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A grain of salt ï a cross-sectional study on the consumption of foods containing iodine 

and sodium among adults from Croatia 

Ines Banjari 1*, Marija Dundoviĺ2, Jadranka Karuza3,  

Marina Ferenac Kiġ2,4, Milica Cvijetiĺ Stokanoviĺ1 

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 iodineôs 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 Hashimotoôs 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 Hashimotoôs 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 iodineôs 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. Iodine plays a key role in the overall metabolism, growth of the body, and 

neurodevelopment of foetal brain (Nazeri et al., 2021). Iodine deficiency and iodine excess can 

increase personôs 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). Iodized 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-

KaŦmierczak et al., 2021). Today, 88 % of the global population uses iodized salt (Zimmermann and 

Andersson, 2021), yet about 30 % of the worldôs 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 (Ercoĸkun, 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 iodineôs 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, Ó 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 Ñ 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 Hashimotoôs 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 Hashimotoôs thyroiditis and/or 

infertility issues. Importantly, all participants who said they were diagnosed with Hashimotoôs 

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 

Hashimotoôs 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 KI/kg in 1996, after epidemiological 

studies have found that goitre was still present in 35 % of the school-aged population of children 

(Jukiĺ 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 

Hashimotoôs 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 (Koroġec and Pravst, 2014).  

 

 

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-KaŦmierczak 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 Hashimotoôs 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  

(25 % - 75 %) 

Corresponding 

consumption 

Iodine content* 

(Õg/100 g of product) 

Saltwater fish 
0.17  

(0.06 - 0.34) 
1.2 times a week 7.7 ï 110 

Shellfish 
0.03  

(0.00 - 0.17) 
once a month 3.81 ï 440.18**  

Eggs 
0.27  

(0.14 - 0.43) 
1.9 times a week 9.5 ï 57.6 

Cheese, all types 
0.57  

(0.28 - 0.86) 
4 times a week 7.7 ï 30 

Milk and dairy 
1.0  

(0.17 - 1.0) 
once a day 19.5 ï 21 

Pre-packed, ready-to-eat 

products 

0.23  

(0.06 - 0.51) 
1.6 times a week  

*values retrieved from Krela-KaŦmierczak et al., 2021 except **from Sprague et al., 2021 
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      (KW-H(2;191)=0.4131; p=0.813)
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     (KW-H(2;191)=0.6294; p=0.730)

 Eggs 

    (KW-H(2;185)=1.4226; p=0.491)
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    (KW-H(2;191)=4.9985; p=0.082)
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     (KW-H(2;182)=0.7189; p=0.698)

 

Figure 2. Consumption frequency of foods naturally containing iodine per day between healthy 

participants (n=123) and those with Hashimotoôs thyroiditis (n=31) and infertility issues (n=37) 

Median; Box shows interquartile range; Whisker shows non-outlier range 
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KW-H ï 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 (Kusiĺ 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 (Luġnic 

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 iodineôs 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 (Krajcovicov§-Kudl§ckov§ 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 iodineôs 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 iodineôs body status in various population groups. 

These findings can then be used for targeted actions towards public on iodineôs 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 

1Ĭ10ï6 to 1Ĭ10ī4 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 (Petoġiĺ 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 ï 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 (Tasiĺ 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 Cu2+ 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: 

Å contaminants present in food, 

Å contact sizes (exposure levels), 

Å 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: 

Å hazard identification, 

Å hazard characterization, 

Å exposure assessments 

Å risk characterization (Kneģeviĺ 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, 

c) Monitoring of the fertilization and protection plan. 

LABORATORY RESEARCH included: 

a) physical and chemical analyzes of the soil: 

b) physical and chemical characteristics, 

c) organic matter and nutrients, 

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

ADIoral = (C Ĭ IR Ĭ EF Ĭ ED Ĭ CF) / (BW Ĭ AT)  

ADIdermal = (C Ĭ SA Ĭ FE Ĭ AB Ĭ EF Ĭ EDĬCF) / (BW Ĭ AT)  

ADI inhal = (C Ĭ IRairĬ EF Ĭ ED) / (PEF Ĭ BW Ĭ AT) 

ADIoral, ADIdermal and ADI inhal 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: 

╗╘ ╗╠▓

▪

▓

╓╘▓
╡█╓▓

▪

▓
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The assessment of carcinogenic risk was calculated according to the calculation model for 

carcinogenic hazards: 

╡░▼▓░▪▬◊◄ □▄◄▐▫▀ ╓╘▓

▪

▓

╒╢╕▓ 

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/cm2 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  m3/d Inhalation factor 10 20 

SA cm2/event Exposed skin surface 2.8 5.7 

Atnc D Averaging time for 

noncarcinogens 

ED x 365 

Atca D Averaging time for 

Carcinogens 

70 Ĭ 365 

CF kg/mg Calculation factor 10-6 

PEF kg/mg Soil particulate emission factor 

ï air 

1.36 Ĭ109 

 

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 Ġukaliĺ, A. 2017, the copper content in the locations of Mostar, Ļapljina 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 Ramoviĺ 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. 

(Ġukaliĺ, A. 2017.) 

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

Pendias (2011) and Brankoviĺ 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 Ġukaliĺ, 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. 

Miļijeviĺ 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. 

Ġukaliĺ 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 1Ĭ10ï6 to 1Ĭ10ī4 to be acceptable to human 

health. If the carcinogenic risk is < 10-6, the carcinogenic risk to health can be considered negligible, 

and if it is je > 10-4, it is considered that there is a significant risk for the development of cancer in 

humans. 

In the research Ġukaliĺ 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 (2.80Ñ0.79)E-5 and children (1.36Ñ0.39)E-5. 

In our research, the calculated values for the assessment of carcinogenic risks are < 10-6, 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 1Ĭ10ï6 to 

1Ĭ10ī4 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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Saģetak 

Vaģan preduvjet za unaprjeĽenje proizvodnje treġnje pored odabira sorte i podloge s dobrim 

pomoloġkim karakteristikama je i procjena potrebe za navodnjavanjem, kao naļin na koji ĺe se ono i 

obavljati. U radu su prikazani rezultati dvogodiġnjih poljskih pokusa (2018.-2019), s ciljem 

utvrĽivanja utjecaja reģima navodnjavanja i sorte, te njihove interakcije na prinos i masu ploda. 

Ispitivane su tri sorte treġnje razliļitih razdoblja zriobe (Burlat, Skeena, Sweet heart), cijepljene na 

slabo bujnu podlogu Gisela 5, uzgajane na tlu Eutriļni kambisol. Rezultati su pokazali da je sorta 

Skeena u 2018. godini imala najveĺu prosjeļnu masu ploda (11,68 g) i prinos (9,64 kg/stablu), dok je 

u 2019. godini imala najmanji prosjeļan prinos (3,05 kg/stablu). Sorta Burlat u 2019. godini je imala 

najmanju prosjeļnu masu ploda (7,36 g).  

Korelacijskom analizom utvrĽena je statistiļka znaļajnost reģima navodnjavanja na ispitivane 

parametre promatranih sorti treġnje. 

Kljuļne rijeļi: 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 

Treġnja (Prunus avium L.) je jedna od najstarijih gospodarski eksploatiranih voĺnih vrsta. 

Karakterizira je ranije sazrijevanje plodova u odnosu na druge voĺarske vrste, nutritivna vrijednost i 

ugodan okus. Kao podloge za treġnju navode se sjemenjaci divlje treġnje i raġeljke te vegetativne 

podloge Gisela i Colt (Ļmelik, 2000). U ovom istraģivanju promatrane su tri sorte treġnje 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 kroġnjom. Korijen se slabo uļvrġĺuje te joj je iz 

tog razloga neophodna fiziļka potpora u obliku stupova. Za razliku od bujnih podloga na koje se 

cijepe sorte treġnje, i koje ne pokazuju velike zahtjeve u odnosu na oborine, stabla treġanja cijepljenih 

na slabo bujnim vegetativnim podlogama poput Gisela5 podloge imaju veĺe zahtjeve za vodom te ih je 

neophodno navodnjavati. Period intenzivnog uzgoja treġnje 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 vaģan faktor poljoprivredne 

proizvodnje. Na prostoru Gataļkog i Ljubuġko-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 povrġina BiH (oko 1.100 000 

ha) i povrġina koje je trebalo navodnjavati (191,620 ha), samo na 1,8 % od ukupnih 17,4 % obradivih 

povrġina, su bili izgraĽeni natapni sustavi. Danas, na podruļju Federacije BiH, nisu dostupni sluģbeni 

podatci o povrġinama sa sustavima za natapanje, kao ni o kulturama na njima. 

Tijekom prethodnih nekoliko godina u BiH je ostvaren samo ograniļen 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 najļeġĺe premaġivale troġkove u sluļajevima u kojima 

meĽu korisnicima vode postoji potraģnja za navodnjavanjem. Lokalizirano navodnjavanje sve viġe se 

koristi na prostorima oskudnim vodom pri uzgoju voĺa i povrĺa te u vinogradima (Romiĺ, 2012). U 

intenzivnom uzgoju treġnje koristi se viġe vrsta navodnjavanja, a najzastupljenije je lokalno 

navodnjavanje (mikro navodnjavanje) kapanjem odnosno sustav " kap po kap" i navodnjavanje 

mikrokiġenjem. Primjena navodnjavanja u Sjedinjenim Ameriļkim drģavama (prema U.S. Department 

of Agriculture, Sluģba za ekonomska istraģivanja koristeĺi USDA, Nacionalnu sluģbu za 

poljoprivrednu statistiku, Popis poljoprivrede 2017.) Californija, Nabraska, Arkansas, Teksas i Idaho, 

se vrġi na 40 % povrġina od ukupno 58 milijuna hektara navodnjavanih povrġina. Istraģivanjima na 

temu treġnje i pogodnosti tla za uzgoj treġnje na podruļju Hercegovine se bavilo viġe autora (Badģak 

et al., 2022; Badģak et al., 2021; Ġupljeglav Jukiĺ et al., 2020; Hasanbegoviĺ et al., 2020; Aliman, 

2008). 

Geografski areal rasprostranjenosti treġnje je veoma ġirok, te uspijeva i u primorskim i u planinskim 

podruļjima. Komercijalni uzgoj se moģe organizirati u podruļjima sa najpovoljnijim i manje 

povoljnim ekoloġkim karakteristikama. Za komercijalni uzgoj treġnje u naġoj zemlji optimalna 

nadmorska visina je do 800 m. Naime, poveĺanjem nadmorske visine smanjuje se temperatura zraka, 

ġto utjeļe na kasnije cvjetanje i zrenje plodova. Bez obzira na podruļje uzgoja, intenzivna proizvodnja 

treġnje ne moģe 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-krupnoĺa ne mogu ostvariti.  

Intenzivan naļin uzgoja zahtijeva suvremene sustave navodnjavanja, ali i u odnosu na navodnjavanje, 

zaġtitu, gnojidbu te koriġtenje mehanizacije. Poļinje od projektiranja nasada s modernom 

hidromeliorativnom mreģom, fertirigacijskim sustavom, pripremom tla za sadnju, pravca sadnje 

stabala, formiranja ģeljenog uzgojnog oblika, planiranja sortimenta, otpornosti i zaġtitu od bolesti i 

ġtetnika pa sve do vremena i organiziranja izvoĽenja berbe, a sve u svrhu ostvarivanja visokog 

prinosa. U proizvodnju se ulaģe mnogo sredstava ġto zahtijeva kontinuiran rad i stalni nadzor nasada, 

ġto opet ovisi od odabira sortimenta i podloge te otpornosti istih na suġu, bolesti i ġtetnike.  

Period kada su biljke najosjetljivije na nedostatak vlage u tlu i kada je potrebno zapoļeti sa 

navodnjavanjem, smatra se kritiļnim razdobljem. Opĺenito promatrano padalina na prostoru Mostara 

ima dovoljno. Problem jeste ļinjenica da padaline nisu rasporeĽene tako da zadovolje potrebe biljaka.  

Nedovoljno vlage u poļetku razdoblja vegetacije voĺnih vrsta, ima negativan utjecaj na porast biljke i 

listova, opadanja cvjetnih zametaka i slabije cvjetanje. U drugom dijelu vegetacije zbog nedostatka 

vlage moģe doĺi do prijevremenog sazrijevanja i opadanja plodova, nepravilnog formiranja cvjetnih 

zametaka. TakoĽer, dovodi do starenja i opadanja listova ġto utjeļe na smanjenje fotosinteze i 

akumulacijom hranjivih tvari. Prezimljavanje voĺnih stabala je oteģano ili dolazi do njihovog 
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propadanja. Razlika, u osmotskom tlaku liġĺa i plodova voĺaka, omoguĺava listovima uzimati vodu iz 

plodova da bi nadoknadilo nedostatak vlage u suġnom razdoblju. Plodovi tada bivaju sitniji i manje 

kvalitetni (Pokos-Nemec, 2008). 

Klimatski uvjeti submediteranske Hercegovine 

Podruļje submediteranske Hercegovine se nalazi pod utjecajem izmijenjene mediteranske klime ļija 

su osnovne karakteristike vrela i suġna ljeta, te blage i kiġovite zime.  

Obzirom da klimatske prilike neposredno utjeļu na fizioloġke procese koji se odvijaju u biljci, 

neophodno je prikazati temeljne klimatske elemente ovog regiona. Za obradu klimatskih podataka 

koriġteni su podatci dobiveni iz Federalnog hidrometeoroloġkog zavoda Sarajevo, meteoroloġka 

stanica Mostar za vremensko razdoblje 2007.-2017. godine i za mjesece oģujak, travanj, svbanj i lipanj 

u 2018. i 2019. godini.  

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

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

Mostar Padaline (l/m2) 
Ukupno 

godine/mjesec III  IV  V VI  

2007. ï 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 hidrometeoroloġkog zavoda (2018. i 2019. god.) pokazuju da je ukupni 

zbroj padalina u promatranom razdoblju (oģujak, travanj, svibanj i lipanj) bio najveĺi u 2018 godini, 

dok je 2019. godine ukupan zbroj padalina bila pribliģno jednak broju padalina promatranog 

desetogodiġnjeg prosjeka. Najviġe padalina je bilo u oģujku 2018. godine (305,7 l/m2), a najmanje u 

travnju (47,1 l/m2) iste godine. U 2019. godini su travanj i svibanj imali 3-4 puta viġe padalina od 

oģujka i lipnja.  

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

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

Srednje temperature zraka za Mostar (ÁC) 

godine/ mjesec III  IV  V VI  

2007. ï 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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Moģe se konstatirati da je mjesec oģujak 2018. godine imao niģu srednju temperaturu zraka od 

desetogodiġnjeg promatranog razdoblja (2007.-2017.) i 2019. godine. TakoĽer, oģujak 2018. godine je 

imao znaļajno veĺu koliļinu padalina ġto je vjerojatno utjecalo da temperatura u 2018. godini za 1,6 

ÁC bude niģa od desetogodiġnjeg prosjeka za mjesec oģujak i za 2,9 ÁC niģa od 2019. godine. Obrnuta 

situacija se dogodila u travnju mjesecu 2018. godine, koji je bio topliji za gotovo 3 ÁC od 

desetogodiġnjeg prosjeka (2007.-2017.) i 2019. godine, ali je i imao znaļajno manje padalina (47,1 

l/m2) u odnosu na druga dva promatrana razdoblja. Svibanj je u 2018. godini bio topliji u odnosu na 

analizirani desetogodiġnji prosjek za 2,1 ÁC i za 5,2 ÁC u 2019. godini. Temperatura u lipnju mjesecu 

izmeĽu 2018. godine i desetogodiġnjeg prosjeka se moģe smatrati ujednaļenom i niģom u odnosu na 

2019. godinu za 2,5 ÁC. 

Materijali i metode 

Ispitivanja su obavljena na lokaciji "Vrapļiĺi", na plantaģama u vlasniġtvu tvrtke "Hercegovina lijek" 

d.o.o. Lokalitet "Vrapļiĺi" koji se nalazi se na udaljenosti 7 kilometara sjeverno od Mostara, na 

nadmorskoj visini od oko 60 mm. Nasad treġnje podignut je 2009. godine i nalazi se u razdoblju punog 

plodonoġenja. 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.). Povrġina zemljiġta na kojoj 

se nalazi promatrani nasad treġnje iznosi 10 ha. Karakterizira je ravan reljef, ļije je vlaģenje normalno 

u odnosu na klimatsku zonu. Kod ravnog reljefa tlo se navlaģuje podjednako. Tlo na kojem je 

podignut promatrani voĺnjak, spada u III klasu: Kambiļna tla-smeĽa tla. Tip tla je Eutriļni kabisol, 

odnosno SmeĽe karbonatno skeletoidno plitko i srednje duboko dolinsko tlo na ġljunjcima i 

serpentinama. Izvrġena 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 

Dubina (cm) 
Teksturni sastav tla (%) 

Teksturna oznaka 

(USDA) 
pijesak Glina prah 

0-30 49 38 13 Ilovaļa 

30-60 47 40 13 Ilovaļa 

 

Eutriļni kambisol, na obe ispitivane dubine prema teksturnom sastavu je ilovaļa. Struktura je povoljna 

i stabilna, ġto pospjeġuje propusnost i dobre vodozraļne odnose ovoga tla. Kambiļni horizont ima 

neġto veĺi sadrģaj gline, ġto ovom tlu daje veĺu sposobnost zadrģavanja vlage. 
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U ovome voĺnjaku primjenjuje se lokalizirani sustav za navodnjavanje "mikrokiġenje", te suvremene 

agrotehniļke i pomotehniļke mjere (rezidba, obrada tla, gnojidba organskim i mineralnim gnojivima 

te zaġtita od bolesti i ġtetnika) za ovu voĺnu vrstu. Sustav se sastoji iz: izvora vode za navodnjavanje, 

pumpe koja crpi vodu iz buġotine, razliļitih kontrolnih ventila, regulatora tlaka, glavnog cjevovoda, 

filterskih ureĽaja, injektora te plastiļnih cijevi za dovoĽenje i razvoĽenje vode po parceli i 

mikrorasprskivaļa. Kao izvor vode koriġtene su dvije buġotine. Potopne crpke, marke Grundfos, 

spuġtene su na dubinu od 35 m. Crpke crpe vodu te je pod potrebnim tlakom uvode u sustav za 

navodnjavanje. Crpku pokreĺe trofazni elektromotor. Glavni cjevovod je postavljen ispod povrġine 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 

kruģnim radom, radijusa 6 m, povrġine zalijevanja 8 m2, na razmacima od 2 m, na visinu 70 cm od tla. 

Sustav za navodnjavanje se uredno odrģava. 

Pokusom je praĺen utjecaj navodnjavanja mikrokiġenjem tijekom IV, V i VI mjeseca u 2018. i 2019. 

godini, na prinos i masu ploda tri sorte treġnje: 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. Treġnje su saĽene na razmak 4 m x 2 m. Prema klasifikaciji sustava uzgoja po stupnju 

intenzivnosti ovakav nasad se svrstava u intenzivne nasade (Miļiĺ et al., 2008). U nasadu je 2018. 

godine uraĽena oġtra rezidba stabala u cilju odrģavanja uzgojnog oblika, ġto je imalo utjecaja na 

ukupan prinos. Plan pokusa je izraĽen 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 analitiļkoj vagi sa preciznoġĺu 0,01 g. Prinos (kg/stablu) je 

mjeren prilikom berbe, pri ļemu je koriġtena digitalna vaga za mjerenje mase.  

Obroci navodnjavanja razlikuju se u 2018. i 2019. godini. Poļetak navodnjavanja odreĽivan je prema 

kritiļnim razdobljima nasada treġnje u odnosu na vodu. Oģujak mjesec je u obje godine protekao bez 

navodnjavanja. U 2018. godini navodnjavano je 14 puta i ukupna koliļina vode koja je dana kroz 

obroke navodnjavanja iznosila je 390 l/m2. U 2019. godini broj navodnjavanja iznosio je 21, te je 

ukupna koliļina vode data kroz obroke navodnjavanja iznosila 356,25 l/m2. Rasporedi navodnjavanja 

se razlikuju kao i duģina 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 

Broj 

navodn

javanja 

Reģim u 2018. godini Reģim u 2019. godini 

Datum 

navodnjavanja-

turnus 

Trajanje 

navodnjavanja 

(h) 

Obrok 

navodnjavanja 

(l/m2) 

Datum 

navodnjavanja-

turnus 

Trajanje 

navodnjavanja 

(h) 

Obrok 

navodnjavanja 

(l/m2) 

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 koliļina padalina u travnju, svibnju i lipnju mjesecu za 2018. godinu je iznosila 276,3 l/m2, a 

u 2019. godini 434,9 l/m2. Koliļina padalina u mjesecima kada je i navodnjavano prikazano je u tablici 

5. 
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Tablica 5. Ukupno l/m2 vode aplicirana navodnjavanjem i oborinama  

Table 5. Total l/m2 of water applied by irrigation and rain 

godina/ mjesec 
Koliļina padalina (l/m2) 

× on (l/m2) 
III  IV  V VI  ×p (travanj-lipanj) 

2018. 305,7 47,1 132,1 97,1 276,3 390 

2019. 48,1 187,9 193,8 53,2 434,9 356,25 

 ×p - ×padalina u III,IV,V;  

 ×on- × obroka navodnjavanja 

 

Moģe se zakljuļiti da je u 2019. godini aplicirano manje vode (l/m2) kroz navodnjavanje u odnosu na 

2018. godinu, kao i da je koliļina oborina u istom periodu bila veĺa u 2019. godini. 

Podaci dobiveni mjerenjem svih parametara, te podaci o navodnjavanju obraĽeni su u statistiļkom 

paketu XL STAT2021 ġto obuhvaĺa: analizu varijance (Fisherov test) ï da bi se utvrdilo postojanje 

utjecaja faktora na promatrana svojstva. U kom pravcu se taj utjecaj odvija, pokazuje analiza srednjih 

vrijednosti koja je uraĽena koriġtenjem Tukey testa. Tukey testom je testirana znaļajnost dobivenih 

razlika. UtvrĽivanje postojanja utjecaja dva reģima navodnjavanja na promatrana svojstva uraĽeno je 

Pearsonovim koeficijentom korelacije. Pearsonovim koeficijentom korelacije je brojļano prikazana 

vrijednost korelacije za ispitivane statistiļke parametre, dok se znaļajnost koeficijenta iskazuje 

vrijednoġĺu P (Udoviļiĺ et al., 2007). 

Rezultati i diskusija 

Rezultati istraģivanja provedenog 2018. i 2019. godine prikazani su u tablicama 6. ï 8. (Prosjeļna 

masa ploda (g) ispitivanih sorti treġnje ï tablica 6; Prosjeļan prinos (kg/po stablu) ispitivanih sorti 

treġnje ï tablica 7; Pearsonova korelacija utjecaja navodnjavanja na masu ploda ï tablica 8). 

Tablica 6. Prosjeļna masa ploda (g) ispitivanih sorti treġnje (2018. ï 2019.) 

Table 6. Average fruit weight (g) of tested cherry varieties (2018 ï2019) 

Sorta 2018. 2019. 

Burlat 8.82Ñ0.90d 7.63Ñ0.30f 

Skeena 11.68Ñ1.098a 11.29Ñ0.68b 

Sweet heart 8.43Ñ0.824e 10.50Ñ0.74c 

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* kritiļna vrijednost 
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Vrijednosti mase ploda su aritmetiļke sredine Ñ SD. Razliļita slova pridodana prosjeļnim 

vrijednostima oznaļavaju da se sorte znaļajno razlikuju u istraģivanom svojstvu prema Tukeyevom 

HSD testu uz pÒ0.05. 

Najveĺa prosjeļna masa ploda je zabiljeģena kod sorte Skeena u 2018. godini (11,68 g), dok je 

najmanja prosjeļna vrijednost zabiljeģena kod sorte Burlat u 2019. godini i iznosila je 7,63 g. Sweet 

Heart je imala veĺu prosjeļnu masu ploda u 2019. godini (10,50 g) u odnosu na 2018. godinu. 

Dvofaktorijalna analiza varijance za masu ploda je pokazala da postoji statistiļka znaļajnost faktora 

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

Na osnovu Tukey testa za masu ploda, moģe se konstatirati da su se sve promatrane sorte u obje 

godine meĽusobno statistiļki znaļajno razlikovale u pogledu prosjeļne mase ploda (tablica 6). 

Usporedbom dobivenih rezultata za prosjeļnu masu ploda u obe istraģivane godine postoji 

podudarnost s rezultatima od 8,1g (Milatoviĺ et al., 2013.b), i 6,5-10,4 g (Milatoviĺ et al., 2011.a), ali 

ne i s Raduniĺ et al. (2008) godine za sortu Burlat (5,92 g). Rezultati za masu ploda sorte Skeena (8,5 

g) do kojih su doġli Milatoviĺ et al. (2013b) se ne mogu smatrati podudarnima s (11,5 g) naġim 

istraģivanjem. Naġi rezultati za sortu Skeena nisu u skladu s rezultatima (6,3 g i 6,2 g.) Gadģe et al. 

(2011). 

Tablica 7. Prosjeļan prinos (kg/po stablu) ispitivanih sorti treġnje (2018. ï 2019) 

Table 7. Average yield (kg / per tree) of examined sweet cherry cultivars (2018 ï 2019) 

Sorta 2018. 2019. 

Burlat 4.00Ñ1.95c 3.52Ñ2.58c 

Skeena 9.64Ñ1.53a 3.05Ñ0.70c 

Sweet heart 6.29Ñ1.22b 5.78Ñ1.14b 

ANALIZA VARIJAN CE 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 aritmetiļke sredine Ñ SD. Razliļita slova pridodana prosjeļnim vrijednostima 

oznaļavaju da se sorte znaļajno razlikuju u istraģivanom svojstvu prema Tukeyevom HSD testu uz 

pÒ0,05.  

Najveĺa prosjeļna vrijednost prinosa po stablu je zabiljeģena kod sorte Skeena u 2018. godini (9,64 

kg), dok je najmanja zabiljeģena kod sorte Skeena u 2019. godini (3,05 kg). Usporedbom rezultata 

(Milatoviĺ et al., 2013a), prosjeļan prinos za sve ispitivane sorte u razdoblju od tri godine je bio 4,2 kg 

po stablu ġto odgovara prosjeļnom prinosu sorte Burlat u 2018 godine. Gliġiĺ et al. (2011), navode da 
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prinos po stablu treġnje znaļajno raste od ļetvrte do sedme (4,76 - 10,77 kg) godine. Prosjeļan prinos 

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

Analizom varijance moģe se zakljuļiti da postoji statistiļka znaļajnost godine, sorte i interakcija 

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

Dobiveni podatci se ne podudaraju s podatcima do kojih su doġli Milatoviĺ et al. (2011) kada je 

prosjeļan prinos po stablu kod sorte Skeena iznosio 1,47 kg/stablu. Oni navode da su promatrane 

karakteristike pa i prinos po stablu imali znaļajno veĺe vrijednosti u godini u kojoj je mraz bio manjeg 

intenziteta, ġto navodi da se pri odabiru lokacije za uzgoj treġnje, na Gizela 5, mora uzeti u obzir i 

njihova osjetljivost na zimske mrazove. Imajuĺi to u vidu navodnjavanje mikrosprinklerima bi bilo 

rjeġenje protiv moguĺih mrazova u razdoblju cvjetanja. Treba navesti da Hercegovina ima dobre 

karakteristike klime za uzgoj treġnje na slabo bujnim podlogama. 

Tablica 8. Pearsonova korelacija utjecaja navodnjavanja na masu ploda (2018. i 2019.) 

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 

*Statistiļka znaļajnost (slaba pozitivna korelacija ili slaba negativna korelacija) 

Na osnovu Pearsonovog koeficijenta korelacije za masu ploda, moģe se zakljuļiti da postoji statistiļki 

znaļajna slaba pozitivna korelacija reģima navodnjavanja u 2018. godini na masu ploda sorte Sweet 

heart (r=0,359*). Reģim navodnjavanja u 2018. godini u odnosu na masu ploda sorte Skeena pokazao 

je stitistiļki znaļajan utjecaj i radi se o slaboj negativnoj korelaciji (r=-0,170*), dok reģim 

navodnjavanja u 2018. godini u odnosu na masu ploda sorte Burlat nije pokazao statistiļki znaļajnu 

korelaciju (r=0,077).  

Na osnovu Pearsonovog koeficijenta korelacije za masu ploda, moģe se zakljuļiti da postoji statistiļki 

znaļajna slaba negativna korelacija reģima navodnjavanja u 2019. godini na masu ploda sorte Skeena 

(r=-0,155*). Reģim navodnjavanja u 2019. godini u odnosu na masu ploda sorte Burlat pokazao je 

statistiļki znaļajan utjecaj i radi se o slaboj pozitivnoj korelaciji (r=0,151*), dok reģim navodnjavanja 

u 2019. godini u odnosu na masu ploda sorte Sweet heart nema statistiļki znaļajnu korelaciju 

(r=0,088). 
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Na osnovu Pearsonovog koeficijenta korelacije za prinos po stablu, moģe se zakljuļiti da postoji 

statistiļki znaļajna slaba pozitivna korelacija reģima navodnjavanja u 2018. godini na prinos po stablu 

sorte Sweetheart (r=0,277*). Reģim navodnjavanja u 2018. godini u odnosu na prinos po stablu sorte 

Skeena pokazao je statistiļki znaļajan utjecaj i radi se o slaboj negativnoj korelaciji (r=-0.196*). 

Reģim navodnjavanja u 2018. godini u odnosu na prinos po stablu sorte Burlat je pokazao statistiļki 

znaļajnu slabu pozitivnu korelaciju (r=0,277*). 

Na osnovu Pearsonovog koeficijenta korelacije za prinos po stablu, moģe se zakljuļiti da ne postoji 

statistiļki znaļajna korelacija reģima navodnjavanja u 2019. godini na prinos po stablu kod ispitivanih 

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

Zakljuļak 

Bitni ļimbenici koji utjeļu na masu ploda i prinos po stablu tijekom istraģivanja jesu: sorta i podloga, 

tlo, odgovarajuĺe navodnjavanje, koliļina padalina, temperatura zraka, odnosno klimatske prilike. 

Statistiļki je utvrĽeno da su se sve promatrane sorte, u obje godine, meĽusobno statistiļki znaļajno 

razlikovale u pogledu prosjeļne mase ploda. U 2018. godini, za prinos (kg/stablu) je postojala 

statistiļki znaļajna razlika izmeĽu svih sorti, a u 2019. godini je samo sorta Sweet Heart pokazala 

statistiļku znaļajnost u odnosu na druge dvije sorte. Utjecaj godine na prinos (kg/stablu) pokazao je 

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

Promatrajuĺi utjecaj reģima navodnjavanja na prosjeļnu masu ploda i prinos (kg/stablu) Personovom 

korelacijom je ustanovljeno da je reģim navodnjavanja u 2018. godini imao statistiļki znaļaj na 

promatrane sorte. Reģim navodnjavanja u 2019. godini prema Personovoj korelaciji imao je statistiļku 

znaļajnost za masu ploda kod sorte Burlat i Skeena, dok za sortu Sweet Herat nije imao znaļaj. 

Znaļajnost reģima navodnjavanja u 2019. godini za prinos (kg/stablu), nije utvrĽena Personovom 

korelacijom ni za jednu promatranu sortu. 

Znajuĺi da je potrebno pravilno utvrditi potrebnu koliļinu vode pri svakom navodnjavanju moģe se 

reĺi da reģim navodnjavanja u 2019. godini nije bio odgovarajuĺi za promatrani voĺnjak, te da je reģim 

u 2018. godini dao bolje rezultate za prinos po stablu. Kao razlog se moģe smatrati ļinjenica da tlo na 

promatranoj parceli ima visok sadrģaj gline zbog ļega je reģim navodnjavanja u 2018. godini imao 

bolji utjecaj na prinos po stablu. 

Literatura  

Aliman, J. (2008). Dinamika cvjetanja i pomoloġke karakteristike domaĺih i introdukovanih 

genotipova treġnje. Magistarski rad, Poljoprivredno-prehrambeni fakultet Sarajevo. 



Aleksandra Ġupljeglav Jukiĺ, S. Ġoġkiĺ, G. Prskalo, Jasmina Aliman, Jasna Hasanbegoviĺ Sejfiĺ / 

Utjecaj navodnjavanja na prinos i masu ploda treġnje / Glasilo Future (2023) 6 (5-6) 29ï41 

 

40 

Badģak, N., Aliman, J., Hadģiabuliĺ, A., Ġupljeglav Jukiĺ, A., Kulina, M., Radoviĺ, M., Aliĺ 

Dģanoviĺ, Z. (2021). Phenological characteristics of sweet cherry varieties on Gisela 6 rootstock in 

Herzegovina Region. Congress book of 31st International Scientific- Expert Conference of 

Agriculture and Food Industry, Ķzmir-Turkey with the theme "Future of Agriculture, Agriculture of 

Futureò., 207-215.  

Badģak, N., Radoviĺ, M., Aliman, J., Kulina, M., Hasanbegoviĺ Sejfiĺ, J., Ġupljeglav Jukiĺ, A. (2022). 

Fiziļke osobine ploda sorti treġnje na podlozi Gisela 6. Zbornik radova "XXVII Savetovanje o 

biotehnologijiò, 179-186. DOI: 10.46793/SBT27.179B 

Ļmelik, Z. (2000). Vegetativne podloge za suvremene nasade treġnje. Sjemenarstvo, 17(5-6), 279-

289. 

Gadģe, J., Tomasoviĺ, S, Raduniĺ, M., Petric, I.V., Ļmelik, Z. (2011). Evaluacija introduciranih sorata 

treġnje na podruļju Zagrebaļke ģupanije, Pomologia Croatica, 17(1-2), 3-10. 

Gliġiĺ, I., Miloġeviĺ, T., Mitroviĺ, M., Mladenoviĺ, J, Gliġiĺ, I. (2011). Prinos i kvalitet ploda treġnje 

na degradiranom zemljiġtu, Zbornik radova III savetovanja "Inovacije u voĺarstvu", 183-194. 

Hasanbegoviĺ, J., Hadģiabuliĺ, S., Kurtoviĺ, M., Aliman, J., Skender, A., Badģak, N. (2020a). 

Morphological characteristics of autochthonous genotypes of sweet cherry (Prunus avium L.) Cv. 

'Alica' and 'Hrust' in area of Herzegovina. XI International Scientific Agricultural Symposium 

AGROSYM, 112-120. 

Miĺiĺ, N., ņuriĺ, G., Cvetkoviĺ, M., Marinkoviĺ, D. (2008). Savremeni sistemi gajenja treġnje. 

Zbornik nauļnih radova Instituta PKB Agroekonomik, 14(5), 33-47. 

Milatoviĺ, D., ņuroviĺ, D., ņorĽeviĺ, B. (2011). Osetljivost novijih sorti treġnje na pucanje, Zbornik 

radova III savetovanja "Inovacije u voĺarstvu", Beograd, 223-230  

Milatoviĺ, D.P., ņuroviĺ, D.B., ņorĽeviĺ, B.S., Vuliĺ, T.B., Zec, G.N. (2013a). Pomoloġke osobine 

novijih sorti treġnje na podlozi Colt, Journal of Agricultural Sciences, 58(1), 61-72.  

Milatoviĺ, D., ņuroviĺ, D, ņorĽeviĺ, B., Vuliĺ, T., Zec, G. (2013b). Rodnost novijih sorti treġnje na 

podlozi Gisela 5, Voĺarstvo, 47, 181-182, 39-45. 

Pokos-Nemec V. (2008.). Navodnjavanje voĺnjaka, Glasnik zaġtite bilja, 31(5), 41-48. 

Raduniĺ, M., Klepo, T., Strikiĺ, F., Ļmelik, Z., Barbariĺ, M. (2008). Osobine sorata treġnje uzgajanih 

u Dalmaciji, Pomologia Croatica, 14(3), 159-168 



Aleksandra Ġupljeglav Jukiĺ, S. Ġoġkiĺ, G. Prskalo, Jasmina Aliman, Jasna Hasanbegoviĺ Sejfiĺ / 

Utjecaj navodnjavanja na prinos i masu ploda treġnje / Glasilo Future (2023) 6 (5-6) 29ï41 

 

41 

Romiĺ, D. (2012.). Navodnjavanje, skripta. Zagreb: Sveuļiliġte u Zagrebu Agronomski fakultet.  

http://www.filbis.hr/prilozi/files/navodnjavanje_skripta.pdf (pristupljeno: 22.09.2023). 

Stojanoviĺ, M., Milatoviĺ, D., Kulina, M., Aliĺ-Dģanoviĺ, Z. (2013). Osjetljivost sorti treġanja 

izloģenih kiġi na pucanje ploda u Sarajevskoj regiji, Agroznanje, 14(2), 179-184; 

Konzorcij za izradu strategije upravljanja vodama FBiH (Zavod za vodoprivredu d.d. Sarajevo i 

Zavod za vodoprivredu d.o.o. Mostar) (2012.). Strategija upravljanja vodama Federacije Bosne i 

Hercegovine 2010. ï 2022. chromeextension://efaidnbmnnnibpcajpcglclefindmkaj/https:// 

fmpvs.gov.ba/wpcontent/uploads/2018/01/Strategija-upravljanja-vodama-FBiH-2010-2022.pdf 

(pristupljeno: 23.09.2023). 

Ġupljeglav Jukiĺ, A., Ġoġkiĺ, S., Aliman, J., Hasanbegoviĺ, J., Badģak, N. (2020). Phenological 

characteristics of Sweet cherries on two different types of Eutric Cambisol in herzegovina region 

(Bosnia and Herzegovina), XI International Scientific Agricultural Symposium "Agrosym 2020ò, 257-

261  

Udoviļiĺ, M., Baģdariĺ, K., Biliĺ-Zulle, L., Petroveļki, M. (2007). What we need to know when 

calculating the coefficient of correlation? Biochemia Medica, 17(1), 10-15. 

U.S. Department of Agriculture, Economic Research Service USDA, USDA, Economic Research 

Service using USDA, National Agricultural Statistics Service, Census of Agriculture (2017). Irrigation 

& Water Use, State shares of U.S. irrigated agricultural land, https://www.ers.usda.gov/topics/farm-

practices-management/irrigation-water-use/ (pristupljeno: 25.09.2023). 

 

Primljeno: 1. listopada 2023. godine  Received: October 1, 2023 

Prihvaĺeno: 29. prosinca 2023. godine  Accepted: December 29, 2023 



R. Kepiĺ, Denisa Ģujo Zekiĺ, M. Dautbaġiĺ, Jasna Avdiĺ, Alka Turalija / Istraģivanje entomofaune 

hortikulturnih biljaka na posjedu Franjevaļkog samostanaé / Glasilo Future (2023) 6 (5-6) 42ï64 

 

42 

Istraģivanje entomofaune hortikulturnih biljaka na posjedu Franjevaļkog  

samostana u Visokom, Bosna i Hercegovina 

Survey of entomofauna of horticultural plants on the property of the Franciscan 

monastery in Visoko, Bosnia and Herzegovina 

Robert Kepiĺ1*, Denisa Ģujo Zekiĺ2, Mirza Dautbaġiĺ3, Jasna Avdiĺ1, Alka Turalija 4 

 

izvorni znanstveni rad (original scientific paper) 

doi: 10.32779/gf.6.5-6.4 

Citiranje/Citation5 

Saģetak 

Odrģivi razvoj i oļuvanje krajobraza, danas postaju dio strategija razvoja mnogih drģava. Kako bi se 

osigurala dozvoljena intervencija u krajobrazu, potrebno je snimiti postojeĺe stanje, odrediti 

krajobrazne vrijednosti i kapacitet nosivosti tog podruļja. U krajobraznom oblikovanju vaģno je 

poznavati entomofaunu kako zbog bioraznolikosti, tako i zbog oļuvanja biljnih vrsta. Revitalizacija i 

oblikovanje novih krajobraznih cjelina podrazumijeva analizu postojeĺe flore te razmatra ideju 

zadrģavanja flornih elemenata unutar novog projekta kako bi se oļuvala autentiļnost terena, ali i 

vrednovala starost prisutnih vrsta. Cilj rada bio je istraģiti entomofaunu na postojeĺim hortikulturnim 

vrstama u posjedu Franjevaļkog samostana i Franjevaļke klasiļne gimnazije u Visokom. Istraģivanje 

je provedeno od rujna 2022. do kolovoza 2023. godine. Determinirane su 81 drvenasta i grmolika vrsta 

te 28 kukaca ļije je djelovanje ġtetno. Determinacijom naĽenih vrsta utvrĽuje se kako najviġe ġtetnika 

pripada redu Hemiptera, zatim Coleoptera te Lepidoptera, dok je najmanje pripadnika redova Diptera i 

Hymenoptera. 

Kljuļne rijeļi: krajobraz, ġtetnici, entomofauna, praĺenje. 
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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 okoliġ se brzo mijenja, ġto je posljedica ljudske i prirodne 

aktivnosti. Najviġe promjena u okoliġu ļini ļovjek, primjenjujuĺi tehnike i opremu koji ugroģavaju 

bioloġku raznolikost. Takav utjecaj smanjuje prirodne krajobraze koje bi trebalo posebno zaġtititi, ġto 

je osnovni zadatak konzervacijske biologije i ekologije. Istraģivanje i poznavanje entomofaune zbog 

bioraznolikosti i oļuvanja biljnih vrsta vaģan je element u planiranju prostornog ureĽenja i zaġtite 

prisutnih zajednica. U postupku imunizacije, vaģno je sluģiti se metodama i pripravcima koji ĺe ne 

samo pomoĺi u oporavku oboljele i oġteĺene biljne vrste nego i zaġtititi druge korisne kukce i okoliġ.  

Visoko je gradsko naselje u srednjoj Bosni, 30 kilometara sjeverozapadno od Sarajeva. Pod najstarijim 

i najuģim pojmom Bosne smatralo se naselje u Visoļkom polju i njegovu pribreģju, ļiji se znaļaj istiļe 

u vladarskim ispravama od 1326. do 1329. godine (AnĽeliĺ, 1984), dok naziv Bosna, kasnije, u smislu 

oblika drģave, poprima druge granice (Vego, 1982). Naziv Visoko potjeļe od utvrde "Visoki", odakle 

naselje Podvisoki, smjeġteno podno nje, kasnije dobiva ime Visoko. Grad nema samo ulogu politiļkog 

i trgovaļkog nego i duhovnog centra, kao sakralno sjeciġte Bosne (Valenta, 2019), sudeĺi prema crkvi 

koju je Kulin ban podigao najkasnije 1203. godine (Jeleniĺ, 1906). Preuzimajuĺi ulogu kraljevskog 

srediġta, uz samu kraljevu palaļu, Visoko dobiva samostan sv. Nikole, povjeren franjevcima koji tu 

ostaju do 1697. godine (Jeleniĺ, 1906). U isto vrijeme postoji i samostan s crkvom sv. Marije u 

Podvisokom. Franjevaļki historiļar Batiniĺ, prema dnevniku fra Pavla Rovinjanina iz 1640., biljeģi: 

"Doġav u Visoki, ostao je obļaran poloģajem grada i ljepotom njegovih mnogih baġļa, tako da se nije 
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mogao do sita nagledati ovih prirodnih krasota. I franjevci su imali jednu ovakvu baġļu, a uz samu 

ogradu tekla je voda na toļak, te bi u veļer onamo dolazila turska i krġĺanska djeca" (Batiniĺ, 1983). 

Biljeġka ukazuje na vrt Franjevaļkog 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 dotadaġnju 

prisutnost ukazuju nazivi: brdo Kriģ, selo Biskupiĺi (sada Muhaġinoviĺi) te ulica Klisa, gdje se 

svojevremeno nalazio samostan sv. Marije. Franjevci se vraĺaju u Visoko 1899. godine i podiģu 

sadaġnji samostan, sjemeniġte i gimnaziju, u koju useljavaju 1900. godine, a Visoko odabiru zbog 

njegova poloģaja, pogodnosti kao i franjevaļke proġlosti na tom prostoru (Gavran, 2000). Odtada do 

danas tu obavljaju svoju prosvjetnu, kulturnu i duhovnu djelatnost, vodeĺi jedinu klasiļnu gimnaziju u 

Bosni i Hercegovini, u kojoj pravo na pohaĽanje i smjeġtaj imaju svi talentirani uļenici neovisno o 

spolnoj, nacionalnoj ili vjerskoj pripadnosti.  

  

Slika 1. Pogled na samostan s vrtom i zgradu 

konvikta prije obnove 

Slika 2. Franjevaļka klasiļna gimnazija 

Figure 1. View of the monastery with the garden 

and the dormitory building before renovation 

(Photo: Samostanski arhiv) 

Figure 2. Franciscan Classical High School 

(Photo: https://visoko.ba/) 

 

Za realizaciju ovog istraģivanja odabran je posjed Franjevaļkog samostana u Visokom, ļija povrġina 

iznosi oko 22.000 m2. Od 30-tih godina proġlog stoljeĺa samostanski i konviktski vrt bili su, a i danas 

su, ukras Visokog, o ļemu su brinule Ġkolske sestre franjevke. Svojim raskoġem, oblikom i brojnoġĺu 

cvjetnica i povrtnica koje su same proizvodile, plijenio je paģnju prolaznika i putnika koji bi putovali 

vlakovima, a zapisi kazuju kako su i lokalni ģeljezniļari govorili da od Sarajeva do Broda nema boljeg 

vrta (Gavran, 2000). Na posjedu se nalazi i viġedesetljetna hortikulturna cjelina koju se planira 

podvrgnuti planskom ureĽenju krajobraza, zbog ļega se pristupa determinaciji drvenastih i grmolikih 

vrsta. 

Hortikulturna cjelina na posjedu Franjevaļkog samostana u Visokom, u ļijem se okruģenju nalazin 81 

drvenasta i grmolika vrsta te promjenljiv broj jednogodiġnjih vrsta cvjetnica i povrtnica, predstavlja 

gust sklop sastavljen od viġe starijih vrsta koje ranije nisu pregledane ni podvrgnute zaġtitnim 

mjerama, iz ļega proizlazi hipoteza da se u toj cjelini nalaze insekti koji ġtetno djeluju na hortikulturne 

https://visoko.ba/
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vrste i predstavljaju prijetnju. Slijedom postavljene hipoteze, cilj istraģivanja je determinirati 

entomofaunu prisutnu na hortikulturnim vrstama.  

Determinacija entomofaune predstavlja neizostavan korak u krajobraznom oblikovanju u cilju 

praĺenja stanja i broja vrsta koje nastanjuju hortikulturne biljke kao i postojanje ġtetnika koji 

predstavljaju prijetnju biljnim zajednicama, kako bi se ugroģene vrste mogle pravovremeno zaġtititi i 

lijeļiti. 

Postavljeni ciljevi realizirani su kroz istraģivaļke zadatke koji su ukljuļili: 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 istraģivanja i terenskog rada 

te deskriptivne metode. Rad se temelji na identifikaciji krajobraznih vrijednosti i entomofaunistiļke 

raznolikosti za ļiju se valorizaciju primjenjuje: 

¶ determinacija postojeĺe flore (Tutin, t. G. & v. H. Heywood, (ur.), 1964-1980; Tutin, et al. 

1993; Domac, 2002; Nikoliĺ, 2019, 2020 a,b,c) 

¶ provjera stanja hortikulturnih vrsta, 

¶ promatranje entomofaune na terenu, 

¶ upotreba ljepljivih traka (20 ģutih i 20 plavih ljepljivih traka Aeroxon) i feromonskih klopki, 

(Pheroprax ampule feromon, proizvoĽaļa BASF Agro B.V Wadenswil Ġvicarska)  

¶ sakupljanje insekata pomoĺu entomoloġke mreģe i prepariranje, 

¶ determinacija insekata (Chapman, 1998; Tomiczek et al., 2008; Z¼brik et al., 2013) analiza, 

obrada i prezentacija. Istraģivanja su obavljena u periodu od rujna 2022. do kolovoza 2023. 

godine. 

UtvrĽivanje zdravstvenog statusa hortikulturnih vrsta na posjedu Franjevaļkog samostana  

Za istraģivanje zdravstvenog stanja hortikulturnih vrsta, koriġtena je VTA (Visual Tree Assesment) 

metoda. VTA metoda se temelji na aksiomu konstantnog stresa prema kojem stablo ravnomjerno 

rasporeĽuje optereĺenja, optimizirajuĺi oblik u cilju odrģavanja svoje bioloġke funkcije, a njome se 

procjenjuju strukturna oġteĺenja i stabilnost stabla (Pauliĺ et al., 2013). Procjena stabala slijedeĺi ovu 

metodu, obavlja se kroz detaljan pregled stabala, pri ļemu se zapaģaju sve promjene na stablu koje 

upuĺuju na strukturna oġteĺenja i vode smanjenju stabilnosti. Osim tog mehaniļkog aspekta, prouļava 

se i bioloġka komponenta, koja je izraģena kao vitalnost stabla. Ukoliko nema znatnijih strukturnih 

oġteĺenja i postoji vitalnost koja omoguĺuje da povrati stanje konstantnog stresa, tj. ojaļa strukturno 

slaba mjesta koja predstavljaju mjesta loma stabla, stablo se ne smatra opasnim ako. U sluļaju da se na 

osnovu vizualnog izgleda stabla ne moģe odrediti je li promatrano stablo opasno, tada se koriste 

dodatna ispitivanja uporabom arborikulturnih instrumenata. Ovom se metodom mogu odrediti opasna 
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stabla te propisati potrebni arborikulturni zahvati (Pauliĺ et al., 2013). Prema istom autoru, nedostatak 

ove metode je visoka subjektivnost i ovisi o prijaġnjem znanju i iskustvu pojedinca. Provjera 

zdravstvenog stanja hortikulturnih vrsta zahtijeva determinaciju i pregled svake pojedine vrste, 

uoļavanje nepravilnog rasta, prisutnost bolesti i ġtetnika, odumiranja tkiva i sliļno. Ukoliko se 

primijeti prisutnost ġtetnika ili ġtete na biljnim dijelovima, vrġi se detaljnije ispitivanje, (determinacija 

ġtetnika, brojnost jedinki), procjenjuje se ġteta te se razmatraju prihvatljive moguĺnosti saniranja i 

oporavka biljke. U istraģivanju je koriġteno po 20 ģutih i 20 plavih ljepljivih traka proizvoĽaļa 

Aeroxon, koje pregledane su u prvom postavljanju od svibnju te u drugom u srpnju. Plave su trake 

namijenjene utvrĽivanju prisutnosti tripsa, dok su ģute ljepljive trake namijenjene utvrĽivanju 

prisutnosti drugih ġtetnika. U feromonskoj klopki koriġtene su Pheroprax ampule feromon 

proizvoĽaļa BASF Agro B.V Wadenswil Ġvicarska. 

Rezultati i diskusija 

Poznavanje zastupljenosti entomofaunistiļkih vrsta na terenu kao i njihovih odnosa s drugim vrstama 

kljuļno je u mnogim istraģivanjima i planiranjima u podruļju krajobraznog oblikovanja, voĺarstva, 

ġumarstva, biljne proizvodnje i dr. kukci mogu imati neutralno, korisno ili ġtetno djelovanje na biljku. 

Korisno djelovanje kukaca ogleda se u opraġivanju, provjetravanju, razlaganju organske tvari te 

spreļavanju invazivnosti vrsta koje imaju ġtetan uļinak na biljku. Ġtetno djelovanje kukaca uoļljivo je 

kroz nastanak oboljenja, ugroģenosti i odumiranja biljnih vrsta ukoliko se pravovremeno ne uoļi 

njihovo ġtetno djelovanje i ne primijene metode iz fitomedicine (Dimiĺ et al., 2013). Revitalizacija i 

oblikovanje novih krajobraznih cjelina podrazumijeva analizu postojeĺe flore te razmatra ideju 

zadrģavanja flornih elemenata unutar novog idejnog projekta kako bi se oļuvala autentiļnost terena, 

ali i vrednovala starost prisutnih vrsta. Stoga se u oļuvanju postojeĺe flore naglasak stavlja na analizu 

trenutnog stanja, primjenu metoda lijeļenja oboljelih vrsta te uklanjanje onih vrsta koje su odumrle ili 

se ne mogu lijeļiti. U postupku lijeļenja, sluģimo se metodama i pripravcima koji ĺe ne samo pomoĺi 

u oporavku oboljele biljne vrste nego i zaġtititi druge insekte i okolinu (Vujkoviĺ, 2003). 

Determinacijom postojeĺe flore biljeģe se 81 drvenasta i grmolika vrsta te promjenljiv broj 

jednogodiġnjih cvjetnica i povrtnica.  

 

Tablica 3. Popis hortikulturnih biljaka u samostanskom posjedu (Kepiĺ, 2022) 

Table 3. List of horticultural plants on the monastery property (Kepiĺ, 2022) 

Domaĺi naziv Latinski naziv 

1. Aktinidija Actinidia chinensis Planch. 

2. Albicija Albizia julibrissin Durazz. 

3. Ariġ Larix decidua Mill.  

4. Bijeli biserak Symphoricarpos albus (L.) S.F. Blake 

5. Bor bijeli Pinus sylvestris L. 

6. Bor crni Pinus nigra Arnold 

7. Borovac Pinus strobus L. 
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Domaĺi naziv Latinski naziv 

8. Borovica puzajuĺa Juniperus squamata Buch.-Ham. 

9. Boģikovina Ilex aquifolium L. 

10. Breza Betula pendula Roth 

11. Brġljan 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 ruģa 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 luģnjak 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 Euonymus 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. Koġtuniļava patisa Cephalotaxus harringtonii K. Koch 

43. Kozokrvina sjajna Lonicera nitida E.H.Wilson 

44. Lavanda Lavandula officinalis L. 

45. Lawsonov paļempres Chamaecyparis lawsoniana (A. Murray) Parl. 

46. Lijeska Corylus avellana L. 

47. Lipa malolisna Tilia cordata L. 

48. Lipa srebrnolisna Tilia platyphillos L. 

49. Lovorviġnja Prunus laurocerasus L. 

50. Loza petoprstna Partenocisus quinqefolia L. 

51. Magnolija Magnolia sp. 

52. Mahonija Mahonia aquifolium (Pursh.) Nutt. 

53. Malina Rubus idaeus L. 

54. Muġmulica Cotoneaster sp. 

55. Negundovac Acer negundo L. 

56. Obiļna 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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Domaĺi naziv Latinski naziv 

60. Panļiĺeva omorika Picea omorika (Panļiĺ) 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. Suruļica Spiraea media Schmidt 

67. Svib Cornus sanguinea L. 

68. Ġimġir Buxus sempervirens L. 

69. Ġljiva Prunus domestica L. 

70. Ġljiva crvenolisna Prunus cerasifera Ehrh. 

71. Taksodij Taxodium distichum (L.) Rich. 

72. Tisa Taxus baccata L. 

73. Treġnja Prunus avium L. 

74. Trnoviti glogovac Pyracantha coccinea M.Roem. 

75. Tuja Thuja sp. 

76. Vatreni trn Pyracantha coccinea Roem. 

77. Viġnja Prunus cerasus L. 

78. Zanovijet obiļna Laburnum anagyroides Medik. 

79. Zova Sambucus nigra L. 

80. Ģutika Berberis vulgaris L. 

81. Ģutika Julijanina Berberis julianae Schneid. 

 

Popis kukaca determiniranih na analiziranim hortikulturnim vrstama na posjedu Franjevaļkog 

samostana Visoko 

Tijekom perioda istraģivanja determinirano je 28 vrsta kukaca/ġtetnika na analiziranim hortikulturnim 

vrstama.  

 

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

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

Latinski naziv ġtetnika Domaĺi naziv ġtetnika Hortikulturna vrsta  

1. Adelges (Chermes) abietis L. smrekina uġ ġiġkarica obiļna smreka  

(Picea abies (L.) Karsten) 

2. Aphis pomi De Geer zelena uġ jabuke jabuka (Malus domestica L.) 

3. Argyresthia thuiella Packard srebrnasti tujin moljac tuja (Thuja sp.) 

4. Cameraria ohridella  

 Deschka & Dimiĺ 

kestenov moljac miner kesten divlji  

(Aesculus hippocastanum L.) 

5. Ceratitis capitata Wiedemann sredozemna voĺna muha viġnja (Prunus cerasus L.) 

6. Cromaphis juglandicola Klbt. orahova mala uġ 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 luģnjak (Quercus robur L.) 

10. Cossus cossus L. crveni crvotoļac, 

drvotoļac 

jabuka (Malus domestica L.) 

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

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

13. Cydalima perspectalis Walker ġimġirov moljac ġimġir (Buxus sempervirens L.) 

14. Cydia pomonella L. jabuļni savijaļ jabuka (Malus domestica L.) 
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Latinski naziv ġtetnika Domaĺi naziv ġtetnika Hortikulturna vrsta  

15. Dendrothrips ornatus Jabl.  kalinin trips kalina (Ligustrum vulgare L.) 

16. Drosophila suzukii Matsumura octena muha treġnja (Prunus avium L.) 

17. Eucallipterus tiliae L. lipina lisna uġ lipa srebrnolisna  

(Tilia platyphillos L.) 

18. Forficula auricularia L. uholaģa viġnja (Prunus cerasus L.) 

ariġ (Larix decidua Mill.)  

19. Lyonetia clerkella L. moljac vijugavih mina jabuka (Malus domestica L.) 

20. Megachile centuncularis L. pļela krojaļica galska ruģa (Rosa gallica L.) 

21. Mindarus abietinus Koch. lisna jelina uġ jela (Abies alba L.) 

22. Myzocallis coryli Goetze lijeskina lisna uġ lijeska (Corylus avellana L.) 

23. Myzus cerasi F. crna treġnjina uġ treġnja (Prunus avium L.) 

 

24. Nezara viridula L.  

 

zelena stjenica 

jorgovan (Syringa vulgaris L.) 

malina (Rubus idaeus L.) 

jabuka (Malus domestica L.) 

25. Physokermes piceae (Sch.) smrekina ġtitasta uġ srebrna smreka 

(Picea pungens Engelm) 

26. Pyrrhocoris apterus L. vatrena stjenica lipa malolisna (Tilia cordata L.) 

 

 

27. Curculionidae, Scolytinae 

 

 

potkornjaci 

ariġ (Larix decidua Mill.)  

taksodij (Taxodium distichum (L.) 

Rich.) 

viġnja (Prunus cerasus L.) 

smreke (Picea sp.) 

28. Tropinota hirta Poda dlakavi ruģiļar galska ruģa (Rosa gallica L.) 

 

Rezultati istraģivanja ukazuju na prisutnost devet vrsta biljnih uġi iz reda Hemiptera, od kojih sedam 

vrsta iz porodice Aphididae te po jedna iz porodica Adelgidae i Coccidae. Lisne uġi predstavljaju 

ġiroko rasprostranjene sitne kukce veliļine 1,5 ï 5 mm. Po klasifikaciji, postoje generacije bez krila te 

s dva para opnenastih krila koja su duģa od tijela. Tijelo im moģe biti razliļito obojeno, dok se 

identifikacija vrġi na osnovu morfoloġkih karakteristika vrste. Rasprostranjene su svuda, a brojnost im 

se smanjuje na viġim nadmorskim visinama (Kereġi et al., 2016). Ġtete nanose hraneĺi se biljnim 

sokovima, zbog ļega dovode do deformacije lista i uvenuĺa, ali indirektnu ġtetu nanose kao 

prijenosnici virusa i vektori su istih. Zahvaljujuĺi luļenju medne rose kojom se hrane mravi i dr. 

ġtetnici, ostvaruju mutualizam s njima, a oni ih za uzvrat ġtite od predatora i parazitoida te ih prenose 

na druge biljke uslijed uvenuĺa napadnute biljke (Mladenoviĺ, 2018). U stadiju jaja najļeġĺe prezime 

na drveĺu ili grmlju te se u proljeĺe pojavljuju jedinke koje partenogenetski ili viviparno raĽaju prve 

kolonije beskrilnih uġi, koje nakon nekoliko generacija nasljeĽuju krilate kolonije. Razvoj jedne 

generacije traje 10 do 14 dana, a odvija se pri temperaturi 18 ï 20 ÁC. Njihovu razvoju i djelovanju 

pogoduje umjereno toplo i suho vrijeme. Jesenskim parenjem i polaganjem jaja koja ĺe prezimiti 

osiguravaju nastanak novih kolonija poļetkom vegetacijskog ciklusa (Kereġi et al., 2016). Biljni 

predatori lisnih uġi su: bubamare (Coleoptera: Coccinellidae), osolike muhe i muhe ġiġkarice (Diptera: 

Syrphidae i Cecidomyiidae) te zlatooke (Neuroptera: Chrisopidae). MeĽu prisutnim vrstama, porodici 

Aphididae pripadaju: zelena uġ jabuke (Aphis pomi De Geer), crna treġnjina uġ (Myzus cerasi F.), 

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

(Mindarus abietinus Koch.), od kojih su brojnije zelene uġi jabuke i crne treġnjine uġi. 

  

Slika 3. Zelena uġ jabuke (Aphis pomi De Geer) 

(Foto: R. Kepiĺ, 2023) 

Slika 4. Crna uġ treġnje (Myzus cerasi F.)  

(Foto: R. Kepiĺ, 2023) 

Figure 3. Green apple aphid (Aphis pomi De 

Geer) (Photo: R. Kepiĺ, 2023) 

Figure 4. Black cherry aphid (Myzus cerasi F.) 

(Photo: R. Kepiĺ, 2023) 

 

Zelena uġ jabuke (Aphis pomi De Geer) je monoeciļna vrsta koja oġteĺuje listove i vrhove lastara 

(slika 3.), pri ļemu izaziva deformaciju lista i smanjuje intenzitet fotosinteze, ġto utjeļe i na veliļinu 

ploda. Tijekom godine razvije viġe generacija, a razvijanjem gljiva ļaĽavica smanjuje trģiġnu 

vrijednost ploda (Kereġi et al., 2016). Crna treġnjina uġ (Myzus cerasi F.) nastanjuje treġnju, ali se 

nalazi i na viġnji. Kolonije uġi uzrokuju deformaciju i kovrļanje lista, pri ļemu lastar zaostaje u 

porastu, a ometa se i sazrijevanje ploda. Uvijanjanje liġĺa na vrhovima lastara oblikuje neugledne 

bukete (Slika 4). Vrsta je glavni prijenosnik viroze treġnje (Kereġi et al., 2016). Osobitu prijetnju 

predstavlja mladim nasadima. Rezultati istraģivanja o zastupljenosti Myzus cerasi F. na ġest 

polusrodnika Prunus avium L. u rasadniku kazuju kako bi se oplemenjivanjem sorti treġnje moglo 

dodatno utjecati na njenu otpornost na crnu uġ (Pajnik-Poljakoviĺ et al., 2019). 

Porodici Adelgidae pripada smrekina uġ ġiġkarica (Adelges (Chermes) abietis L.). U pitanju je vrsta 

koja se javlja na smreki, a razvojni ciklus joj traje dvije godine. Prekrivene voġtanim nitima, jedinke 

siġu sok formirajuĺi gale u osnovi ili pri vrhovima mladih granļica (Slika 5). Druga se krilata 

generacija djelomiļno seli nastanjujuĺi stabla drugih ļetinara: borova, jela i ariġa, te prezimljava na 

sporednom domaĺinu, na kojemu polaģe jaja za treĺu generaciju i razvija ļetvrtu generaciju. Peta se 

generacija ponovno vraĺa na primarnog domaĺina ï smreku, gdje zapoļinje novi razvojni ciklus. 

Posljedice jakih napada su slabljenje stabla i stvaranje krģljavih izbojaka, pri ļemu stradaju stabla svih 

starosti, a najviġe su podloģna stabla jele (Kereġi et al., 2016).  
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Slika 5. Gale uzrokovane Adelges (Chermes) 

abietis L. (Foto: R. Kepiĺ, 2023) 

Slika 6. Ġiġka smrekine ġtitaste uġi  

(Foto: R. Kepiĺ, 2023) 

Figure 5. Gale caused Pineapple gall adelgid 

(Photo: R. Kepiĺ, 2023) 

Figure 6. Spruce bud scale  

(Photo: R. Kepiĺ, 2023) 

 

U porodicu Coccidae ubraja se smrekina ġtitasta uġ (Physokermes (Coccus) piceae (Sch.)). Vrsta se 

javlja u osnovi iglica ili na vrhu granļice podno pupoljka (Slika 6.) i razvija jednu generaciju godiġnje. 

U ġumama ne priļinjava veĺe ekonomske ġtete zbog prirodnih neprijatelja, dok u urbanim sredinama 

napada stabla stara 3 do 5 godina koja, uslijed fizioloġkog slabljenja, podlijeģu napadima drugih 

ġtetnika, najļeġĺe sipaca. Vrsta je karakteristiļna zbog obilnog luļenja medne rose koja privlaļi 

mrave, ose, pļele i muhe, a kasnijim razvojem gljiva ļaĽavica gube se estetska svojstva smreke. Ġteta 

se ogleda i u kraĺim ļetinama, koje mogu biti skraĺene ļak i za 2/3 od uobiļajenih. Djelovanju ove 

vrste pogoduje suho i toplo vrijeme (Kereġi et al., 2016). 

Rezultati istraģivanja utvrĽuju prisutnost ļetiri 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 razliļitih oblika i 

veliļina tijela duljine od nekoliko mm do preko 100 mm. U pitanju su kukci ļvrstog tjelesnog 

omotaļa, spljoġtenog i izduģenog tijela te razliļitih boja. Slabo pokretna glava uz usni aparat za 

bodenje i sisanje, razvijen prvi prsni segment, jasno izraģen leĽni ġtit te krila, odlike su stjenica 

(Kereġi et al., 2016). Karakteristiļne su i po luļenju prepoznatljivih mirisa koji sluģe i za orijentaciju 

za skupljanje kukaca u veĺe grupe pri migracijama. Tako, aldehidi predstavljaju sastav sekreta ģlijezda 

kod Pentatomidae, a kod predstavnika Coreidae naĽeni su: heksilacetat, heksanal, heksanol, 

butilbiturat i dr. (Tanasijeviĺ, 1978). 

Na hortikulturnim vrstama na samostanskom posjedu nalaze se: vatrena stjenica (Pyrrhocoris apterus 

L.), zelena mediteranska stjenica (Nezara viridula L.), hrastova mreģasta stjenica (Corythucha arcuata 

Say) te platanova stjenica (Corythuca ciliata Say).  
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Slika 7. Vatrena stjenica (Pyrrhocoris 

apterus L.) (Foto: R. Kepiĺ, 2023) 

Slika 8. Platanova stjenica (Corythuca ciliata Say) (1. jaja; 

2. nimfe; 3. odrasla jedinka) (Foto: R. Kepiĺ, 2023) 

Figure 7. The firebug (Pyrrhocoris 

apterus L.) (Photo: R. Kepiĺ, 2023) 

Figure 8. Sycamore lace bug (Corythuca ciliata Say)  

(1. eggs; 2. nymphs; 3. adult species) (Photo: R. Kepiĺ, 

2023) 

 

Vatrena stjenica (Pyrrhocoris apterus L.) vrsta je koja se javlja na lipi, a luļi miris nalik etaru 

(Tanasijeviĺ, 1978). Sokove siġe iz razliļitih dijelova biljke, a ġtete uzrokuje naroļito za vrijeme 

suġnih ljeta te se nerijetko nalazi i na vrstama koje su uļestale u ogradama (Slika 7). Zelena 

mediteranska stjenica (Nezara viridula L.) ubraja se u polifagne vrste te je ġiroko rasprostranjena, ali 

ġtete ļeġĺe priļinjava na povrĺarskim i ratarskim kulturama (Kereġi et al., 2016). Zbog brojnosti i 

intenziteta djelovanja vaģno je osvrnuti se na vrste koje uzrokuju veĺe ġtete (hrastova mreģasta i 

platanova stjenica). 

Platanova stjenica (Corythuca ciliata Say) otkrivena je u Europi, u Padovi, 1964. godine; u 

zagrebaļkim se drvoredima pojavljuje 1970., a u beogradskim 1973. godine. Sada je ġiroko 

zastupljena i u Bosni i Hercegovini. U pitanju je monofagna vrsta, crnog tijela duģine 4 mm, s 

mreģastim sivo-bijelim krilima i lepezastim ġtitom iznad prsa (Slika 8.). Ne leti na veĺu udaljenost 

nego se kreĺe leprġajuĺi u zraku. U svom ciklusu ima dvije do tri generacije godiġnje, a prezimljava u 

odraslom stadiju pod korom platana ili u blizini. Ġtete koje nanosi primjetne su na listu na kojemu 

prvo strada dio uz glavnu ģilu, odakle se depigmentacija ġiri i u druge dijelove lista, ġto do sredine 

ljeta depigmentira listove platana smanjujuĺi im asimilacijsku povrġinu. Buduĺi da su drvoredi 

najļeġĺe dijelovi urbanih sredina, ne vrġe se adekvatna tretiranja. Vaģno je spomenuti kako neke vrste 

bubamara, stjenica i pauka predstavljaju prijetnju ovoj vrsti (Kereġi et al., 2016). Prema podacima 

Globalnog informacijskog fonda za bioloġku 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 mreģasta stjenica (Corythucha arcuata Say). Prvi put 

evidentirana je u Bosni i Hercegovini 2017. godine na lokalitetu Ivanļevo kod Vareġa te se kasnijim 

pregledom vrsta utvrĽuje i na vareġkom lokalitetu Vijaka (Dautbaġiĺ et al., 2018). 

https://www.gbif.org/
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Vrsta se morfoloġki razlikuje od prethodne u obojenosti te u posjedovanju dviju jasno izraģenih 

ramenih i dviju slabije izraģenih krilnih smeĽih pjega u odnosu na plataninu stjenicu, dok se i u 

usporednom promatranju moģe uoļiti da je tamnija i sitnija od platanine stjenice (Hraġovec et al., 

2013) (Slika 9.). Ġteta se ogleda u depigmentaciji lista i preranom suġenju zbog smanjene asimilacijske 

povrġine. Bosanskohercegovaļka istraģivanja utvrĽuju prisutnost ove vrste na hrastu kitnjaku 

(Quercus petraea L.) te smatraju kako je prisutnost vrste izraģenija u sjevernim dijelovima Bosne i 

Hercegovine, dok za juģnu granicu rasprostranjenosti uzimaju juģne dijelove planine Zvijezde 

(Dautbaġiĺ et al., 2018). U rezultatima istraģivanja provedenih u Republici Hrvatskoj, simptomi 

napada dominirali su na hrastu luģnjaku (Quercus robur L.), ali stjenice su evidentirane i na liġĺu 

brijesta (Ulmus minor Mill.), divlje jabuke (Malus sylvestris (L.) Mill.) te neġto rjeĽe na listovima 

kupine (Rubus sp.). Nadalje, novije procjene kazuju kako bi mreģasta hrastova stjenica mogla poveĺati 

fizioloġku osjetljivost stabala na napade drugih ġtetnih insekata i bolesti, zbog ļega se proporuļa 

kontinuirano praĺenje (Hraġovec et al., 2013). 

  

Slika 9. Hrastova mreģasta stjenica (Corythuca arcuata 

Say) (Foto: R. Kepiĺ, 2023) 

Slika 10. Ġtete srebrnastog tujina 

moljca (Foto: R. Kepiĺ, 2023)  

Figure 9. Oak lace bug(Corythuca arcuata Say)  

(Photo: R. Kepiĺ, 2023) 

Figure 10. Cause of damage 

arborvitae leafminer (Photo: R. Kepiĺ, 

2023)  

 

Istraģivanjem 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 godiġnje. Tijelo leptira dugo je 5 ï 6 mm, a raspon srebrnastih krila oko 8 mm. 

Odrasla jedinka tijekom lipnja polaģe jaja na mlade granļice, te larve oġteĺuju napadnutu vrstu do 

svibnja iduĺe godine (osim u zimskim mjesecima), ġto se ogleda u suġenju vrhova tuje koja gubi 

ukrasnu vrijednost (Slika 10.). Jedna larva za vrijeme razvoja uniġti 20 ï 25 listova tuje (Kereġi et al., 

2016).  
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(a) 

 
(b) 

 
 

Slika 11. Gusjenica ġimġirova moljca (a) i napadnuti  

ġimġir (b) (Foto: R. Kepiĺ, 2023) 

Slika 12. Imago ġimġirovog moljca 

(Izvor: www.cabidigitallibrary.org/) 

Figure 11. The box tree moth ï caterpillar (a) attacked 

boxwood (b) (Photo: R. Kepiĺ, 2023) 

Figure 12. Imago of the box tree moth 

(Source: www. cabidigitallibrary.org/) 

 

Ġimġirov moljac (Cydalima perspectalis Walker) predstavnik je porodice Crambidae. Leptiri 

ġimġirovog moljca imaju raspon krila oko 4 cm. Javljaju se u dvije forme: bijeloj, ļeġĺoj i svijetlo-

smeĽoj koja je rjeĽa. Imaju smeĽi rub oko bjeliļastih krila te dugaļke pipke. Tijelo je bijelo, a glava 

tamno smeĽa (Slika 12). Nakon polaganja, jaja, su blijedo ģute boje, dok su kasnije vidljive smeĽe 

glave gusjenica. Mlade gusjenice ġimġirovog moljca su zeleno-ģute boje s crnom glavom. Kako rastu 

na zelenom tijelu im se pojavljuju smeĽe pruge, dok sama glava ġimġirove gusjenice ostaje crna. Kada 

dostignu svoju punu veliļinu odrasle gusjenice su zelene i imaju karakteristiļne debele crne i tanke 

bijele pruge sa crnim toļkama na leĽnoj strani te budu dugaļke do 4 cm (Slika 11a). Pupa ġimġirovog 

moljca dugaļka je prosjeļno dva centimetra, smeĽe je boje i skrivena u kokonu saļinjenom od svilenih 

niti izmeĽu listova i granļica ġimġira (Slika 11b). U poļetku, lutke su zelenkasto-smeĽe, zatim 

svjetlosmeĽe boje, a na samom kraju razvoja postaju crno-smeĽe boje te nakon toga prelaze u stadij 

imaga (Mujezinoviĺ et al., 2022). Ġimġirov moljac predstavlja prirodnog ġtetnika istoļne Azije i 

rasprostranjen je na ġirokom podruļju Japana, Kine i Koreje. Na europskom tlu prvi put zabiljeģen je 

2007. godine u Njemaļkoj i Nizozemskoj, te je zbog brzog ġirenja, njegova prisutnost potvrĽena u: 

Ġvicarskoj, Fracuskoj, Ļeġkoj, Belgiji, Danskoj, Velikoj Britaniji, MaĽarskoj, Italiji, Lihtenġtajnu, 

Slovaļkoj, Sloveniji, Hrvatskoj, Rumunjskoj i Turskoj te u Grļkoj, Crnoj Gori i Srbiji (Kr¿ger 2008; 

Van der Straten and Muus 2010; Kenis, 2013; Strachinis, 2015., Stojanoviĺ, 2015., prema, Skopljak, 

2017). U Bosni i Hercegovini zabiljeģen je prvi put 2014. godine na lokalitetima: Ļapljina, Ljubuġki, 

Grude i Ļitluk (Ostojiĺ et al., 2016). Podaci Instituta za zdravlje i sigurnost hrane Zeniļko-dobojskog 

kantona kazuju kako je na podruļju Zeniļko-dobojskog kantona, kojem pripada i Visoko, vrsta prvi 
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put uoļena 2018. godine, dok je na prostoru Posavine evidentirana ranije, 2015. godine 

(https://inz.ba/). 

 (a)  (b) 

Slika 13. Kestenov moljac miner: (a) mikroskopsko uveĺanje gusjenice; (b) ġtete na listu kestena 

(Foto: R. Kepiĺ, 2023) 

Figure 13. The horse-chestnut leafminer: (a) a caterpillar magnified by a microscope (b) leaf damage 

(Photo: R. Kepiĺ, 2023) 

 

Iz porodice Gracillariidae evidentiran je kestenov moljac miner (Cameraria ohridella Deschke et 

Dimiĺ). Vrsta se prvi put pojavila 1986. godine u Ohridu, u Sjevernoj Makedoniji, odakle se poļela 

ġiriti prema unutraġnjosti bivġe Jugoslavije te prema srediġnjoj Europi.  

Odrasli leptir naraste do 5 mm. Prema Dautbaġiĺu (2002) prosjeļna duģina tijela leptira iznosi 2,65 

mm. Grudi su zlatnooker boje, a trbuh tamnosive. Prednja krila su sjajna, svijetlosmeĽa sa 3 tanke, 

popreļne srebrnobijele pruge omeĽene 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 podruļja Sarajeva 

iznosi 6,63 mm (Dautbaġiĺ, 2002). Jaja su prljavozelene boje, ovalnog oblika i duģine 0,2 do 0,3 mm. 

Gusjenica ima dorzo-ventralno spljoġteno, vrlo ļlankovito tijelo, ģuĺkastozelene boje ļija duģina 

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

 
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) 

https://inz.ba/
http://vocarskisavjeti.blogspot.com/2016/02/kestenov-moljac-miner-cameraria.html
http://vocarskisavjeti.blogspot.com/2016/02/kestenov-moljac-miner-cameraria.html
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U naġim uvjetima C. ohridella ima 3 generacije godiġnje koje se preklapaju. Leptiri prezimljujuĺe 

generacije se javljaju krajem travnja, prve generacije u drugoj polovini srpnja, a treĺe u prvoj dekadi 

kolovoza. Moljac miner lista divljeg kestena kod nas prezimljava iskljuļivo u stadiju lutke, u 

okruglastom diskoidalnom spljoġtenom kokonu, unutar mine, u otpalom listu (Dautbaġiĺ, 2002). 

Rezultati ispitivanja ġtetnosti C. ohridella na podruļju Sarajeva, pokazuju da je povrġina mina na 

listovima divljeg kestena vrlo varijabilna. Prosjeļna povrġina jedne mine iznosi 250,57 mm2. 

Prosjeļna duģina mine na ispitivanom podruļju iznosi 27,73 mm, a ġirina 9,45 mm. Jedna larva moljca 

minera lista divljeg kestena oġteti prosjeļno 9,34 % lisne povrġine. Ġtetnost je uveĺana izazivanjem 

prijevremenog opadanja listova divljeg kestena sa minama (Dautbaġiĺ, 2005). 

Ogoljavanje stabala kestena potpuno kompromitira sve funkcije (kako osnovne, tako i sporedne), koje 

kesten treba ispuniti u vezi poboljġanja uvjeta ģivota i rada (ekoloġku, higijensko-sanitarnu, estetsku, i 

dr.), zbog kojih se i uzgaja u svim urbanim prostorima, kod nas i u svijetu. Prijevremena defolijacija 

prouzrokuje, osim toga, ļitav niz ġtetni sekundarnih posljedica za sam kesten (zaustavljanje rasta, 

nedozrijevanje tkiva, te izmrzavanje ljetorasta tijekom zime, suġenje grana i cijelih stabala) (Dimiĺ i 

Dautbaġiĺ, 2004). Vrsta je monofagna, a primijeĺeno je kako ļeġĺe napada kestene s bijelim cvijetom 

nego stabla s crvenim i ģutim cvijetom, zbog ļega bi bilo dobro prednost dati sadnji manje osjetljivih 

varijateta kestena (Kereġi et al., 2016). 

Moljac vijugavih mina (Lyonetia clerkella L.) klasificira se u porodicu Lyonetiidae. Vrsta je ġiroko 

rasprostranjena u Europi, a ima 2 ï 4 generacije tijekom godine. Odrasle jedinke su mali leptiri kojima 

je raspon krila 5 ï 9 mm. Gusjenice se hrane parenhimom izmeĽu dva epidermisa, a najļeġĺe napadaju 

jabuke, kruġke i stabla iz porodice Rosaceae. Oġteĺenja lista smanjuju njegovu asimilacijsku povrġinu, 

ġto utjeļe na kvalitetu ploda kao i stvaranje pupoljaka i plodonoġenje u narednoj godini (Kereġi et al., 

2016).  

 

Slika 15. Jabuļni savijaļ: presjek oġteĺenog ploda jabuke s gusjenicom savijaļa u unutraġnosti 

(Foto: R. Kepiĺ, 2023) 

Figure 15. Codling Moth: part of a damaged apple fruit with a caterpillar inside 

(Photo: R. Kepiĺ, 2023) 
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Jabuļni savijaļ (Cydia pomonella L.) predstavnik je porodice Tortricidae. Predstavlja jednog od 

najvaģnijih ġtetnika jabuke, koji godiġnje ima 2 ï 3 generacije. Tijelo leptira dugo je oko 10 mm, s 

rasponom krila oko 20 mm. Krila su siva s okruglom smeĽom mrljom na kraju prednjih krila. 

Gusjenica je duga do 20 mm, ruģiļasta je i smeĽe glave (slika 15). Prezimljuje kao odrasla gusjenica 

pod korom ili u ġupljinama debla jabuke do travnja, kada se izleģe leptir. Vrsta je aktivna u veļernjim 

satima, kada leti, pari se i polaģe jaja pojedinaļno na granļice, liġĺe i plodove. Gusjenice se ubuġe u 

plodove te se hrane unutraġnjoġĺu ploda i sjemenkama, stvarajuĺi hodnike u plodu i izazivajuĺi 

"crvljivost", ļime se uzrokuje direktna ġteta i gubi vrijednost ploda (Kereġi et al., 2016). 

  (a)   (b) 

Slika 16. Potkornjak (Scolytinae sp.) u deblu taksodija (a) i viġnje (b) (Foto: R. Kepiĺ, 2023) 

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

2023) 

 

Istraģivanjem je utvrĽena prisutnost potkornjaka sa znaļajnim nanesenim ġtetama. Redu kornjaġa 

(Coleoptera) pripada porodica Curculionidae, podporodica Scolytinae, ļiji su predstavnici potkornjaci, 

znaļajni ġtetnici stabala. To su tamno-smeĽi do crni insekti duljine 1 ï 8 mm s kratkom glavom, 

uvuļenom pod vratni ġtit. Ļvrsta i kratka gornja ļeljust omoguĺuje im gristi i buġiti drvo (Premuģ, 

2019). Ģivot provode pod korom ili u drvu buġeĺi hodnike u stablu. Veĺinom su sekundarni ġtetnici, 

premda ponekad preuzmu ulogu i primarnih. Mogu biti monofagni, oligofagni ili polifagni. Veĺe ġtete 

stvaraju javljajuĺi se u monokulturama nego u prirodnim heterogenim ġumama, a ļeġĺe se javljaju 

nakon elementarnih neprilika te razaraju oslabljela stabla i uzrokuju njihovo suġenje. Kod ļetinara na 

kori se javlja smolotok kao posljedica prisutnosti i djelovanja ksilofagnih insekata. Poznatiji su: mali 

voĺni potkornjak (Scolytus rugulosus M¿ller), veliki voĺni potkornjak (Scolytus mali Bechstein.), 

veliki borov srļikar (Tomicus piniperda L.), mali borov srļikar (Tomicus minor Hartig), ġesterozubi 

smrekin potkornjak (Pityogenes chalcographus L.), smrekov pisar (Ips typographus L.), mali smrekov 

pisar (Ips amitinus Eichhoff), veliki ariġev potkornjak (Ips cembre Heer) i dr. (Ivanļan et al., 2016). U 

svrhu prevencije njihova napada, u ġumarskoj praksi postavljaju se lovna stabla (Dimiĺ et al., 2013). 
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Ksilofagnim kukcima pripada i crveni crvotoļac ili drvotoļac (Cossus cossus L.) iz reda Lepidoptera i 

porodice Cossidae. Tijelo leptira duljine je do 4 cm, a raspon sivih krila s popreļnim prugama iznosi  

8 ï 10 cm. Aktivni su noĺu, a opaģaju se tijekom lipnja i srpnja. Gusjenice su prisutne tijekom cijele 

godine u stablu, a rjeĽe se nalaze u granama. MlaĽe su gusjenice ruģiļaste do crvene, odrasle su 

tamnocrvene do smeĽe, a glava im je crna s dvjema crnim mrljama na vratnom ġtitu. Zanimljivo je da 

se u jednom stablu moģe naĺi i do 200 gusjenica. Svojim djelovanjem priļinjavaju znatne ġtete koje 

dovode do stradanja stabla, a napadaju listopadno ġumsko drveĺe te voĺne kulture (Kereġi et al., 

2016). 

Redu Dermaptera pripada uholaģa (Forficula auricularia L.) predstavnik porodice Forficulidae. Ima 

vitko i spljoġteno tijelo, dugo 20 ï 25 mm, sa slabo ili nikako razvijenim krilima te hitiniziranim 

klijeġtima na posljednjem abdominalnom ļlanku (Lelo, 2011). Nastanjuje skrovita, vlaģna i topla 

mjesta. Rezultati istraģivanja ukazali su na pojaļanu prisutnost unutar hodnika i pod korom stabala 

koja su oġtetili potkornjaci i crvotoļci.  

Istraģivanjem je utvrĽena prisutnost dviju muha iz reda Diptera, i to octene muhe (Drosophila suzukii 

Matsumura) iz porodice Drosophilidae, i sredozemne voĺne muhe (Ceratitis capitata Wiedemann), 

koja pripada porodici Tephritidae, te pļele krojaļice (Megachile centuncularis L.) iz reda 

Hymenoptera, predstavnice porodice Megachilidae.  

 

Slika 17. Liļinka octene muhe (Drosophila suzukii Matsumura) u plodu viġnje (Foto: R. Kepiĺ, 2023) 

Figure 17. Spotted winged Drosophila larva in cherry fruit (Photo: R. Kepiĺ, 2023) 

 

Octena muha (Drosophila suzukii Matsumura) vrsta je ģuto-smeĽeg tijela, dugog 2 ï 3 mm, s crvenim 

oļima. Ģenke ove vrste oġteĺuju plodove koji dozrijevaju tako ġto zarezuju koģicu ploda ļijim se 

mesom larve poļnu hraniti ļim se izlegu iz jaja (Slika 17) (Pajaļ i Bariĺ, 2010). Takvi su plodovi 

podloģni i sekundarnim gljiviļnim i bakterijskim infekcijama, nisu za konzumaciju i gube trģiġnu 

vrijednost. 
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 Ove muhe lete tijekom vegetacijske godine. Najaktivnije su pri temperaturi od 20 ÁC, a s poveĺanjem 

temperature smanjuje se i njihova aktivnost (Steck et al., prema, Pajaļ i Bariĺ, 2010). 

  

Slika 18. Sredozemna voĺna muha (Foto: R. Kepiĺ, 2023) Slika 19. Malinov krasnik (Coraebus 

rubi L.) (Foto: R. Kepiĺ, 2023) 

Figure 18. Mediterranean fruit fly (Photo: R. Kepiĺ, 

2023) 

Figure 19. Rose buprestid (Coraebus 

rubi L.) (Photo: R. Kepiĺ, 2023) 

 

Sredozemna voĺna muha (Ceratitis capitata Wiedemann) polifagna je invazivna vrsta koja napada 

viġe od 360 biljnih vrsta unutar 69 porodica (Liquido et al., 1998., prema Ninļeviĺ, 2023). To je muha 

veliļine 3 ï 5 mm, s crnim i svijetlo proġaranim pronotumom te krilima razliļitih obojenja (De Meyer, 

2000., prema, Ninļeviĺ, 2023) (Slika 18). Liļinka ima tri razvojna stadija koji traju oko dva tjedna 

(Braughton, 2018., prema Ninļeviĺ, 2023). Priļinjava ġtete na plodu umanjujuĺi njihovu kvalitetu i 

trģiġnu vrijednost (Ninļeviĺ, 2023).  

Pļela krojaļica (Megachile centuncularis L.) divlja je pļela crnog tijela duljine 10 ï 12 mm, ļije 

trbuġne bijele dlaļice poģute zbog polena. Ima jednu generaciju godiġnje. Vrsta ima dobro razvijen 

usni aparat, kojim reģe pravilne isjeļke s lista ruģe, (naziv krojaļica), noseĺi ih i gradeĺi skloniġte 

potomstvu. Aktivna je iskljuļivo prijepodne i uvijek se vraĺa na istu biljku po novi isjeļak, zbog ļega 

se ġteta uoļava na jednom ili dva izbojka iste biljke (Kereġi et al., 2016). 

Iz reda kornjaġa (Coleoptera), uz ranije opisane potkornjake, utvrĽena je prisutnost joġ triju vrsta i to: 

malinova krasnika (Coroebus rubi L.) iz porodice Buprestidae, ljeskotoļa (Curculio nucum L.), u 

porodici Curculionidae, te dlakavog ruģiļara (Tropinota hirta Poda), predstavnika porodice 

Cetoniidae. 

Malinov krasnik (Coroebus rubi L.) vrsta je zastupljena na malini, kupini i ruģama. Odrasli insekt dug 

je 8 ï 11 mm, ljubiļastocrn, s popreļnim sivim prugama (Slika 19). Priļinjava ġtetu na mladim 

izbojcima koji se suġe i ne listaju (Kereġi et al., 2016).  

Ljeskotoļ (Curculio nucum L.) predstavlja najopasnijeg ġtetnika u europskim i azijskim nasadima 

ljeġnjaka (AliNiazee, 1998; Ciglar, 1998., prema, Boġnjak et al., 2011). Ġtete, koje nanosi na listu, 

cvijeĺu i pupoljcima mnogo su manje od onih koje uzrokuje na mladim plodovima ljeġnjaka 

uzrokujuĺi njihovu crvljivost ili prijevremeno opadanje praznih plodova (Boġnjak et al., 2011). 
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Slika 20. Plod lijeske izbuġen djelovanjem ljeskotoļa (Curculio nucum L.) (Foto: R. Kepiĺ, 2023) 

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

Kepiĺ, 2023) 

 

Dlakavi ruģiļar (Tropinota hirta Poda) polifagna je vrsta koja oġteĺuje cvjetove ukrasnih, voĺnih, ali i 

povrtnih kultura. Hraneĺi se praġnicima, tuļkom i drugim dijelovima cvijeta onemoguĺuju oplodnju 

cvijeta i zametanje ploda (Kereġi et al., 2016).  

Tripsi (Thysanoptera) su skupina sitnih insekata koji priļinjavaju ġtete na razliļitim kulturama siġuĺi 

sokove, a karakteristiļni su po resama na krilima te usnim aparatom za sisanje i bodenje (Raspudiĺ, 

2016). Istraģivanjem se potvrdila prisutnost tripsa na listovima kaline. Kalinin trips (Dendrothrips 

ornatus Jabl.) pripada porodici Thripidae. Ġteta se ogleda u uvijanju liġĺa koje gubi elastiļnost, suġi se 

i opada kao posljedica sisanja soka, ġto umanjuje estetsku vrijednost grmlja (Kereġi et al., 2016). 

Zakljuļak 

Istraģivanja entomofaune na hortikulturnim biljkama na posjedu Franjevaļkog samostana u Visokom, 

od kojih je analizirana 81 hortikulturna vrsta, raĽeno je od rujna 2022. do kolovoza 2023. godine. U 

tom dijelu istraģivanje je obuhvatilo determinaciju i popis flore, pregled i analizu svake pojedine vrste, 

praĺenje i diverzitet entomofaune, upotrebu ljepljivih traka i opaģanje na terenu.  

Rezultati istraģivanja potvrĽuju osnovnu hipotezu i ukazuju na prisutnost 28 vrsta insekata koje ġtetno 

djeluju na ispitivane biljne vrste. Determinirani insekti ļine ġtetu direktno na vrstama na kojima su 

pronaĽeni, ali i indirektno na susjednim vrstama, ovisno o svojoj biologiji i ģivotnom ciklusu. 

Posljedica ovakva stanja se objaġnjava nedostatkom podataka o entomofaunistiļkim vrstama te 

nepravovremenim djelovanjem u njihovu suzbijanju i sanaciji biljaka. Oġteĺenjima ili ġtetama svakako 

pridonosi i gustoĺa sklopa kao i neselektivan raspored postojeĺe flore. 
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Istraģivanja, provedena tijekom ovog perioda ispunjavaju ciljnu zadaĺu te doprinose poznavanju 

raznolikosti entomofaune i sanaciji napadnutih vrsta, kao i pri odabiru biljnih vrsta u projektu 

krajobraznog ureĽenja ove povrġine. 
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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 (Kovaļiĺ, 2004). About 30 species of the genus Campanula 

have been recorded in the flora of Bosnia and Herzegovina (Bjelļiĺ, 1983, Ġoljan, 2001 and Maslo and 

Boġkailo, 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 (Nikoliĺ 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.  

 
1 Primary School, Lund¬kerskolan, Gislaved, Sweden. 

E-mail: semmas@edu.gislaved.se (corresponding author). 
2 Maslo, S. (2023). New floristic data of vascular plants from Bosnia and Herzegovina. Glasilo Future, 6(5-6), 

65ï81. 

mailto:semmas@edu.gislaved.se


S. Maslo/ New floristic data of vascular plants from Bosnia and Herzegovina /  

Glasilo Future (2023) 6 (5-6) 65ï81 

66 

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 Ljubuġki, 

between 1890 and 1897. One specimen was collected by Ġoljan in 1986 on the locality Peĺ Mlini. On 

the other hand, one specimen of the species was deposited in the ZAGR herbarium (collected by 

Bogdanoviĺ in 2012 on Fortress of Herceg Stjepan Kosaļa, near Ljubuġki). (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 mò (Sagorski, 1901). More 

information on distribution as well as ecological-morphological differentiation of the species' 

populations can be found in Ġoljan (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 (Kuļera 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 Panļiĺ, C. fialae Fritsch, and C. rupestris (O.E. 

Schulz) K. MalĨ (Kuļera et al., 2010). 

Cardamine fialae Fritsch in Oesterr. Bot. Z. 47: 44. 1897 (syn. Cardamine 

maritima var. fialae (Fritsch) Sagorski, Cardamine maritima subsp. fialae (Fritsch) Trinajstiĺ) (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 Ljubuġki 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 (Vukojeviĺ et al., 2016, 

Vitasoviĺ Kosiĺ 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 Ġiliĺ 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 Kuļera & Kolnik in 2003 near Grude and Ljubuġki) (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 MalĨ, 

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 (Nikoliĺ, 2005-onwards), Greece (Dimopoulos et al., 2013), 

Montenegro (Lakuġiĺ et al., 2005, 2010), and Slovenia (Ravnik, 1999).  

Table 1. First literature and herbarium records 

Taxon Literature records Herbarium records 

Campanula 

portenschlagiana 

Schult 

Ljubuġki, Vitina and Klobuk, Fiala 1893 Ljubuġki, leg. Fiala 06.1890 (SARA 

40217), Klobuk, leg. Fiala 06.1890 

(SARA 40216) Cardamine fialae 

Fritsch 

Ljubuġki, Klobuk, Fritsch 1897 Ljubuġki, Klobuk, leg. Fiala as C. 

maritima Port., rev. Fritsch 1897, 

06.05.1892 (GZU 2966) Isotypus Pisum sativum subsp. 

elatius (M. Bieb.) 

Asch. & Graebn 

Mostar, Vrelo Radobolje, MalĨ1908 Neum, Kiġevo, leg. Maslo 15.04.2022 

(SARA 53228) 

Teucrium flavum L. Mostar, Pichler 1898/9 Ravliĺa 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 Ravliĺa 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 IUCN guidelines were used for the 

classification of taxa into IUCN 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 Ġiliĺ (1984) and Nikoliĺ 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 Ġiliĺ (1984), and indetification key for C. maritima complex in 

Kuļera 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 1.5ï8 cm long; petiole shorter or even much longer than stipules. The flowers 

borne in long-stalked, 1ï3-flowered racemes, longer than supporting leaves. Calyx is tubular, 8ï15 

mm long, with lobes of unequal length. Legume are oblong to linear, 6ï10 cm long with 3ï10 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 Ljubuġki, 

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 Ĭ 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 T. 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 Ljubuġki and Klobuk (Fiala, 1893) (see Table 1). Subsequently, the species has been 

recorded in other localities, all i SW Herzegovina: Vitina, Ljubuġki (Fortress of Herceg Stjepan 

Kosaļa) and Peĺ Mlini (Ġoljan, 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 (AOO) which is less than 20 km2, while extent of occurrence (EOO) is less than 90 km2. 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: Ljubuġki, Buturovica hill, (43Á12'04"N 17Á33'30"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: Ljubuġki, Klobuk, (43Á16'22"N 17Á27'08"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: Peĺ Mlini, (43Á20'10"N 17Á19'25"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: Ravliĺa cave near Drinovci, (43Á20'21"N 17Á19'23"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. 

 

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 Ljubuġki 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: Ljubuġki (Klobuk near Vitina), Grude (near the village of Ruģiĺi), and Grude (near the 

town of Grude) (Kuļera 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 km2, while the extent of occurrence (EOO) is less than 90 

km2 (Vukojeviĺ 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: Ljubuġki, Klobuk, (43Á16'22"N 17Á27'08"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: Ravliĺa cave near Drinovci, (43Á20'21"N 17Á19'23"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. 

 

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 MalĨ, which was thereafter reported by Beck-Mannagetta (1927). It was recorded at only one 


