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A grain of salt — a cross-sectional study on the consumption of foods containing iodine
and sodium among adults from Croatia

Ines Banjari!*, Marija Dundovi¢?, Jadranka Karuza3,
Marina Ferenac Ki$**, Milica Cvijeti¢ Stokanovi¢!

izvorni znanstveni rad (original scientific paper)
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Abstract

Salt is the main dietary source of two important nutrients: iodine and sodium. Deficiency and excess
of both minerals results in a number of adverse health effects. However, social media is full of
misinformation regarding iodine’s role in thyroid diseases. The aim of this cross-sectional study was
to determine the types of salt consumed and the consumption of foods naturally containing iodine in
adults (19 to 69 years old), both genders, in charge of food shopping and/or meal preparation (N=220),
in regard to their health status. Only women reported being diagnosed with Hashimoto’s thyroiditis
(14.1 %) and having infertility issues (16.8 %). Sea salt is the most commonly used (62.7 %), followed
by table salt (45.5 %) and Himalaya salt (29.5 %), with many using two or more types of salt
simultaneously. Women diagnosed with thyroid disease were most likely to use only Himalaya salt.
Foods naturally containing iodine cannot provide sufficient iodine due to low consumption; milk and
dairy are consumed once a day, cheese 4 times a week, eggs 1.9 times a week, and saltwater fish 1.2
times a week. Seaweed, as the natural source with the highest content of iodine, is consumed by 5.9 %
of the study participants (one has Hashimoto’s thyroiditis). Participants reported high consumption of
salt-containing seasonings, and pre-packed, ready-to-eat meals, which contribute significantly to daily
sodium intake. Consumption of foods naturally containing iodine is low, but some types of salt could
significantly alter iodine’s consumption. More studies are needed to determine the exact dietary iodine

consumption, especially in vulnerable populations.

Key words: iodine, sodium, thyroid diseases, dietary sources, salt.
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Introduction

Iodine is a trace element important for the synthesis of thyroid hormones, but its importance extends
far beyond. lodine plays a key role in the overall metabolism, growth of the body, and
neurodevelopment of foetal brain (Nazeri et al., 2021). lodine deficiency and iodine excess can
increase person’s risk for thyroid diseases. The actual risk for thyroid diseases is individually altered,
by age, gender, genetic predisposition, environmental factors, personal history of thyroid diseases,
concurring diseases, and some medications (Prete et al., 2015).

Sea salt is a general term for salt produced by evaporation of saltwater (sea, ocean or lake). It is less
processed than table salt and retains trace minerals which add flavour and colour, but the amount of
sodium is comparable to table salt. Yet, the amount of iodine present in sea salt is not considered as
sufficient (Medeiros-Neto and Rubio, 2016). lodized salt is the main source of iodine in diet, given
that seafood, dairy and grains from iodine-rich soils contain variable, often low iodine content (Krela-
Kazmierczak et al., 2021). Today, 88 % of the global population uses iodized salt (Zimmermann and
Andersson, 2021), yet about 30 % of the world’s population is considered at risk of iodine deficiency
(Hatch-McChesney and Lieberman, 2022). At the same time, thyroid diseases are on the rise (Taylor
et al., 2018); global prevalence of Hashimoto's thyroiditis is 7.5 % in the upper-middle income
countries and 11.5 % in the low-middle-income countries (Hu et al., 2022), and the burden is
especially high in women. Therefore, it is not surprising that women are especially interested in
sharing their opinion and/or experience with dietary iodine and thyroid diseases.

Today, social media is the primary source of information regarding food and health for as many as 85
% of population, especially for younger (Samayyia et al., 2019; Vogels et al., 2022). Some studies
report that between 51 % (Borges do Nascimento et al., 2022) up to striking 87 % (Suarez-Lledo and
Alvarez-Galvez, 2021) of posts on social media fall in the health misinformation group, and diet-
related misinformation is around 36 % (Suarez-Lledo and Alvarez-Galvez, 2021). A large share of
iodine-thyroid related information shared online is unproven and can have severe health consequences.
Often, women diagnosed with hypothyroidism promote restriction of iodine consumption through
foods (especially emphasizing that iodized salt is problematic), and some even promote taking
extremely high doses of iodine via supplements (e.g. example of some blogs https://isandra.
weebly.com/jod).

Himalaya salt, which is mined from deposits located in Pakistan, due to its pinkish colour, is often
marketed as a healthier alternative to table salt. However, despite the content of sodium in Himalaya
salt is lower than in table salt, in order for trace minerals present in Himalaya salt to achieve any
health benefit, a person would need to consume extremely high amount of salt. Health risks related to
excessive sodium consumption surpass this negligible benefit from trace minerals in Himalaya salt
(Fayet-Moore et al., 2020). In addition, a recent study found a number of impurities in unrefined

samples of salt used for cooking, including Himalaya salt (Ercogkun, 2022).
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Excessive salt, i.e. sodium consumption increases blood pressure (Mente et al., 2014), and various
public health strategies have been developed to promote salt reduction to reduce the risk of
hypertension, the so called silent killer (World Heart Federation, 2023). Based on reports from Italy,
on paediatric (Iacone et al., 2021a) and adult (Iacone et al., 2021b) populations, salt contributed to
daily iodine consumption with around 20 % and the adequate intake of iodine (EFSA, 2019) was
achieved only in study participants in the highest quintile of salt consumption. It is important to note
that World Health Organization conducted an comprehensive meta-analysis on the efficacy and safety
of iodized salt on various health conditions, and no overall effect of iodized salt on hypothyroidism
was found (Aburto et al., 2014).

We aimed to determine the types of salt consumed and consumption frequency of some foods
naturally containing iodine by the general population of adults in charge of food purchase/preparation,

in relation to their health status.
Subjects and methods

This is a baseline study for a larger research project regarding iodine’s role in health and reproduction.
We obtained institutional review board approval from the Ethical Committee of the University
Hospital Centre Osijek (decision from October 6, 2021, number of approval R1/13151/2021).

This part of the research was an observational, cross-sectional study conducted on general population
from Croatia, both genders, > 18 old. The study-specific questionnaire was anonymous, and
participants were asked to complete it only once. Recruitment was done through social media posts, by
sharing the link to access the questionnaire, which was prepared in an online form (by using open

source Google Forms). The recruitment was done between May and June 2021. From 275 responses,

three were excluded due to incomplete reporting.

Questionnaire

The questionnaire consisted of three parts, and primarily consisted of closed-types questions (except
for questions about age and residence).

The first part included questions about general and socio-economic characteristics, e.g. age, gender,
residence, health issues their food-related household responsibilities.

In the second part of the questionnaire, we asked about types of salt used. Also, with yes/no options
participants were asked about their consumption of various bouillons, bouillon cubes, seaweed, soy
sauce, and/or pre-packed seasonings for main dishes.

The last part of the questionnaire examined participants' consumption of animal foods that naturally
contain iodine within the last month. Additionally, the consumption of pre-packed, ready-to-eat
products was also examined. For each food consumption frequency was given, ranging from every

day, up to 3 times a week, once a week, once a month, up to 5 times a month and rarely/never.
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Statistical analysis

Statistical analysis was performed by software Statistica (v. 14.0, StarSoft Inc., USA), with the level
of significance p=0.05. Normality of the data distribution was tested by the nonparametric
Kolmogorov-Smirnov test for the comparison of medians and arithmetic mean, and histograms
plotting. Categorical data are presented as absolute and relative frequencies, while for numerical data
median and interquartile range is used. For the comparison of categorical data within and between
groups Fischer's exact test was used. Differences between three independent groups were tested with

Kruskal-Wallis ANOVA test.

Results and discussion

Mean age of study participants was 36.4 + 9.3 years, from 19 to 69 years, 20.2 % males, 77.2 % living
in urban area, 11.8 % in suburban area, and 11.0 % in rural area. According to their food-related
household responsibilities, 61.8 % said that they are in charge of both shopping and preparing meals,
9.6 % are either responsible for food shopping or meal preparation, while 19.1 % said they only enjoy
the meals prepared. Participants who said they are only consuming foods prepared were excluded from
the following analysis, so the final number taken in the analysis was 220. Among them, 55.9 % said
they have no health issues, 14.1 % have Hashimoto’s thyroiditis, 16.8 % infertility issues, 3.6 % have
hypertension, diabetes, or dyslipidaemia, and the remaining 9.6 % have other conditions like asthma,
chronic pain, and gastritis. To analyse the differences between heath conditions, due to a small number
of other conditions, healthy participants were compared to those with Hashimoto’s thyroiditis and/or
infertility issues. Importantly, all participants who said they were diagnosed with Hashimoto’s
thyroiditis or infertility issues were women.

The majority of study participants use sea salt (62.7 %), 45.5 % use table salt, 29.5 % use Himalaya
salt, and 5.5 % other types of salts (Figure 1), primarily flower of salt. The majority of participants use
two (sea and table salt) or more types of salt simultaneously. Other types of salts used were Sicilian,
black and smoked salt, declared to be used by one participant each. Himalaya salt is the sole type of
salt used by 6.4 % of the study participants, and they were more likely to be diagnosed with
Hashimoto’s thyroiditis (p<0.001).

Table salt is typically mined from underground deposits, and the one available on Croatia's market is
usually fortified with iodine. In Croatia, the first regulation of iodine content in salt was introduced in
1953. The initial amount of 10 mg KI/kg was increased to 25 mg Kl/kg in 1996, after epidemiological
studies have found that goitre was still present in 35 % of the school-aged population of children
(Juki¢ et al., 2008).

Excess iodine intake, though rare, may come from use of high-dose supplements or overeating certain
seaweeds. Besides children, infants and the elderly, people with existing thyroid diseases are

particularly vulnerable to iodine toxicity and iodine-induced hypothyroidism and hyperthyroidism
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(Murai et al., 2021; Farebrother et al., 2019). In our study, only one participant diagnosed with
Hashimoto’s thyroiditis uses seaweed. Since we did not question participants about their supplement
use, we cannot assess the potential risk arising for excessive intake of iodine due to supplementation.

Thyroid diseases are commonly associated with altered blood pressure (Marcisz et al., 2001).
Therefore, restrictions in sodium intake for people with thyroid diseases is recommended. Besides the
obvious, large amounts of sodium (i.e. salt) can be found in various seasonings and prepacked, ready-

to-eat meals (Korosec and Pravst, 2014).
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Figure 1. Consumption of various types of salts and other salt-containing seasonings among study
participants (N=220)

We found that additional sodium is consumed through (Figure 1) all-purpose food seasoning for salty
dishes (74.5 %), bouillon cubes (46.8 %), soy sauce (29.1 %), bouillons (26.4 %), pre-packed
seasonings for various salty dishes (24.5 %), and seaweed (5.9 %). 6.4 % of the study participants said
they use any of the aforementioned products. Additionally, the consumption of pre-packed, ready-to-

eat products (Table 1) is another significant contributor to the total dietary sodium intake.

Since iodine is found in soil and water, its content will vary in foods depending on the climate
conditions, farming, cultivation, etc. Therefore, all natural dietary sources, like saltwater fish, eggs,

milk and dairy will have variable iodine content (Krela-Kazmierczak et al., 2021).

We found that the consumption of foods naturally containing iodine cannot satisfy the needs for iodine
(Table 1). Cheese is consumed 4 times a week, milk and dairy once a day, eggs 1.9 times a week,

saltwater fish 1.2 times a week, and shellfish once a month. While participants with no health issues
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consume more eggs and cheese in comparison to those with Hashimoto’s thyroiditis or infertility

issues, no statistical significance was found for the consumption of observed foods (Figure 2).

Table 1. Consumption frequency of foods naturally containing iodine and pre-packed, ready-to-eat
products per person (N=220)

Median Corresponding Iodine content*
(25 % - 75 %) consumption (ng/100 g of product)

Saltwater fish (0.0(6)‘-12).34) 1.2 times a week 7.7-110
Shellfish (0.08'?3‘17) once a month 3.81 —440.18™
Eggs (0'12'_22)‘43) 1.9 times a week 9.5-57.6
Cheese, all types (0.22‘-52).86) 4 times a week 7.7-30
Milk and dairy (0'1;'?1'0) once a day 19.5-21
Pt bos 0By | S imesavek

*values retrieved from Krela-Kazmierczak et al., 2021 except **from Sprague et al., 2021

1.6 & saltwater fish
(KW-H(2;191)=0.4131; p=0.813)
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Figure 2. Consumption frequency of foods naturally containing iodine per day between healthy
participants (n=123) and those with Hashimoto’s thyroiditis (n=31) and infertility issues (n=37)

Median; Box shows interquartile range; Whisker shows non-outlier range
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KW-H — Kruskal-Wallis ANOVA test

To the best of our knowledge, there are no available results on dietary iodine consumption in adults or
other population groups from Croatia. Based on the study conducted on 24 pregnant women from
Eastern Croatia (Milos, 2023), their dietary consumption of iodine was 2.8 and 2.3 times higher than
the recommended intake, depending on the recommendation considered. The highest contribution to
daily iodine consumption, besides salt was from dried meat products, hake, white bread and yogurt.
All pregnant women used sea salt (58 %) and/or table salt (50 %) (Milos, 2023). Study conducted on
71 people with thyroid diseases from Primorje-Gorski Kotar County found that they are more aware
on dietary sources of iodine (Karuza, 2022). The study found that they limit dairy consumption and eat
less of salty foods, and besides salt (sea salt is preferred type of salt used) major iodine sources are
meat and meat products (consumed 1.2 and 1.3 times a week) and saltwater fish (2-3 times a week)

(Karuza, 2022).

Study limitations and future directions

The results of this small study provide starting point for larger studies, which would focus on dietary
iodine consumption, and its status (observed primarily through urinary iodine concentration) in
various population groups. The need for dietary consumption of iodine was emphasized in the last
national project which analysed effects of salt fortification with iodine on goitre and thyroid diseases
in high-risk population groups (Kusi¢ et al., 2012).

Despite small number of participants, the results show that people are using other types of salts
(Himalaya salt, black and smoked salt) with unknown iodine content. This provides rationale to
conduct a thorough monitoring of iodine content in salts available on the Croatian market and compare
its content with national regulations, which is the next stage of our research.

In this study, we focused on foods naturally containing high amount of iodine like saltwater fish and
shellfish. In some products, like milk and dairy, iodine content depends not only on season and
feeding method, but also on sanitation practices used in the industry (Roseland et al., 2020).

For industry products containing high amounts of salt like meat or bakery products, it should be noted
that salt fortified with iodine is avoided since it can alter organoleptic of the final product (Lusnic
Polak et al., 2018). However, information about the type of salt used by particular industry is not
disclosed so these products should be analysed to determine their iodine content. Also, these products,
particularly dried meat and bakery products are consumed in large amount and could potentially
contribute significantly to daily iodine consumption, which is the case for sodium.

Additionally, cooking methods can lower iodine’s content in foods between 6.6 % to 51.1 % (Rana
and Raghuvanshi, 2013), which is especially important to consider for foods not eaten raw, like beans,
some leafy vegetables or cereals. Foods of plant origin have lower iodine content in comparison to
animal foods (Krajcovicova-Kudlackova et al., 2003), resulting in higher prevalence of iodine

deficiency among vegans and vegetarians (Eveleigh et al., 2020). These foods are the so called
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goitrogenic foods that can negatively affect iodine’s absorption and utilization in the body (Bajaj et al.,
2016).

Having in mind the primary aim of this research, the design did not include dietary assessment method
which would enable assessment of iodine consumption from beans, cereals and some vegetables,
which can be considered as a downside. However, one must remember that salt fortification with
iodine was introduced because various population groups were unable to meet iodine requirement
through foods naturally containing iodine.

There is an urgent need to analyse the exact dietary iodine consumption, and educate public about
harms of low and high iodine consumption on health. Urgency is emphasized by the numerous social
media posts often spreading misinformation about iodine, and more interest towards foods from other
countries/regions (seaweed, Himalaya salt, etc.), especially among younger generations, with

unknown iodine content.
Conclusions

The consumption of foods naturally containing iodine cannot ensure sufficient amounts of iodine,
unless combined with iodized salt. The majority of study participants use sea salt and/or iodized table
salt but for 6.4 % of the study participants who only use Himalaya salt the risk of insufficient iodine
intake should be assessed. Additionally, study participants consume a lot of salt-containing seasonings
and pre-packed, ready-to-eat products, which may lead to an excessive sodium intake. Caution is
needed, not only for people with hypertension or for other cardiovascular issues, but also for 14.1 % of
those diagnosed with hypothyroidism since hypertension often goes hand in hand with thyroid
diseases. Given the increased interest towards new types of salts, future studies should consider iodine
monitoring in salts available on the market. In addition, more studies are needed to determine the exact
daily iodine consumption (through all foods) and iodine’s body status in various population groups.

These findings can then be used for targeted actions towards public on iodine’s role in health.
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Abstract

The aim of the research was to determine the total content of cadmium (Cd) and copper (Cu) in
agricultural soils and to determine the potential toxicity of different intake routes for children and
adults. Two locations were selected (Tomislavgrad and Mostar) where field crops were grown. Taking
soil samples and determining the content of Cd and Cu was carried out according to the Instructions
on determining the permitted amounts of harmful and dangerous substances in the soil and their
testing methods (Official Gazette of FBiH, no. 96/22). A health risk assessment model based on the
guidelines of the US Environmental Protection Agency (USEPA, 1996; USEPA, 2002; USEPA, 2011)
was used to calculate the human health risk assessment. The measured values of the total content of
copper and cadmium at the Tomislavgrad location are in accordance with the prescribed limit values.
The copper content at the Mostar location was 205.90 mg/kg, which is above the limit value, and the
cadmium content is in accordance with the prescribed limit values. When the HI value is less than 1,
then there is no risk to human health, but if the values are greater than 1, then there is concern about
non-carcinogenic risks (USEPA, 2004). The USEPA considers a carcinogenic risk in the range of
1x107° to 1x10™ to be acceptable to human health. Calculations for non-carcinogenic and cancerous

health risks were following the limit values.
Key words: copper, cadmium, risk assessment, Tomislavgrad, Mostar.
Introduction

Agriculture is primarily classified as a diffuse source of soil and water pollution. According to the data

of the United Nations, i.e. the Economic Commission for Europe (UN/ECE, 1996), the most common
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water pollution in agricultural production occurs due to excessive and unprofessional use of nitrogen
and phosphorus fertilizers, then pesticides and heavy metals (Petosi¢ et al., 2011). The use of mineral
and organic fertilizers (Cu, As) and the use of processed sewage sludge (Cu, Cd, Fe, Pb) contribute to

the pollution of agricultural soil with heavy metals (Gimeno — Garcia et al., 1996).

A large part of pesticides, fungicides, and herbicides also contain Cu, Zn, Fe, Mn, and As, and some
heavy metals such as Cd and Pb are introduced into the soil as impurities present in fertilizers.
Phosphate fertilizers have the greatest importance among mineral fertilizers in terms of heavy metals
as impurities, i.e. raw phosphates as individual fertilizers or as raw material for the production of
individual and complex fertilizers. The main source of phosphorus to produce mineral fertilizers is
phosphate ore. As much as 80 % of phosphorus from the phosphate rocks that are exploited is used
precisely to produce fertilizers. In addition to phosphorus, phosphate ore contains a larger amount of

cadmium and radioactive uranium (Contract, 2004).

In doing so, we pay the greatest attention to the concentration of Cd in phosphate minerals, although

the share of other heavy metals is also very significant.

As a worldwide environmental problem, Cd was listed in seventh place as a toxic substance of concern
by the American Agency for Toxic Substances and Disease Registry (ATSDR). Moreover, it was
listed as a highly toxic, hazardous, and carcinogenic substance by the European Union (Zenith, H.A et
al., 2020). Research shows that long-term exposure to soil environments with high Cd content leads to

skeletal damage, renal failure, reproductive effects, and cancers (Syfullah, S.et al., 2020).

Metals are natural components of soil. Contamination is the result of industrial activity, such as
mining and smelting of ores and metals, electrolysis, exhaust gases, fuels and energy sources for
production, fertilizers and pesticide application, as well as the generation of municipal waste (Wuana

and Okieimen, 2011).

Cu is not a potentially toxic element, yet its elevated level can cause respiratory problems, dizziness,

nausea, and diarrhea in human beings (Nihal G. et al., 2021).

Due to their ability to accumulate in the human body, heavy metals can cause poisoning, which affect

the central nervous system and cause a number of other serious disorders, which can lead to death.

Cadmium poisoning can be acute or chronic. Acute poisoning occurs by inhalation of vapor or
particles of cadmium salts (oxide, chloride, sulfide, sulfate, carbonate, and acetate) (Wentz, 2000).
Chronic poisoning can occur due to long-term exposure to cadmium by inhalation or by oral route, and
systemic exposure to cadmium leads to increased calcium excretion (Godt et al., 2006).

In 1987, cadmium and its components were classified by the International Organization for Research

on Cancer (IARC) as probable carcinogens (Group 2A) based on occupational exposure.
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Recent data indicate that human exposure in the general population is statistically associated with an
increased risk of endometrial, bladder and breast cancer. In 1993, IARC classified cadmium and its
components in Group 1 as human carcinogens based on evidence of lung cancer in humans due to
occupational inhalation exposure, and based on animal studies (IARC, 1997, 2008).
Almost the entire amount of copper in the body is bound to proteins, so the concentration of free
copper ions is very low, unless there are other disorders in the body. It is believed that even 35 % of
the population does not consume sufficient amounts of copper with food. The recommended daily
intake of copper is about 2 mg (Tasi¢ et al., 2004). Excessive accumulation of copper in the body leads
to Wilson's disease, the basis of which is a defect in the process of incorporation of Cu?" ions into
ceruloplasmin (Fuentealba et al., 2000). Chronic exposure to high concentrations of copper has been
shown to damage the liver, kidneys, and brain (Scheinberg et al., 1996). Increased copper content in
the body has a harmful effect on the cardiovascular system, leading to coronary heart disease,
atherosclerosis, and hypertension.
A number of studies have been published whose role was to examine the content of heavy metals in
fruit samples and assess the risk of dietary exposure to metals in fruit. Toxic metals, especially arsenic,
mercury, cadmium and lead, represent a major problem in the field of food safety. It is estimated that
their intake in most European countries is 30-40 % compared to the recommended tolerant weekly
intake and is sometimes significantly higher. European Food Safety Agency (EFSA) for the period
from 2003-2007. found that in 5 % of food samples the concentrations of heavy metals were above the

permitted values.

Health risk assessment

Risk to human health is defined as a probability that describes the degree of threat to the health of an

individual exposed to the action of a certain pollutant or group of pollutants.
The risk depends on several factors:

* contaminants present in food,

* contact sizes (exposure levels),

+ and toxicity of contaminants.

Combining the knowledge described in these three factors is fundamental to most risk assessments.
Assessing the human health risks of chemicals can help answer questions about the potential hazards
of exposure to chemicals. Professionals in the field of risk assessment must understand the concept of
risk, must predict, recognize, and analyze it, and make decisions related to all the above. Risk
assessment for human health provides an overview of the evaluation of past, present, and future cases

of exposure to food hazards and can be qualitative and/or quantitative. It is based on a scientific
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understanding of pollutant properties, exposure, doses, and toxicity. Two dimensions of risk, which
are a combination of the probability or frequency of a bad event and the magnitude of the

consequences of that event, must be considered.

Risk assessment is a scientifically based process of assessing a possible harmful impact, which

consists of:

* hazard identification,

* hazard characterization,
* exposure assessments

* risk characterization (Knezevi¢ and Serdar, 2011).

Material and methods

Two localities in Tomsilavgrad and Mostar were selected for the research. Field crops corn and wheat
are grown in the researched localities. The locations were chosen due to the intensive use of pesticides
and mineral fertilizers. Taking soil samples and determining the content of Cd and Cu was done
according to the [Instructions on determining the permitted amounts of harmful and dangerous
substances in the soil and their testing methods (Official Gazette of FBiH, no. 96/22) Chemical and
physical analyzes of the soil, analyzes of the content of organic matter and nutrient elements in the soil

were performed in the laboratory of the Federal Institute for Agropedology in Sarajevo.
FIELD RESEARCH included:

a) Selection of locality,

b) Soil sampling,

¢) Monitoring of the fertilization and protection plan.

LABORATORY RESEARCH included:

a) physical and chemical analyzes of the soil:

b) physical and chemical characteristics,

¢) organic matter and nutrients,

d) content of heavy metals: cadmium (Cd), copper (Cu).

16



Azra Koese, Aida Sukalié, Alma Leto, Alma Micijevi¢, Vedrana Komlen / Human health risk
assessment of intake Cd and Cu from agricultural soils in... / Glasilo Future (2023) 6 (5-6) 13—28

RISK ASSESSMENT

Hazard Identification basically aims to investigate chemicals that are present at any given location,
their concentrations, and spatial distribution. In the study area, Cd, and Cu were identified as possible

hazards for the community.

The purpose of exposure assessment is to measure or estimate the intensity, frequency, and duration of
human exposures to an environmental contaminant. In the study, exposure assessment was carried out
by measuring the average daily intake (ADI) of heavy metals earlier identified through ingestion,
inhalation and dermal contact by adults and children from the study area. Adults and children are

separated because of their behavioural and physiological differences.

The dose-response assessment estimates the toxicity due to exposure levels of chemicals. The cancer
slope factor (CSF, a carcinogen potency factor) and the reference dose (RfD, a non-carcinogenic
threshold) are two important toxicity indices used. RfD values are derived from animal studies using
the "No observable effect level” principle. For humans, RfD values are multiplied 10-fold to account

for uncertainties.

Risk characterization predicts the potential cancerous and non-cancerous health risk of children and
adults in the study area by integrating all the information gathered to arrive at quantitative estimates of

cancer risk and hazard indices.

The potential exposure pathways for heavy metals in contaminated soils are calculated based on
recommendations by several American publications. ADI (mg/kg-day) for the different pathways were
calculated using the following exposure Equations, prescribed by US Environmental Protection

Agency (USEPA, 1996; USEPA, 2002; USEPA, 2011).
ADIy = (C x IR x EF x ED x CF) / (BW x AT)

ADlgerma = (C % SA x FE x AB x EF x EDxCF) / (BW x AT)
ADljnpa = (C % IRairx EF x ED) / (PEF x BW x AT)

ADIorat, ADlgermar and ADIinna are daily amounts of corresponding exposure to soil elements (mg/kg

day).

The assessment of non-cancer risk was calculated according to the calculation model for non-cancer

hazards:

n

HI zn: HQ DI
= k =
=1 = RI Dy
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The assessment of carcinogenic risk was calculated according to the calculation model for

carcinogenic hazards:
n
Riskinpuemetnoa = ) DI CSFy
k=1

Table 1. Exposure parameters used for the health risk assessment through different exposure

pathways for soil. (Kamunda C., 2016.)

Parameters Unit Definition Value
Children Adult
ABS -- Dermal absorption factor 0.1 0.1
AF mg/cm? Soil adhesion factor for skin 0.2 0.07
BW kg Average weight 15 70
ED godina Exposure time 6 30
EF d/godina Exposure frequency 350 350
FE -- Dermal exposure ratio 0.61 0.61
IngR mg/d Soil ingested factor 200 100
Irair m?/d Inhalation factor 10 20
SA cm?/event  Exposed skin surface 2.8 5.7
Atnce D Averaging time for ED x 365
noncarcinogens
Atca D Averaging time for 70 x 365
Carcinogens
CF kg/mg Calculation factor 10
PEF kg/mg Soil particulate emission factor ~ 1.36 x10°

—air

Sampling was carried out before sowing the crops by taking five individual samples along the
diagonal of the plot, which were collected into one average sample, weighing about 1 kg. The obtained
average samples were prepared by being crushed, packed in plastic bags and marked, after which they
were delivered to the Federal Institute for Agropedology in Sarajevo for the analysis of the total

content of heavy metals, and the analysis of the physico-chemical properties of the soil.
The samples taken are labeled as follows:
- Uz.1 Mostar (0-30 cm)

- Uz.2 Tomislavgrad (0-30 cm)
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Determination of the content of Cd and Cu in the soil by AAS method

The preparation of samples for the instrumental analysis of the content of heavy metals in the soil is
carried out using aqua regia, and then their content in the extract is determined by the method of
atomic absorption spectrometry (AAS). The extraction of heavy metals in aqua regia was carried out
according to the international standard ISO11464. This standard specifies a method for the extraction
of trace elements with a gold nugget using an adequate atomic spectrometric technique. According to
the principle of this standard, the soil sample is ground into particles smaller than 2 mm before
digestion with aqua regia. Such grinding achieves a more homogeneous sample from which a sub-
sample is taken and an increase in the efficiency of the action of the acid by increasing the surface area
of the particles. The dried sample is then extracted with a mixture of hydrochloric/nitric acid by
leaving it for 16 hours at room temperature, followed by boiling under reflux for two hours. The
extract is clarified - purified (filtered) and the volume is made up with nitric acid. The international
standard ISO11047 specifies the method of atomic absorption spectrometry for the determination of
one or more elements in extracts from soil, extracted with aqua regia, obtained in accordance with

ISO11466.

The delegated legislation that is currently in force in the territory of the Federation of Bosnia and
Herzegovina, and is directly related to the research topic, is the Instruction on determining the
permitted amounts of harmful and dangerous substances in the soil and their testing methods (Official
Gazette FBiH, number 96/22) (Table 2.) in which the limit values of pollutants in the soil in their total
form are defined, which apply only to agricultural soils, while the limit values for other soils have not

yet been legally defined.

Table 2. Limit values of heavy metals in soil in total form

Element Limit value (mg/kg)
Sandy soil Powdery clay soil Heavy soil
Cadmium (Cd) 0.5 1 1.5
Copper (Cu) 50 65 80

Source: Instructions on determining the permitted amounts of harmful and dangerous substances in
the soil and their testing methods (Official Gazette FBiH, No. 96/22)

Table 3. Copper content in soil

Location Texture tag Cu mg/kg
Mostar Loamy clay 205.90
Tomislavgrad Loamy clay 25.47

The measured value of copper content above MDK was measured at the location of Mostar. According
to the Instructions on determining the permitted amounts of harmful and dangerous substances in the

soil and their testing methods (Official Gazette of FBiH, no. 96/22), the copper content in this type of
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soil is up to 65 mg/kg, and in our research, it is 205.90 mg/kg. Also, according to Soriano et al. 2012,
such soils are classified as moderately polluted.
The measured value of the copper content at the Tomislavgrad location was in accordance with the
Instructions on determining the permitted amounts of harmful and dangerous substances in the soil and
their testing methods (Official Gazette of FBiH, no. 96/22). Also, according to Soriano et al. 2012,
such soils are classified as uncontaminated.
More copper is usually found in heavy clay soils than in light sandy ones (Kastori, 1983). According
to Kabata-Pendias (2011), copper concentrations in soils around the world range from 14-109 mg/kg.
According to research by Sukali¢, A. 2017, the copper content in the locations of Mostar, Capljina and
Stolac in 2015 and 2016 ranged from 19 mg/kg to 57.7 mg/kg. In our research, the total content of
copper in all localities did not exceed the maximum allowed concentration, which is in accordance
with the research of Ramovi¢ et al. (2012) where at one location in Zenica (Pehare) the measured
value of copper was 51.3 mg/kg. According to research by Bukalo et al. (2013) an increased content of
total copper was determined in the location of the city of Mostar, more precisely Mostar/Kokorina,
where the content of total copper was 165.58 mg/kg.
In this research, it was determined that the copper content is much higher in the Mostar location and is
205.90 mg/kg.
A possible reason for the excessive amount of copper in this location is that earlier there were potatoes
in that place that were treated with preparations based on copper, and it is possible that the excessive

accumulation of copper in the soil occurred precisely because of this.

Table 4. Cadmium content in soil

Location Texture tag Cd mg/kg
Mostar Loamy clay 0.79
Tomislavgrad Loamy clay 0.33

At both investigated locations, the measured cadmium content was within the limit values (Table 3).
According to the Instructions on determination of permitted quantities of harmful and dangerous
substances in the soil and their testing methods (Official Gazette of FBiH, no. 96/22), the cadmium
content in the powdery loam type of soil is 1 mg/kg.

In nature, cadmium rarely occurs in pure form and is a constant companion of zinc, copper and lead,
with which it is similar in geochemical characteristics. In uncontaminated soils, its content depends on
the texture of the soil: in sandy soils, it is 0.01-0.3 mg/kg, and in clayey soils, it is 0.2-0.8 mg/kg.
(Sukali¢, A. 2017.)

In soils around the world, the cadmium content is estimated to be around 0.41 mg/kg, and Kabata-

Pendias (2011) and Brankovi¢ et al. (2016) state that a cadmium content of 2.5 mg/kg was determined
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at the investigated locations. The content of cadmium in the soils of Serbia varied in the range of 0.01-
2.0 mg/kg (Kastori, 1993).
According to research by Bukalo et al. (2013) an increased content of total cadmium was determined
in three locations of Mostar: Mostar/Bogodol with a measured value of 4.17 mg/kg, Mostar/Goranci
4.13 mg/kg and Mostar/Kokorina where the content of total cadmium was 2.73 mg / kg. According to
the research of Sukali¢, A. 2017, the content of cadmium in the localities of Mostar in 2015 and 2016
were above the permitted limit values.
In our research, the measured value of the cadmium content in the Mostar location was 0.79 mg/kg,
while in the Tomislavgrad location this content was 0.33 mg/kg. In both localities, the values were in
accordance with the Instruction (Official Gazette of FBiH, no. 96/22), although in the Mostar locality,

this value is close to the limit value.

Risk assessment calculation

Table 5. Average daily intake values (ADI) in mg/kg/d from soil for adults at locations

Average daily intake value for heavy metals in mg/kg/day for adults by location

Location Routes of exposure Cd Cu

Mostar Ingestion 1.08E-05 2.82E-03
Inhalation 1.59E-10 4.15E-08
Dermal 3.76E-08 9.81E-06
Total 1.09E-05 2.83E-03

Tomislavgrad Ingestion 4.52E-06 3.49E-04
Inhalation 6.65E-11 5.13E-09
Dermal 1.57E-08 1.21E-06
Total 4.54E-06 3.50E-04

Table 6. Average daily intake values (ADI) in mg/kg/d from soil for children at locations

Average value of daily intake for heavy metals in mg/kg/day for children by location

Location Routes of exposure Cd Cu

Mostar ingestion 1.01E-04 2.63E-02
inhalation 3.71E-10 9.68E-08
dermal 8.63E-08 2.25E-05
total 1.01E-04 2.63E-02

Tomislavgrad ingestion 4.22E-05 3.26E-03
inhalation 1.55E-10 1.20E-08
dermal 3.60E-08 2.78E-06
total 4.22E-05 3.26E-03

Table 7. Non-carcinogenic hazard index (NHI) in mg/kg/d from soil for adults at locations

NHI for heavy metals in mg/kg/day for adults by location

Location Routes of exposure Cd Cu
Mostar ingestion 2.16E-02 7.62E-02
inhalation 2.79E-06
dermal 7.53E-05 4.09E-04
NHI 2.17E-02 7.66E-02
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NHI for heavy metals in mg/kg/day for adults by location

Location Routes of exposure Cd Cu
Tomislavgrad ingestion 9.04E-03 9.43E-03
inhalation 1.17E-06
dermal 3.14E-05 5.05E-05
NHI 9.07E-03 9.48E-03

Table 8. Non-carcinogenic hazard index (NHI) in mg/kg/d from soil for children at locations

NHI for heavy metals in mg/kg/day for children by location

Location Routes of exposure Cd Cu
Mostar ingestion 2.02E-01 7.11E-01
inhalation 6.51E-06

dermal 1.73E-04 9.37E-04

NHI 2.02E-01 7.12E-01
Tomislavgrad ingestion 8.44E-02 8.80E-02

inhalation 2.72E-06

dermal 7.21E-05 1.16E-04

NHI 8.45E-02 8.81E-02

When the HI value is less than 1, then there is no risk to human health, but if these values are greater
than 1, then there is concern about non-carcinogenic risks (USEPA, 2004).

The average values of daily intake (inhalation, oral and dermal) of Cd and Cu from soil for adults and
children at the locations of Mostar and Tomislavgrad were calculated based on a health risk
assessment model based on the guidelines of the US Environmental Protection Agency (USEPA,
1996; USEPA, 2002; USEPA, 2011), parameters for risk assessment and concentration of heavy
metals at sites and RfD and CSF reference doses for Cd and Cu.

Based on the ADI, the values of the non-carcinogenic hazard index (NHI) were calculated, and for
adults, the total value of the NHI by different routes of Cd intake at the Mostar location is 2.17E-02,
and at the Tomislavgrad location 9.07E-03.

The total value of NHI by different intake routes for Cu at the Mostar location is 7.66E-02, while at
the Tomislavgrad location, this value is 9.48E-03.

For children, the total value of NHI through different routes of Cd intake at the Mostar location is
2.02E-01, and at the Tomislavgrad location 7.12E-01. The total value of NHI by different intake
routes for Cu at the Mostar location is 8.45E-02, while at the Tomislavgrad location, this value is
8.81E-02.

Micijevic¢ et al. (2019) investigated the content of Cu, Pb, and Zn at three locations in Herzegovina,
and the values of the hazard index (HI) for all examined heavy metals were lower than 1 (1.62E-1 for
adults, 2.44E-1 for children), and have no non-carcinogenic health risks due to ingestion, dermal
contact and inhalation.

Sukali¢ et al. (2018) in their research on 7 heavy metals and assessment of non-carcinogenic risks,

report HI values for adults Cd 5.3E-4 and for Cu 3.6E-2, and for children Cd 5.34E-4 and Cu 3.08E- 2.
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Kamunda C. et al. (2016) report a hazard index value of 2.13 for all routes of intake, which makes
non-carcinogenic effects significant for the adult population. For children, the value of the hazard
index was 43.80, which represents a serious non-cancerous risk for children living in the researched
area. In a study by Luo et al. (2012), concern about the non-carcinogenic risk of oral lead intake for
children was expressed, although the HI value is lower than 1.
In our research, the HI values for adults through the oral, dermal, and inhalation routes of entry of
heavy metals into the body were lower than 1 in all locations, which means that there is no risk to the

health of adults and children.

Calculation of carcinogenic risk assessment of heavy metals for adults and children

Table 9. Average daily intake (CDI) values in mg/kg/d from soil for adults at the sites

Average daily intake value for heavy metals in mg/kg/day for adults by location

Location Routes of exposure Cd Cu

Mostar Ingestion 4.64E-06 1.21E-03
Inhalation 6.82E-11 1.80E-08
Dermal 1.61E-08 4.20E-06
Total 4.65E-06 1.21E-03

Tomislavgrad Ingestion 1.94E-06 1.50E-04
Inhalation 6.65E-11 5.13E-09
Dermal 6.74E-09 5.20E-07
Total 1.94E-06 1.50E-04

Table 10. Average chronic daily intake (CDI) values in mg/kg/d from soil for children at the locations

Average value of daily intake for heavy metals in mg/kg/day for children by location

Location Routes of exposure Cd Cu

Mostar Ingestion 8.66E-06 2.26E-03
Inhalation 3.18E-11 8.30E-09
Dermal 7.39E-09 1.93E-06
Total 8.66E-06 2.26E-03

Tomislavgrad Ingestion 3.62E-06 2.79E-04
Inhalation 1.33E-11 1.03E-09
Dermal 3.09E-09 2.38E-07
Total 3.62E-06 2.79E-04

Table 11. Carcinogenic hazard index (CHI) in mg/kg/d from soil for adults at locations

CHI for heavy metals in mg/kg/day for adults by location

Location Routes of exposure Cd Cu

Mostar Ingestion 1.76E-06 /
Inhalation 4.30E-10 /
Dermal /
CHI 1.76E-06 /

Tomislavgrad Ingestion 7.36E-07 /
Inhalation 4.19E-10 /
Dermal /
CHI 7.37E-07 /
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Table 12. Carcinogenic hazard index (CHI) in mg/kg/d from soil for children at the locations

CHI for heavy metals in mg/kg/day for children by location

Location Routes of exposure Cd Cu

Mostar Ingestion 3.29E-06 /
Inhalation 2.01E-10 /
Dermal /
CHI 3.29E-06 /

Tomislavgrad Ingestion 1.37E-06 /
Inhalation 8.38E-11 /
Dermal /
CHI 1.37E-06 /

In our research, the carcinogenic hazard index (CHI) was calculated only for Cd, because it is a proven
carcinogen, both through oral and inhalation intake. CHI for adults at the location of Mostar is 1.76E-6
and at the location of Tomislavgrad 7.37E-07. CHI for children at the location of Mostar is 3.29E-06,
and at the location of Tomislagrad 1.37E-06.

The USEPA considers a carcinogenic risk in the range of 1x107° to 1x10™* to be acceptable to human
health. If the carcinogenic risk is < 10, the carcinogenic risk to health can be considered negligible,
and if it is je > 10, it is considered that there is a significant risk for the development of cancer in
humans.

In the research Sukali¢ et al. (2020) report values of carcinogenic hazard calculations for oral intake of
Cd, and oral intake and dermal contact of Pb via soil for adults and children. The values were close to
the limits recommended by the USEPA at the three investigated sites (2E-6 for Cd and 1.99E-6 for
Pb).

In the research of Kamunda C. et al (2016), the carcinogenic risk is 1.7 E-4, which indicates that one
person may be affected in 5882 adults. In addition, 1 child per 2725 children may be affected (3.67 E-
4). Those carcinogenic risk values were more than acceptable.

Huabin H. et al (2019) in a study of uncultivated soils report the total carcinogenic index for Cr, Cu,
Zn, As, Cd, Pb and Hg for adults (2.80+0.79)E-5 and children (1.36+0.39)E-5.

In our research, the calculated values for the assessment of carcinogenic risks are < 10, so there is no

risk to human health.

Conclusion

The measured value of the copper content above the MDK was measured at the Mostar location and is

205.90 mg/kg.

The value of NHI by different routes of Cd intake for children at the Mostar location is 2.02E-01, and
at the Tomislavgrad location 7.12E-01. The total value of NHI by different intake routes for Cu at the
location of Mostar is 8.45E-02, while at the location of Tomislavgrad this value is 8.81E-02. The
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values of HI for adults oral, dermal and inhalation routes of entry of heavy metals into the body were

lower than 1, which means that there is no risk to the health of adults and children.

The carcinogenic hazard index (CHI) in our research was calculated only for Cd, because it is a proven
carcinogen and that is through oral and inhalation intake into the body. CHI for adults at the Mostar
location is 1.76E-6, and at the Tomislavgrad location 7.37E-07. CHI for children in Mostar is 3.29E-
06, and in Tomislagrad 1.37E-06. USEPA considers that a carcinogenic risk in the range of 1x10—6 to

1x10—4 is acceptable for human health, which was also the case in this study.

Based on the research conducted on the content of cadmium (Cd) and copper (Cu) in agricultural soils
in Tomislavgrad and Mostar with an assessment of the risk to human health, it can be concluded that
the importance of permanent monitoring of agricultural soil should be given, and that would enable the
identification of risk areas depending on the type and the severity of threats to the soil as a resource

necessary for food production.

It is also necessary to include in the monitoring the implementation of the methodology for assessing
the risk to human health from contaminants both from agricultural soil and from food in order to

reduce potential risks to a minimum.
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Utjecaj navodnjavanja na prinos i masu ploda tresnje
Influence of irrigation on cherry fruit yield and weight
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Sazetak

Vazan preduvjet za unaprjedenje proizvodnje treSnje pored odabira sorte i podloge s dobrim
pomoloskim karakteristikama je i procjena potrebe za navodnjavanjem, kao nacin na koji ¢e se ono i
obavljati. U radu su prikazani rezultati dvogodis$njih poljskih pokusa (2018.-2019), s ciljem
utvrdivanja utjecaja reZzima navodnjavanja i sorte, te njihove interakcije na prinos i masu ploda.
Ispitivane su tri sorte treSnje razli¢itih razdoblja zriobe (Burlat, Skeena, Sweet heart), cijepljene na
slabo bujnu podlogu Gisela 5, uzgajane na tlu Eutri¢ni kambisol. Rezultati su pokazali da je sorta
Skeena u 2018. godini imala najveéu prosjecnu masu ploda (11,68 g) i prinos (9,64 kg/stablu), dok je
u 2019. godini imala najmanji prosjec¢an prinos (3,05 kg/stablu). Sorta Burlat u 2019. godini je imala

najmanju prosje¢nu masu ploda (7,36 g).

Korelacijskom analizom utvrdena je statisticka znaCajnost rezima navodnjavanja na ispitivane

parametre promatranih sorti tresnje.
Kljuéne rijeci: navodnjavanje, tlo, sorte, masa ploda, prinos.
Abstract

An important prerequisite for the improvement of cherry production, in addition to the selection of a

variety and substrate with good pomological characteristics, is also the assessment of the need for
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irrigation, as the way in which it will be carried out. The paper presents the results of two-year field
experiments (2018.-2019), with the aim of determining the influence of irrigation regime and variety,
and their interaction on yield and fruit weight. Three cherry varieties of different ripening periods
(Burlat, Skeena, Sweet heart) were tested, grafted onto a weakly lush rootstock of Gisela 5, grown on
Eutrichni Cambisol soil. The results showed that in 2018 the Skeena variety had the highest average
fruit weight (11.68 g) and yield (9.64 kg/tree), while in 2019 it had the lowest average yield (3.05
kg/tree). In 2019, the Burlat variety had the smallest average fruit weight (7.36 g).

Correlation analysis determined the statistical significance of the irrigation regime on the examined

parameters of the observed cherry varieties.
Key words: irrigation, soil, cultivars, fruit weight, yield.
Uvod

TreSnja (Prunus avium L.) je jedna od najstarijih gospodarski eksploatiranih voénih vrsta.
Karakterizira je ranije sazrijevanje plodova u odnosu na druge vocarske vrste, nutritivna vrijednost i
ugodan okus. Kao podloge za treSnju navode se sjemenjaci divlje treSnje i raSeljke te vegetativne
podloge Gisela i Colt (Cmelik, 2000). U ovom istraZivanju promatrane su tri sorte tre$nje cijepljene na
podlozi Gisela 5. Gisela 5 daje stabla slabe bujnosti, za 50 % manje nego bujnosti u usporedbi s
podlogom Prunus mahaleb, s nedovoljno obraslom kro$njom. Korijen se slabo ucvrscuje te joj je iz
tog razloga neophodna fizicka potpora u obliku stupova. Za razliku od bujnih podloga na koje se
cijepe sorte tresnje, i koje ne pokazuju velike zahtjeve u odnosu na oborine, stabla tresanja cijepljenih
na slabo bujnim vegetativnim podlogama poput Gisela5 podloge imaju vece zahtjeve za vodom te ih je
neophodno navodnjavati. Period intenzivnog uzgoja tres$nje u gustom sklopu, cijepljenih na slabo
bujnim podlogama (Gisela 3, Gisela 5, Gisela 6) i srednje bujnim podlogama (Colt) i u kombinaciji s
novijim sortama, cijepljenim na navedenim podlogama, u Hercegovini se koristi zadnjih dvadesetak

godina.

Navodnjavanje, kao hidromelioracijska mjera, je u svijetu prepoznato kao vazan faktor poljoprivredne
proizvodnje. Na prostoru Gatackog i LjubuSko-Vitinskog polja (Hercegovina) postoji tradicija
navodnjavanja u BiH. Natapni sustavi u BiH su do 1992. godine postojali na ukupno 19,750 ha (izvor:
Strategije upravljanja vodama 2012). Komparacijom ukupno obradivih povrsina BiH (oko 1.100 000
ha) i povrsina koje je trebalo navodnjavati (191,620 ha), samo na 1,8 % od ukupnih 17,4 % obradivih
povrsina, su bili izgradeni natapni sustavi. Danas, na podru¢ju Federacije BiH, nisu dostupni sluzbeni

podatci o povr§inama sa sustavima za natapanje, kao ni o kulturama na njima.

Tijekom prethodnih nekoliko godina u BiH je ostvaren samo ograni¢en stupanj obnove i razvitka

sustava navodnjavanja. Trenutno se navodnjava manje od 3.000 hektara. Iskustva Svjetske banke iz
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svih dijelova svijeta pokazala su da su koristi najceS¢e premasivale troskove u slucajevima u kojima
medu korisnicima vode postoji potraznja za navodnjavanjem. Lokalizirano navodnjavanje sve vise se
koristi na prostorima oskudnim vodom pri uzgoju voca i povréa te u vinogradima (Romi¢, 2012). U
intenzivnom uzgoju treSnje koristi se viSe vrsta navodnjavanja, a najzastupljenije je lokalno
navodnjavanje (mikro navodnjavanje) kapanjem odnosno sustav " kap po kap" i navodnjavanje
mikrokiSenjem. Primjena navodnjavanja u Sjedinjenim Americkim drzavama (prema U.S. Department
of Agriculture, Sluzba za ckonomska istrazivanja koriste¢i USDA, Nacionalnu sluzbu za
poljoprivrednu statistiku, Popis poljoprivrede 2017.) Californija, Nabraska, Arkansas, Teksas i Idaho,
se vrsi na 40 % povrsina od ukupno 58 milijuna hektara navodnjavanih povrSina. IstraZivanjima na
temu treSnje 1 pogodnosti tla za uzgoj tre$nje na podrucju Hercegovine se bavilo vise autora (Badzak
et al., 2022; Badzak et al., 2021; gupljeglav Juki¢ et al., 2020; Hasanbegovi¢ et al., 2020; Aliman,
2008).

Geografski areal rasprostranjenosti treSnje je veoma Sirok, te uspijeva i u primorskim i u planinskim
podru¢jima. Komercijalni uzgoj se moze organizirati u podru¢jima sa najpovoljnijim i manje
povoljnim ekoloskim karakteristikama. Za komercijalni uzgoj treSnje u nasSoj zemlji optimalna
nadmorska visina je do 800 m. Naime, povecanjem nadmorske visine smanjuje se temperatura zraka,
Sto utjeCe na kasnije cvjetanje i zrenje plodova. Bez obzira na podrucje uzgoja, intenzivna proizvodnja
treSnje ne moZe se zamisliti bez primjene sustava za navodnjavanje. Iako je u nekim krajevima
navodnjavanje dopunska mjera kojom se koriste u poljoprivrednoj proizvodnji, u Hercegovini je ona

primarna i nezaobilazna mjera bez koje se dobar prinos i masa ploda-krupnoca ne mogu ostvariti.

Intenzivan nacin uzgoja zahtijeva suvremene sustave navodnjavanja, ali i u odnosu na navodnjavanje,
zaStitu, gnojidbu te koriStenje mehanizacije. PocCinje od projektiranja nasada s modernom
hidromeliorativnom mrezom, fertirigacijskim sustavom, pripremom tla za sadnju, pravca sadnje
stabala, formiranja zeljenog uzgojnog oblika, planiranja sortimenta, otpornosti i zastitu od bolesti i
Stetnika pa sve do vremena i organiziranja izvodenja berbe, a sve u svrhu ostvarivanja visokog
prinosa. U proizvodnju se ulaZze mnogo sredstava Sto zahtijeva kontinuiran rad i stalni nadzor nasada,

Sto opet ovisi od odabira sortimenta i podloge te otpornosti istih na susu, bolesti i Stetnike.

Period kada su biljke najosjetljivije na nedostatak vlage u tlu i kada je potrebno zapoceti sa
navodnjavanjem, smatra se kriticnim razdobljem. Opcenito promatrano padalina na prostoru Mostara
ima dovoljno. Problem jeste Cinjenica da padaline nisu rasporedene tako da zadovolje potrebe biljaka.

Nedovoljno vlage u pocetku razdoblja vegetacije vocnih vrsta, ima negativan utjecaj na porast biljke i
listova, opadanja cvjetnih zametaka i slabije cvjetanje. U drugom dijelu vegetacije zbog nedostatka
vlage moze do¢i do prijevremenog sazrijevanja i opadanja plodova, nepravilnog formiranja cvjetnih
zametaka. Takoder, dovodi do starenja i opadanja listova Sto utjeCe na smanjenje fotosinteze i

akumulacijom hranjivih tvari. Prezimljavanje vocnih stabala je otezano ili dolazi do njihovog
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propadanja. Razlika, u osmotskom tlaku li§¢a i plodova voc¢aka, omoguc¢ava listovima uzimati vodu iz
plodova da bi nadoknadilo nedostatak vlage u susnom razdoblju. Plodovi tada bivaju sitniji i manje

kvalitetni (Pokos-Nemec, 2008).

Klimatski uvjeti submediteranske Hercegovine
Podrucje submediteranske Hercegovine se nalazi pod utjecajem izmijenjene mediteranske klime c¢ija

su osnovne karakteristike vrela i suSna ljeta, te blage i kiSovite zime.

Obzirom da klimatske prilike neposredno utjecu na fizioloske procese koji se odvijaju u biljci,
neophodno je prikazati temeljne klimatske elemente ovog regiona. Za obradu klimatskih podataka
koristeni su podatci dobiveni iz Federalnog hidrometeoroloskog zavoda Sarajevo, meteoroloska
stanica Mostar za vremensko razdoblje 2007.-2017. godine i za mjesece ozujak, travanj, svbanj i lipanj

u 2018.12019. godini.

Tablica 1. Prosjek padalina u III, IV, V, VI mjesec za razdoblje 2007.-2017, u 2018. 1 2019. godini.

Table 1. Average rain in III, 1V, V, VI months for the period 2007.-2017, in 2018 and 2019.

Mostar Padaline (1/m?)
: i Ukupno
godine/mjesec I v Vv VI
2007.—-2017. 153,2 126,7 95,9 85,1 461
2018. 305,7 47,1 132,1 97,1 582
2019. 48.1 187.9 193.8 53.2 483

Podaci dobiveni od Federalnog hidrometeoroloskog zavoda (2018. i 2019. god.) pokazuju da je ukupni
zbroj padalina u promatranom razdoblju (ozujak, travanj, svibanj i lipanj) bio najve¢i u 2018 godini,
dok je 2019. godine ukupan zbroj padalina bila priblizno jednak broju padalina promatranog
desetogodiinjeg prosjeka. Najvise padalina je bilo u ozujku 2018. godine (305,7 1/m?), a najmanje u
travnju (47,1 1/m?) iste godine. U 2019. godini su travanj i svibanj imali 3-4 puta viSe padalina od
ozujka i lipnja.

Tablica 2. Srednje temperature zraka za 111, IV, Vi VI mjesec (2007.-2017, 2018, 2019 g.) za Mostar.

Table 2. Mean air temperatures for 111, IV, V and VI months (2007.-2017, 2018, 2019) for Mostar.

Srednje temperature zraka za Mostar (°C)

godine/ mjesec m v \Y VI
2007. —2017. 11,3 15,0 19,1 23,9
2018. 9,7 17,9 21,2 23,3
2019. 12.6 15.0 15.4 25,8
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Moze se konstatirati da je mjesec ozujak 2018. godine imao nizu srednju temperaturu zraka od
desetogodisnjeg promatranog razdoblja (2007.-2017.) 1 2019. godine. Takoder, ozujak 2018. godine je
imao znacajno vecu koli¢inu padalina $to je vjerojatno utjecalo da temperatura u 2018. godini za 1,6
°C bude niZa od desetogodisnjeg prosjeka za mjesec ozujak i za 2,9 °C niza od 2019. godine. Obrnuta
situacija se dogodila u travnju mjesecu 2018. godine, koji je bio topliji za gotovo 3 °C od
desetogodisnjeg prosjeka (2007.-2017.) i 2019. godine, ali je i imao znacajno manje padalina (47,1
1/m?) u odnosu na druga dva promatrana razdoblja. Svibanj je u 2018. godini bio topliji u odnosu na
analizirani desetogodisnji prosjek za 2,1 °C i za 5,2 °C u 2019. godini. Temperatura u lipnju mjesecu
izmedu 2018. godine i desetogodisnjeg prosjeka se moze smatrati ujednacenom i nizom u odnosu na

2019. godinu za 2,5 °C.
Materijali i metode

Ispitivanja su obavljena na lokaciji "Vrapc€i¢i", na plantazama u vlasnistvu tvrtke "Hercegovina lijek"
d.o.o. Lokalitet "Vrap¢i¢i" koji se nalazi se na udaljenosti 7 kilometara sjeverno od Mostara, na
nadmorskoj visini od oko 60 mm. Nasad tresnje podignut je 2009. godine i nalazi se u razdoblju punog
plodonosenja. U zasadu su zastupljene sorte Burlat, Skeena i Sweet Heart, cijepljene na podlozi Gisela
5 (klon 148/2 (Prunus cerasus Schattanmorelle x Prunus canescens Bois.). PovrSina zemljista na kojoj
se nalazi promatrani nasad treSnje iznosi 10 ha. Karakterizira je ravan reljef, ¢ije je vlazenje normalno
u odnosu na klimatsku zonu. Kod ravnog reljefa tlo se navlazuje podjednako. Tlo na kojem je
podignut promatrani voénjak, spada u III klasu: Kambicna tla-smeda tla. Tip tla je Eutricni kabisol,
odnosno Smede karbonatno skeletoidno plitko i srednje duboko dolinsko tlo na Sljunjcima i
serpentinama. IzvrSena je analiza teksturnog sastava tla na oglednom lokalitetu, uzorkovano na dvije

dubine prikazano u tablici 3.

Tablica 3. Teksturni sastav tla na oglednom lokalitetu

Table 3. Textural composition of the soil at the experimental site

Teksturni sastav tla (%) Teksturna oznaka

Dubina (cm)

pijesak Glina prah (USDA)
0-30 49 38 13 Ilovaca
30-60 47 40 13 Ilovaca

Eutri¢ni kambisol, na obe ispitivane dubine prema teksturnom sastavu je ilovaca. Struktura je povoljna
1 stabilna, §to pospjeSuje propusnost i dobre vodozracne odnose ovoga tla. Kambicni horizont ima

nesto veci sadrzaj gline, §to ovom tlu daje vecu sposobnost zadrzavanja vlage.
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U ovome voénjaku primjenjuje se lokalizirani sustav za navodnjavanje "mikrokiSenje", te suvremene
agrotehnicke 1 pomotehnicke mjere (rezidba, obrada tla, gnojidba organskim i mineralnim gnojivima
te zastita od bolesti i Stetnika) za ovu voc¢nu vrstu. Sustav se sastoji iz: izvora vode za navodnjavanje,
pumpe koja crpi vodu iz busotine, razli¢itih kontrolnih ventila, regulatora tlaka, glavnog cjevovoda,
filterskih uredaja, injektora te plasticnih cijevi za dovodenje i razvodenje vode po parceli i
mikrorasprskivaca. Kao izvor vode koriStene su dvije buSotine. Potopne crpke, marke Grundfos,
spustene su na dubinu od 35 m. Crpke crpe vodu te je pod potrebnim tlakom uvode u sustav za
navodnjavanje. Crpku pokrece trofazni elektromotor. Glavni cjevovod je postavljen ispod povrsine tla.
Kroz glavni cjevovod crpke potiskuju vodu u razvodne cijevi, odnosno laterale do mikrosprinklera.
Laterale su postavljene na razmaku od 4 m. Na njih su montirani mikrosprinkeleri, kapaciteta 30 l/h s
kruznim radom, radijusa 6 m, povrsine zalijevanja 8 m?, na razmacima od 2 m, na visinu 70 ¢cm od tla.

Sustav za navodnjavanje se uredno odrzava.

Pokusom je pracen utjecaj navodnjavanja mikrokiSenjem tijekom IV, V i VI mjeseca u 2018. i 2019.
godini, na prinos i masu ploda tri sorte tresnje: Burlat, Skeena i Sweet Heart, cijepljene na podlozi
Gisela 5 (klon 148/2 (Prunus cerasus Schattanmorelle x Prunus canescens Bois.). Uzgojni oblik je
vitko vreteno. TreSnje su sadene na razmak 4 m x 2 m. Prema klasifikaciji sustava uzgoja po stupnju
intenzivnosti ovakav nasad se svrstava u intenzivne nasade (Mici¢ et al., 2008). U nasadu je 2018.
godine uradena oS$tra rezidba stabala u cilju odrzavanja uzgojnog oblika, $to je imalo utjecaja na
ukupan prinos. Plan pokusa je izraden po randomiziranom blok rasporedu na 6 stabala svake sorte
(dva stabla u svakom bloku), ukupno 36 stabala. Za analizu mase ploda uzeto je po 90 plodova za
svaku sortu. Masa ploda mjerena je na analitickoj vagi sa precizno$¢u 0,01 g. Prinos (kg/stablu) je

mjeren prilikom berbe, pri ¢emu je koristena digitalna vaga za mjerenje mase.

Obroci navodnjavanja razlikuju se u 2018. 1 2019. godini. Pocetak navodnjavanja odredivan je prema
kriti€énim razdobljima nasada tre$nje u odnosu na vodu. OZujak mjesec je u obje godine protekao bez
navodnjavanja. U 2018. godini navodnjavano je 14 puta i ukupna koli¢ina vode koja je dana kroz
obroke navodnjavanja iznosila je 390 1/m? U 2019. godini broj navodnjavanja iznosio je 21, te je
ukupna koli¢ina vode data kroz obroke navodnjavanja iznosila 356,25 1/m?. Rasporedi navodnjavanja

se razlikuju kao i duzina trajanja obroka navodnjavanja (Tablica 4).
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Tablica 4. Broj, obroci i rasporedi navodnjavanja u 2018. i 2019. godini

Table 4. Number irrigation, irrigation application volume and irrigation duration in 2018 and 2019

Rezim u 2018. godini Rezim u 2019. godini

Broj

navodn Datum Trajanje Obrok Datum Trajanje Obrok

javanja |navodnjavanja- navodnjavanja| navodnjavanja|navodnjavanja-|navodnjavanja| navodnjavanja

turnus (h) (I/m?) turnus (h) (1/m?)

1 12.04. 8 30 18.04. 5 18,75
2 16.04. 8 30 19.04. 5 18,75
3 20.04. 8 30 20.04. 5 18,75
4 23.04. 8 30 21.04. 5 18,75
5 26.04. 8 30 22.04. 5 18,75
6 28.04. 8 30 25.04. 5 18,75
7 20.05. 8 30 26.04. 5 18,75
8 27.05. 8 30 27.04. 5 18,75
9 28.05. 3 11,25 28.04. 5 18,75
10 01.06. 8 30 30.04. 5 18,75
11 04.06. 11 41,25 08.05. 5 18,75
12 12.6. 5 18,75 15.05. 4 15
13 17.06. 8 30 18.05. 4 15
14 20.06. 5 18,75 21.05. 4 15
15 24.05. 4 15
16 27.05. 4 15
17 27.05. 4 15
18 30.05. 4 15
19 02.06. 4 15
20 05.06. 4 15
21 08.06. 4 15

Ukupna koli¢ina padalina u travnju, svibnju i lipnju mjesecu za 2018. godinu je iznosila 276,3 1/m?, a
u 2019. godini 434,9 1/m?. Koli¢ina padalina u mjesecima kada je i navodnjavano prikazano je u tablici

5.
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Tablica 5. Ukupno 1/m? vode aplicirana navodnjavanjem i oborinama
Table 5. Total I/m’ of water applied by irrigation and rain

Koli¢ina padalina (I/m?)
godina/ mjesec Y on (I/m?)
I v v VI > p (travanj-lipanj)
2018. 305,7 47,1 132,1 97,1 276,3 390
2019. 48,1 187,9 193,8 53,2 4349 356,25

>'p - Ypadalina u IILIV,V;
> on- Y obroka navodnjavanja

Moze se zakljuciti da je u 2019. godini aplicirano manje vode (I/m?) kroz navodnjavanje u odnosu na

2018. godinu, kao i da je koli¢ina oborina u istom periodu bila ve¢a u 2019. godini.

Podaci dobiveni mjerenjem svih parametara, te podaci o navodnjavanju obradeni su u statistickom
paketu XL STAT2021 $to obuhvaca: analizu varijance (Fisherov test) — da bi se utvrdilo postojanje
utjecaja faktora na promatrana svojstva. U kom pravcu se taj utjecaj odvija, pokazuje analiza srednjih
vrijednosti koja je uradena koriStenjem Tukey testa. Tukey testom je testirana znacajnost dobivenih
razlika. Utvrdivanje postojanja utjecaja dva rezima navodnjavanja na promatrana svojstva uradeno je
Pearsonovim koeficijentom korelacije. Pearsonovim koeficijentom korelacije je brojcano prikazana
vrijednost korelacije za ispitivane statisticke parametre, dok se znacajnost koeficijenta iskazuje

vrijednosc¢u P (Udovici¢ et al., 2007).
Rezultati i diskusija

Rezultati istrazivanja provedenog 2018. i 2019. godine prikazani su u tablicama 6. — 8. (Prosjecna
masa ploda (g) ispitivanih sorti tre$nje — tablica 6; Prosjecan prinos (kg/po stablu) ispitivanih sorti

treSnje — tablica 7; Pearsonova korelacija utjecaja navodnjavanja na masu ploda — tablica 8).

Tablica 6. Prosjecna masa ploda (g) ispitivanih sorti tresnje (2018. — 2019.)
Table 6. Average fruit weight (g) of tested cherry varieties (2018 —2019)

Sorta 2018. 2019.
Burlat 8.82+0.90d 7.63£0.30f
Skeena 11.68+1.098a 11.29+0.68b
Sweet heart 8.43+0.824e 10.50+0.74c¢
ANALIZA VARIJANCE F F crit
Godina 5.84%* 3.86
Sorta 774.05%* 3.01
Interakcija 204.99** 3.01
TUKEY TEST 5 % 0,14%* kriticna vrijednost
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Vrijednosti mase ploda su aritmeticke sredine = SD. Razli¢ita slova pridodana prosje¢nim
vrijednostima oznacavaju da se sorte znac¢ajno razlikuju u istrazivanom svojstvu prema Tukeyevom

HSD testu uz p<0.05.

Najveca prosjecna masa ploda je zabiljezena kod sorte Skeena u 2018. godini (11,68 g), dok je
najmanja prosjecna vrijednost zabiljezena kod sorte Burlat u 2019. godini i iznosila je 7,63 g. Sweet
Heart je imala vecu prosjecnu masu ploda u 2019. godini (10,50 g) u odnosu na 2018. godinu.
Dvofaktorijalna analiza varijance za masu ploda je pokazala da postoji statisticka znacajnost faktora

godina na masu ploda, sorte kao faktor i interakcija godina i sorta.

Na osnovu Tukey testa za masu ploda, moze se konstatirati da su se sve promatrane sorte u obje
godine medusobno statisticki znacajno razlikovale u pogledu prosjecne mase ploda (tablica 6).
Usporedbom dobivenih rezultata za prosjecnu masu ploda u obe istrazivane godine postoji
podudarnost s rezultatima od 8,1g (Milatovi¢ et al., 2013.b), 1 6,5-10,4 g (Milatovi¢ et al., 2011.a), ali
ne i s Raduni¢ et al. (2008) godine za sortu Burlat (5,92 g). Rezultati za masu ploda sorte Skeena (8,5
g) do kojih su dosli Milatovi¢ et al. (2013b) se ne mogu smatrati podudarnima s (11,5 g) nasim
istrazivanjem. Nasi rezultati za sortu Skeena nisu u skladu s rezultatima (6,3 g i 6,2 g.) Gadze et al.
(2011).

Tablica 7. Prosjecan prinos (kg/po stablu) ispitivanih sorti tresnje (2018. — 2019)
Table 7. Average yield (kg / per tree) of examined sweet cherry cultivars (2018 — 2019)

Sorta 2018. 2019.

Burlat 4.00+1.95¢ 3.5242.58¢

Skeena 9.64+1.53a 3.05%0.70¢

Sweet heart 6.29+1.22b 5.78+1.14b
ANALIZA VARIJANCE F F crit
Godina 18.99* 4.17
Sorta 7.89%* 3.32
Interakcija 12.24%* 3.32

TUKEY TEST 5 % 1,25%

Vrijednosti prinosa su aritmeticke sredine + SD. Razlicita slova pridodana prosje¢nim vrijednostima
oznacavaju da se sorte znacajno razlikuju u istrazivanom svojstvu prema Tukeyevom HSD testu uz

p=<0,05.

Najveca prosjecna vrijednost prinosa po stablu je zabiljezena kod sorte Skeena u 2018. godini (9,64
kg), dok je najmanja zabiljezena kod sorte Skeena u 2019. godini (3,05 kg). Usporedbom rezultata
(Milatovi¢ et al., 2013a), prosjeCan prinos za sve ispitivane sorte u razdoblju od tri godine je bio 4,2 kg

po stablu Sto odgovara prosjecnom prinosu sorte Burlat u 2018 godine. Glisi¢ et al. (2011), navode da
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prinos po stablu tresnje znacajno raste od Cetvrte do sedme (4,76 - 10,77 kg) godine. Prosjecan prinos

po stablu sorte Skeena nije u skladu sa rezultatom 2,68 kg (Milatovi¢ et al., 2013.b).

Analizom varijance moze se zakljuciti da postoji statisticka znacajnost godine, sorte i interakcija

godina i sorta na prinos po stablu (Tablica 7).

Dobiveni podatci se ne podudaraju s podatcima do kojih su dosli Milatovi¢ et al. (2011) kada je
prosjecan prinos po stablu kod sorte Skeena iznosio 1,47 kg/stablu. Oni navode da su promatrane
karakteristike pa i prinos po stablu imali znacajno vece vrijednosti u godini u kojoj je mraz bio manjeg
intenziteta, Sto navodi da se pri odabiru lokacije za uzgoj treSnje, na Gizela 5, mora uzeti u obzir i
njihova osjetljivost na zimske mrazove. Imajuéi to u vidu navodnjavanje mikrosprinklerima bi bilo
rjeSenje protiv mogucih mrazova u razdoblju cvjetanja. Treba navesti da Hercegovina ima dobre

karakteristike klime za uzgoj tresnje na slabo bujnim podlogama.

Tablica 8. Pearsonova korelacija utjecaja navodnjavanja na masu ploda (2018.12019.)
Table 8. Pearson correlation of the impact of irrigation on fruit weight and yield per tree (2018 and
2019)

Sorta Masa ploda 2018. Masa ploda 2019.
Burlat 0,077 0,151*
Skeena -0,170* -0,155*
Sweet heart 0,359* 0,088
Prinos (kg/stablu) 2018 Prinos (kg/stablu) 2019
Burlat 0,235% 0,055
Skeena -0,196* 0,039
Sweet heart 0,277* 0,077

*Statisticka znacajnost (slaba pozitivna korelacija ili slaba negativna korelacija)

Na osnovu Pearsonovog koeficijenta korelacije za masu ploda, moze se zakljuciti da postoji statisticki
znacajna slaba pozitivna korelacija reZima navodnjavanja u 2018. godini na masu ploda sorte Sweet
heart (r=0,359%). Rezim navodnjavanja u 2018. godini u odnosu na masu ploda sorte Skeena pokazao
je stitisticki znacajan utjecaj i radi se o slaboj negativnoj korelaciji (r=-0,170%), dok rezim
navodnjavanja u 2018. godini u odnosu na masu ploda sorte Burlat nije pokazao statisti¢cki znacajnu

korelaciju (r=0,077).

Na osnovu Pearsonovog koeficijenta korelacije za masu ploda, moze se zakljuciti da postoji statisticki
znacajna slaba negativna korelacija rezima navodnjavanja u 2019. godini na masu ploda sorte Skeena
(r=-0,155%*). Rezim navodnjavanja u 2019. godini u odnosu na masu ploda sorte Burlat pokazao je
statisticki znacajan utjecaj i radi se o slaboj pozitivnoj korelaciji (r=0,151%), dok rezim navodnjavanja
u 2019. godini u odnosu na masu ploda sorte Sweet heart nema statisticki zna¢ajnu korelaciju
(r=0,088).
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Na osnovu Pearsonovog koeficijenta korelacije za prinos po stablu, moze se zakljuciti da postoji
statisticki znacajna slaba pozitivna korelacija rezima navodnjavanja u 2018. godini na prinos po stablu
sorte Sweetheart (r=0,277%*). Rezim navodnjavanja u 2018. godini u odnosu na prinos po stablu sorte
Skeena pokazao je statisticki znaCajan utjecaj i radi se o slaboj negativnoj korelaciji (r=-0.196%).
Rezim navodnjavanja u 2018. godini u odnosu na prinos po stablu sorte Burlat je pokazao statisticki

znacajnu slabu pozitivnu korelaciju (r=0,277%).

Na osnovu Pearsonovog koeficijenta korelacije za prinos po stablu, moze se zakljuciti da ne postoji
statisticki znacajna korelacija rezima navodnjavanja u 2019. godini na prinos po stablu kod ispitivanih

sorti treSnje Burlat (r=0,055), Skeena (r=0,039) i Sweet heart (r=0,077)
Zakljucéak

Bitni ¢imbenici koji utje¢u na masu ploda i prinos po stablu tijekom istrazivanja jesu: sorta i podloga,

tlo, odgovarajuce navodnjavanje, koli¢ina padalina, temperatura zraka, odnosno klimatske prilike.

Statisticki je utvrdeno da su se sve promatrane sorte, u obje godine, medusobno statisticki znacajno
razlikovale u pogledu prosje¢ne mase ploda. U 2018. godini, za prinos (kg/stablu) je postojala
statisticki znacajna razlika izmedu svih sorti, a u 2019. godini je samo sorta Sweet Heart pokazala
statisticku znacajnost u odnosu na druge dvije sorte. Utjecaj godine na prinos (kg/stablu) pokazao je

znac¢ajnost samo kod sorte Skeena 9,64 kg/stablu (2018. godina) i 3,05 kg/stablu (2019. godina).

Promatrajuéi utjecaj rezima navodnjavanja na prosjecnu masu ploda i prinos (kg/stablu) Personovom
korelacijom je ustanovljeno da je rezim navodnjavanja u 2018. godini imao statisticki znacaj na
promatrane sorte. Rezim navodnjavanja u 2019. godini prema Personovoj korelaciji imao je statisticku
znacajnost za masu ploda kod sorte Burlat i Skeena, dok za sortu Sweet Herat nije imao znacaj.
Znacajnost rezima navodnjavanja u 2019. godini za prinos (kg/stablu), nije utvrdena Personovom

korelacijom ni za jednu promatranu sortu.

Znajudi da je potrebno pravilno utvrditi potrebnu kolic¢inu vode pri svakom navodnjavanju moze se
reci da rezim navodnjavanja u 2019. godini nije bio odgovarajuci za promatrani vo¢njak, te da je rezim
u 2018. godini dao bolje rezultate za prinos po stablu. Kao razlog se moze smatrati ¢injenica da tlo na
promatranoj parceli ima visok sadrzaj gline zbog ¢ega je rezim navodnjavanja u 2018. godini imao

bolji utjecaj na prinos po stablu.
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Sazetak

Odrzivi razvoj i o¢uvanje krajobraza, danas postaju dio strategija razvoja mnogih drzava. Kako bi se
osigurala dozvoljena intervencija u krajobrazu, potrebno je snimiti postojeCe stanje, odrediti
krajobrazne vrijednosti i kapacitet nosivosti tog podrucja. U krajobraznom oblikovanju vazno je
poznavati entomofaunu kako zbog bioraznolikosti, tako i zbog oCuvanja biljnih vrsta. Revitalizacija i
oblikovanje novih krajobraznih cjelina podrazumijeva analizu postojece flore te razmatra ideju
zadrzavanja flornih elemenata unutar novog projekta kako bi se oCuvala autenticnost terena, ali i
vrednovala starost prisutnih vrsta. Cilj rada bio je istraziti entomofaunu na postoje¢im hortikulturnim
vrstama u posjedu Franjevackog samostana i Franjevacke klasicne gimnazije u Visokom. Istrazivanje
je provedeno od rujna 2022. do kolovoza 2023. godine. Determinirane su 81 drvenasta i grmolika vrsta
te 28 kukaca Cije je djelovanje Stetno. Determinacijom nadenih vrsta utvrduje se kako najvise Stetnika
pripada redu Hemiptera, zatim Coleoptera te Lepidoptera, dok je najmanje pripadnika redova Diptera i

Hymenoptera.
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Abstract

Sustainable development and landscape preservation are becoming integrated in the development
strategies of many countries today. In order to secure a permitted landscape intervention, it is
necessary to record the existing condition, determine the landscape values and carrying capacities of a
given area. In landscape design, it is important to have knowledge of the entomofauna both for
biodiversity and for the preservation of plant species. The revitalization and design of new landscapes
requires analysis of the existing flora and takes into consideration the idea of retaining flora elements
within the new project in order to preserve the authenticity of the terrain, but also to measure the age
of the species present. The aim of this study was to investigate the entomofauna among the existing
horticultural species in the property of the Franciscan Monastery and the Franciscan Classical High
School in Visoko. The research was conducted from September 2022 to August 2023. 81 tree and
shrub species and 28 types of harmful insect were determined. Through determination of the species
identified, it was found that the most pests belonged to the order of Hemiptera, followed by Coleoptera
and Lepidoptera, while the fewest belonged to the orders of Diptera and Hymenoptera.

Key words: landscape, pests, entomofauna, monitoring.

Uvod

U modernom vremenu nagle urbanizacije okoli§ se brzo mijenja, $to je posljedica ljudske i prirodne
aktivnosti. NajviSe promjena u okolisu ¢ini ¢ovjek, primjenjujuci tehnike i opremu koji ugrozavaju
biolosku raznolikost. Takav utjecaj smanjuje prirodne krajobraze koje bi trebalo posebno zastititi, Sto
je osnovni zadatak konzervacijske biologije i ekologije. Istrazivanje i poznavanje entomofaune zbog
bioraznolikosti i oCuvanja biljnih vrsta vazan je element u planiranju prostornog uredenja i zastite
prisutnih zajednica. U postupku imunizacije, vazno je sluziti se metodama i pripravcima koji ¢e ne
samo pomoci u oporavku oboljele i oSteCene biljne vrste nego i zastititi druge korisne kukce i okolis.

Visoko je gradsko naselje u srednjoj Bosni, 30 kilometara sjeverozapadno od Sarajeva. Pod najstarijim
1 najuzim pojmom Bosne smatralo se naselje u Visockom polju i njegovu pribreZju, ¢iji se znacaj istice
u vladarskim ispravama od 1326. do 1329. godine (Andeli¢, 1984), dok naziv Bosna, kasnije, u smislu
oblika drzave, poprima druge granice (Vego, 1982). Naziv Visoko potjece od utvrde "Visoki", odakle
naselje Podvisoki, smjeSteno podno nje, kasnije dobiva ime Visoko. Grad nema samo ulogu politickog
i trgovackog nego i1 duhovnog centra, kao sakralno sjeciSte Bosne (Valenta, 2019), sude¢i prema crkvi
koju je Kulin ban podigao najkasnije 1203. godine (Jeleni¢, 1906). Preuzimajuc¢i ulogu kraljevskog
srediSta, uz samu kraljevu palacu, Visoko dobiva samostan sv. Nikole, povjeren franjevcima koji tu
ostaju do 1697. godine (Jeleni¢, 1906). U isto vrijeme postoji i samostan s crkvom sv. Marije u
Podvisokom. Franjevacki historicar Batini¢, prema dnevniku fra Pavla Rovinjanina iz 1640., biljezi:

"Dosav u Visoki, ostao je obcaran polozajem grada i ljepotom njegovih mnogih basca, tako da se nije
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mogao do sita nagledati ovih prirodnih krasota. I franjevci su imali jednu ovakvu bascu, a uz samu
ogradu tekla je voda na tocak, te bi u vecer onamo dolazila turska i krséanska djeca™ (Batini¢, 1983).
Biljeska ukazuje na vrt Franjevackog samostana sv. Marije, koji se vjerojatno nalazio na mjestu na
kojemu je danas Pravoslavna crkva sv. Prokopija. Vjerojatno je to bio kaskadni vrt na prirodnoj
padini. Nakon 1697. godine nema podataka o katolicima u Visokom i okolici, a na njihovu dotadasnju
prisutnost ukazuju nazivi: brdo Kriz, selo Biskupi¢i (sada Muhasinovici) te ulica Klisa, gdje se
svojevremeno nalazio samostan sv. Marije. Franjevci se vrac¢aju u Visoko 1899. godine i podizu
sadasnji samostan, sjemeniste i gimnaziju, u koju useljavaju 1900. godine, a Visoko odabiru zbog
njegova polozaja, pogodnosti kao i franjevacke proslosti na tom prostoru (Gavran, 2000). Odtada do
danas tu obavljaju svoju prosvjetnu, kulturnu i duhovnu djelatnost, vode¢i jedinu klasi¢nu gimnaziju u
Bosni i Hercegovini, u kojoj pravo na pohadanje i smjeStaj imaju svi talentirani ucenici neovisno o

spolnoj, nacionalnoj ili vjerskoj pripadnosti.

Slika 1. Pogled na samostan s vrtom i zgradu Slika 2. Franjevacka klasi¢na gimnazija
konvikta prije obnove

Figure 1. View of the monastery with the garden Figure 2. Franciscan Classical High School
and the dormitory building before renovation (Photo: https://visoko.ba/)

(Photo: Samostanski arhiv)

Za realizaciju ovog istrazivanja odabran je posjed Franjevackog samostana u Visokom, ¢ija povrSina
iznosi oko 22.000 m2. Od 30-tih godina proslog stolje¢a samostanski i konviktski vrt bili su, a i danas
su, ukras Visokog, o ¢emu su brinule Skolske sestre franjevke. Svojim raskogem, oblikom i brojnoséu
cvjetnica i povrtnica koje su same proizvodile, plijenio je paznju prolaznika i putnika koji bi putovali
vlakovima, a zapisi kazuju kako su i lokalni zeljeznicari govorili da od Sarajeva do Broda nema boljeg
vrta (Gavran, 2000). Na posjedu se nalazi i viSedesetljetna hortikulturna cjelina koju se planira
podvrgnuti planskom uredenju krajobraza, zbog ¢ega se pristupa determinaciji drvenastih i grmolikih
vrsta.

Hortikulturna cjelina na posjedu Franjevackog samostana u Visokom, u ¢ijem se okruzenju nalazin 81
drvenasta i grmolika vrsta te promjenljiv broj jednogodis$njih vrsta cvjetnica i povrtnica, predstavlja
gust sklop sastavljen od viSe starijih vrsta koje ranije nisu pregledane ni podvrgnute zaStitnim

mjerama, iz ¢ega proizlazi hipoteza da se u toj cjelini nalaze insekti koji Stetno djeluju na hortikulturne
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vrste i predstavljaju prijetnju. Slijedom postavljene hipoteze, cilj istraZivanja je determinirati
entomofaunu prisutnu na hortikulturnim vrstama.
Determinacija entomofaune predstavlja neizostavan korak u krajobraznom oblikovanju u cilju
pra¢enja stanja i broja vrsta koje nastanjuju hortikulturne biljke kao i postojanje Stetnika koji
lijeciti.
Postavljeni ciljevi realizirani su kroz istrazivacke zadatke koji su ukljucili: determinaciju drvenastih i

grmolikih vrsta, determinaciju entomofaune te analizu i usporedbu dobivenih rezultata.
Materijali i metode

Kako bi se ostvario cilj rada, planirana je kombinacija metoda i to metode istrazivanja i terenskog rada
te deskriptivne metode. Rad se temelji na identifikaciji krajobraznih vrijednosti i entomofaunisticke
raznolikosti za ¢iju se valorizaciju primjenjuje:
e determinacija postojece flore (Tutin, t. G. & v. H. Heywood, (ur.), 1964-1980; Tutin, et al.
1993; Domac, 2002; Nikoli¢, 2019, 2020 a,b,c)
e provjera stanja hortikulturnih vrsta,
e promatranje entomofaune na terenu,
e upotreba ljepljivih traka (20 zutih i 20 plavih ljepljivih traka Aeroxon) i feromonskih klopki,
(Pheroprax ampule feromon, proizvodaéa BASF Agro B.V Wadenswil Svicarska)
e sakupljanje insekata pomocu entomoloske mreze i prepariranje,
e determinacija insekata (Chapman, 1998; Tomiczek et al., 2008; Zubrik et al., 2013) analiza,
obrada i prezentacija. Istrazivanja su obavljena u periodu od rujna 2022. do kolovoza 2023.

godine.

Utvrdivanje zdravstvenog statusa hortikulturnih vrsta na posjedu Franjevackog samostana

Za istrazivanje zdravstvenog stanja hortikulturnih vrsta, koristena je VTA (Visual Tree Assesment)
metoda. VTA metoda se temelji na aksiomu konstantnog stresa prema kojem stablo ravnomjerno
rasporeduje opterec¢enja, optimizirajuéi oblik u cilju odrzavanja svoje bioloske funkcije, a njome se
procjenjuju strukturna ostecenja i stabilnost stabla (Pauli¢ et al., 2013). Procjena stabala slijedec¢i ovu
metodu, obavlja se kroz detaljan pregled stabala, pri ¢emu se zapaZaju sve promjene na stablu koje
upucuju na strukturna ostecenja i vode smanjenju stabilnosti. Osim tog mehanickog aspekta, proucava
se i bioloska komponenta, koja je izrazena kao vitalnost stabla. Ukoliko nema znatnijih strukturnih
ostecenja i postoji vitalnost koja omogucuje da povrati stanje konstantnog stresa, tj. ojaca strukturno
slaba mjesta koja predstavljaju mjesta loma stabla, stablo se ne smatra opasnim ako. U sluc¢aju da se na
osnovu vizualnog izgleda stabla ne moze odrediti je li promatrano stablo opasno, tada se koriste

dodatna ispitivanja uporabom arborikulturnih instrumenata. Ovom se metodom mogu odrediti opasna

45



R. Kepié, Denisa Zujo Zeki¢, M. Dautbasi¢, Jasna Avdié, Alka Turalija / IstraZivanje entomofaune

hortikulturnih biljaka na posjedu Franjevackog samostana... / Glasilo Future (2023) 6 (5-6) 42—64
stabla te propisati potrebni arborikulturni zahvati (Pauli¢ et al., 2013). Prema istom autoru, nedostatak
ove metode je visoka subjektivnost i ovisi o prijasnjem znanju i iskustvu pojedinca. Provjera
zdravstvenog stanja hortikulturnih vrsta zahtijeva determinaciju i pregled svake pojedine vrste,
uoCavanje nepravilnog rasta, prisutnost bolesti i Stetnika, odumiranja tkiva i sli¢no. Ukoliko se
primijeti prisutnost Stetnika ili Stete na biljnim dijelovima, vrsi se detaljnije ispitivanje, (determinacija
Stetnika, brojnost jedinki), procjenjuje se Steta te se razmatraju prihvatljive mogucnosti saniranja i
oporavka biljke. U istrazivanju je koristeno po 20 zutih i 20 plavih ljepljivih traka proizvodaca
Aeroxon, koje pregledane su u prvom postavljanju od svibnju te u drugom u srpnju. Plave su trake
namijenjene utvrdivanju prisutnosti tripsa, dok su zute ljepljive trake namijenjene utvrdivanju
prisutnosti drugih S$tetnika. U feromonskoj klopki koriStene su Pheroprax ampule feromon

proizvodata BASF Agro B.V Wadenswil Svicarska.
Rezultati i diskusija

Poznavanje zastupljenosti entomofaunistickih vrsta na terenu kao i njihovih odnosa s drugim vrstama
kljuéno je u mnogim istrazivanjima i planiranjima u podrucju krajobraznog oblikovanja, vocarstva,
Sumarstva, biljne proizvodnje i dr. kukci mogu imati neutralno, korisno ili $tetno djelovanje na biljku.
Korisno djelovanje kukaca ogleda se u oprasivanju, provjetravanju, razlaganju organske tvari te
spre¢avanju invazivnosti vrsta koje imaju §tetan u¢inak na biljku. Stetno djelovanje kukaca uoéljivo je
kroz nastanak oboljenja, ugrozenosti i odumiranja biljnih vrsta ukoliko se pravovremeno ne uoci
njihovo Stetno djelovanje i ne primijene metode iz fitomedicine (Dimi¢ et al., 2013). Revitalizacija i
oblikovanje novih krajobraznih cjelina podrazumijeva analizu postojece flore te razmatra ideju
zadrzavanja flornih elemenata unutar novog idejnog projekta kako bi se oc¢uvala autenti¢nost terena,
ali 1 vrednovala starost prisutnih vrsta. Stoga se u ocuvanju postojece flore naglasak stavlja na analizu
trenutnog stanja, primjenu metoda lijeCenja oboljelih vrsta te uklanjanje onih vrsta koje su odumrle ili
se ne mogu lijeciti. U postupku lijeCenja, sluzimo se metodama i pripravcima koji ¢e ne samo pomoci
u oporavku oboljele biljne vrste nego i zastititi druge insekte i okolinu (Vujkovi¢, 2003).
Determinacijom postojece flore biljeze se 81 drvenasta i grmolika vrsta te promjenljiv broj

jednogodisnjih cvjetnica i povrtnica.

Tablica 3. Popis hortikulturnih biljaka u samostanskom posjedu (Kepi¢, 2022)
Table 3. List of horticultural plants on the monastery property (Kepi¢, 2022)

Domadéi naziv Latinski naziv

1. Aktinidija Actinidia chinensis Planch.

2. Albicija Albizia julibrissin Durazz.

3. Aris Larix decidua Mill.

4. Bijeli biserak Symphoricarpos albus (L.) S.F. Blake
5. Bor bijeli Pinus sylvestris L.

6. Bor crni Pinus nigra Amold

7. Borovac Pinus strobus L.
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Domacdi naziv

Latinski naziv

8. Borovica puzajuca Juniperus squamata Buch.-Ham.
9. Bozikovina llex aquifolium L.

10. Breza Betula pendula Roth

11. Brsljan Hedera helix L.

12. Bukva Fagus sylvatica L.

13. Crvena hudika Viburnum opulus L.

14. Divlja jabuka Malus sylvestris Mill.

15. Drijen Cornus mas L.

16. Dud bijeli Morus alba L.

17. Duglazija

Pseudotsuga menziesii, (Mirb.) Franco

18. Forzicija Forsythia sp.

19. Galska ruza Rosa gallica L.

20. Ginko Ginkgo biloba L.
21. Glog Crataegus sp.

22, Grab Carpinus betulus L.

23. Hibiskus

Hibiscus syriacus L.

24, Hortenzija

Hydrangea sp.

25. Hrast luznjak

Quercus robur L.

26. Hudika kineska

Viburnum rhytidophyllum Hemsl.

27. Jabuka

Malus domestica L.

28. Japanska dunja

Chaenomeles japonica (Thunb.) Lindl. ex Spach

29. Japanska kurika

FEuonymus japonicus Thunb.

30. Jarebika

Sorbus aucuparia L.

31. Javor gorski Acer pseudoplatanus L.

32. Javor kineski Acer ginnala Maxim.

33. Jela Abies alba L.

34. Jorgovan Syringa vulgaris L.

35. Judino drvo Cercis canadensis L.

36. Juka Yucca gloriosa L.

37. Lavanda Lavandula officinalis L.

38. Kadulja Salvia officinlis L.

39. Kalina Ligustrum vulgare L.

40. Katalpa Catalpa bignonioides Walter

41. Kesten divlji Aesculus hippocastanum L.

42. Kostuni¢ava patisa Cephalotaxus harringtonii K. Koch
43. Kozokrvina sjajna Lonicera nitida E.H.Wilson

44. Lavanda Lavandula officinalis L.

45. Lawsonov paempres Chamaecyparis lawsoniana (A. Murray) Parl.
46. Lijeska Corylus avellana L.

47. Lipa malolisna Tilia cordata L.

48. Lipa srebrnolisna Tilia platyphillos L.

49. LovorviSnja Prunus laurocerasus L.

50. Loza petoprstna

Partenocisus quingefolia L.

51. Magnolija

Magnolia sp.

52. Mahonija

Mahonia aquifolium (Pursh.) Nutt.

53. Malina Rubus idaeus L.

54. Musmulica Cotoneaster sp.

55. Negundovac Acer negundo L.

56. Obi¢na smreka Picea abies (L.) Karsten
57. Orah Juglans regia L.

58. Orlovi nokti Lonicera caprifolium L.
59. Pajasmin Philadelphus coronarius L.
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Domacdi naziv

Latinski naziv

60. Panci¢eva omorika Picea omorika (Panci¢) Purk.
61. Platana Platanus occidentalis L.

62. Ribizla crvena Ribes rubrum L.

63. Smokva Ficus carica L.

64. Srebrna smreka Picea pungens Engelm.

65. Srebrenolisni javor Acer saccharinum L.

66. Surucica Spiraea media Schmidt

67. Svib Cornus sanguinea L.

68. Simgir Buxus sempervirens L.

69. Sljiva Prunus domestica L.

70. Sljiva crvenolisna Prunus cerasifera Ehrh.

71. Taksodij Taxodium distichum (L.) Rich.
72. Tisa Taxus baccata L.

73. TreSnja Prunus avium L.

74. Trnoviti glogovac Pyracantha coccinea M.Roem.
75. Tuja Thuja sp.

76. Vatreni trn Pyracantha coccinea Roem.
77. Visnja Prunus cerasus L.

78. Zanovijet obi¢na Laburnum anagyroides Medik.
79. Zova Sambucus nigra L.

80. Zutika Berberis vulgaris L.

81. Zutika Julijanina

Berberis julianae Schneid.

Popis kukaca determiniranih na analiziranim hortikulturnim vrstama na posjedu Franjevackog

samostana Visoko

Tijekom perioda istraZivanja determinirano je 28 vrsta kukaca/Stetnika na analiziranim hortikulturnim

vrstama.

Tablica 4. Popis entomofaune na hortikulturnim biljkama na samostanskom posjedu (Kepic¢, 2023)

Table 4. List of entomofauna on horticultural plants on the monastery property (Kepié, 2023)

Latinski naziv Stetnika

Domaéi naziv Stetnika

Hortikulturna vrsta

1. Adelges (Chermes) abietis L.

smrekina us SiSkarica

obi¢na smreka
(Picea abies (L.) Karsten)

2. Aphis pomi De Geer

zelena us jabuke

jabuka (Malus domestica L..)

3. Argyresthia thuiella Packard

srebrnasti tujin moljac

tuja (Thuja sp.)

4. Cameraria ohridella
Deschka & Dimié

kestenov moljac miner

kesten divlji
(Aesculus hippocastanum 1..)

5. Ceratitis capitata Wiedemann

sredozemna vo¢na muha

vis$nja (Prunus cerasus L.)

6. Cromaphis juglandicola Klbt.

orahova mala u$

orah (Juglans regia L.)

7. Coroebus rubi L.

malinov krasnik

malina (Rubus idaeus L.)

8. Corythuca ciliata Say

platanova stjenica

platana (Platanus occidentalis L.)

9. Corythucha arcuata Say

hrastova stjenica

hrast luznjak (Quercus robur L.)

10. Cossus cossus L. crveni crvotocac, | jabuka (Malus domestica L.)
drvotocac

11. Cryptomyzus ribis L. ribizlina lisna us ribizla crvena (Ribes rubrum L.)

12. Curculio nucum L. ljeskotoc lijeska (Corylus avellana L.)

13. Cydalima perspectalis Walker

Sim§irov moljac

SimSir (Buxus sempervirens L.)

14. Cydia pomonella L.

jabucni savijac

jabuka (Malus domestica L..)
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Latinski naziv $tetnika Domacdi naziv Stetnika | Hortikulturna vrsta
15. Dendrothrips ornatus Jabl. kalinin trips kalina (Ligustrum vulgare L.)
16. Drosophila suzukii Matsumura | octena muha treSnja (Prunus avium L.)
17. Eucallipterus tiliae L. lipina lisna us lipa srebrnolisna
(Tilia platyphillos L.)
18. Forficula auricularia L. uholaza vis$nja (Prunus cerasus L.)
ari$ (Larix decidua Mill.)
19. Lyonetia clerkella L. moljac vijugavih mina jabuka (Malus domestica L..)
20. Megachile centuncularis L. pcela krojacica galska ruza (Rosa gallica L.)
21. Mindarus abietinus Koch. lisna jelina us jela (4bies alba L.)
22. Myzocallis coryli Goetze lijeskina lisna us lijeska (Corylus avellana L.)
23. Myzus cerasi F. crna tresnjina us$ tre$nja (Prunus avium L.)
jorgovan (Syringa vulgaris L.)
24. Nezara viridula L. zelena stjenica malina (Rubus idaeus L.)
jabuka (Malus domestica L.)
25. Physokermes piceae (Sch.) smrekina Stitasta us srebrna smreka
(Picea pungens Engelm)
26. Pyrrhocoris apterus L. vatrena stjenica lipa malolisna (7ilia cordata L.)
ari$ (Larix decidua Mill.)
taksodij (Taxodium distichum (L.)
27. Curculionidae, Scolytinae potkornjaci Rich.)
vis$nja (Prunus cerasus L.)
smreke (Picea sp.)
28. Tropinota hirta Poda dlakavi ruzicar galska ruza (Rosa gallica L.)

Rezultati istrazivanja ukazuju na prisutnost devet vrsta biljnih usi iz reda Hemiptera, od kojih sedam
vrsta iz porodice Aphididae te po jedna iz porodica Adelgidae i Coccidae. Lisne usi predstavljaju
Siroko rasprostranjene sitne kukce veli¢ine 1,5 — 5 mm. Po klasifikaciji, postoje generacije bez krila te
s dva para opnenastih krila koja su duza od tijela. Tijelo im moze biti razli¢ito obojeno, dok se
identifikacija vrsi na osnovu morfoloskih karakteristika vrste. Rasprostranjene su svuda, a brojnost im
se smanjuje na visim nadmorskim visinama (Keresi et al., 2016). Stete nanose hraneéi se biljnim
sokovima, zbog ¢ega dovode do deformacije lista i uvenuca, ali indirektnu Stetu nanose kao
prijenosnici virusa i vektori su istih. Zahvaljuju¢i lu¢enju medne rose kojom se hrane mravi i dr.
Stetnici, ostvaruju mutualizam s njima, a oni ih za uzvrat §tite od predatora i parazitoida te ih prenose
na druge biljke uslijed uvenuc¢a napadnute biljke (Mladenovi¢, 2018). U stadiju jaja najéeS¢e prezime
na drvecu ili grmlju te se u proljece pojavljuju jedinke koje partenogenetski ili viviparno radaju prve
kolonije beskrilnih usi, koje nakon nekoliko generacija nasljeduju krilate kolonije. Razvoj jedne
generacije traje 10 do 14 dana, a odvija se pri temperaturi 18 — 20 °C. Njihovu razvoju i djelovanju
pogoduje umjereno toplo i suho vrijeme. Jesenskim parenjem i polaganjem jaja koja ¢e prezimiti
osiguravaju nastanak novih kolonija poc¢etkom vegetacijskog ciklusa (Keresi et al., 2016). Biljni
predatori lisnih usi su: bubamare (Coleoptera: Coccinellidae), osolike muhe i muhe $iskarice (Diptera:
Syrphidae i Cecidomyiidae) te zlatooke (Neuroptera: Chrisopidae). Medu prisutnim vrstama, porodici
Aphididae pripadaju: zelena u$ jabuke (Aphis pomi De Geer), crna tre$njina u§ (Myzus cerasi F.),

ribizlina lisna us (Cryptomyzus ribis L.), lipina lisna us§ (Eucallipterus tiliae L.), orahova mala u§
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(Chromaphis juglandicola Kltb.), lijeskina lisna us (Myzocallis coryli Goetze) te lisna jelina us

(Mindarus abietinus Koch.), od kojih su brojnije zelene usi jabuke i crne tre$njine usi.

Slika 3. Zelena us jabuke (Aphis pomi De Geer) Slika 4. Crna us§ treSnje (Myzus cerasi F.)
(Foto: R. Kepi¢, 2023) (Foto: R. Kepi¢, 2023)

Figure 3. Green apple aphid (Aphis pomi De Figure 4. Black cherry aphid (Myzus cerasi F.)
Geer) (Photo: R. Kepic, 2023) (Photo: R. Kepic¢, 2023)

Zelena us$ jabuke (Aphis pomi De Geer) je monoeci¢na vrsta koja oStecuje listove 1 vrhove lastara
(slika 3.), pri ¢emu izaziva deformaciju lista i smanjuje intenzitet fotosinteze, $to utjeCe i na veli¢inu
ploda. Tijekom godine razvije viSe generacija, a razvijanjem gljiva Cadavica smanjuje trziSnu
vrijednost ploda (Keresi et al., 2016). Crna tre$njina us (Myzus cerasi F.) nastanjuje treSnju, ali se
nalazi i na vi$nji. Kolonije usi uzrokuju deformaciju i kovr€anje lista, pri ¢emu lastar zaostaje u
porastu, a ometa se i sazrijevanje ploda. Uvijanjanje liS¢a na vrhovima lastara oblikuje neugledne
bukete (Slika 4). Vrsta je glavni prijenosnik viroze treSnje (Keresi et al., 2016). Osobitu prijetnju
predstavlja mladim nasadima. Rezultati istrazivanja o zastupljenosti Myzus cerasi F. na Sest
polusrodnika Prunus avium L. u rasadniku kazuju kako bi se oplemenjivanjem sorti treSnje moglo
dodatno utjecati na njenu otpornost na crnu us (Pajnik-Poljakovi¢ et al., 2019).

Porodici Adelgidae pripada smrekina us Siskarica (Adelges (Chermes) abietis L.). U pitanju je vrsta
koja se javlja na smreki, a razvojni ciklus joj traje dvije godine. Prekrivene voStanim nitima, jedinke
siSu sok formirajuc¢i gale u osnovi ili pri vrhovima mladih granéica (Slika 5). Druga se krilata
generacija djelomicno seli nastanjujuci stabla drugih Cetinara: borova, jela i arisa, te prezimljava na
sporednom domacinu, na kojemu polaZe jaja za trecu generaciju i razvija Cetvrtu generaciju. Peta se
generacija ponovno vra¢a na primarnog domacina — smreku, gdje zapocinje novi razvojni ciklus.
Posljedice jakih napada su slabljenje stabla i stvaranje krzljavih izbojaka, pri ¢emu stradaju stabla svih

starosti, a najviSe su podlozna stabla jele (Keresi et al., 2016).
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Slika 5. Gale uzrokovane Adelges (Chermes) Slika 6. Siska smrekine $titaste usi
abietis L. (Foto: R. Kepi¢, 2023) (Foto: R. Kepi¢, 2023)

Figure 5. Gale caused Pineapple gall adelgid Figure 6. Spruce bud scale
(Photo: R. Kepi¢, 2023) (Photo: R. Kepié¢, 2023)

U porodicu Coccidae ubraja se smrekina Stitasta us (Physokermes (Coccus) piceae (Sch.)). Vrsta se
javlja u osnovi iglica ili na vrhu granéice podno pupoljka (Slika 6.) i razvija jednu generaciju godisnje.
U Sumama ne pri¢injava vec¢e ekonomske Stete zbog prirodnih neprijatelja, dok u urbanim sredinama
napada stabla stara 3 do 5 godina koja, uslijed fizioloskog slabljenja, podlijezu napadima drugih
Stetnika, najceSCe sipaca. Vrsta je karakteristicna zbog obilnog luc¢enja medne rose koja privlaci
mrave, ose, péele i muhe, a kasnijim razvojem gljiva ¢adavica gube se estetska svojstva smreke. Steta
se ogleda i1 u kra¢im ¢etinama, koje mogu biti skracene Cak i1 za 2/3 od uobicajenih. Djelovanju ove
vrste pogoduje suho i toplo vrijeme (Keresi et al., 2016).

Rezultati istrazivanja utvrduju prisutnost Cetiri vrste stjenica iz reda Hemiptera, svrstanih u tri
porodice, od kojih u porodicu Tingidae spadaju dvije vrste, dok se u porodice Pentatomidae i
Pyrrhocoridae ubraja po jedna vrsta. Stjenicama (polutvrdokrilcima) pripadaju kukci razli¢itih oblika i
veli¢ina tijela duljine od nekoliko mm do preko 100 mm. U pitanju su kukci ¢vrstog tjelesnog
omotaca, spljoStenog i izduzenog tijela te razliCitih boja. Slabo pokretna glava uz usni aparat za
bodenje i sisanje, razvijen prvi prsni segment, jasno izrazen ledni Stit te krila, odlike su stjenica
(Keresi et al., 2016). Karakteristicne su i po lucenju prepoznatljivih mirisa koji sluze i za orijentaciju
za skupljanje kukaca u vece grupe pri migracijama. Tako, aldehidi predstavljaju sastav sekreta zlijezda
kod Pentatomidae, a kod predstavnika Coreidae nadeni su: heksilacetat, heksanal, heksanol,
butilbiturat i dr. (Tanasijevi¢, 1978).

Na hortikulturnim vrstama na samostanskom posjedu nalaze se: vatrena stjenica (Pyrrhocoris apterus
L.), zelena mediteranska stjenica (Nezara viridula L.), hrastova mreZasta stjenica (Corythucha arcuata

Say) te platanova stjenica (Corythuca ciliata Say).
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Slika 7. Vatrena stjenica (Pyrrhocoris Slika 8. Platanova stjenica (Corythuca ciliata Say) (1. jaja;

apterus L.) (Foto: R. Kepi¢, 2023) 2. nimfe; 3. odrasla jedinka) (Foto: R. Kepi¢, 2023)

Figure 7. The firebug (Pyrrhocoris Figure 8. Sycamore lace bug (Corythuca ciliata Say)

apterus L.) (Photo: R. Kepic¢, 2023) (1. eggs; 2. nymphs; 3. adult species) (Photo: R. Kepic,
2023)

Vatrena stjenica (Pyrrhocoris apterus L.) vrsta je koja se javlja na lipi, a lu¢i miris nalik etaru
(Tanasijevi¢, 1978). Sokove siSe iz razlicitih dijelova biljke, a Stete uzrokuje narocito za vrijeme
susnih ljeta te se nerijetko nalazi i na vrstama koje su ucestale u ogradama (Slika 7). Zelena
mediteranska stjenica (Nezara viridula L.) ubraja se u polifagne vrste te je Siroko rasprostranjena, ali
Stete CeSce pri¢injava na povrcarskim i ratarskim kulturama (Keresi et al., 2016). Zbog brojnosti i
intenziteta djelovanja vazno je osvrnuti se na vrste koje uzrokuju veée Stete (hrastova mrezasta i
platanova stjenica).

Platanova stjenica (Corythuca ciliata Say) otkrivena je u Europi, u Padovi, 1964. godine; u
zagrebackim se drvoredima pojavljuje 1970., a u beogradskim 1973. godine. Sada je Siroko
zastupljena 1 u Bosni i Hercegovini. U pitanju je monofagna vrsta, crnog tijela duzine 4 mm, s
mrezastim sivo-bijelim krilima i lepezastim Stitom iznad prsa (Slika 8.). Ne leti na ve¢u udaljenost
nego se krece leprSajuci u zraku. U svom ciklusu ima dvije do tri generacije godisnje, a prezimljava u
odraslom stadiju pod korom platana ili u blizini. Stete koje nanosi primjetne su na listu na kojemu
prvo strada dio uz glavnu Zilu, odakle se depigmentacija Siri i u druge dijelove lista, §to do sredine
ljeta depigmentira listove platana smanjuju¢i im asimilacijsku povrSinu. Budu¢i da su drvoredi
najcesce dijelovi urbanih sredina, ne vrse se adekvatna tretiranja. Vazno je spomenuti kako neke vrste
bubamara, stjenica i pauka predstavljaju prijetnju ovoj vrsti (Keresi et al., 2016). Prema podacima
Globalnog informacijskog fonda za biolosku raznolikost (eng. Global Biodiversity Information
Facility) iz 2019. godine, u kategoriji Globalnog registra unesenih i invazivnih vrsta za Republiku
Sloveniju, Corythuca ciliata Say. navodi se kao invazivna vrsta (https://www.gbif.org/).

Srodna vrsta plataninoj stjenici je hrastova mrezasta stjenica (Corythucha arcuata Say). Prvi put
evidentirana je u Bosni i Hercegovini 2017. godine na lokalitetu Ivancevo kod Varesa te se kasnijim

pregledom vrsta utvrduje i na vareSkom lokalitetu Vijaka (Dautbasi¢ et al., 2018).
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Vrsta se morfoloski razlikuje od prethodne u obojenosti te u posjedovanju dviju jasno izrazenih
ramenih i dviju slabije izraZenih krilnih smedih pjega u odnosu na plataninu stjenicu, dok se i u
usporednom promatranju moze uociti da je tamnija i sitnija od platanine stjenice (Hrasovec et al.,
2013) (Slika 9.). Steta se ogleda u depigmentaciji lista i preranom susenju zbog smanjene asimilacijske
povrsine. Bosanskohercegovacka istrazivanja utvrduju prisutnost ove vrste na hrastu kitnjaku
(Quercus petraea L.) te smatraju kako je prisutnost vrste izrazenija u sjevernim dijelovima Bosne i
Hercegovine, dok za juznu granicu rasprostranjenosti uzimaju juzne dijelove planine Zvijezde
(Dautbasi¢ et al., 2018). U rezultatima istrazivanja provedenih u Republici Hrvatskoj, simptomi
napada dominirali su na hrastu luznjaku (Quercus robur L.), ali stjenice su evidentirane i na liscu
brijesta (Ulmus minor Mill.), divlje jabuke (Malus sylvestris (L.) Mill.) te neSto rjede na listovima
kupine (Rubus sp.). Nadalje, novije procjene kazuju kako bi mrezasta hrastova stjenica mogla povecati
fiziolosku osjetljivost stabala na napade drugih Stetnih insekata i bolesti, zbog Cega se proporuca

kontinuirano prac¢enje (Hrasovec et al., 2013).

Slika 9. Hrastova mreZasta stjenica (Corythuca arcuata Slika 10. Stete srebrnastog tujina

Say) (Foto: R. Kepic, 2023) moljca (Foto: R. Kepi¢, 2023)

Figure 9. Oak lace bug(Corythuca arcuata Say) Figure 10. Cause of damage

(Photo: R. Kepié¢, 2023) arborvitae leafminer (Photo: R. Kepié,
2023)

Istrazivanjem se utvrdila prisutnost pet vrsta pripadnika grupe moljaca iz reda leptira (Lepidoptera)
svrstanih u pet porodica: Argyresthiidae, Crambidae, Gracillariidae, Lyonetiidae i Tortricidae.

Porodici Argyresthiidae pripada srebrnasti tujin moljac (Argyresthia thuiella Packard). Vrsta ima
jednu generaciju godisnje. Tijelo leptira dugo je 5 — 6 mm, a raspon srebrnastih krila oko 8 mm.
Odrasla jedinka tijekom lipnja polaze jaja na mlade grancice, te larve oStecuju napadnutu vrstu do
svibnja idu¢e godine (osim u zimskim mjesecima), Sto se ogleda u susenju vrhova tuje koja gubi
ukrasnu vrijednost (Slika 10.). Jedna larva za vrijeme razvoja unisti 20 — 25 listova tuje (Keresi et al.,

2016).
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(b)

Slika 11. Gusjenica SimSirova moljca (a) i napadnuti Slika 12. Imago §im§irovog moljca
simsir (b) (Foto: R. Kepi¢, 2023) (Izvor: www.cabidigitallibrary.org/)
Figure 11. The box tree moth — caterpillar (a) attacked Figure 12. Imago of the box tree moth
boxwood (b) (Photo: R. Kepi¢, 2023) (Source: www. cabidigitallibrary.org/)

Simsirov moljac (Cydalima perspectalis Walker) predstavnik je porodice Crambidae. Leptiri
SimSirovog moljca imaju raspon krila oko 4 cm. Javljaju se u dvije forme: bijeloj, ¢escoj 1 svijetlo-
smedoj koja je rjeda. Imaju smedi rub oko bjelicastih krila te dugacke pipke. Tijelo je bijelo, a glava
tamno smeda (Slika 12). Nakon polaganja, jaja, su blijedo Zute boje, dok su kasnije vidljive smede
glave gusjenica. Mlade gusjenice SimSirovog moljca su zeleno-Zute boje s crnom glavom. Kako rastu
na zelenom tijelu im se pojavljuju smede pruge, dok sama glava SimSirove gusjenice ostaje crna. Kada
dostignu svoju punu veli¢inu odrasle gusjenice su zelene i imaju karakteristicne debele crne i tanke
bijele pruge sa crnim tockama na lednoj strani te budu dugacke do 4 cm (Slika 11a). Pupa SimSirovog
moljca dugacka je prosjecno dva centimetra, smede je boje i skrivena u kokonu sacinjenom od svilenih
niti izmedu listova i granCica $imSira (Slika 11b). U pocetku, lutke su zelenkasto-smede, zatim
svjetlosmede boje, a na samom kraju razvoja postaju crno-smede boje te nakon toga prelaze u stadij
imaga (Mujezinovié et al., 2022). Simsirov moljac predstavlja prirodnog Stetnika istoéne Azije i
rasprostranjen je na Sirokom podrucju Japana, Kine i Koreje. Na europskom tlu prvi put zabiljezZen je
2007. godine u Njemackoj i Nizozemskoj, te je zbog brzog Sirenja, njegova prisutnost potvrdena u:
Svicarskoj, Fracuskoj, Ceskoj, Belgiji, Danskoj, Velikoj Britaniji, Madarskoj, Italiji, Lihtenstajnu,
Slovackoj, Sloveniji, Hrvatskoj, Rumunjskoj i Turskoj te u Grckoj, Crnoj Gori i Srbiji (Kriiger 2008;
Van der Straten and Muus 2010; Kenis, 2013; Strachinis, 2015., Stojanovi¢, 2015., prema, Skopljak,
2017). U Bosni i Hercegovini zabiljeZen je prvi put 2014. godine na lokalitetima: Capljina, Ljubuski,
Grude i Citluk (Ostojié¢ et al., 2016). Podaci Instituta za zdravije i sigurnost hrane Zenicko-dobojskog

kantona kazuju kako je na podrucju Zenic¢ko-dobojskog kantona, kojem pripada i Visoko, vrsta prvi
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put uoCena 2018. godine, dok je na prostoru Posavine evidentirana ranije, 2015. godine

(https://inz.ba/).

: (b)
Slika 13. Kestenov moljac miner: (a) mikroskopsko uveéanje gusjenice; (b) Stete na listu kestena
(Foto: R. Kepic¢, 2023)

Figure 13. The horse-chestnut leafiminer: (a) a caterpillar magnified by a microscope (b) leaf damage
(Photo: R. Kepic, 2023)

Iz porodice Gracillariidae evidentiran je kestenov moljac miner (Cameraria ohridella Deschke et
Dimi¢). Vrsta se prvi put pojavila 1986. godine u Ohridu, u Sjevernoj Makedoniji, odakle se pocela
Siriti prema unutrasnjosti bivse Jugoslavije te prema sredi$njoj Europi.

Odrasli leptir naraste do 5 mm. Prema Dautbasi¢u (2002) prosje¢na duzina tijela leptira iznosi 2,65
mm. Grudi su zlatnooker boje, a trbuh tamnosive. Prednja krila su sjajna, svijetlosmeda sa 3 tanke,
poprecne srebrnobijele pruge omedene crnim rubom. Zadnja krila su tamnosiva sa dugim resicama.
Raspon krila mu je od 6 do 8 mm, a raspon krila na 200 prepariranih leptira sa podrucja Sarajeva
iznosi 6,63 mm (Dautbasi¢, 2002). Jaja su prljavozelene boje, ovalnog oblika i duzine 0,2 do 0,3 mm.
Gusjenica ima dorzo-ventralno spljosteno, vrlo ¢lankovito tijelo, zuckastozelene boje ¢ija duzina

iznosi do 6 mm. Crvenosmeda lutka duga je 4,5 do 5 mm i valjkastog je oblika.

e jt 4 £ .
Slika 14. Gusjenica i lutka kestenova moljca minera

(http://vocarskisavjeti.blogspot.com/2016/02/kestenov-moljac-miner-cameraria.html)

Figure 14. Caterpillar and pupa stage of the horse-chestnut leafminer
(http://vocarskisavjeti.blogspot.com/2016/02/kestenov-moljac-miner-cameraria.html)
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U nasim uvjetima C. ohridella ima 3 generacije godiSnje koje se preklapaju. Leptiri prezimljujuce
generacije se javljaju krajem travnja, prve generacije u drugoj polovini srpnja, a tre¢e u prvoj dekadi
kolovoza. Moljac miner lista divljeg kestena kod nas prezimljava iskljuivo u stadiju lutke, u
okruglastom diskoidalnom spljostenom kokonu, unutar mine, u otpalom listu (Dautbasi¢, 2002).
Rezultati ispitivanja Stetnosti C. ohridella na podrucju Sarajeva, pokazuju da je povrSina mina na
listovima divljeg kestena vrlo varijabilna. Prosje¢na povrSina jedne mine iznosi 250,57 mm?.
Prosjecna duzina mine na ispitivanom podrucju iznosi 27,73 mm, a §irina 9,45 mm. Jedna larva moljca
minera lista divljeg kestena oteti prosje¢no 9,34 % lisne povriine. Stetnost je uve¢ana izazivanjem
prijevremenog opadanja listova divljeg kestena sa minama (Dautbasi¢, 2005).
Ogoljavanje stabala kestena potpuno kompromitira sve funkcije (kako osnovne, tako i sporedne), koje
kesten treba ispuniti u vezi poboljSanja uvjeta zivota i rada (ekolosku, higijensko-sanitarnu, estetsku, i
dr.), zbog kojih se i uzgaja u svim urbanim prostorima, kod nas i u svijetu. Prijevremena defolijacija
prouzrokuje, osim toga, Citav niz Stetni sekundarnih posljedica za sam kesten (zaustavljanje rasta,
nedozrijevanje tkiva, te izmrzavanje ljetorasta tijekom zime, suSenje grana i cijelih stabala) (Dimi¢ i
Dautbasi¢, 2004). Vrsta je monofagna, a primijeceno je kako ¢eS¢e napada kestene s bijelim cvijetom
nego stabla s crvenim i zutim cvijetom, zbog ¢ega bi bilo dobro prednost dati sadnji manje osjetljivih
varijateta kestena (Keresi et al., 2016).
Moljac vijugavih mina (Lyonetia clerkella L.) klasificira se u porodicu Lyonetiidae. Vrsta je Siroko
rasprostranjena u Europi, a ima 2 — 4 generacije tijekom godine. Odrasle jedinke su mali leptiri kojima
je raspon krila 5 — 9 mm. Gusjenice se hrane parenhimom izmedu dva epidermisa, a najées¢e napadaju
jabuke, kruske i stabla iz porodice Rosaceae. Ostecenja lista smanjuju njegovu asimilacijsku povrsinu,
§to utjeCe na kvalitetu ploda kao i stvaranje pupoljaka i plodonosenje u narednoj godini (Keresi et al.,

2016).

z

Slika 15. Jabucni savijac: presjek ostecenog ploda jabuke s gusjenicom savijaca u unutrasnosti
(Foto: R. Kepi¢, 2023)

Figure 15. Codling Moth: part of a damaged apple fruit with a caterpillar inside
(Photo: R. Kepic, 2023)
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Jabucni savija¢ (Cydia pomonella L.) predstavnik je porodice Tortricidae. Predstavlja jednog od
najvaznijih Stetnika jabuke, koji godiSnje ima 2 — 3 generacije. Tijelo leptira dugo je oko 10 mm, s
rasponom krila oko 20 mm. Krila su siva s okruglom smedom mrljom na kraju prednjih krila.
Gusjenica je duga do 20 mm, ruZzicasta je i smede glave (slika 15). Prezimljuje kao odrasla gusjenica
pod korom ili u Supljinama debla jabuke do travnja, kada se izleze leptir. Vrsta je aktivna u vecernjim
satima, kada leti, pari se i polaZe jaja pojedinacno na grancice, lis¢e i plodove. Gusjenice se ubuse u
plodove te se hrane unutrasnjos¢u ploda i sjemenkama, stvaraju¢i hodnike u plodu i izazivajuci

"crvljivost", ¢ime se uzrokuje direktna Steta i gubi vrijednost ploda (Keresi et al., 2016).

[ AR LY 4. : (a) e Y
Slika 16. Potkornjak (Scolytinae sp.) u deblu taksodija (a) 1 visnje (b) (Foto: R. Kepi¢, 2023)

Figure 16. Bark beetle (Scolytinae sp.) into the taxodium (a) and cherry tree (b) (Photo: R. Kepic,
2023)

(b)

Istrazivanjem je utvrdena prisutnost potkornjaka sa znacajnim nanesenim Stetama. Redu kornjasa
(Coleoptera) pripada porodica Curculionidae, podporodica Scolytinae, ¢iji su predstavnici potkornjaci,
znacCajni Stetnici stabala. To su tamno-smedi do crni insekti duljine 1 — 8 mm s kratkom glavom,
uvuéenom pod vratni §tit. Cvrsta i kratka gornja &eljust omoguéuje im gristi i busiti drvo (Premuz,
2019). Zivot provode pod korom ili u drvu buseéi hodnike u stablu. Veéinom su sekundarni $tetnici,
premda ponekad preuzmu ulogu i primarnih. Mogu biti monofagni, oligofagni ili polifagni. Vece Stete
stvaraju javljaju¢i se u monokulturama nego u prirodnim heterogenim Sumama, a ¢eSce se javljaju
nakon elementarnih neprilika te razaraju oslabljela stabla i uzrokuju njihovo susenje. Kod ¢etinara na
kori se javlja smolotok kao posljedica prisutnosti i djelovanja ksilofagnih insekata. Poznatiji su: mali
vo¢éni potkornjak (Scolytus rugulosus Miiller), veliki voéni potkornjak (Scolytus mali Bechstein.),
veliki borov srcikar (Tomicus piniperda L.), mali borov sréikar (Tomicus minor Hartig), Sesterozubi
smrekin potkornjak (Pityogenes chalcographus L.), smrekov pisar (Ips typographus L.), mali smrekov
pisar (Ips amitinus Eichhoft), veliki ariSev potkornjak (/ps cembre Heer) i dr. (Ivancan et al., 2016). U

svrhu prevencije njihova napada, u Sumarskoj praksi postavljaju se lovna stabla (Dimi¢ et al., 2013).
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Ksilofagnim kukcima pripada i crveni crvotocac ili drvotocac (Cossus cossus L.) iz reda Lepidoptera i
porodice Cossidae. Tijelo leptira duljine je do 4 cm, a raspon sivih krila s popre¢nim prugama iznosi
8 — 10 cm. Aktivni su nocu, a opaZaju se tijekom lipnja i srpnja. Gusjenice su prisutne tijekom cijele
godine u stablu, a rjede se nalaze u granama. Mlade su gusjenice ruziCaste do crvene, odrasle su
tamnocrvene do smede, a glava im je crna s dvjema crnim mrljama na vratnom §titu. Zanimljivo je da
se u jednom stablu moze naci i do 200 gusjenica. Svojim djelovanjem pricinjavaju znatne Stete koje
dovode do stradanja stabla, a napadaju listopadno Sumsko drvece te voéne kulture (Keresi et al.,
2016).
Redu Dermaptera pripada uholaza (Forficula auricularia L.) predstavnik porodice Forficulidae. Ima
vitko 1 spljosteno tijelo, dugo 20 — 25 mm, sa slabo ili nikako razvijenim krilima te hitiniziranim
klijestima na posljednjem abdominalnom c¢lanku (Lelo, 2011). Nastanjuje skrovita, vlazna i topla
mjesta. Rezultati istraZivanja ukazali su na pojacanu prisutnost unutar hodnika i pod korom stabala
koja su ostetili potkornjaci i crvotocci.
Istrazivanjem je utvrdena prisutnost dviju muha iz reda Diptera, i to octene muhe (Drosophila suzukii
Matsumura) iz porodice Drosophilidae, i sredozemne voéne muhe (Ceratitis capitata Wiedemann),
koja pripada porodici Tephritidae, te pcele krojaCice (Megachile centuncularis L.) iz reda

Hymenoptera, predstavnice porodice Megachilidae.

-y

Slika 17. Li¢inka octene muhe (Drosophila suzukii Matsumura) u plodu visnje (Foto: R. Kepi¢, 2023)
Figure 17. Spotted winged Drosophila larva in cherry fruit (Photo: R. Kepi¢, 2023)

Octena muha (Drosophila suzukii Matsumura) vrsta je Zuto-smedeg tijela, dugog 2 — 3 mm, s crvenim
o¢ima. Zenke ove vrste oiteéuju plodove koji dozrijevaju tako §to zarezuju koZicu ploda &ijim se
mesom larve po¢nu hraniti ¢im se izlegu iz jaja (Slika 17) (Paja¢ i Bari¢, 2010). Takvi su plodovi
podlozni i sekundarnim gljivicnim i bakterijskim infekcijama, nisu za konzumaciju i gube trzisnu

vrijednost.
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Ove mubhe lete tijekom vegetacijske godine. Najaktivnije su pri temperaturi od 20 °C, a s povecanjem

temperature smanjuje se i njihova aktivnost (Steck et al., prema, Pajac i Bari¢, 2010).

= 3_#- 7

Slika 18. Sredozemna vo¢na muha (Foto: R. Kepi¢, 2023)  Slika 19. Malinov krasnik (Coraebus
rubi L.) (Foto: R. Kepi¢, 2023)

Figure 18. Mediterranean fruit fly (Photo: R. Kepi¢, Figure 19. Rose buprestid (Coraebus
2023) rubi L.) (Photo: R. Kepi¢, 2023)

Sredozemna voc¢na muha (Ceratitis capitata Wiedemann) polifagna je invazivna vrsta koja napada
vi$e od 360 biljnih vrsta unutar 69 porodica (Liquido et al., 1998., prema Nincevi¢, 2023). To je muha
veli¢ine 3 — 5 mm, s crnim i svijetlo prosaranim pronotumom te krilima razli¢itih obojenja (De Meyer,
2000., prema, Nincevi¢, 2023) (Slika 18). Lic¢inka ima tri razvojna stadija koji traju oko dva tjedna
(Braughton, 2018., prema Nincevi¢, 2023). Pri¢injava Stete na plodu umanjujuci njihovu kvalitetu i
trzi$nu vrijednost (Nincevi¢, 2023).

Pcela krojacica (Megachile centuncularis L.) divlja je pcela crnog tijela duljine 10 — 12 mm, cije
trbuSne bijele dlacice pozute zbog polena. Ima jednu generaciju godiSnje. Vrsta ima dobro razvijen
usni aparat, kojim reze pravilne isjecke s lista ruze, (naziv krojacica), noseci ih i grade¢i skloniste
potomstvu. Aktivna je isklju€ivo prijepodne i uvijek se vraca na istu biljku po novi isjecak, zbog Cega
se Steta uocava na jednom ili dva izbojka iste biljke (Keresi et al., 2016).

1z reda kornjasa (Coleoptera), uz ranije opisane potkornjake, utvrdena je prisutnost jo$ triju vrsta i to:
malinova krasnika (Coroebus rubi L.) iz porodice Buprestidae, ljeskotoca (Curculio nucum L.), u
porodici Curculionidae, te dlakavog ruziCara (Tropinota hirta Poda), predstavnika porodice
Cetoniidae.

Malinov krasnik (Coroebus rubi L.) vrsta je zastupljena na malini, kupini i ruzama. Odrasli insekt dug
je 8 — 11 mm, ljubicastocrn, s poprecnim sivim prugama (Slika 19). Pri¢injava Stetu na mladim
izbojcima koji se suSe i ne listaju (Keresi et al., 2016).

Ljeskoto¢ (Curculio nucum L.) predstavlja najopasnijeg Stetnika u europskim i azijskim nasadima
ljesnjaka (AliNiazee, 1998; Ciglar, 1998., prema, BoSnjak et al., 2011). Stete, koje nanosi na listu,
cvijetu 1 pupoljcima mnogo su manje od onih koje uzrokuje na mladim plodovima ljeSnjaka

uzrokujuéi njihovu crvljivost ili prijevremeno opadanje praznih plodova (Bosnjak et al., 2011).
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Slika 20. Plod lijeske izbusen djelovanjem ljeskoto¢a (Curculio nucum L.) (Foto: R. Kepié, 2023)

Figure 20. Hazelnut fruit pierced by the action of the hazelnut weevil (Curculio nucum L.)(Photo: R.
Kepié, 2023)

Dlakavi ruzi€ar (Tropinota hirta Poda) polifagna je vrsta koja oStecuje cvjetove ukrasnih, voénih, ali i
povrtnih kultura. Hrane¢i se praSnicima, tu¢kom i drugim dijelovima cvijeta onemogucuju oplodnju
cvijeta 1 zametanje ploda (Keresi et al., 2016).

Tripsi (Thysanoptera) su skupina sitnih insekata koji pri¢injavaju Stete na razli¢itim kulturama siSuci
sokove, a karakteristi¢ni su po resama na krilima te usnim aparatom za sisanje i bodenje (Raspudi¢,
2016). Istrazivanjem se potvrdila prisutnost tripsa na listovima kaline. Kalinin trips (Dendrothrips
ornatus Jabl.) pripada porodici Thripidae. Steta se ogleda u uvijanju li§¢a koje gubi elasti¢nost, susi se

1 opada kao posljedica sisanja soka, §to umanjuje estetsku vrijednost grmlja (Keresi et al., 2016).
Zakljucak

Istrazivanja entomofaune na hortikulturnim biljkama na posjedu Franjevackog samostana u Visokom,
od kojih je analizirana 81 hortikulturna vrsta, radeno je od rujna 2022. do kolovoza 2023. godine. U
tom dijelu istrazivanje je obuhvatilo determinaciju i popis flore, pregled i analizu svake pojedine vrste,
pracenje i diverzitet entomofaune, upotrebu ljepljivih traka i opazanje na terenu.

Rezultati istrazivanja potvrduju osnovnu hipotezu i ukazuju na prisutnost 28 vrsta insekata koje Stetno
djeluju na ispitivane biljne vrste. Determinirani insekti Cine Stetu direktno na vrstama na kojima su
pronadeni, ali i indirektno na susjednim vrstama, ovisno o svojoj biologiji i zivotnom ciklusu.
Posljedica ovakva stanja se objasnjava nedostatkom podataka o entomofaunistickim vrstama te
nepravovremenim djelovanjem u njihovu suzbijanju i sanaciji biljaka. Ostecenjima ili Stetama svakako

pridonosi i gustoca sklopa kao i neselektivan raspored postojece flore.
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Istrazivanja, provedena tijekom ovog perioda ispunjavaju ciljnu zadacu te doprinose poznavanju
raznolikosti entomofaune i sanaciji napadnutih vrsta, kao i pri odabiru biljnih vrsta u projektu

krajobraznog uredenja ove povrsine.
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Abstract

Based on the field, herbarium and bibliographic research, I report distributional data for four rare plant
taxa native for the sub-Mediterranean region of Bosnia and Herzegovina. It includes new records and
confirmations for taxa in the genera Campanula, Cardamine, Pisum and Teucrium. New localities for
Campanula portenschlagiana and Cardamine fialae are listed and the presence of two taxa Pisum
sativum subsp. elatius and Teucrium flavum are confirmed for the country. In addition, a brief
morphological description and photographs of these taxa are presented. The special attention was paid
to the conservation categories of these taxa. C. portenschlagiana and C. fialae should be placed in the
endangered category (VU) in Bosnia and Herzegovina, while P. sativum subsp. elatius and

T. flavum should be classified under the Data Deficient category (DD).

Key words: Bosnia and Herzegovina, Campanula, Cardamine, distribution, Pisum, Teucrium, rare

taxa.
Introduction

Campanula portenschlagiana Schult.

The genus Campanula L. is a genus of 350 to 450 species mainly distributed in the temperate and
subtropical zones of the northern hemisphere, of which approximately 200 to 250 species and
subspecies have been listed for Europe (Kovaci¢, 2004). About 30 species of the genus Campanula
have been recorded in the flora of Bosnia and Herzegovina (Bjel¢i¢, 1983, Soljan, 2001 and Maslo and
Boskailo, 2015).

Campanula portenschlagiana Schult. in Roemer & Schultes, Syst. Veg. 5: 93. 1819 (Figure 1a) is the
Eastern Adriatic endemic species, distributed only in Bosnia and Herzegovina and Croatia (Nikoli¢ et
al., 2015). The species has limited distribution in Bosnia and Herzegovina; its habitats are located only

in the sub-Mediterranean part of the country, in fragmented population in SW Herzegovina.
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In the Herbarium of the National Museum of Bosnia and Herzegovina (SARA), only five specimens of
C. portenschlagiana are stored. Four specimens were collected by Fiala, in the area of Ljubuski,
between 1890 and 1897. One specimen was collected by Soljan in 1986 on the locality Pe¢ Mlini. On
the other hand, one specimen of the species was deposited in the ZAGR herbarium (collected by
Bogdanovi¢ in 2012 on Fortress of Herceg Stjepan Kosaca, near Ljubuski). (Table 2.). Sagorski's
alleged finding for the area of Mostar is certainly wrong and probably refers to the species Campanula
hercegovina Degen & Fiala which was recorded in the Neretva River canyon north of Mostar.
"Campanula Portenschlagiana R. et S. Syst. veg. 5. p 93. A specimen in a rock crevice in a grotto
formation on the banks of the Narenta north of Mostar, approx. 70 m” (Sagorski, 1901). More
information on distribution as well as ecological-morphological differentiation of the species'

populations can be found in Soljan (1987, 1990, 2001).

Cardamine fialae Fritsch

The genus Cardamine L. is a genus of approximately 200 species, of which ca. 54 taxa are listed for
Europe (Kucera et al., 2005, 2010). In the flora of Bosnia and Herzegovina, ca. 20 species of the genus
Cardamine have been recorded (Beck-Mannagetta, 1916). Cardamine fialae Fritsch belongs to the C.
maritima complex, which includes seven endemic species, four of which are represented in Bosnia and
Herzegovina: C. maritima Port. ex DC., C. serbica Panci¢, C. fialae Fritsch, and C. rupestris (O.E.
Schulz) K. Maly (Kucera et al., 2010).

Cardamine  fialae Fritschin  Qesterr. Bot. Z. 47: 44. 1897 (syn. Cardamine
maritima var. fialae (Fritsch) Sagorski, Cardamine maritima subsp. fialae (Fritsch) Trinajsti¢) (Figure
1 b) is Adriatic endemic species, distributed only in Bosnia and Herzegovina and Croatia. C. fialae has
long been known as a narrow endemic species of the Ljubuski district in Bosnia and Herzegovina,
where it was collected by Fiala back in 1892 (Two specimen from the actual locality were stored in
the Herbarium GZU of the University of Graz like Isotypus) (Figure 2). Only recently it was also
recorded as a new endemic species in neighboring Croatia, in the vicinity of Vrgorac, about ten
kilometers distance from the locus classicus near Klobuk, Herzegovina (Vukojevi¢ et al., 2016,
Vitasovi¢ Kosi¢ et al., 2020). The species has limited distribution in Bosnia and Herzegovina; its
habitats are located only in the sub-Mediterranean part of the country, in a fragmented population in
SW Herzegovina. Only one specimen of C. fialae is stored in the Herbarium of the National Museum
of Bosnia and Herzegovina (SARA). It was collected by Sili¢ in 1978 in the vicinity of Klobuk near
Vitina. On the other hand, three specimens of the species were deposited in the SAV herbarium

(collected by Kucera & Kolnik in 2003 near Grude and Ljubuski) (Table 2).

Pisum sativum subsp. elatius (M. Bieb.) Asch. & Graebn.
The genus Pisum L. contains only two species, Eastern Mediterranean Pisum fulvum Sm. and Pisum
sativum L. The latter is divided into two subspecies: the domesticated pea P.

sativum L. subsp. sativum, and wild taxon P. sativum subsp. elatius (M. Bieb.) Asch. & Graebn.
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Pisum sativum subsp. elatius (M. Bieb.) Asch. & Graebn., Syn. Mitteleur. Fl. 6(2): 1064. 1910 (syn.
Pisum elatius M. Bieb., Pisum biflorum Raf., Pisum humile Boiss. & No€) (Figure 7 a) belongs to
steno-Mediterranean floral element (Pignatti, 1982) and its native distribution range is from the Iberian
Peninsula in the west, throughout France, Italy and the Balkans, to the eastern Mediterranean
countries, and in the north of Africa. P. sativum subsp. elatius occurs throughout the Balkan Peninsula
(Kosterin, 2023). According to the same author, the wild pea has not been reported from Bosnia and

Herzegovina, although it is highly expectable from there.

Teucrium flavum L.

Teucrium L. (Lamiaceae Martinov) is a cosmopolitan genus of about 250 species distributed from the
Mediterranean region to Australia, America, SE Asia and Japan. (Navarro, 2010). It is represented by
ca. 195 taxa in the Euro-Mediterranean region (EURO+MED, 2006). In the flora of Bosnia and
Herzegovina, eight species of the genus Teucrium have been recorded (Beck-Mannagetta and Maly,
1950).

Teucrium flavum L., Sp. Pl.: 565. 1753 (syn. Chamaedrys flava (L.) Moench) (Figure 7 b) belongs to
steno-Mediterranean floral element (Pignatti, 1982) and its native distribution range is from Spain in
the west, across France, Italy and the Balkans, to Turkey in the east, and in the north of Africa in
Algeria, Tunisia and Morocco (EURO+MED, 2006). It grows mostly on rocks and stony slopes, 0 and
300 m. Up to date, T. flavum was reported in the Balkans in Albania (Barina et al. 2018), Bosnia and
Herzegovina (Pichler, 1898/9), Croatia (Nikoli¢, 2005-onwards), Greece (Dimopoulos et al., 2013),
Montenegro (Lakusi¢ et al., 2005, 2010), and Slovenia (Ravnik, 1999).

Table 1. First literature and herbarium records

Taxon Literature records Herbarium records

Campanula Ljubugki, Vitina and Klobuk, Fiala 1893 Ljubuski, leg. Fiala 06.1890 (SARA
portenschlagiana 40217), Klobuk, leg. Fiala 06.1890
Cardamine fialae Ljubuski, Klobuk, Fritsch 1897 Ljubuski, Klobuk, leg. Fiala as C.
Fritsch maritima Port., rev. Fritsch 1897,
Pisum sativum subsp. Mostar, Vrelo Radobolje, Maly1908 Neum, Kisevo, leg. Maslo 15.04.2022
elatius (M. Bieb.) (SARA 53228)

Teucrium flavum L. Mostar, Pichler 1898/9 Ravli¢a cave near Drinovci, leg. Maslo

11.04.2023 (SARA 53737)
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Figure 1. a. Campanula portenschlagiana b. Cardamine fialae in the crevices of the rocks at the

entrance to the Ravli¢a cave near Drinovci (Photos S. Maslo)
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Material and methods

The study was carried through field studies in SW Herzegovina conducted between 2016 and 2023,
analysis of herbarium material deposited at SARA and ZAGR (Thiers, 2023), as well as literature data.
The specimens were collected and stored in the Herbarium SARA and in the private collection of the
author. Digital photographs were taken in the field. The nomenclature follows the Euro-Med checklist
(EURO+MED 2006). The distribution of the species in Bosnia and Herzegovina is shown on the map
using standard UTM grid 10x10 km. A list of all localities representing the distribution of
C. portenschlagiana, C. fialae, P. sativum subsp. elatius and T. flavum in Bosnia and Herzegovina is
given in the Table 2. with WGS1984 coordinates. The ITUCN guidelines were used for the
classification of taxa into [UCN categories (IUCN 2014).

Study species

C. portenschlagiana is a finely downy, tufted perennial with a fleshy rootstock and creeping, leafy
stems. Stems are decumbent or ascending, up to 25 cm long. Leaves are downy to almost hairless,
forming a rosette, heart-shaped to more or less circular, toothed, long-staked. The flowers are terminal
and axillary, long-staked, in the branched, loose panicle. Calyx-lobes are lanceolate, much shorter than
the corolla. Corolla to 2 cm, funnel-shaped to campanulate, incised to halfway, lobes short, deep
lavender or violet. The style is included. Capsule opening by median pores. Detailed description of the

taxon can be found in Sili¢ (1984) and Nikoli¢ et al. (2015).

C. fialae is an annual or biennial plant. Stems are hairy, erect and branched, up to 50 cm long, with
auricules on the base of stem leaves. Rosette and stem leaves are bipinnate, with serrate margin of
leaflets. Leaflets are deeply lobed with obtuse segments. The flowers are white and long-staked.
Sepals are hairy, mucronate, 5-9 mm long. Petals are 12-20 mm long with long ungues. Siliqua is
linear, glabrous, flat, light brown when ripe, 40-55 mm long with 8-15 mm long beak. Seeds are
brown, ca. 5 mm long. Detailed description of the taxon can be found in Fritsch (1897), Sagorski.
(1911), Beck-Mannagetta (1916) and Sili¢ (1984), and indetification key for C. maritima complex in
Kucera et al. (2010).

P. sativum is a glabrous, glaucous annual plant, with a weak, often liana-like climbing stem up to 2 m
long. The leaves are alternate, pinnate. Leaflets are 1-4-paired, entire or dentate, ending in a branched
tendril. Stipules are 1.5-8 cm long; petiole shorter or even much longer than stipules. The flowers
borne in long-stalked, 1-3-flowered racemes, longer than supporting leaves. Calyx is tubular, 8—15
mm long, with lobes of unequal length. Legume are oblong to linear, 6—10 cm long with 3—10 seeds,
the seeds are spherical, papillate, about 5 mm in diameter. Seeds are brown, ca. 5 mm long. Detailed

description of the species can be found in Romero Zarco (1999).
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Figure 2. Herbarium specimen of Cardamine fialae Fritsch (Herzegovina, Klobuk near Ljubuski,
collected by Fiala on 06.05.1892 as C. maritima Port., rev. Fritsch 1897. Isotypus, Herbarium GZU

2966.
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P. sativum L. is divided into two subspecies, namely the domesticated pea P.
sativum L. subsp. sativum, and wild taxon P. sativum subsp. elatius (M. Bieb.) Asch. & Graebn. Both
subspecies are very similar, but subsp. elatius has racemes which exceeding the leaves, lilac or purple
corolla and papillose seeds while subsp. sativum has racemes which are not exceeding the leaves,
corolla is white or purple and seeds are alveolate, smooth or rugose. Detailed identification key can be

found in Romero Zarco (1999).

T. flavum is an evergreen, branchy, semi-woody shrub, 25- 65 cm tall. Stems are erect or erect-
ascending, densely hairy and distinetly woody at least at the base. Leaves are 10-35 % 8-30 mm, ovate
or ovate-oblong, leathery, shallowly scalloped and stalked. Inflorescense c. 20 cm, simple or branched,
lax, with 6-20 whorls of 6 flowers each. Calyx 7-9 mm long, not 2-lipped, tubular-campanulate,
curved; teeth more or less equal. Corolla 12-20 mm, unilabeate, yellowish-white or yellowish.

Detailed description of the taxon can be found in Navarro (2010).

T. flavum L. is divided into four subspecies, of which only two are represented in the territory of the
former Yugoslavia, namely 7. flavum L. subsp. flavum and T. flavum subsp. glaucum (Jord. & Fourr.)
Ronniger. Both subspecies are very similar, but subsp. flavum has leaves which are hairy or pubescent
on both sides while in subsp. glaucum they are glabrous or only with long hairs at the base. Detailed

identification key can be found in Navarro (2010).
Results and discussion

The oldest records of Campanula portenschlagiana from Bosnia and Herzegovina are those from Fiala
1890 near Ljubuski and Klobuk (Fiala, 1893) (see Table 1). Subsequently, the species has been
recorded in other localities, all i SW Herzegovina: Vitina, Ljubuski (Fortress of Herceg Stjepan
Kosac¢a) and Pe¢ Mlini (Soljan, 2001) (see Table 2). During the field research conducted between
2016 and 2023, the presence of the species has been confirmed in three localities, and the species was
also found at one new locality near Drinovci (see Table 2). C. portenschlagiana is known only from a
few restricted populations in Bosnia and Herzegovina and is currently known only from four grid-cell
quadrants (Figure 3). According to the standards of IUCN (2014) it should be classified in the
category of Vulnerable (VU) species, the criterion D2 being adopted. Approximately 1000 mature
individuals were counted within the complete range of the species in Bosnia and Herzegovinia. The
threat status is based on number of mature individuals, which is below 1000, as well as on the area of
occupancy (AOQO) which is less than 20 km?, while extent of occurrence (EOO) is less than 90 km?. In
addition the habitat of the species may be affected by anthropogenic factors such as road construction

or forest fires in the near future.

Confirmed and new localities: Locality 1: Ljubuski, Buturovica hill, (43°12'04"N 17°33'30"E).
Material: observation by S. Maslo, 17 April 2019, leg. S. Maslo (SARA 53245); Population: twenty
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flowering individuals have been recorded. The population was found on the walls of the fortress of

Herceg Stjepan and in the crevices of the surrounding rocks at an altitude of 314 m.

Locality 2: Ljubuski, Klobuk, (43°16'22"N 17°27'08"E). Material: observation by S. Maslo, 17 April
2019, leg. S. Maslo (SARA 53244); Population: five flowering individuals have been recorded in rock
crevices on the left side of the main road M 6, between Klobuk and Vitina, ca 900 m S of the village

of Klobuk at an altitude of 134 m.

Locality 3: Pe¢ Mlini, (43°20'10"N 17°19'25"E). Material: observation by S. Maslo, 11 April 2023,
leg. S. Maslo (SARA 53728); Population: numerous (several hundred) individuals have been recorded

in rock cervices and ruins of the old mills at the source of the river Tihaljina at an altitude of 205 m.

Locality 4: Ravlic¢a cave near Drinovci, (43°20221"N 17°19'23"E). Material: observation by S. Maslo,
11 April 2023, leg. S. Maslo (SARA 53727); Population: a dozen flowering individuals were recorded

in the crevices of the rocks at the entrance to the cave at an altitude of 258 m.
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Figure 3. Distribution of Campanula portenschlagiana in BiH

The first finding of Cardamine fialae is that from Fiala 1892 in the vicinity of Klobuk near Ljubuski in
SW Herzegovina as C. maritima DC, revised by Fritsch (1897), and described as new species C.
fialae Fritsch (see table 1). Only recently, the species has been recorded in other localities, all i SW
Herzegovina: Ljubuski (Klobuk near Vitina), Grude (near the village of Ruzi¢i), and Grude (near the
town of Grude) (Kucera et al., 2010) (see Table 2). During the field research conducted between 2016

and 2023, the species was also found at two new localities near Klobuk and Drinovci (see table 2).
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C. fialae is known only from a few restricted populations in Bosnia and Herzegovina and Croatia and
is currently known only from three grid-cell quadrants in Bosnia and Herzegovina (Figure 4).
According to the standards of IUCN (2014) it should be classified in the category of Vulnerable (VU)
species, the criterion D2 being adopted. Approximately 900 mature individuals were counted within
the complete range of the species including Bosnian and Herzegovinian and Croatian locations. The
threat status is based on the number of mature individuals, which is below 1000, as well as on the area
of occupancy (AOO) which is less than 20 km?, while the extent of occurrence (EQO) is less than 90
km? (Vukojevi¢ et al., 2016). In addition, the habitat of the species may be affected by anthropogenic

factors such as road construction or forest fires in the near future.

New localities: Locality 1: Ljubuski, Klobuk, (43°16'22"N 17°27'08"E). Material: observation by S.
Maslo, 17 April 2019, leg. S. Maslo (SARA 53729); Population: two flowering individuals have been
recorded in rock crevices on the left side of the main road M 6, between Klobuk and Vitina, ca 900 m
S of the village of Klobuk at an altitude of 134 m, together with Campanula portenschlagiana with

which it co-occurs in places.

Locality 2: Ravli¢a cave near Drinovci, (43°2021"N 17°1923"E). Material: observation by S. Maslo,
11 April 2023, leg. S. Maslo (SARA 3730); Population: seven flowering individuals were recorded in
the crevices of the rocks at the entrance to the cave at an altitude of 258 m, together with Campanula

portenschlagiana with which it co-occurs in places.
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Figure 4. Distribution of Cardamine fialae in BiH

The occurrence of Pisum sativum subsp. elatius in the flora of Bosnia and Herzegovina was firstly

noted by Maly, which was thereafter reported by Beck-Mannagetta (1927). It was recorded at only one
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locality in southern Herzegovina, where it was found in karstic canyons near the source of the river
Radobolja in Ili¢i near Mostar (Maly, 1908) (see table 1). There are no voucher specimens of this
taxon in the herbarium collection of SARA and this record was never confirmed afterwards. During
the field research conducted between 2016 and 2023, the subspecies was also found at three new
localities (see table 2). Considering the low number of individuals and small extent occurrence P.
sativum subsp. elatius should be treated as a data deficient (DD) species in the flora of Bosnia and
Herzegovina. It is currently known only from four grid-cell quadrants in Bosnia and Herzegovina

(Figure 5).

New localities: Locality 1: Hutovo, Hadzibegov grad (42°57'03"N 17°39'26"E). Material: observation
by S. Maslo, 03 April 2016; Population: two individuals have been recorded in rocky and grassy

slopes near the ruins of the medieval town at an altitude of 415 m.

New localities: Locality 2: Neum, Kisevo (42°55'S1"N 17°48'11"E). Material: observation by S.
Maslo, 15 April 2022, leg. S. Maslo (SARA 53228); Population: two small populations were recorded
on the outcrops of limestone rocks, along the right side of the main road M 17.3 Neum - Stolac at an

altitude of 175 m.

Locality 3: Ravli¢a cave near Drinovci, (43°2021"N 17°1923"E). Material: observation by S. Maslo,
11 April 2023, leg. S. Maslo (SARA 53734); Population: two flowering individuals were recorded on
the rock surfaces and road cuttings on the left side of the road leading to Pe¢ Mlini at an altitude of

258 m.
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Figure 5. Distribution of Pisum sativum subsp. elatius in BiH
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The oldest record of Teucrium flavum from Bosnia and Herzegovina is that of Pichler (1898/9) for
Mostar, which was thereafter reported by Beck-Mannagetta and Maly (1950) about half a century later
(see table 1). This record was never confirmed afterwards despite recent extensive research conducted
in the area of Mostar (Maslo, 2014), therefore, 125 years later, the sites near Drinovci are the first and
only confirmed records in Bosnia and Herzegovina. There are no voucher specimens of this species in
the herbarium collection of SARA. During the field research conducted between 2016 and 2023, the
species was also found at new localities (see table 2). The species is much localized and isolated
growing up with two small colonies on limestone rocky spurs in vicinity of Drinovci and is currently
known only from two grid-cell quadrants in Bosnia and Herzegovina (Figure 6). This species is known
from numerous localities along the Adriatic coast, so the occurrence of the species in this region is to
be expected and lies within their natural distribution. The species should be widely distributed in in the

coastal zone of Herzegovina. Data Deficient (DD).

Locality 1: Ravli¢a cave near Drinovci, (43°2021"N 17°19'23"E). Material: observation by S. Maslo,
11 April 2023, leg. S. Maslo (SARA 53737); Population: two individuals were recorded in the
crevices of the rocks at the entrance to the cave at an altitude of 258 m, together with Campanula

portenschlagiana and Cardamine fialae with which it co-occurs in places.

Locality 2: Drinovacko brdo near Drinovci, (43°20'16"N 17°19'15"E). Material: observation by S.
Maslo, 11 July 2023; Population: six individuals were recorded on rocks and stony slopes at an

altitude of 285 m.
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Figure 6. Distribution of Teucrium flavum in BiH
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Conclusion

Figure 7. a. Pisum sativum subsp. elatius Neum, Kisevo b. Teucrium flavum Drinovci, Drinovacko
brdo (Photos S. Maslo).
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The area of SW Herzegovina is among the regions of Bosnia and Herzegovina that have been poorly
botanically explored. During the latest field research in the area new localities for Campanula
portenschlagiana and Cardamine fialae were recorded and the presence of Pisum
sativum subsp. elatius and Teucrium flavum are confirmed for the country. C. portenschlagiana and C.
fialae are narrow endemic species distributed only in Bosnia and Herzegovina and Croatia. On the
other hand P. sativum subsp. elatius and T. flavum have a much wider distribution throughout the
Mediterranean, but their presence in Bosnia and Herzegovina was little known until now. New field
research needs to be conducted in order to monitor the population size and potentially new localities of

these taxa within similar habitats in this region.

Table 2. Georeferenced data on the distribution of Campanula portenschlagiana, Cardamine fialae,

Pisum sativum subsp. elatius and Teucrium flavum in Bosnia and Herzegovina (new records are

marked in bold).

Taxon Number and name of the locality, = WGS coordinates Altitude UTM
observers (collectors) and dates for
the observations quadrant
(Herbarium/collection numer)
Campanula 1 Ljubuski, Grad, leg. Fiala 43°12'04"N, 17°33'30"E 32l m YHO8
portenschlagiana Schult 06.1890 (SARA 40217), Fiala
Campanula 2 Ljubuski, Klobuk, leg. Fiala 43°1622"N, 17°27'08"E 134 m XH99
portenschlagiana Schult 06.1890 (SARA 40216), Fiala
1893, Biel¢i¢ 1983
Campanula 3 Ljubuski, Vitina, Fiala 1893. 43°14'29"N, 17°28'ST"E 110 m YHO9
portenschlagiana Schult
Campanula 4 Ljubuski, Grad, leg. Fiala 43°12'04"N, 17°33'30"E 32l m YHO8
portenschlagiana Schult 13.05.1894 (SARA 40219)
Campanula 5 Ljubuski, Grad, leg. Fiala 43°12'04"N, 17°33'30"E 32l m YHO8
portenschlagiana Schult 06.1897 (SARA 40215)
Campanula 6 Pe¢ Mlini, Tihaljina River, leg. 43°20'10"N, 17°1925"E 250 m XJ80
portenschlagiana Schult Soljan 26.05.1986 (SARA 51788),
Sili¢ 1984
Campanula 7 Ljubuski, Buturovica 43°12'04"N, 17°33'30"E 32l m YHO8
portenschlagiana Schult brdo,Tvrdava Herceg Stjepana, leg.
Maslo 17.04.2019 (SARA 53245)
Campanula 8 Ljubuski, Klobuk, leg. Maslo 43°16'22"N, 17°27'08"E 134 m XH99
portenschlagiana Schult 17.04.2019 (SARA 53244)
Campanula 9 Ljubuski, Tvrdava Herceg 43°12'04"N, 17°33'30"E 32l m YHOS
portenschlagiana Schult Stjepana, leg. Bogdanovié¢
23.06.2012 (ZAGR 32610)
Campanula 10 Pe¢ Mlini, Tihaljina River, leg. 43°20'10"N, 17°19'25"E 205 m XJ80
portenschlagiana Schult Maslo 11.04.2023 (SARA 53728)
Campanula 11 Ravliéa Cave near Drinovcei, 43°2021"N, 17°1923"E 258 m XJ80

portenschlagiana Schult

leg. Maslo 11.04.2023 (SARA
53727)
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Taxon Number and name of the locality, = WGS coordinates Altitude UTM
observers (collectors) and dates for
the observations quadrant
(Herbarium/collection numer)
Cardamine fialae Fritsch 1 Ljubuski, Klobuk, leg. Fiala as C. 43°18'43"N, 17°26'00"E 285 m XH99
maritima Port., rev. Fritsch 1897,
06.05.1892 (GZU 2966) Isotypus
Cardamine fialae Fritsch 2 Ljubuski, Klobuk, leg. Fialaas C. 43°18'43"N, 17°26'00"E 285 m XH99
maritima Port., rev. Fritsch 1897,
06.05.1896 (GZU 2966) Isotypus
Cardamine fialae Fritsch 3 Ljubuski, Klobuk near Vitina, leg. 43°18'43"N, 17°26'00"E 285 m XH99
Sili¢ 14.05.1978 (SARA 51502)
Cardamine fialae Fritsch 4 Grude, near the village of Ruzi¢i, 43°19'10"N, 17°26'09"E 287 m XH99
leg Kucera & Kolnik 23.04.2003
(SAV), Beck-Mannagetta 1916
Cardamine fialae Fritsch 5 Ljubuski, near the village of 43°18'43"N, 17°26'00"E 285 m  XH99
Klobuk, leg Kucera & Kolnik
23.04.2003 (SAV), Beck-
Mannagetta 1916
Cardamine fialae Fritsch 6 Grude, near the town of Grude, 43°20'38"N, 17°25'45"E 298 m  XH90
leg Kucera & Kolnik 23.04.2003
(SAV)
Cardamine fialae Fritsch 7 Ljubuski, Klobuk, leg. Maslo 43°16'22"N, 17°27'08"E 134m  XH99
15.04.2022 (SARA 53729)
Cardamine fialae Fritsch 8 Ravliéa Cave near Drinovei, 43°2021"N, 17°19'23"E 258 m XJ30
leg. Maslo 11.04.2023 (SARA
53730)
Pisum  sativum  subsp. 1 Mostar, Vrelo Radobolje, 43°21'19"N, 17°45'31"E 135 m X120
elatius (M. Bieb.) Asch. & Maly1908
Graebn
Pisum  sativum  subsp. 2 Hutove, HadZibegov grad, obs. 42°57'03"N, 17°48'11"E 415m YH25
elatius (M. Bieb.) Asch. & Maslo 03.04.2016
Graebn
Pisum  sativum  subsp. 3 Neum, KiSevo, leg. Maslo 42°55'51"N, 17°39'26"E 175 m YHIS
elatius (M. Bieb.) Asch. & 15.04.2022 (SARA 53228)
Graebn
Pisum  sativum  subsp. 4 Ravli¢a cave near Drinovci, leg. 43°20'21"N, 17°1923"E 258 m XJ80
elatius (M. Bieb.) Asch. & Maslo 11.04.2023 (SARA 53734)
Graebn
Teucrium flavum L. 1 Mostar, Pichler 1898/9 43°21'19"N, 17°45'31"E 135m YJ20
Teucrium flavum L. 2 Ravli¢a cave near Drinovci, leg. 43°2021"N, 17°19'23"E 258 m XJ30
Maslo 11.04.2023 (SARA 53737)
Teucrium flavum L. 3 Drinovci,Drinova¢ko brdo, obs. 43°20'16"N, 17°19'15"E 285 m XJ80

Maslo 11.07.2023
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Promjene mlijeCne masti u mlijeku djelovanjem razli¢itih temperatura
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Sazetak

Mlije¢na mast je uz proteine najvazniji sastojak mlijeka i sira, jer utjece na okus, aromu i konzistenciju
te tijek zrenja i randman sira. Moze se smatrati kao dobar izvor esencijalnih masnih kiselina i vitamina
topivih u mastima. Mlijecna mast se u mlijeku nalazi u obliku globula (MFGM - Milk Fat Globule
Membrane) obavijenih adsorpcijskom membranom koja stabilizira mlijecnu mast u okolnoj sredini
mlijeka. Razli¢iti temperaturni rezimi, odnosno razliite temperature toplinske obrade mlijeka kao i
razli€iti tehnoloski postupci u proizvodnji mlijeka i mlije¢nih proizvoda znacajno mijenjaju svojstva
membrana globula mlijene masti i utjeCu na senzorska svojstva konacnog proizvoda. Niske
temperature ubrzavaju izdvajanje mlijecne masti te utjeCu na njenu kristalizaciju. Nasuprot tome,
visoka kratkotrajna pasterizacija uzrokuje vrlo malo promjena u gradi MFGM, dok visoki toplinski
tretmani kao $to su UHT (Ultra High Temperature) mogu negativno utjecati na proteine MFGM i

destabilizirati globule §to rezultira koagulacijom mlijeka.
Kljuéne rijeci: mlijeko, mlije¢na mast, temperatura, promjene mlijeCne masti, senzorska svojstva.

Abstract

Milk fat, along with proteins, is the most important ingredient of milk and cheese, because it affects
the taste, aroma and consistency, as well as the course of ripening and randman of the cheese. It can be
considered as a good source of essential fatty acids and fat-soluble vitamins. Milk fat is found in milk
in the form of globules (MFGM - Milk Fat Globule Membrane) surrounded by an adsorption

membrane that stabilizes milk fat in the surrounding milk environment. Different temperature regimes,
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i.e. different temperatures of heat treatment of milk as well as different technological procedures in the
production of milk and milk products significantly change the properties of the membranes of milk fat
globules and affect the sensory properties of the final product. Low temperatures accelerate the
separation of milk fat and affect its crystallization. In contrast, high short-term pasteurization causes
very little change in the structure of MFGM, while high heat treatments such as UHT (Ultra High
Temperature) can negatively affect MFGM proteins and destabilize globules resulting in milk

coagulation.
Key words: milk, milk fat, temperature, changes in milk fat, sensory properties.

Uvod

Mlijeko pripada skupini osnovnih prehrambenih namirnica neophodnih za rast, razvoj i zdravlje
novorodenih sisavaca (Lopez et al., 2011). Mlijeko se "stvara" iz specifi¢nih sastojaka koji prelaze iz
krvi u mlijecnu zlijezdu gdje se zbivaju vrlo slozeni biokemijski procesi sinteze i sekrecije. Sastojci
mlijeka (tablica 1), kao $to su mlije¢na mast, mlijecni Secer (laktoza) i tipi¢ni proteini mlijeka (kazein,
a-laktalbumin i B-laktoglobulin) nastaju biosintezom u mlijecnoj Zlijezdi, dok mineralne tvari, enzimi,
vitamini, albumin krvnog seruma i imunoglobulini izravno prelaze iz krvi u mlije¢nu zlijezdu i na taj

nacin postaju sastojci mlijeka (Tratnik, 1998).

Tablica 1. Udjeli glavnih sastojaka u sirovom mlijeku (Izvor: Tratnik i Bozani¢, 2012)

Table 1. Proportions of the main ingredients in raw milk (Source: Tratnik and BozZanié, 2012)

udjel vode 86-89%
udjel suhe tvari 11-14%
Mast 3,2-5,5%
Laktoza 4,6-4,9%
Proteini 2,6-4.2%
Pepeo 0,6-0,8%

Masti su heterogena skupina makromolekula kojima je zajednicko da su topljive u organskim
otapalima, a netopljive u vodi i polarnim otapalima. MlijeCna mast ima najvecu energijsku vrijednost
(9 kcal/g ili 37 kj/g), ali je i ekonomski vrlo vazna, osobito u proizvodnji maslaca i vrhnja (Tratnik i
Bozani¢, 2012). Prema McGuire i Bauman (2002), koncentracija mlijeCne masti ovisna je 0 mnogim
¢imbenicima kao §to su: pasmina, vrsta Zivotinje, hranidba, stadij laktacije, temperatura okolisa i
sezona. Predstavlja glavnu energetsku komponentu mlijeka te utjeCe na okus i teksturu mlijenih
proizvoda osobito onih s visokim postotkom masnoce poput maslaca. Koli¢ina mlije¢ne masti ima
utjecaj na viSe svojstva sira; na sastav, biokemiju, mikro-strukturu, randman, te reoloska, teksturalna i
kulinarska svojstva. Vanjski utjecaji kao $to su svjetlo, zrak, razli¢ite temperature tijekom transporta,

¢uvanja i prerade te mehanicki utjecaji kao §to su mijeSanje i transport, mogu potaknuti lipolizu ili
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oksidaciju mlijecne masti §to vrlo negativno utjece na okus i miris mlijeka i mlije¢nih proizvoda, ¢ime
se znacajno narusava njihova kvaliteta i zdravstvena ispravnost.

Mlije¢na mast je prisutna u mlijeku u obliku masnih globula kao suspenzija u vodenoj fazi mlijeka
(Michalski i Januel, 2006).

Gusto¢a mlije¢ne masti znatno je manja (0,915-0,930 g/cm®) od gustoée mlijeka (1,028-1,034 g/cm?)
Sto ovisi o temperaturi mjerenja. Upravo zbog toga se mlijeCna mast spontano izdvaja na povrSinu
nakon duljeg stajanja mlijeka (Tratnik i BoZani¢, 2012). Odmah nakon muznje mlijeko je toplo (oko
37 °C) i mlije¢na mast se nalazi u obliku emulzije (jer nije topljiva u vodi), i to u obliku sitnih globula.
Nakon hladenja mlijeka masne se globule skrucuju te postaju kuglice, a emulzija postaje suspenzija.
Tako mlije¢na mast u mlijeku istodobno moze biti u stanju emulzije ili suspenzije, Sto ovisi o uvjetima

koji utjecu na njezino fizikalno stanje (Tratnik i Bozani¢, 2012).

U zadnjih nekoliko godina istrazivanje membrane globule mlije¢ne masti (MFGM) je znatno
uznapredovalo. Rezultati dosadasnjih istrazivanja pokazuju da je membrana globule mlije¢ne masti
visoko kompleksna struktura koja se sastoji od razli¢itih proteina i lipida specifi¢nih tehnoloskih i
nutritivnih svojstava. Pojedini izolirani sastojci MFGM oznaceni su kao moguci vrijedni sastojci za
daljnju uporabu u proizvodnji hrane. Tako se polarni lipidi i proteini MFGM s obzirom na podrijetlo,
sastav i strukturu mogu koristiti kao emulgatori ili stabilizatori u tehnolo§kim procesima proizvodnje
hrane (El-Loly, 2011).

Bioraspolozivost lipida je vrlo vazna u ljudskoj prehrani i zdravlju, medutim mehanizmi probave
lipida nisu dovoljno istrazeni te su predmet velikog zanimanja znanstvene zajednice (Berton et al.,
2012). Unato¢ zna¢ajnom napretku u istrazivanju mlije¢ne masti, postoje i dalje otvorena pitanja koja
zahtijevaju dublje razumijevanje, posebno u kontekstu utjecaja vanjskih ¢imbenika poput svjetla,

temperature i mehanickih utjecaja na stabilnost i kvalitetu mlijecnih proizvoda.

Mlije¢na mast u mlijeku

Mlije¢na mast ima najvecu energetsku vrijednost mlijeka i utjeCe na okus, aromu, konzistenciju, kao i
tijek zrenja i randman sira (Antunac et al., 2008). To je ujedno i udio mlijeka, Ciji je sastav najvise
promjenjiv. U mlijeku se mlije¢na mast nalazi u obliku globula (Slika 1), razlicite veli¢ine ali su puno
vece od ostalih sastojaka mlijeka. Promjer masnih globula u mlijeku najcesc¢e je od 1 do 5 um, ali
mogu biti nazo¢ne i dosta manje i puno vece globule (od 0,1 pa i do 22 um), dok je prosjecni promjer
uglavnom 3 — 4 um (Tratnik i Bozani¢, 2012). Globule masti su izrazito slozene strukture, a obavijene

su adsorpcijskim slojem ili membranom koja ima ulogu stabilizacije mlije¢ne masti u okolnoj sredini

mlijeka (plazma) (Tratnik i Bozani¢, 2012).

U jednom mL mlijeka ima >1010 masnih globula (Huppertz i Kelly, 2009). Veli¢ina globule mlijecne
masti ovisi o pasmini, vremenu, laktaciji, hranidbi, uzgoju, klimi. Primjerice s rastom razdoblja

laktacije smanjuje se veli¢ina MFGM, a povecava se postotak mlijecne masti posebice nakon drugog
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mjeseca laktacije (Wiking et al., 2004). Ovi ¢imbenici mogu utjecati i na samu stabilnost globule
mlije¢ne masti (El-Loly, 2011). Ukoliko su globule mlije¢ne masti veée, izdvajanje na povrSinu je
brze i potpunije. Kod proizvodnje maslaca u buckalici, veli¢ina masnih globula utje¢e na vrijeme

buckanja, odnosno ukoliko su masne globule vecée, vrijeme buckanja ¢e biti krace (Sari¢, 2003).

' -,
S8 VEZANA VoODA
D POSFOLIPIDT 3

—

— TRIGLICERIDI SA VISOXOM TEMFERATURDW TOPLI=NTA
7777+ HOLESTEROL

== vmmamMm~a

Slika 1. Prikaz masne globule po Kingu
(Izvor: http://www.tehnologijahrane.com/hemijahrane/mlijecna-mast)

Figure 1. Representation of a fat globule according to King
(Surce: http.//www.tehnologijahrane.com/hemijahrane/mlijecna-mast)

Mlije¢na mast je najskuplji sastojak mlijeka, buduci da od ukupne energetske vrijednosti mlijeka na
nju prosjecno otpada 54%. Sljedeci razlog je i njena bioloska vrijednost u korelaciji s drugim mastima.
Mlije¢na mast mlijeku i mlije¢nim proizvodima osigurava punocu, djeluje na okus, aromu,
2,5 do 6,0%, pa i visSe. Veli¢ina globula ovisi o brojnim faktorima. Ov¢je mlijeko ima krupnije globule
od kravljeg, koje su na pocetku laktacije vece nego na njenom zavrsetku. Neke pasmine krava koje u
mlijeku daju veéi sadrzaj mlijecne masti posjeduju vece globule. U sluc¢aju da su masne globule vece,
tada je emulzija masti. Masne globule lakSe savladavaju nutarnje trenje, koje €ini glavni otpor k putu

prema povrsini (Pejakovic, 2023.).

Mlijjecna mast je kompleks razlicitih lipidnih tvari (Tablica 2.), od kojih se neke nalaze u jezgri
globule, neke u membrani globule, a neke se od njih u neznatnom udjelu nalaze i u plazmi mlijeka

(mlijeko bez mlije¢ne masti). Zbog toga je raspodjela sastojaka unutar mlijecne masti, unutar sloja
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membrane i onih u plazmi mlijeka jo§ uvijek u fazi intenzivnih istraZivanja. Mlije¢na mast sadrzava
najviSe triacilglicerola uz mali udjel diacilglicerola i monoacilglicerola. Triacilgliceroli ¢ine 98%
ukupne koli¢ine mlijeCne masti te imaju veliki utjecaj na njena svojstva kao Sto je hidrofobnost,
gustoca 1 taljenje. Struktura triacilglicerola mlijecne masti je odgovorna za reoloska svojstva masti i
njezino ponasanje tijekom topljenja i kristalizacije. Sastav triacilglicerola mlijene masti moze se
koristiti za provjeru njene autenti¢nosti (Ramos i Juarez, 2002). Nakon muZznje, mlije¢na mast svjezeg
mlijeka sadrzi samo mali udio diacilglicerola, monoacilglicerola i slobodnih masnih kiselina koji su
vjerojatno meduprodukti u biosintezi triacilglicerola, a ne produkti lipolize. Fosfolipidi ¢ine samo

0,8% mlijecnih lipida.

Vecina fosfolipida (oko 65%) se nalazi u MFGM, dok je ostatak vezan za proteine mlijeka u vodenoj
fazi. Steroli kao najmanje zastupljeni sastojci lipida mlijeka ¢ine tek oko 0,3% mlije¢ne masti

(MacGibbon i Taylor, 2006).

Tablica 2. Prosjecni sastav lipida svjezeg mlijeka (Izvor: Walstra et al., 2006)

Table 2. Average lipid composition of fresh milk (Source: Walstra et al., 2006)

. .. Postotni udjel u Postotni udjel lipida u mlijeku
Glavni sastojci mlije¢noj masti
lipida Jezgra globule Membrana Plazma mlijeka
(w/w) grag globule J
Neutralni gliceridi 98,70
Triacilgliceroli 98,30 ~100 + 9
Diacilgliceroli 0,30 90? 10? +
Monoacilgliceroli 0,03 + -
Slobodne masne 0,10 60 107 30
kiseline
Fosfolipidi 0,80 0 65 35
Cerebrozidi 0,10 0 70 30
Steroli 0,32 80 10 10

U membrani masne globule najviSe je fosfolipida (oko 65% od ukupnih u mlijeku). Hidrofobne
skupine fosfolipida (lipofilne) okrenute su prema masnoj fazi i povezane s triacilglicerolima (tesko
topljivim) iz srediSta globule. Hidrofilne skupine fosfolipida (lipofobne) okrenute su prema vodenoj
fazi mlijeka i povezujuéi se s proteinima. Ta medumolekularna veza izmedu fosfolipida i proteina
unutar membrane naziva se "lipoproteinski kompleks" koji je prilicno ¢vrst, a oSteCuju ga zahvati kao
zamrzavanje, trenje, utjecaj kemikalija i slicno. Fosfolipidi unutar membrane masne globule
sadrzavaju uglavnom nezasi¢ene masne kiseline duzih lanaca, dok se proteini vezani unutar tog
kompleksa sastavom razlikuju od ostalih proteina mlijeka. Prema svojstvima to su glikoproteini i

najsli¢niji su globulinima.
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U sloju fosfolipida unutar membrane smjeSteni su ostali sastojci masti kao kolesterol, neutralni
gliceridi, vitamin A i karotenoidi. U sloju membrane masti nadeno je i neSto uklopljenih mlije¢nih
enzima te vrlo mala koncentracija mineralnih tvari (uglavnom Fe, Mo, Cu i vrlo malo Zn, Ca, Mg, Na
i K), koji se zapravo smatraju sadrzajem membranskih proteina i enzima. Na samoj povrSini
membrane masne globule nalaze se adsorbirani proteini iz plazme mlijeka (kazein i proteini sirutke).
U adsorpcijskom sloju membrane masti nalazi se i neSto vode vezane na hidrofilne skupine sastojaka

membrane (uglavnom na fosfolipide i proteine) (Tratnik i Bozani¢, 2012).

Mjerljiva je i koli¢ina vrlo slozenih fosfolipida, od kojih je glavninu ¢ini lecitin, zatim kefalin te

sfingomijelin, a prisutni su i cerebrozidi (Tratnik i Bozani¢, 2012).

U sastav masti se ubraja veci broj masnih kiselina, izmedu 12 i 18. To su masne kiseline koje se nalaze
u svim uzorcima mlijeka. Pored njih u mlije¢noj masti se nalaze i masne kiseline s neparnim brojem C

atoma, kiseline s razgranatim lancem, $to rezultira da ovaj broj iznosi preko 30.

Tablica 3. Sastav masnih kiselina u mlije¢noj masti
(Izvor: https://www.tehnologijahrane.com/enciklopedija/mlijecna-mast)

Table 3. Composition of fatty acids in milk fat
(Source: https://www.tehnologijahrane.com/enciklopedija/mlijecna-mast)

MASNA KISELINA BROJ C-ATOMA (%)
Butenska C4 43
Kapronska C6 2,6
Kaprilna C8 1,2
Kaprinska C10 2,9
Laurinska Cl12 33

Miristinska Cl4 10.9
Miristoleinska Cl4:1 1,5
Pentadekanonska Cl15 3,2
Palmitinska Cl6 32
Palmitoleinska Cle:1 2,8
Margarinska C17 1,0
Stearinska CI18 9,9

Oleinska C18:1 26,9
Linolna Cl18:2 3,0
Linolenska Cl18:1 1,6

Masne kiseline u mlijeku se dijele na zasicene i nezasi¢ene dok se zasi¢ene masne kiseline prema
broju C atoma dijele na nize (od 4 do 10 C atoma) i viSe masne kiseline (12 i viSe C atoma). Broj

masti (tri-, di-, monoglicerida) u mlijeku je velik buduci su hidroksilne grupe glicerola esterificirane
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razli¢itim masnim kiselinama pa postoji veliki broj kombinacija. Mlije¢nu mast karakterizira visok
udio nizih masnih kiselina, prosjecno 8% od koli¢ine ukupnih masnih kiselina (preostale masti biljnog
1 animalnog porijekla sadrZze manje od 1%). NajviSe ima butenske kiseline ¢ije prisustvo ¢ini mlije¢nu

mast jedinstvenom u odnosu na druge masti (www.tehnologijahrane.com).

Budu¢i da pojedine masne kiseline imaju vrlo razli¢ita kemijska i fizikalna svojstva (Tablica 3) i
mlije¢na mast sadrzava vrlo raznolike triacilglicerole. Smatra se da ih moze biti s oko 1000 razli¢itih
kombinacija masnih kiselina. Time se objasnjava nejednoli¢na kristalizacija, topljenje i ostala

svojstva, kako mlije¢ne masti tako i njezinih proizvoda (maslaca i vrhnja) (Tratnik i Bozani¢, 2012).

Drugi sastojci mlije¢ne masti nalaze se u jako malim koncentracijama te su znacajni za odredivanje

senzorskih svojstava i hranjive vrijednosti mlijeka.

Uloga mlijecne masti i njezin utjecaj na ljudsko zdravlje je vrlo kontroverzna. Dok se zasi¢ene masne
kiseline i kolesterol povezuju povecanim rizikom pojave bolesti srca i krvnih zila, s druge strane,
konjugirana linolna masna kiselina (CLA), sfingomijelin i maslacna kiselina posjeduju

antikarcenogena svojstva (Michalski i Januel, 2006).

Zabrinutost zbog pretilosti i kardiovaskularnih bolesti u razvijenim i zemljama u razvoju povecale su
javni interes za smanjenjem potro$nje masti. Takve zabrinutosti potaknule su mljekarsku industriju na
razvoj tehnologija mijenjajuci sadrzaj mlije¢ne masti, §to je vidljivo iz raspona teku¢ih mlije¢nih

proizvoda koji su dostupni (Bennett et al., 2013).
Promjene mlije¢ne masti
Utjecaj temperatura na promjene mlijecne masti

Mlijeko se izlaze vi§im, srednjim i nizim temperaturama. Uz ova razmatranja, odmah se postavlja
pitanje: Sto se podrazumijeva pod tim pojmovima, koje su granice izmedu njih. To¢ne i oStre granice
izmedu njih ne postoje, Sto znaci da su ovi pojmovi uvjetni. Medutim, kada se uzme u obzir cilj koji se
zeli posti¢i njihovom primjenom, moZe se reci da se pod viSim temperaturama podrazumijevaju one
iznad 60 °C, srednje od 18 do 55 °C, a niske temperature ispod 10 °C do temperature smrzavanja

mlijeka.

Visoke temperature koriste se prvenstveno za uniStavanje mikroorganizama i inaktivaciju enzima, ali
se koriste 1 za poboljSanje tehnoloskih svojstava (toplinska stabilnost), denaturaciju proteina i njihovu

interakciju, kao i za koncentriranje mlijecne tvari.

Medutemperature se nazivaju temperaturama podgrijavanja mlijeka jer se koriste kako bi se

omogucilo izvodenje odredenih tehnoloskih operacija (separacija, podeSavanje masnoée - tipizacija,
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standardizacija, homogenizacija, sirenje mlijeka), odnosno kako bi se osigurala optimalna aktivnost

koristenih ¢istih kultura (npr. proizvodi od kiselog mlijeka).

Niske temperature koriste se za sprjeCavanje neZeljenog razvoja mikroorganizama, produljenje roka
trajanja proizvoda, poboljSanje organoleptickih svojstava ili sprjeCavanje njihovog kvarenja

(Pordevié, 1987).

Punomasno mlijeko pasterizira se kroz kra¢e vrijeme na visokim temperaturama jer su u tom slucaju
manje izrazene negativne promjene kvalitete. Visoke temperature se koriste za inaktivaciju lipaza te
do aktivacije —SH grupe i B-laktoglobulina §to povecava otpornost prema oksidativnim promjenama u

razdoblju skladistenja (Tratnik i Bozani¢ 2012).
Promjene mlijeCne masti uzrokovane visokim temperaturama

Visoke temperature igraju vrlo vaznu ulogu u preradi mlijeka. Primjenjuju se u procesima
pasterizacije, kojima se u pravilu u mljekari podvrgava cjelokupna koli¢ina kvalitetnog mlijeka,
neovisno o namjeni za koju ¢e se koristiti u daljnjoj obradi i preradi. U dana$nje vrijeme sve je
izrazenija tendencija da se pri toplinskoj obradi mlijeka koriste viSe temperature, uz istovremeno
skrac¢ivanje vremena njihovog djelovanja, kako bi se uz $to manje promjene postigao isti ili bolji
ucinak uniStavanja mikroorganizama i inaktivacije enzima, $to je moguée u organoleptickim

svojstvima mlijeka i o¢uvanju vitaminske vrijednosti (Pordevi¢, 1987).

Mnoge hranjive tvari mlijeka kao S§to su proteini, mlijeCna mast, ugljikohidrati kao i vec¢ina minerala,
prili¢no su stabilni tijekom toplinske obrade mlijeka. Dakle, kvaliteta hranjivih tvari je sa¢uvana, osim

kod steriliziranih mlije¢nih proizvoda (Erbersdobler et al., 2002).

Termostabilnost mlijeka je jedno od najznacajnijih tehnoloskih svojstava mlijeka, a zapravo se odnosi
na stabilnost mlijeka prema djelovanju visokih temperatura. Termostabilnost mlijeka se izrazava
vremenom potrebnim da se izazove koagulacija mlijeka na odredenoj temperaturi ili temperaturom
potrebnom da izazove koagulaciju mlijeka za odredeno vrijeme. MlijeCna mast otezava pracenje
termostabilnosti mlijeka, a smatra se da je samo povisena kiselost uzrok smanjenja termostabilnosti
mlijeka. Tijekom toplinske obrade mlijeka razbijaju se nakupine globula masti, a samim tim se i teze
izdvajaju na povrsinu mlijeka. Toplinska razgradnja (degradacija) lipida u mlijeku je jako malo
istrazivana jer se neoksidativna razgradnja masnih kiselina odvija na temperaturama iznad 200 °C.
Toplinska obrada mlijeka moZe znatno promijeniti svojstva MFGM. Do denaturacije proteina MFGM
dolazi na temperaturama iznad 70 °C $to dovodi do oslobadanja reaktivnih skupina. Pri izrazenom
ucinku dolazi do oslobadanja sulfhidrilne (-SH) skupine. L — cisteinski ostaci membrane postaju vrlo
aktivni Sto moZe dovesti do povezivanja sirutke i kazeina s membranama globula mlijecne masti.
Osim denaturacije proteina, na povisenoj temperaturi dolazi i do izdvajanje fosfolipida iz membrana

globula mlije¢ne masti MFGM (Huppertz i Kelly, 2009).
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Tipi¢ni uvjeti pasterizacije, odnosno visoke temperature kroz kratko vrijeme ne utje¢u na funkcionalna
1 nutritivna svojstva mlijeCne masti. Vise temperature mogu uzrokovati oksidaciju masti i lo§ okus.
Visoki toplinski tretmani kao Sto su UHT (Ultra High Temperature) mogu negativno utjecati na
proteine MFGM 1 destabilizirati globule §to rezultira koagulacijom mlijeka (Fox i McSweeney,1998).
Zagrijavanje mlijeka na temperaturu iznad 62 °C ili tretiranje mlijeka tlakom visim od 400 MPa

naru$ava stopu izdvajanja vrhnja kod mlijeka.

Sli¢no povecanje izdvajanja vrhnja se pokazalo i kod tretiranja mlijeka tlakom od 100 do 250 Mpa

(Huppertz i Kelly, 2006).

Termizacija je blaza kontinuirana toplinska obrada mlijeka, koju slijedi hladenje a koristi se radi
oc¢uvanja kvalitete mlijeka prije sirenja tj. Da bi svojstva sirovog mlijeka ostala gotovo

nepromijenjena, a mikroflora odrzana (Grgurek, 2015).

Termizacija znatno reducira broj bakterija uz minimalno oste¢enje sastojaka mlijeka i ne uzrokuje
promjene u okusu mlijeka. Osim toga, termizacija dokazano reducira formacije pahuljastog taloga u
laboratorijski pasteriziranom mlijeku. Ove pahuljaste nakupine nastaju djelovanjem fosfolipaza

bakterije Bacillus cereus koja oste¢uje MFGM (Stepaniak i Rukke, 2002).

Toplinska obrada mlijeka temperaturama > 70 °C bez homogenizacije, moze smanjiti izdvajanje
mlije¢ne masti na povrsini mlijeka (Huppert et al., 2003). Nakon pasterizacije mlijeka dolazi do
razbijanja nakupina globula masti, te se one teZe izdvajaju na povrsini mlijeka. Visoka kratkotrajna
pasterizacija (HTST- High Temperature Short Time) ne uzrokuje znacajne promjene u gradi
membrana globula mlijeCne masti. Medutim izrazito visoke temperature pasterizacije dovode do
denaturacije krioglobulina i agregacije globula masti pri cemu je izdvajanje vrhnja smanjeno ili
sprijeceno. Izlaganjem mlijeka temperaturi od 80 °C tijekom 15 minuta dolazi do izdvajanja lipida i
proteina iz membrane globula koje zbog toga ostaju nezasti¢ene te se spajaju u vece nakupine (Fox i
McSweeney, 1998). Prema El-Loly (2011) grijanje mlijeka na 80 °C tijekom 20 minuta rezultira
znacajnim gubicima triacilglicerola, ali ne i fosfolipida iz MFGM. Ultra visoka kratkotrajna
pasterizacija (UHT - Ultra High Temperature) mlijeka je kontinuiran proces kojim se zaustavlja rast
bakterija nakon aseptickog pakiranja mlijeka, a takav proizvod nosi naziv "komercijalno sterilan".
Ovaj postupak podrazumijeva grijanje mlijeka na temperaturama iznad 130 °C (obi¢no od 138 do 145
°C) u trajanju od 1-10 s (obi¢no 1-3 s). UHT postupkom na priblizno 140 °C, uzrokuje manje
kemijskih promjena u mlijeku nego dugotrajno zagrijavanje na nizim temperaturama (Deeth i Datta,

2002).
Promjene mlije¢ne masti uzrokovane niskim temperaturama

Ovisno o temperaturi hladenja i vremenu cuvanja mlijeka, dolazi do fizikalnih promjena

ugljikohidrata, bjelancevina i masti mlijeka, Sto rezultira i promjenom prirodnih svojstava mlijeka i
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utjecajem na njegovu preradu. Niske temperature ubrzavaju izdvajanje mlijeCne masti, u ¢emu glavnu
ulogu imaju imunoglobulini IgG; i IgG,. Hladenje mlijeka utjeCe i na kristalizaciju mlijecne masti,
odnosno na veli¢inu i strukturu kristala. Sto je brze hladenje i niZa temperatura, to se stvara vise

kristala (Kirin, 2001).

Sirovo mlijeko mora se najkasnije dva sata nakon muznje ohladiti na temperaturu do najvise 6 °C.
Svrha hladenja sirovog mlijeka je usporavanje ili zaustavljanje razvoja mikroorganizama prisutnih u
mlijeku. Hladenjem se povecava viskoznost mlijeka koja dostize najviSu vrijednost nakon 72 sata
¢uvanja na temperaturi od 2 do 5 °C §to je povezano s promjenama mlijeCnih proteina i mlijeCne
masti. Niske temperature ubrzavaju izdvajanje mlijecne masti u ¢emu glavnu ulogu imaju
imunoglobulini (IgG1 i IgG2), te utje¢u na njenu kristalizaciju. Sto je brze hladenje i niza temperatura,
to se stvara viSe kristala (Kirin, 2001). Kada se mlije¢na mast postepeno hladi na 5 °C, stupnjevito 0,1
°C/min, javlja se sferna (sferulitna) mikrostruktura. Medutim, kada se isto mlijeko brzo ohladi do 5
°C, javlja se viSe granularna struktura. Tijekom sporog hladenja, dogada se opsezan rast kristala. Za
razliku od brzog hladenja, proces kristalizacije je mnogo brzi i prevladavaju nukleacije nad rastom
kristala, tako da se javlja veliki broj malih mikrostrukturalnih znac¢ajki koje su vise rasprsene nego kod
slucaja sporog hladenja (Wright i Marangoni, 2006). Hladenje mlijeka uzrokuje otpustanje vise od 15
% fosfolipida iz MFGM, §to rezultira pove¢anjem sadrzaja fosfolipida u serumu mlijeka. Hladenje
takoder uzrokuje prijelaz ksantin oksidoreduktaze iz masti u serum mlijeka i rezultira reverzibilnom
adsorpcijom krioglobulina na masne globule (Huppertz i Kelly, 2006). Na temperaturama ispod 4 °C,
kristali masti poc¢inju formirati jezgru masne globule. Strukturna o$teéenja na membrani masne
globule mogu uzrokovati upravo ovakvi kristali npr. ubadaju¢i i probadajuéi je, Sto uzrokuje
povecanje koli¢ine slobodnih masnih kiselina u mlijeku. Cuvanje svjezeg sirovog mlijeka na 8 °C vise
od 96 sati rezultiralo je gubitkom od oko 10 % fosfolipida iz MFGM (Evers, 2004., El-Loly, 2011).
Zamrzavanjem mlijeka, a osobito vrhnja dolazi do niza fizikalno-kemijskih promjena lipoproteina i
fizickog oSte¢enja membrane globule mlije¢ne masti zbog nastanka ledenih kristala. U odmrznutom

mlijeku vecina mlijecne masti je u obliku neglobularne slobodne masti (Fox, 2002).

Zatvoreno i ohladeno mlijeko u spremniku mora se prili¢no Cesto mijesati (svakih 20 — 30 min) kako
bi se sprijecilo formiranje sloja masnoée na povrSini mlijeka, koji moze stvoriti uvjete za
razmnozavanje mikroorganizama uzro¢nika kvarenja mlijeka (Mills, 2002). Kada se mlijeko ¢uva na
niskim temperaturama duze od 48 sati, dolazi do promjena fizikalnih i kemijskih svojstava te do
selektivnog rasta psihrofilnih i psihrotrofnih bakterija, $to dovodi do poteskoca u preradi i promjenama
nekih svojstava mlije¢nih proizvoda. Mlijecne globule kozjeg mlijeka ne srastaju tijekom procesa
hladenja jer im nedostaje aglutinin (ili ga ima vrlo malo), koji je odgovoran za agregaciju globula

mlije¢ne masti u kravljem mlijeku (Tziboula-Clarke, 2002).
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Tijekom kristalizacije mlije¢na mast u globulama izloZena je i utjecaju visokog hidrostatskog tlaka.
Postupak tretiranja mlijeka visokim tlakom (HP —High pressure treatment) 100 do 500 Mpa pri
temperaturi od 23 °C uzrokuje kristalizaciju masti unutar globula, koja se nastavlja tijekom ¢uvanja na
istoj temperaturi. Prelazak mlijeCne masti iz ¢vrste u tekucu fazu uzrokovan poviSenjem temperature
tijekom tretiranja mlijeka postupkom HP u svezi je s ubrzanjem kristalizacije mlijecne masti. HP
inducirana kristalizacija mlije€ne masti snazno je povezana s redukcijom veli¢ine mlijecne globule
(Huppertz i Kelly, 2006). Huppertz et al. (2003) su dokazali da su nakupine mlije¢ne masti formirane
pri hladnom cuvanju, koje su tretirane tlakom od 200 Mpa, bile ve¢e nego one formirane u mlijeku
koje nije bilo tretirano visokim tlakom. Medutim, to¢an mehanizam izdvajanja vrhnja iz mlijeka
tretiranim visokim tlakom jo$ nije potpuno objasnjen. Isti autori navode da nije doslo do nakupina
globula tijekom hladnog ¢uvanja kod mlijeka tretiranog tlakom od 600 MPa. Toplinska ili visokim

tlakom inducirana hladna aglutinacija vjerojatno je rezultat denaturacije IgM.
Zakljucak

Mlije¢na mast ima najvecu energetsku vrijednost mlijeka i utjeCe na okus, aromu, konzistenciju, kao i
tijek zrenja i randman sira. Toplinska obrada mlijeka, odnosno razlicite temperature obrade mlijeka
kao 1 razliciti tehnoloski postupci u proizvodnji mlijeka i mlije¢nih proizvoda znatno mijenjaju

svojstva membrana globula mlije¢ne masti i utjeCu na senzorska svojstva kona¢nog proizvoda.

Izlaganjem mlijeka temperaturi od 80 °C tijekom 15 minuta dolazi do izdvajanja lipida i proteina iz
membrane globula koje zbog toga ostaju nezasti¢ene te se spajaju u veée nakupine. Grijanje mlijeka na
80 °C tijekom 20 minuta rezultira znac¢ajnim gubicima triacilglicerola, ali ne i fosfolipida iz MFGM.
Ultra visoka kratkotrajna pasterizacija uzrokuje manje kemijskih promjena u mlijeku nego dugotrajno

zagrijavanje na nizim temperaturama.

Na temperaturama ispod 4 °C, kristali masti po¢inju formirati jezgru masne globule. Strukturna
oste¢enja na membrani masne globule mogu uzrokovati upravo ovakvi kristali npr. ubadajuci i

probadajuci je, Sto uzrokuje povecanje koli¢ine slobodnih masnih kiselina u mlijeku.

Zamrzavanjem mlijeka, a osobito vrhnja, dolazi do niza fizikalno-kemijskih promjena lipoproteina i

fizickog ostecenja membrane globule mlije¢ne masti zbog nastanka ledenih kristala.

Toplinska razgradnja lipida u mlijeku relativno je slabo istrazivana te su svakako potrebna daljnja

istraZivanja u ovome pravcu.
Napomena

Rad je nastao u okviru izrade Zavr$nog rada, zavrSenog studenta Andreja Sucica (vidi literaturu).
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