information in the two latter studies was tackled by
using methodology proposed by VanRaden (1992.) which allows estimating inbreeding coefficients in populations
with missing genealogy, by assuming that the F,, | of individuals with missing parents are equal to the mean of the
inbreeding coefficients of those animals with known parents and born during the same year. The estimated F,_  for
Delle Langhe, Comisana, Massese and Sarda was estimated at 6%, ~2%, ~4%, and ~9%; for Latxa Cara Negra from
Euskadi, Latxa Cara Rubia, and Latxa Cara Negra from Navarre ~2%, ~2%, and ~2%; and for Basco-Béarnaise,
Manech Téte Noire, Manech Téte Rousse, Lacaune Confederation, and Lacaune Ovitest ~3%, ~3%, ~2%, ~2%, and
~3%, respectively.
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Figure 1. Completeness of the pedigree in the reference population.

Table 1. Quality control parameters of the pedigree, coeflicient of inbreeding, and generation interval estimated in
the reference population of Pag sheep breed

NEG NFG NMG PCI Forp GI
min 3.00 1.00 3.00 0.32 0 1
max 6.43 5.00 11.00 1.00 0.44 14.5
average 3.96 2.48 6.9 0.73 0.06 4.44

NEG - number of equivalent generations; NFG - number of fully traced generations; NMG - number of maximum
known generations; PCI - pedigree completeness index, F,. - coefficient of inbreeding, GI - generational interval

Table 2. Distribution of the coeflicient of inbreeding (F,_ ) in the reference population

PED

Class of F,, | Frequency Percent (%)
0.0000-0.0875 12323 76.43
0.0875-0.1750 2760 17.12
0.1750-0.2625 682 4.23
0.2625-0.3500 339 2.10
0.3500-0.4375 19 0.12

Total 16123 100

Trend of inbreeding in the examined period was not completely conclusive, since it actually decreased up to 2016,
and thereafter increased (Figure 2). However, this small increase of the F | in the last five years does not represent
a serious issue, since it did not exceed the 6.25% which is considered as an acceptable level of inbreeding in small
populations undergoing selection. From all these results pertaining to F, , it seems that inbreeding in this population
has been in acceptable level regardless of selection on the milk production. Breeders in this population are aware of
potentially negative impacts of inbreeding (inbreeding depression) and they make efforts to avoid close inbreeding
in their flocks by replacing their sires from other, usually neighbouring flocks (unofficial circulation of the rams).
According to some preliminary results obtained in this sheep populations, it looks that inbreeding does not directly
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threaten to the main selection goal in this population (milk production). However, there are serious indications that
it has a substantial impact on birth weight, which can indirectly impact profitability of this breed. Regardless of being
based on comprehensive and deep statistical analysis, these statements still need to be proven under the framework
of genetic animal model level prior to generalisation.
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Figure 2. Trend of inbreeding in the reference population of Pag sheep.

The estimated GI in this population was 4.44 years (Figure 3), which goes in line with reports of the studies conducted
on the above discussed Spanish and French dai