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ORIGINAL SCIENTIFIC PAPER

The eftect of soil contamination on the chemical
composition of goji berry (Lycium Chinese) fruits

Violina Angelova, Hristo Djygalov
Agricultural University Plovdiv, 12 Mendeleev str., Plovdiv, Bulgaria (vileriz@abv.bg)

Abstract

A field study was conducted to evaluate the chemical composition of goji berry fruits, as well as the
possibilities of goji berry cultivation on soils contaminated with heavy metals. The experiment was
conducted on an agricultural field contaminated by the Non-Ferrous-Metal Works (NFMW) near
Plovdiv, Bulgaria. The concentrations of macroelements, microelements, and heavy metals in goji berry
fruits were determined by microwave mineralization. An atomic emission spectroscopy technique was
used to define elements. Macronutrients (K, P, Mg, Ca) predominate in goji berry fruits, followed by
Zn, Fe, Cu, and Mn. Contamination of the soil with heavy metals does not affect the quality of the goji
berry. The high content of macroelements and trace elements and the negligible concentrations of toxic
elements in cultivating goji berries in slightly polluted soil makes it possible to use these fruits (fresh or
dried) as a food supplement supplying minerals to humans.

Keywords: Lycium, toxic elements, nutrients, polluted soils, Bulgaria

Introduction

The goji berry is the fruit of “Lycium Barbarum” or “Lycium Chinense”, an Asian plant of the Solanaceae family. It
originates from the temperate and subtropical regions of China, Mongolia, and the Himalayas in Tibet. The goji berry
is a perennial, evergreen shrub with small red-orange fruits and yellow, kidney-shaped seeds. The most valuable part
of the plant is its fruit (Amagase and Farnsworth, 2011). Bulgaria has the potential and conditions to produce and
export goji berries, mainly because of the growing global interest in this fruit. For some time, small plantations of
goji berry trees have been established on private farms in the country. Larger plantations have been established in
the Plovdiv and Kyustendil regions. Many people also plant single pieces in their gardens and on smaller farms.
The fruit contains significant amounts of macronutrients, carbohydrates, protein, fat, and dietary fiber (Wang et al.,
2010; Mirecki et al., 2015). There are several publications on the mineral content of goji berry fruits grown in China
(Chen et al.,, 2014; Nascimento et al., 2015), Italy (Niro et al., 2017), Spain (Llorent-Martinez et al., 2013) and Turkey
(Endes et al., 2015). Balabanova et al. (2016) investigated the macro and trace element content of goji berry (Licyum
barbarum L.) fruits grown in different geographical locations (China and Republic of Macedonia). The composition
of goji berries and their beneficial properties are primarily due to the minerals contained in them, some of which are
essential for the normal functioning of the human body (e.g., Ca, Mg, K, P, Fe, Zn, Cu, Cr, I, Se, etc.) (Seeram, 2010;
Mirecki et al., 2015; Gogoasa et al., 2014). It is believed that goji berries can be considered one of the richest fruits
containing Fe, Zn, Mn, Cu, and Cr. However, moderate consumption of goji berry fruit is recommended (Balabanova
et al., 2016) as a dietary supplement because improper, excessive consumption may overload the body with certain
minerals or nutrients, leading to undesirable side effects. Additionally, fruits may also contain some toxic elements
(e.g., Hg, Pb, As, Cd, etc.) that can have adverse effects on human health (Gogoasa et al., 2014), as a result of geogenic
or anthropogenic (soil and climatic) conditions, or the presence of some pollutants, treatments). While there are a
few publications in the literature related to goji berry cultivation in Bulgaria, there is a need for more information
regarding the composition of goji berry fruits, the tolerance of goji berries to heavy metals, and the possibilities for
cultivation on soils contaminated with heavy metals. The present study aims to determine the nutrients and heavy
metal content of goji berry fruit and to identify the possibilities of growing it on metal-contaminated soils.
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Material and methods

The experiment was conducted on an agricultural field contaminated by the Non-Ferrous-Metal Works (NFMW)
near Plovdiv, Bulgaria. Goji berry was used as a test plant. Goji berry was grown according to the generally accepted
technology in areas at different distances from the NFMW (0.5 km, 2 km, 3.5 km, and 15 km). Soil samples were
collected using a hand probe at a depth of 0 - 30 cm. One average sample was taken from each plot, formed from
10 stitches taken diagonally. Soil from all stitches from each plot was homogenized, air-dried, and sieved through a
2 mm sieve. Before heavy metals content detection and quantification, soil samples for total content determination
were digested by aqua regia (ISO 11466). At the technological maturity stage, goji berry fruit samples were collected
for analysis from each experimental plot. The fruits were analyzed fresh for macroelements, trace elements, and
heavy metal contents by microwave mineralization. An atomic emission spectroscopy technique (AES) was used to
define elements (Jobin Yvon Emission, model JY 38 S). The SPSS for Windows program was used in the statistical
processing of the data.

Results and discussion
Soils

The physical and chemical properties of the soil samples are presented in Table 1. The soils are characterized by a
slightly alkaline reaction, medium organic carbon content, and medium to high nutrient (N, P, K) availability. The
total Zn, Pb, and Cd contents are high and exceed the maximum allowable concentrations (MAC) in the soils from
the area 0.5 km (S1) and 2.0 km away from the NFMW (S2) (Table 1). The results presented in Table 1 show that with
distance from NFMW - Plovdiv, there is a well-defined trend of decrease in the total content of heavy metals in soil.
In soil samples taken from the area 0.5 km and 2.0 km away from the NFMW, values for Pb exceeding the MAC (100
mg kg') were recorded. In the samples from 0.5 km (S1) and 2.0 km from the NFMW (S2), the Pb values ranged
from 2509.1 mg kg™ to 4747.5 mg kg'. The Pb content in S3 (3.5 km away from KCM) reaches 83.1 mg kg, while
in the area 15 km away (S4), the Pb content decreases significantly to 24.6 mg kg'. Similar results were obtained
for Cd and Zn. The reported values greatly exceed the MAC. At S1 (0.5 km from the NFMW), 2423.9 mg kg' Zn
and 64.3 mg kg! Cd were recorded. At S2, 3440 mg kg Zn and 101.6 mg kg Cd were recorded, and in the area 3.5
km from the NFMW (S3), 215.3 mg kg” Zn and 4 mg kg' Cd were recorded. In the more remote location (15 km
from the NFMW), 33.9 mg kg Zn and 2.7 mg kg Cd were detected. The Cu content in the soils of the study areas
is significantly lower compared to the accepted Bulgarian MAC of 260 mg kg (except for the sample from S1). The
observed difference between the samples from S1 and S2, taken at distances of 0.5 km and 2.0 km from the NEFMW,
is attributed to the spatial location of the soils relative to the NFMW and the contamination plume. S1 was sampled
from the vegetated buffer zone constructed around the plant, where aerosols are trapped by the foliage of tree species
and prevent transport by air. S2 was taken at a distance of 2 km from the plant in the direction of Asenovgrad to the
hot-dip galvanizing plant in Asenovgrad, Plovdiv. On this side, there is no vegetated belt to stop aerosol pollutants,
allowing unhindered transport of aerosol emissions over long distances from the plant.

Table 1. Soil characteristics

Soil 1 (S1) Soil 2 (S2) Soil 3 (S3) Soil 4 (S4)

Parameter

0.5 km 2km 3.5 km 15 km
pH 7.8 7.3 7.6 7.5
EC,dSm" 0.15 0.20 0.15 0.15
Organic content,% 1.56 2.39 2.24 1.54
N Kjeldal,% 0.34 0.17 0.22 0.13
Pb, mg kg™ 2509,1 4747,5 83.1 24.6
Cd, mg kg™ 64,3 106,1 4 2.7
Zn, mg kg™ 2423,9 3440 215.3 33.9
Cu, mg kg! 222,1 289,5 71.3 16.0
Fe, mg kg™ 27388,4 20827,5 29581.9 271134
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Mn, mg kg'! 1045,3 635,8 884.2 884.2
K, mg kg 8029,5 6358 6780 6780.0
Ca, mg kg 243558 34800 18065 16060.6
Mg, mg kg 12573,9 9402,5 10040.1 10040.0
P, mg kg'! 607,2 840 387.3 354.9

MAC (pH 6.0-7.4) - Pb-60 mg kg, Cd-2.0 mg kg, Zn-320 mg kg'!
MAC (pH >7.4) - Pb-100 mg kg, Cd-3.0 mg kg, Zn-400 mg kg’

Goji berries

The content of macro, trace elements, and heavy metals in goji berry fruit is presented in Figure 1. The results showed
that the macro elements (K, P, Mg, Ca) were predominant in goji berry fruits, followed by Zn and Fe. Cu and Mn.
The toxic metals Pb and Cd are also present in goji berries. The conduction system causes the accumulation of heavy
metals in the fruit and depends primarily on the variety and the elements considered. With distance from the source
of contamination, there is a clear tendency for the heavy metal content of goji berry fruit to decrease (Fig. 1). The Pb
content in goji berry fruit grown at a distance of 0.5 km (S1) and 2 km (S2) varied from 4.6 to 10.6 mg kg™, Zn from
31.1 to 74.6 mg kg and Cd from 0.2 to 1.4 mg kg'. The Pb content of goji berry fruit grown at a distance of 3.5 km
from the NFMW (S3) decreased to 0.58 mg kg, Zn to 14.1 mg kg, and Cd to 0.10 mg kg™. In goji berries grown
in the area 15 km away from the NEFMW (S4), the values recorded were significantly lower - 0.19 mg kg™ Pb, 9.1 mg
kg Zn, and the Cd content was below the limits of quantification with the method used. The toxic metal content of
most foods is regulated by the European Union (EC) Directive, Commission Regulation (EC) No 1881/2006, 2006.
According to European regulations, the Cd and Pb content of fruit must not exceed 0.05 mg kg™ fresh weight for Cd
and 0.2 mg kg fresh weight for Pb. The measured concentrations of Pb and Cd in goji berry fruits grown at 3.5 and
15 km from the NFMW are below the maximum limits for Pb and Cd in food.

Similar results were found for micro and macro elements in goji berry fruit. With distance from the source of
contamination, there was a clear trend towards a decrease in the micro and macro element content of goji berry
fruits (except for Cu and Mn) (Fig. 1). The Cu content of goji berry fruits ranged from 3.7 mg kg* (54) to 14.1 mg
kg (S3), Fe from 8.8 mg kg™ (S4) to 28.9 mg kg (S2), Mn from 2.5 mg kg™ (S4) to 6. 6 mg kg™ (S3), K from 3,738.5
mg kg (S4) to 8,425.7 mg kg* (S2), Ca from 119.6 mg kg (S4) to 227.9 mg kg (S2), Mg from 220.8 mg kg (S4) to
400.8 mg kg (S2) and P from 576.6 mg kg™ (S4) to 1,263.8 mg kg (S2).
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Fig.1. Content of macronutrient, trace element and heavy metal contents (mg kg'') of goji berry fruit
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Table 2 presents the results obtained for the composition of the fruit composition of this study and the values
obtained by other authors. The obtained results for goji berry composition are similar to the results of Endes et al.
(2015) for goji berries grown in Turkey. The values for Fe, Mn, and Cu were not significantly different from the
results of Niro et al. (2017) for the composition of goji berries from Italy. The Zn content was similar to China and
Turkey, while the K content was similar to Macedonia. Ca and P contents were significantly lower than published
values, while significantly higher values were obtained for Pb and Cd when goji berries were grown on highly
contaminated soils. The comparative analysis shows that the toxic metals Cd and Pb are also present in fruits from
Macedonia, China and Turkey. The Pb and Cd content in goji berry fruits ranged from 0.015-0.096 mg kg for the
fruits from China, 0.008-0.028 mg kg for the fruits from Macedonia, 0.003-0.033 mg kg™ for the fruits from Spain
and 1.3 mg kg! for fruits from Turkey. It has been found that due to geogenic or anthropological reasons (soil and
climatic conditions, presence of silting agents, improper processing, etc.) goji berry fruits may also contain some
toxic elements (Hg, Pb, As, Cd, etc.) that have negative effects on the human body (Harmanescu et al., 2011; Go-
goasa et al., 2014; Mihali et al., 2012).

Table 2. Content of heavy metals, trace and macro elements (mg kg) in goji berry fruits

Reference value

Measured China Macedonia Turkey Italy Spain
Element Values (Balabanova et  (Balabanovaet  (Endes et (Niro et N?;if[)irrf;(_et

(this study) al.,2016) al., 2016) al.,2015) al.,2017) al, 2013)
Pb 0.19-10.6 0.015-0.096 0.008-0.028 1.30 0.035-0.095
Cd nd-1.4 0.003-0.033 0.055-0.093 0.090
7Zn 9.1-74.6 10.4-110 7.45-10.8 8.27 5.0 10-15
Cu 3.7-12.4 8.91-14.3 7.45-10.8 10.10 3.0 1.8-8.5
Fe 8.8-28.9 63.3-82.6 20.9-60 45.77 9.0 35-72
Mn 2.5-6.6 5.94 5.28 2.0 6-12
K 3738.58425.7 2261-3877 3823-5047 1347.7 2762 13000-17000
Ca 119.6-227.9 507-1034 269-478 1003.4 266 330-710
Mg 220.8-400.8 1009-1402 632-825 806.9 127 775-1050
P 577.6-1263.8 1846-2541 2059-2781 1103.3 484 1300-2300

nd- not detectable

Goji berries from China are higher in Mg and Ca, while the opposite is true for K. K and Na play an essential role in
regulating blood pressure and acid-base balance of the body (Clausen et al., 2013). According to Niro et al. (2017), K
is the predominant element (276.2 mg 100 g" and 881.9 mg 100 g for fresh and dried fruits, respectively), followed
by Na in goji berry fruits grown in Italy. The obtained results showed that the K content of goji berry fruits grown
in Bulgaria was in the range of 0.4-0.8% (3738.5-8425.7 mg kg™'). The values obtained in this study are similar to the
results of Balabanova et al. (2016) for K in goji berry fruits from Macedonia and China (0.2 - 0.5%) and much lower
than the results obtained by Endes et al. (2015) for goji berry fruits from Turkey (1.5%) and by Llorent-Martinez et
al. (2013) for fruits from Spain (1.3-1.7%).

It is known that goji berry fruits can be a good source of P and Ca, in addition to containing significant amounts of
Mg, which is essential to prevent heart disease and growth retardation. The Mg content in the fruits ranged from
220.8 to 400.8 mg kg'. According to Balabanova et al. (2016), the Mg content in fruits from China and Macedonia
ranged from 632 to 1452 mg kg™'. In Turkey, the Mg content reached up to 806.9 mg kg (Endes et al.,, 2015), and in
Spain it went up to 900 mg kg (Llorent-Martinez et al., 2013). Significantly lower results were found in fruits from
Italy (127 mg kg') (Niro et al., 2017). The values obtained in this study for P in fruits ranged from 577.6 to 1263.8 mg
kg'. According to literature data, the P content in goji berry fruits ranged from 484 mg kg (Italy), 1103.3 mg kg™
(Turkey), 1840 mg kg™ (Spain), to 2234 mg kg (Macedonia), and 2258 mg kg (China) (Balabanova et al., 2016).
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Differences were also observed in the Cu, Fe, Zn, and Mn contents in fruits (Bellaio et al., 2016; Endes et al., 2015;
Llorent-Martinez et al., 2013). The obtained results showed significantly lower values for Fe, ranging from 8.8 to 28.9
mg kg, compared to fruits from Turkey (45.77 mg kg'), Spain (55 mg kg') and China (63-83 mg kg™') (Balabanova
et al., 2016). The lowest values were found for Fe in fruits from Italy (9.0 mg kg'). The Fe content of 55 mg kg™
in fruits is considered higher concerning the food reference intake (Kulczynski and Gramza-Michatowska, 2016).
The Zn content of goji berries ranges from 9.1 to 74.6 mg kg'. The metabolic role of this element is related to some
protein syntheses. DNA and the functions of over 100 enzymes, Zn is also involved in critical cellular activities such
as membrane transport, repair, and growth, especially in infants (Potterat, 2010; Amagase and Farnsworth, 2011).
According to Balabanova et al. (2016), the Zn content in fruits ranges from 7.5 to 17.5 mg kg™'. Studies by Endes et al.
(2015) on the Zn content of Chinese goji berry fruits showed similar results (mean value of 8.27 mg kg*). According
to Nascimento et al. (2015), fruit from China, Tibet, and other parts of Asia is characterized by a Zn content of less
than 15 mg kg'. However, the data of Gogoasa et al. (2014) for Zn in Chinese goji berries showed significantly higher
values of 90-130 mg kg™. The Cu content of the fruits ranged from 3.7-12.4 mg kg'. Endes et al. (2015) reported that
the Cu content in goji berry fruits from Turkey reaches up to 10.10 mg kg™. Balabanova et al. (2016) indicated that
the Cu content in goji berry fruits from Macedonia ranged from 7.45 to 10.8 mg kg™, and from 8.91 to 14.3 mg kg™
for fruits from China. Lower values were obtained for Cu in fruits from Spain (1.8-8.5 mg kg!) and Italy (3.0 mg kg
1). It is essential to mention that Zn and Cu above specific concentrations established by regulations negatively affect
the human body (WHO, 1996). The values obtained indicate that goji berry fruits do not contain excessive amounts
of Zn and Cu (WHO, 1996). When comparing the composition of goji berry fruits grown in different countries, it is
evident that fruits from Italy have the highest content of micro and macro elements (15422.9- 21167.7 mg kg!). The
lowest range of micro and macro elements was found in fruits from Spain (3648 mg kg™). The composition of fruit
grown in Bulgaria (4680.8) is similar to that of fruit from Turkey (4333.0 mg kg™*).

Conclusions

It has been established that goji berry is a crop tolerant to heavy metals and can be successfully grown on soils
contaminated with heavy metals. Goji berries can be an indicator of air (and soil) pollution. Elevated heavy metal
content in soil does not affect the uptake of nutrients (Ca, Mg, and P) in goji berry fruit. Macronutrients (K, P, Mg,
Ca) predominate in goji berry fruits, followed by Zn, Fe, Cu, and Mn. When goji berries are cultivated on lightly
contaminated and unpolluted soils, the fruit contains negligible amounts of toxic elements (Pb and Cd).
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SaZetak

Cilj rada bio je utvrditi utjecaj razli¢itih poboljsivaca (otpadni mulj iz bioplinskog postrojenja, mikoriza,
pepeo MxG) na fitoremedijaciju tla onecis¢enog s kadmijem i zivom pomocu energetske kulture
miskantus (Miscanthus x giganteus — MxG). Utvrdeno je da je oneci$¢enje visokim koncentracijama
kadmija i zive nadjacalo utjecaj dodanih poboljsivac¢a i negativno utjecalo na prinos. Premaizra¢unatom
koeficijentu obogacdivanja miskantus je pogodniji za kori$tenje u procesu fitostabilizacije i proizvodnji

biomase na tlima umjereno onecis¢enim teskim metalima.
Kljucne rijeci: otpadni mulj, mikoriza, pepeo, rizomi, teski metali, prinos

Uvod

Oneci$¢ena tla mogu se iskoristiti za uzgoj energetskih kultura u svrhu proizvodnje biomase. Istovremeno,
uzgajane energetske kulture uklanjaju onecis¢ivace iz tla procesom fitoremedijacije. Fitoremedijacija je okolisno
prihvatljiva tehnologija koja koristi biljke za uklanjanje, degradaciju ili zadrzavanje Stetnih tvari u tlu (Morel i sur,,
2006). Mehanizmi fitoremedijacije koji se koriste pri uklanjanju teskih metala iz tla su fitostabilizacija (blokiranje
oneciséivaca u tlu), fitoekstrakcija (uklanjanje i akumulacija onecis¢ivaca u biljci) i rizofiltracija (ekstrakcija i
zadrzavanje onecis¢ivaca u podzemnoj biomasi) (Kisi¢, 2012). Potencijal za primjenu u procesu fitoremedijacije
pokazala je energetska kultura miskantus — Miscanthus x giganteus (MxG), koju karakterizira viSegodis$nji rast, visoka
proizvodnja biomase, otpornost i prilagodljivost. Danas se miskantus uglavnom koristi u proizvodnji toplinske i/ili
elektri¢ne energije izravnim izgaranjem u obliku drvne sjecke, peleta/briketa i bala (Bilandzija, 2015). Koritenje
miskantusa u fitostabilizaciji Cd i Hg prethodno su proucavali Zgorelec i sur. (2020) i Bilandzija i sur. (2022).
Miskantus se pokazao kao potencijalni kandidat za upotrebu u procesu fitostabilizacije i proizvodnje biomase na tlima
onecis¢enim umjerenim koli¢inama ovih teskih metala. Navedeno je dodatno potvrdeno istrazivanjem energetskih
karakteristika miskantusa pri ¢emu se pokazalo da oneci$¢enje tla s Cd i Hg nema znacajan utjecaj na svojstva
sagorijevanja biomase miskantusa nakon koristenja biljaka u procesu fitoremedijacije, no zbog akumulacije Cd iznad
tipicne vrijednosti za sigurno koristenje u proizvodnji ¢vrstih biogoriva sagorijevanjem biomase, biljke miskantusa
moguce je koristiti isklju¢ivo u postrojenjima koja ogranic¢avaju ponovnu emisiju teskih metala u atmosferu. Nakon
sagorijevanja kontaminirane biomase potrebno je provesti analizu sastava pepela u svrhu njegova zbrinjavanja na
siguran i ekoloski prihvatljiv na¢in. U ovom radu nastavlja se istrazivanje potencijala miskantusa kao akumulatora
Cd i Hg u procesu fitoremedijacije te se nastoji utvrditi na koji nacin razli¢iti poboljsivaci (tlo bez poboljsivaca -
kontrola, otpadni mulj iz bioplinskog postrojenja, mikoriza i pepeo miskantusa) dodani u tlo utjecu na taj proces.

Materijali i metode

Istrazivanje je provedeno u zavr$noj godini trogodi$njeg eksperimenta koji se provodio na Agronomskom fakultetu
Sveucilidta u Zagrebu u razdoblju od 2018. do 2021. godine. Presadnice miskantusa posadene su u eksperimentalne
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posude (EP) u Cetiri tretmana i tri ponavljanja prema slu¢ajnom bloknom rasporedu. U svim tretmanima koristeno
je visoko onecis¢eno tlo s Cd (100 mg kg™ tla) i Hg (20 mg kg™ tla), a postupak je opisan u Zgorelec i sur. (2020).
Tretmani su se medusobno razlikovali po dodanom poboljsivacu: I - tlo bez dodatka poboljsivaca, II - otpadni
mulj iz bioplinskog postrojenja, III - mikoriza i IV - pepeo MxG. Kao prvi tretman u istrazivanju koristeno je tlo
bez dodatka poboljsivaca s pokusalista Maksimir. Svaka EP ispunjena je s 18 kg tla. Drugi tretman bio je otpadni
mulj iz fermentora bioplinskog postrojenja Agroproteinka. Sastav otpadnog mulja je analiziran i bakterioloski je
bio ispravan. Dodano je 340 g otpadnog mulja po EP $to odgovara dopustenoj godi$njoj koli¢ini od 1,66 t ha™
poljoprivrednog tla prema Pravilniku o gospodarenju muljem iz uredaja za procis¢avanje otpadnih voda kada se
mulj koristi u poljoprivredi (NN 38/08). U tre¢em tretmanu apliciran je MYKOFLOR?®, komercijalni inokulum Zivih
ektomikoriznih micelija suspenziranih u otopini AgroHydroGel® tvrtke Agroidea. Koristeno je 5 mL mikorize po
EP. Cetvrti tretman bio je pepeo MxG. Omjer tla i pepela bio je 75:25. Na dan Zetve miskantusa (18.3.2021.) iz
svake EP uzeti su uzorci nadzemne biomase i tla koji su pripremljeni za daljnje analize (HRN ISO 11464:2009). U
laboratoriju Zavoda za op¢u proizvodnju bilja uzorcima nadzemne biomase izmjereni su visina, prinos i broj izboja
po istrazivanoj povrsini. Uzorcima nadzemne biomase i tla odreden je udio vlage (HRN ISO 11465:2004), a ugljik
(HRN ISO 10694:2004), dusik (HRN ISO 13878:2004) i sumpor (HRN ISO 15178:2005) odredeni su metodom
suhog spaljivanja (Vario Macro CHNS Analyzer, Elementar). Provedena je analiza na ukupne elemente u uzorcima
tla (HRN ISO 13196:2013) metodom pXRF (Vanta VCR G2, Olympus). Analiza Cd i Hg provedena je na Institutu
za medicinska istrazivanja i medicinu rada (IMI), pri ¢emu je dio uzoraka tla mikrovalno razoren (Ultraclave,
Milestone). Detekcija Cd odradena je metodom ICP-MS (7500, Agilent Technologies), a Hg na uredaju Mercury
Analyzer (AMA-254, Leco Inc). Za statisticku analizu koristen je program SAS 9.1 (SAS Inst. Inc). Provedena je
analiza varijance (One-way ANOVA) za ispitivanje varijabilnost unutar tretmana za sve ispitivane parametre. Za
statisticki znacajne razlike (p < 0,05) proveden je Fisher-ov LSD post-hoc test. Kontrola kvalitete provedena je
tijekom cijelog istrazivanja, uklju¢uju¢i rukovanje uzorcima i laboratorijske analize. Za provjeru to¢nosti mjerenja
tla upotrebljeni je referentni materijal ISE 989, a za provjeru to¢nosti mjerenja biljnog materijala referentni materijal
IPE 225. Preciznost mjerenja provjeravana je replikacijom pojedinih mjerenja u tri ponavljanja.

Rezultati i rasprava

Prema podacima dobivenim analizom osnovnih fizikalno-kemijskih svojstava (Tablica 1) tlo je blago kiselo i dosta
humozno, bogato opskrbljeno ukupnim dusikom (klasifikacija prema Woltmanu, Coga i Slunjski, 2018), a vrlo slabo
fizioloski aktivnim oblicima fosfora i kalija (Vukadinovi¢ i Loncari¢, 1998). Utvrdena tekstura tla je praskasta ilovaca
(PrI).

Tablica 1. Osnovna fizikalno-kemijska svojstva tla prije postavljanja eksperimenta

or P, K, KIK
pPH,, %) (g 100 g") TN (%) TC (%) TS (%) (T(m,?F
g")
m. HRN ISO m. HRN ISO Skori¢, 1982 HRNISO  HRNISO  HRNISO HRN ISO
10390:2004 14235:2004 13878:2004  10694:2004  15178:2005  11260:2004
6,23 3,8 4,4 7,8 0,23 2,48 0,049 18,9
Mehanicki sastav tla, % (HRN ISO 11277:2004)
Pijesak (%) Prah (%) Glina (%) Teksturna oznaka
2-0,063 mm 0,063-0,002 mm < 0,002 mm (FAO, 2006)
14,4 75,7 9,9 Prl

U Tablici 2 prikazani su rezultati statisticke analize sadrzaja odabranih mikro i makrohranjiva u tlu. Utvrdeno je
pozitivno djelovanje dodanih pobolj$ivaca na koli¢ine nekih hranjiva u tlu, u odnosu na njihov sadrzaj na pocetku
eksperimenta.
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Tablica 2. Rezultati statisticke analize sadrzaja odabranih mikro i makrohranjiva u tlu

Tretman 0 I II 111 v LSD
N (%) 0,230 0,197 ¢ 0,205 b 0,212 @b¢ 0,234 2 0,03
C (%) 2,5° 2,5° 2,5° 2,6° 572 0,4
S (%) 0,049 ¢ 0,063 ° 0,062 ® 0,063 ° 0,071* 0,005
H (%) 0,23 ¢ 1,13° 1,15° 1,17° 1,452 0,1
Ca (%) 1,04 ¢ 1,38¢ 1,46 b 1,50 ° 1,672 0,1
Cu (mg kg™) 27¢ 34% 34° 33°% 40* 3
Fe (%) 4,08 ¢ 4,77 4,68 4,73 % 4,55° 0,2
K (%) 1,35% 1,47 1,44 1,47* 1,39° 0,04
Mn (mg kg) 995°b 1225% 1207 * 1244* 11712 82
Mo (mg kg™) <LOD? 0,14° 0,22° 0,14° 0,31 0,4
Ni (mg kg™) 44,7 ¢ 63,6 63,9 @ 64,4° 59,2 5
P (mgkg") 150 € 175 b€ 191° 200 *® 2342 34
Zn (mg kg™) 97° 7712 917 1016* 1040 355

0 - pocetno stanje (2018.), I - kontrola, I - otpadni mulj iz bioplinskog postrojenja, III — mikoriza, IV - pepeo MxG;
Razlike izmedu tretmana testirane su Fisher-ovim LSD post hoc testom. Vrijednosti oznacene razli¢itim slovima
(a, b, ¢) prema varijantama istrazivanja statisticki su znacajno razli¢ite; p < 0,05; LSD - Fisher’s least significant
difference

Prinos suhe tvari kretao se od 30 g (I,IV) do 33 g (ILIII), $to odgovara vrijednosti od 5,0 t ST ha' do 5,5t ST ha' u
godini (Tablica 3). Ostvareni prinos sukladan je podacima o prinosu koji je ostvaren u prve dvije godine eksperimenta
— izmedu 3,6 t ST ha! (IIT) i 5,3 t ST ha (IV) u 2018. godini te izmedu 4,9 t ST ha! (I) i 5,4 t ST ha™ (IV) u 2019.
godini (Sestak i sur., 2022). U trecoj godini eksperimenta najvisi prinos bio je u tretmanu III, dok je u prve dvije
godine najvisi prinos ostvaren za tretman IV. Visina biljaka kretala se izmedu 86 cm (IV) i 100 cm (III) (Tablica 3) te
je utvrdeno da nema znacajnih razlika izmedu tretmana, $to je u skladu s rezultatima trogodisnjeg istrazivanja u EP
Bilandzije i sur. (2022) i Zgorelec i sur. (2020) na miskantusu uzgojenom u tlu oneci§¢enom razli¢itim dozama Cd
(0,101 100 mg kg tla) i Hg (0, 2120 mg kg™ tla).

Tablica 3. Srednje vrijednosti analize nadzemne biomase MxG

Tretman I II III v
Prinos ST (g) 30° 332 332 30%
Visina biljke (cm) 90 922 100* 86*
Broj izboja 11° 12° 10° 14
Udio vlage (%) 19® 17 2 182 15°
N (%) 0,284 * 0,251* 0,225* 0,256 *
C (%) 47,92 * 48,52 * 47,98 * 45,95°
S (%) 0,241* 0,166 * 0,15* 0,157
H (%) 8,09° 8,33 8,19 % 7,99 ®

I - kontrola; IT - otpadni mulj iz bioplinskog postrojenja, III - mikoriza, IV - pepeo MxG; Vrijednosti oznacene
razli¢itim slovima prema varijantama istrazivanja statisticki su znacajno razlicite; p < 0,05

Broj izboja po biljci kretao se od 10 (IIT) do 14 (IV) (Tablica 3) $to je usporedivo broju izboja u istrazivanju Bilandzije
i sur. (2022) i Zgorelec i sur. (2020) koji se kretao od 6 do 11 te manje od broja izboja koje su u svom istrazivanju
na miskantusu uzgojenom hidroponski uz dodatak razli¢itih doza Cd (0, 0,75, 1,5, 2,25, 3 mg L") utvrdili Arduini i
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sur. (2006). Dodatak poboljsivaca nije znacajno utjecao na promjene u broju izboja. Sadrzaj vlage kretao se od 15 %
(IV) do 19 % (I) (Tablica 3) $to je sukladno podacima za proljetnu Zetvu Bilandzije i sur. (2018) i Lewandowskog i
Heinza (2003) koji su u poljskim uvjetima utvrdili sadrzaj vlage u biomasi miskantusa od 19 % i 18 % te rezultatima
trogodisnjeg istrazivanja kojeg su proveli Bilandzija i sur. (2022) na miskantusu uzgojenom u EP u tlu onecis¢enom
s Cd i Hg, u kojem se sadrzaj vlage kretao od 10 % do 28 %. Sadrzaj vlage utvrden u ovom istrazivanju smatra se
pozeljnim pri uzgoju miskantusa za proizvodnju energije jer kada je udio vlage nizi od 20 % pri skladistenju nije
potrebno naknadno susenje (Lewandowski i Heinz, 2003), ¢ime se povecava isplativost proizvodnje (Bilandzija i sur.,
2018). Utvrdeno je da biomasa miskantusa uzgojenog u tlu s dodatkom pepela MxG sadrzi znac¢ajno manje vlage u
odnosu na kontrolu i miskantus uzgojen u tlu s dodatkom mikorize. U nadzemnoj biomasi nema znacajnih razlika
u sadrzaju dusika i sumpora izmedu tretmana. Statisticki znacajno nizi sadrzaj ugljika u odnosu na ostale tretmane
zabiljezen je za tretman s dodatkom pepela MxG, a dodatak otpadnog mulja iz bioplinskog postrojenja u tlo utjecao
je na povecani sadrzaj vodika u nadzemnoj biomasi miskantusa u odnosu na kontrolu i tretman s dodatkom pepela.

Koncentracija Hg i Cd u nadzemnoj biomasi prikazana je u Tablici 4. U nadzemnom dijelu biljke Cd se kretao od
5,98 mg kg (II) do 7,12 mg kg (I) $to je usporedivo s rezultatima Bilandzije i sur. (2022) i Zgorelec i sur. (2020)
koji su u trogodisnjoj studiji utvrdili kretanje koncentracije Cd od 0,045 mg kg do 6,76 mg kg'. No ako se gledaju
njihove koncentracije u tre¢oj godini studije (0,121 mg kg' do 3,28 mg kg*) vidljivo je da su koncentracije Cd
ustanovljene u ovoj studiji vise. Utvrdeni sadrzaj Cd prelazi tipicnu vrijednost za sigurno sagorijevanje biomase
miskantusa (TMxG) kao ¢vrstog biogoriva (Tablica 4) koja prema HRN ISO 17225-1:2021 za Cd iznosi 0,1 mg
kg™ i grani¢nu vrijednost za pelete od miskantusa (GMxG) koja prema HRN ISO 17225-6:2021 iznosi 0,5 mg kg™
Stoga se proizvedena biomasa moze klasificirati kao opasan materijal ¢ija uporaba u proizvodnji biogoriva zahtijeva
kori$tenje suvremenih postrojenja koja sprjecavaju ponovnu emisiju Cd.

Tablica 4. Srednje vrijednosti koncentracija Cd (u mg kg™") i Hg (u pg kg') u nadzemnoj biomasi, njihovo odnosenje
nadzemnom biomasom miskantusa (u g ha) i koeficijent obogacivanja (EC)

Kadmij ~ Tretman Cd (mgkg") RSD (%) O?;Ez_e:;]e EC (Cd)
I 7,122 34 35,87 0,071
I 5,98 7 32,35 0,060
111 6,31° 11 34,73 0,063
v 6,43 23 31,05 0,064
TMxG 0,1 HRN ISO 17225-1:2021
GMxG 0,5 HRN ISO 17225-6:2021
.. Odnosenje
Ziva Tretman  Hg (ug kg') RSD (%) EC (Hg)
(gha')
I 96,5 * 74 0,50 0,005
11 41,8 5 0,23 0,002
I1I 95,0 23 0,53 0,005
v 101,8* 54 0,48 0,005
TMxG 30 HRN ISO 17225-1:2021
GMxG 100 HRN ISO 17225-6:2021

I - kontrola; IT - otpadni mulj iz bioplinskog postrojenja, III - mikoriza, IV — pepeo MxG; RSD - relativna standardna
devijacija, izracunata prema: RSD = ; EC - koeficijent obogacivanja, izra¢unat prema EC=C_ bitka! Cauho 10 1MXG
- tipi¢ne vrijednosti za sagorijevanje miskantusa u proizvodnji biogoriva (HRN ISO 17225-1:2021); GMxG -
grani¢ne vrijednosti za sadrzaj u peletima (HRN ISO 17225-6:2021); Vrijednosti oznacene razli¢itim slovima prema

varijantama istrazivanja statisticki su znacajno razlicite; p < 0,05

Koncentracija Hg se u nadzemnoj biomasi kretala izmedu 41,8 pg kg™ (II) i 101,8 ug kg (IV) (Tablica 4). Utvrdena
koncentracija Hg je visa u odnosu na rezultate Bilandzije i sur. (2022) i Zgorelec i sur. (2020) koji su utvrdili da
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se koncentracija Hg kretala od 8,7 ug kg do 108,9 pg kg, odnosno od 9,3 pug kg' do 24,1 ug kg u trecoj godini
studije. Sadrzaj Hg utvrden u ovoj studiji za sve tretmane prelazi TMxG koja prema HRN ISO 17225-1:2021 za Hg
iznosi 30 pg kg, a tretman IV prelazi i GMxG koja prema HRN ISO 17225-6:2021 iznosi 100 pg kg'. Odnosenje Cd
kretalo se od 31,05 gha™ (IV) do 35,87 g ha™ (I) $to je sukladno s rezultatima istrazivanja Barbu i sur. (2009) koji su
utvrdili da miskantus Cd moze akumulirati u koli¢ini od 35 do 55 g ha! te da je pogodan za uzgoj na siromasnim,
kiselim tlima oneciS¢enim teskim metalima poput Pb i Cd. Barbu i sur. (2009) su utvrdili da miskantus nije pogodan
za fitoekstrakciju Cd zbog niske akumulacije teskih metala $to je sukladno izra¢unatom koeficijentu obogacivanja
(Tablica 4) koji se u ovoj studiji kretao izmedu 0,060 (II) i 0,071 (I), $to prema Zgorelec (2009) ukazuje na slabu
akumulaciju Cd nadzemnom biomasom. Odnosenje Hg kretalo se od 0,23 g ha™' (II) do 0,53 g ha™ (II) $to je u skladu
s rezultatima Bilandzije i sur. (2022) i Zgorelec i sur. (2020) u ¢ijoj trogodi$njoj studiji se odnosenje Hg nadzemnom
biomasom miskantusa kretalo do 0,79 g ha! godisnje. Koeficijent obogacivanja za Hg u ovoj studiji kretao se od
0,002 (II) i 0,005 (IV), $to znaci da miskantus ne akumulira Hg u nadzemnoj biomasi (Zgorelec, 2009). Dobiveni
rezultati u suprotnosti su sa Zhao i sur., (2019) koji su utvrdili da se za M. sinensis koeficijent obogacdivanja za Hg
kretao izmedu 0,365 i 225, pri ¢emu se koeficijent smanjivao povecanjem koncentracije Hg u tlu.

Zakljucak

Pokazalo se da razliciti poboljsivaci dodani u tlo nisu imali znacajan utjecaj na fitoremedijaciju kadmija i Zive iz
tla pomoc¢u miskantusa. Oneciscenje teskim metalima u visokim koncentracijama nadjacalo je djelovanje dodanih
poboljsivaca i utjecalo na smanjenje prinosa. Pokazalo se da pri oneci$¢enju teskim metalima u koncentraciji kao
§to je 100 mg Cd kg i 20 mg Hg kg miskantus nije prikladan izbor za fitoekstrakciju jer nadzemnom biomasom
godis$nje odnosi izmedu 31,05 - 35,87 gha’ Cdi0,23 - 0,53 gha Hg. Prema izra¢unatom koeficijentu obogacivanja u
nadzemnoj biomasi (0,060 — 0,071 za Cd; 0,002 - 0,005 za Hg) zakljucuje se da je miskantus pogodniji za koristenje u
procesu fitostabilizacije i proizvodnji biomase na tlima umjereno onecis¢enim teskim metalima jer se pri onecis¢enju
tla visokim koncentracijama teski metali u biomasi miskantusa akumuliraju u koncentracijama koje prelaze tipi¢ne
vrijednosti za sigurno kori$tenje u proizvodnji ¢vrstih biogoriva.
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Soil amendments influence on cadmium and
mercury phytoremediation using energy crop
Miscanthus x giganteus

Abstract

The aim of this paper was to determine the influence of different amendments (waste sludge from
a biogas plant, mycorrhiza, MxG ash) on the phytoremediation of soil contaminated with cadmium
and mercury using the energy crop miscanthus (Miscanthus x giganteus — MxG). It was found that
contamination with high concentrations of cadmium and mercury overpowered the effect of added
amendments and negatively affected the yield. According to the calculated enrichment coefficient,
miscanthus is more suitable for use in the process of phytostabilization and biomass production on
soils moderately polluted with heavy metals.

Keywords: sewage sludge, mycorrhiza, ash, rhizomes, heavy metals, yield

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia 15



ORIGINAL SCIENTIFIC PAPER

Does conservation tillage, in synergy with
liming and fertilization, can affect selected soil
properties?

Boris Burdevi¢', Irena Jug', Bojana Brozovi¢', Vedran Znamenacek?, Danijel Jug'

"Josip Juraj Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences Osijek, Vladimira Preloga 1, Osijek, Croatia
(bdurdevic@fazos.hr)
*Josip Juraj Strossmayer University of Osijek, Faculty of Agrobiotechnical Sciences Osijek, Vladimira Preloga 1, Osijek, Croatia - student

Abstract

The aim of this study is to determinate effect of different tillage systems, liming and soil fertilization on
pH, SOC - soil organic carbon and CEC - cation exchange capacity. Soil samples were taken from 0-15
and 15 -30 cm. At a depth of 0-15 cm, tillage and liming had a significant effect on pH, and tillage and
fertilization had a significant effect on CEC. None of the tested treatments had a statistically significant
effect on SOC. At a depth of 15-30 cm, soil reaction was significantly affected by tillage, liming, and
fertilization, CEC was significantly affected by tillage, fertilization, and liming and SOC content was
significantly affected by fertilization and liming.

Keywords: soil tillage systems, mineral fertilization, liming, soil health, soil properties

Introduction

Conservation tillage (CT) represents a critical step towards the sustainable future of agriculture. It promotes soil
health, reduces erosion, mitigates climate change, and significantly contributes to soil fertilization (cost savings for
farmers) (Jug et al., 2018). There are three primary pillars of conservation tillage: 1) Reduced soil disturbance that
represents one of the fundamental principles of conservation tillage. This typically involves a significant reduction
in or elimination of traditional tilling or ploughing practices; 2) Retention of crop residues on the soil surface. This
includes minimum of 30% of the plant residuals left behind after harvest and 3) Crop rotation and diversification as
often seen as complementary practices. By rotating crops and diversifying planting schedules, farmers can further
improve soil health, reduce the risk of pests and diseases, and maintain a balanced nutrient cycle (Jug et al., 2022;
FAO, 2016). While there are challenges associated with this shift in agricultural practices, the long-term benefits
in terms of environmental sustainability and resilience make conservation tillage a compelling choice. Soil health
and climate change are intimately linked, and understanding how conservation tillage affects both is crucial in the
context of sustainable agriculture and environmental responsibility. It also, helps maintain and improve soil health
by preventing erosion, retaining organic matter, and enhancing nutrient cycling (Ligang et al., 2023; Jug et al,,
2019). Simultaneously, it acts as a significant player in mitigating climate change by sequestering carbon, reducing
energy consumption, and indirectly levering methane emissions (Hatano and Lipiec, 2004). Also, by minimizing
soil disturbance, they reduce the disruption of the intricate web of microorganisms, earthworms, and beneficial soil
organisms that contribute to soil fertility. This, in turn, maintains the integrity of vital soil properties such as pH,
organic matter content, and cation exchange capacity (Ligang et al., 2023). Organic matter, primarily derived from
crop residues, is retained in the soil. This, in essence, captures atmospheric carbon dioxide, sequestering it within
the soil, thereby reducing the overall carbon footprint of agriculture (Bot and Benites, 2005; Purdevi¢ et al., 2019).
In comparison to conventional tillage methods, conservation tillage is more energy-efficient. The reduced need for
heavy machinery and fuel consumption is not only economically beneficial but also ecologically responsible, given
the associated reduction in carbon emissions. While conservation tillage holds immense promise, its full potential
is realized when combine with different fertilization strategies and liming. Fertilization is the practice of adding
essential nutrients to the soil to enhance plant growth, and liming represent traditional procedure for amelioration
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of acid soils (Jug et al., 2022; Durdevi¢ et al., 2011). When these practices are integrated, they influence selected soil
properties in a synergistic manner, ultimately fostering a more productive and sustainable agricultural system (Jug
et al,, 2021). Considering the mentioned importance of conservation tillage practice to soil health the aim of this
study is to determinate effect of different tillage systems, liming and soil fertilization practice on three key soil health
indicators - pH, soil organic carbon (SOC), cation exchange capacity (CEC).

Material and methods

The research was conducted in the eastern part of Croatia (location Cacinci - 17° 86’ 36” E, 45° 61° 32” N) on
Stagnosol. Results in this paper include research of the second year 2022 where the impact of different tillage systems,
liming and soil fertilization practice on key soil health indicators was investigated. First factor was the soil tillage
treatments: conventional tillage (ST) - ploughing up to 30 cm depth, deep conservation tillage (CTD) - loosening
up to 30 cm depth with a minimum of 30% soil coverage with crop residues and shallow conservation tillage (CTS)
- loosening up to 10 cm depth with a minimum of 50% soil surface coverage with crop residues. Second factor
included liming (LY) 4375 kg ha' CaO (according to the recommendation for neutralizing the acid soil reaction,
calculated with ALRxp computer program) (Purdevi¢ et al., 2011) and treatment without liming (LN). Third factor
was soil fertilization (FR - N_40 kg : P,O,_150 kg : K,0_94 kg; FD - N_20 kg : PO, 75 kg : K,0_47 kg; GFR -
N_40 kg : P,O__150 kg : K,O_94 kg + 150 kg Geo2_ soil microbial biomass activator; GFD - N_20 kg : P,O,_75
kg : K,O_47 kg + 150 kg Geo2_soil microbial biomass activator). The experiment was carried out on 24 plots (4
fertilisation treatments x 2 liming treatments x 3 tillage treatments) x 3 repetitions. The basic plot size was 320
m? (tillage treatment) and the size of the fertilization and liming plots was 80 m*. One composite sample consists
of 20 cores collected within a plot, with the sample recovery depth of 0-15 cm and 15-30 cm. Soil samples were
taken after the harvest of soybean, before application of any kind of fertilization and prior to soil preparation for
next crop (Purdevi¢, 2014.). Soil samples were stored in plastic bags, homogenized, dried, milled and analysed in a
laboratory - pH - using a glass electrode in a 1:5 (volume fraction) suspension of soil, (in H,O and KCI) (ISO, 2021);
SOC - determination of organic and total carbon after dry combustion (elementary analysis) (ISO, 1995); CEC -
determination of effective cation exchange capacity and base saturation level using barium chloride solution (ISO,
2018). ANOVA design with soil tillage and fertilization as given factors was used to test the influence of different soil
tillage systems, liming and different fertilization levels on pH, soil organic carbon (SOC), cation exchange capacity
(CEC). Mean values that were significant according to the performed F- test were compared using the LSD test at p
< 0.05 level of significance for the investigated factors. Statistica software package, version 14.0.0. (TIBCO Software
Inc., Palo Alto, CA, USA) was used to conduct the ANOVA analysis and graphic designs.

Results and discussion

The soil chemical health indicators under different tillage measures were analysed. The results show that active and
exchangeable acidity were significantly affected by soil tillage and liming (p value <0.001), with average values of
6.13 (pH-H,0) and 4.76 (pH-KClI). Significant interactions were observed between the tested factors. The highest
measured values of active (7.07) and exchangeable acitity (5.97) were observed on conventional tillage with liming
on the GFD fertilization, while the lowest value of active acidity was observed on conventional tillage without liming
on the FR fertilization (5.71). The exchangeable acidity was lowest on CTS tillage without liming and on the GFD
fertilization (4.16) (Graph 1). Conservation tillage can lower the soil pH due to decreased aeration. According to
Yuan et al. (2022) conventional tillage disrupts the soil structure, reduces soil fertility, and increases soil porosity,
leading to nutrient loss and a decrease in soil organic matter. On the other hand, conservation tillage can reduce
wind and water erosion, provide shade, and improve soil moisture, and also reduce soil pH. However, it is important
to note that the effect of conservation tillage on pH can vary depending on a number of factors, such as soil type,
climate, and cropping system (Busari et al., 2015). The average CEC was 25.48 cmol” kg™, and its variation was
significantly affected by soil tillage and fertilization (p value <0.001). The highest CEC value was measured on
CTS tillage, without liming on the GFD fertilization (42.99 cmol® kg'), while the lowest CEC value was measured
on conventional tillage, with liming on the FD fertilization (16 cmol™ kg'). None of the tested treatments had a
statistically significant effect (p value >0.5) on the value of soil organic carbon, which averaged 1.46% (Graph 1).
Conservation tillage can increase cation exchange capacity (CEC), especially in arid and semi-arid regions, primarily
due to improved surface properties of soil particles. It promotes the formation of soil aggregates, which are clusters
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of soil particles that are held together by organic matter. Also, it can reduce the loss of soil organic matter (SOM),
which is a major source of CEC in soil. Soil aggregates have a higher surface area than individual soil particles, which
gives them a greater capacity to hold and exchange cations. A number of studies have shown that conservation tillage
can improve CEC (Cooper et al., 2020). For example, according to Ligang et al. (2023) when applying conservation
tillage practice, CEC was significantly higher in the top 15 cm of soil than in conventionally tilled soil. Another study
by Busari et al., (2015) reported that effective cation exchange capacity (ECEC) were significantly higher at the end

of the two years of study under CT in compare to conventional tillage.
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Graph 1. Variability plots of pH (H,0), pH (KCl), CEC and SOC (0-15 cm)
(Conventional tillage (ST), deep conservation tillage (CTD), shallow conservation tillage (CTS); liming (LY),
without liming (LN); FR - recommended fertilization FD - reduced fertilization by 50%, GFR - recommended
fertilization + soil microbial biomass activator, GFD - reduced fertilization by 50% + soil microbial biomass
activator)

At a depth of 15-30 cm, all the parameters tested were significantly affected by the treatments. Statistically significant
interactions were observed between all treatments. The average active acidity was 6.13 and was significantly affected
by soil tillage, liming, and fertilization. The highest value of active acidity was measured on the CTD, LY, GFR
treatment and was 6.75, while the lowest value was measured in soil samples on the ST, LN, FD treatments and was
5.75. The average exchangeable acidity was 4.86 and the highest value (5.51) was measured in soil on the CTD, LY,
FR treatments, while the lowest value (4.05) was measured on the CTS, LN, GFR. Cation exchange capacity was
significantly affected by tillage, liming and fertilization (p value <0.001) and averaged 20.64 cmol® kg''. The highest
CEC was measured on the CTS, LN, GFD treatment (32.81 cmol® kg'), and the lowest (18.87 cmol® kg™') on the
CTD, LY, FD treatment. The average organic carbon content in the soil was 1.44% and was significantly affected by
fertilization and liming (p value <0.005). All interactions of the investigated treatments were statistically significant.
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The highest organic carbon content was measured in soil samples on the ST, LN, FD (1.76%), and the lowest on the
CTD, LN, GFD (1.19%) (Graph 2). One of the main benefits of CT is that it can increase SOC content in the top
layers of the soil. However, there is some evidence that CT may lead to lower measured values of SOC in deeper
layers of the soil. CT may reduce the incorporation of organic matter into deeper layers of the soil. This is because
CT practices such as no-till and reduced tillage disturb the soil less than conventional tillage (ploughing), which can
make it more difficult for organic matter to be mixed into the soil profile. Also, CT may promote the decomposition
of SOM in deeper layers of the soil. This is because CT practices can increase soil moisture and aeration, which can
create more favourable conditions for the microbes that break down SOM (Li et al., 2020). Blanco-Canqui et al.
(2018) reported that soil organic C mainly accumulates near the surface.
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Graph 2. Variability plots of pH (H,0), pH (KCl), CEC and SOC (15-30 cm)

(conventional tillage (ST), deep conservation tillage (CTD),shallow conservation tillage (CTS); liming (LY),
without liming (LN); FR - recommended fertilization FD - reduced fertilization by 50%, GFR - recommended
fertilization + soil microbial biomass activator, GFD - reduced fertilization by 50% + soil microbial biomass

activator)

Conclusions

The effect of tillage, liming, and fertilization on selected soil properties varied depending on the soil depth. At a
depth of 0-15 cm, tillage and liming had a significant effect on pH, with the highest pH measured in conventional
tillage with liming and the lowest pH measured in conservation tillage without liming. Tillage and fertilization had
a significant effect on CEC, with the highest CEC measured in conservation tillage. At a depth of 15-30 cm, all of
the parameters tested were significantly affected by the treatments. Soil reaction was significantly affected by tillage,
liming, and fertilization, with the highest active acidity measured in conventional tillage and the lowest active acidity
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measured in conservation tillage. CEC was significantly affected by tillage, fertilization, and liming, with the highest
CEC measured in conservation tillage. Soil organic carbon content was significantly affected by fertilization and
liming, with the highest organic carbon content measured in conservation tillage. It is important to note that the
effectiveness of conservation tillage practices in synergy with liming and fertilization may vary depending on the
specific soil type, climate, crop type, and local conditions. Therefore, further research, especially long-term trials, is

needed.
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Abstract

The aim of the experiment set up in Cacinci (17° 86’ 36” E, 45° 61’ 32" N, 111 m a. s. |.) on Stagnosol soil
type in 2021 year was to determine the influence of conservation tillage and fertilization on soybean
weediness and yield. Tillage treatments included conventional tillage (ST), deep (CTD) and shallow
conservation tillage (CTS). Fertilization subtreatment were recommended amount (FR) and (HF)
- 50% off. Tillage had a significant effect on soybean weediness. The highest average weed biomass
(141.86 g m™?) and weed density (25.17 m) were recorded on CTS. Reduced fertilization resulted with
the highest weed density (32.00 m?2) on CTD. Average soybean yields were the highest at ST (6.98 tha™')
without significant differences (p<0.05) compared to CTS (6.88 t ha'). Conservation tillage increased
weediness without a significant decrease in soybean yield.

Keywords: soil tillage systems, mineral fertilization, weediness, Glycine max (L.) Merr.

Introduction

Nowadays, when agriculture is one of the most vulnerable sectors affected by climate change, conservation agriculture
is recognized as one of the most effective methods of adaptation and mitigation of the negative consequences of
climate change on plant production (Jug et al. 2018; Aune, 2012). It implies proper crop rotation, minimum soil
disturbance and permanent soil coverage with at least 30% of crop residues (FAO, 2016). Conservation tillage is a
suitable way to prevent soil degradation processes with preservation of soil health and fertility due to the positive
effect on soil quality, water and nutrient conservation, yield stability, increased biodiversity while reducing production
costs (Palm et al., 2013; Derpsch, 2005). Despite the numerous advantages of conservation tillage, the systematic
introduction and acceptance of such production systems is still sometimes limited by certain factors that often
relate to expected changes in the level of weediness of agricultural crops (Derksen, 1996; Derrouch et al., 2020). In
addition to numerous available measures of sustainable weed management, weeds still represent a dominant limiting
biotic factor in plant production, and conservation tillage certainly changes the composition of the weed flora and
the intensity of weediness, but not necessarily to the detriment of agricultural crop. Besides tillage, fertilization is
also a significant factor that contributes to the sustainability of crop production systems and also has an impact on
crop weediness (Wan et al., 2012; Brozovi¢ et al., 2021). According to previous research, optimal fertilization can
have a two-fold effect on weediness level. Due to the greater weed nutrient use efficiency related to the crops, the
occurrence of weeds can be increased with optimal fertilization (Nie et al., 2009; Cheimona et al., 2016). However,
it is also possible to reduce the occurrence of weeds through an increased competitive advantage of the crop as
a result of optimal fertilization (Travlos et al., 2018; Kaur et al., 2018) and due to lower nutrient requirements of
weeds suboptimal fertilization can result in a competitive advantage of weeds over the agricultural crops (Légere
et al., 2008). The importance of soybean as an agricultural crop stems from its wide multiple uses as well as its
positive agronomic effects (Stritongtae et al., 2021; Sudari¢ and Vratari¢, 2008). Adverse weather conditions have
been increasingly present in the soybean vegetation in recent years, which requires adoption of effective measures
such as conservation tillage to maintain stability of soybean yield (Moraru and Rusu, 2012). Soybean is susceptible to
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weeds (Gaweda et al., 2020) and weediness is one of the main causes of yield reduction (Wallace et al., 2018). Because
of all the above, the aim of this study was to determine the influence of conservation tillage and fertilization systems
on weediness and yield of soybeans.

Material and methods

The research with conservation tillage and fertilization was conducted in the eastern region of Croatia in Cacinci
(17° 86’ 36” E, 45° 61’ 32” N, 111 m a. s. 1.) on Stagnosol soil type (IUSS Working Group) in 2021 year with basic
soil chemical properties: pH ..., (4.09/5.65), Hy-hydrolytic acidity (7.90 cmol® kg™), AL ,, . (10.37 mg 100 g"),
AL ., (15.63 mg 100 g-'), SOM-soil organic matter (2.8 %). This paper presents the results of the second research
year (2022) where the impact of different tillage and fertilization systems on weediness and soybean yield was
investigated. The basic plot size was 160 m? (tillage treatment) and the size of the subtreatment (fertilization) plot was
80 m?*(8 x 10 m). The soil tillage treatments were: conventional (ST) - plowing up to 30 cm depth, deep conservation
tillage (CTD) - loosening up to 30 cm depth with a minimum of 30% soil coverage with crop residues and shallow
conservation tillage (CTS) - loosening up to 10 cm depth with a minimum of 50% soil surface coverage with crop
residues. Subtreatments included recommended fertilization (F) calculated with the ALRxp computer program for
fertlizer recommendations (Vukadinovi¢ and Vukadinovi¢, 2011) and suboptimal fertilization (HF) reduced by 50%.
Soil tillage (plowing and loosening) was performed in autumn 2021 after the maize harvest. The winter furrow was
closed in spring 2022 on ST tillage with a two pass of spike-tooth harrow combine with a hollow roller. Pre-sowing
soil preparation was performed with one pass of a spike-tooth harrow combined with hollow roller. Fertilization
was carried out in autumn prior to basic soil tillage in recommended amount (530 kg ha"' NPK - 0:20:30) and 50%
reduced dose (265 kg ha' NPK - 0:20:30). Combined with pre-sowing soil preparation recommended (150 kg ha™)
and reduced amount (75 kgha™) of KAN (27% N ) were applied in spring. No-till seeder was used for soybean sowing
(cultivar IKA) on April 12 with seeding rate of 600 000 seeds ha'. Chemical weed control was carried out uniformly
on each investigated treatment and subtreatment twice and included pre-em treatment with application of 960 gl
S-Metolachlor (1.2 1 ha') and Metribuzin 70 % (0.6 kg ha™') and post-em with 22.4 g "' Imazamox, 480 g 1" Bentazon
(11 ha?) using sprayer. Soybean harvest was preformed manually on the whole investigated subplots and the rest
of the experimental area was harvested using combine harvester. The yields have been recalculated to standard
moisture content (9%). Weed assessment was carried out by weeds sampling in V3 (three unfolded trifoliolate leaves)
and R7 (beginning maturity - one normal pod on the main stem has reached its mature pod color) soybean growth
stages. The weed density, above-ground biomass, the number of weed species and weed coverage were determined at
each treatment and sub-treatment. All classified weed species on the area of 0.25 m? in four repetitions were counted
for weed density determination and cut off on the ground level, separated by different weed types and dried at 60 °C
for 48 h to evaluate the aboveground biomass while weed coverage was determined visually. ANOVA design with
soil tillage and fertilization as given factors was used to test the influence of different soil tillage systems and different
fertilization levels on weed density, weed biomass, weed species number, weed coverage and soybean yield. Mean
values that were significant according to the performed F- test were compared using the LSD test at p < 0.05 level of
significance for the investigated factors. Statistica software package, version 14.0.0. (TIBCO Software Inc., Palo Alto,
CA, USA) was used to conduct the ANOVA analysis.

Results and discussion

The lack of precipitation was pronounced during the soybean growing season from April to August in the conducted
research (Graph 1). The amount of precipitation was lower compared to the multi-year average (1984/2013), with
pronounced dry conditions in July, when only 18 mm of rain fell, which is almost 4 times less than the annual average
(Graph 1). The lack of precipitation in the mentioned period was accompanied by above-average air temperatures,
looking at the multi-year average (1984/2013). The dry period was interrupted in September, which was extremely
wet, and the recorded amount of rain was almost three times higher than the average value (Graph 1).
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Weather conditions (Caginci 2022)
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Graph 1. Weather conditions at experimental site (Cacinci 2022)

During the research, the most numerous broadleaved annual was Ambrosia artemisiifolia L. while dominant
perennial was Calystegia sepium (L.) R. Br. Setaria viridis (L.) P. Beauv. was the most present annaul grass. In
addition to the above, Cirsium arvense (L.) Scop., Convolvulus arvensis L., Lythrum salicaria L., Mentha spicata L.,
Xanthium strumarium L., Setaria glauca (L) P. Beauv. and Panicum capilare L. were also determined weed species.
Soil tillage significantly affected weed occurence in V3 soybean growth stage (Table 1). Tillage had a significant effect
on biomass, weed density and weed coverage in V3 soybean growth stage, while the average effect of fertilization
on all investigated parameters of weediness was absent which is opposite to Tang et al. (2014) but consistent with
Légere et al., (2008) who reported stronger effects of tillage on weed community than fertilization in soybean-maize
crop rotation. The weed density was almost three times higher on CTS compared to ST in average (Table 1) but on
deep conservation tillage systems (CTD) there was no statistically significant difference compared to ST. Higher
weed densities, biomass and weed coverage are also confirmed by Légeére et al., (2008); Romaneckas et al., (2021);
Brozovi¢ et al., (2023) who investigated the impact of lower tillage intensity on weed community in agricultural
crops. Interactions among tillage and fertilization existed in the case of weed density and coverage, which were
the highest on shallow conservation tillage with suboptimal fertlization (CTS/HF) with statistically significant
differences (p<0.05) compared to conventional tillage and lower fertilization (ST/HF) (Table 1). Soybean weediness
increased during the growing season (Table 2). A noticeable increase in all investigated parameters of weediness
is a possible consequence of unfavorable weather conditions (lack of precipitation) (Graph 1) and it is known that
stressful environmental conditions benefit weeds more than crops (Patterson, 1995) due to their ability to adapt to
different adverse conditions (Radicetti and Mancinelli, 2021).

Table 1. Weed infestation of soybean in V3 growth stage

Tillage (T) ST CTD CTS Average (F)
Fertilization (F) FR FH FR FH FR FH FR FH
WB (gm?) 3.87 " 2.97 5.89 8.21 10.84 8.64
6.87"  6.61
Average (T) 3428 7.054 9.74 A
F,=11.753, F, =0.060, F,_ =1.578
WD (m?) 36.00° 25.33¢ 23.67° 33.00> 38.00° 50.33°
32.56 " 36.22
Average (T) 30.67 B 28.34° 44,17 A
| F_=9.670,F =1.335F, =573
WSN (m2) 2.00 " 2.33 1.67 1.67 2.67 1.67
211" 1.89
Average (T) 2.17 »s 1.67 2.17
F,,=1.800, F_=0.800, F, _ =2.600
WC (%) 19.00 © 12.00 ¢ 36.33% 33.00° 34.00" 38.67%
29.78 »s 27.89
Average (T) 1558 34.67 A 36.34 4

=8.736

(TxF)

F,=131.591, F _=2.627, F
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T-tillage, F-fertilization, ST-conventional tillage, CTD-deep conservation tillage, CTS-shallow conservation
tillage, FR-recommended fertilization, FH-reduced fertilization, WB-weed biomass, WD-weed density, WSN-
weed species number, WC-weed coverage, F(T)- F test for tillage, F(F)-F test for fertilization, F(TxF)-F test for

tillage and ferilization interaction

In average, shallow conservation tillage (CTS) resulted in the highest weediness, and all investigated parameters were
statistically significantly different (p<0.05) compared to conventional tillage (ST) (Table 2).

Table 2. Weed infestation of soybean in R7 growth stage

Tillage (T) ST CTD CTS Average (F)
Fertilization (F) FR FH FR FH FR FH FR FH
WB (g m?) 20.28 8.19 45.71 56.28 129.87  153.85
65.29 " 72.77
Average (T) 14.24 ¢ 51.00 ® 141.86 4
F, 36.131,F_=0.352,F, =0.696
WD (m?) 18.33° 16.00 > 11.33¢ 32.00*  20.67° 29.67*°
16.78% 25894
Average (T) 17.17¢ 21.67°% 25.174
F,,=9.926, F =38.423,F,_  =20.406
WSN (m?) 3.33¢ 2.33 2.00¢ 3.67° 4.67° 6.67°
3.338 4224
Average (T) 2.83°% 2.84° 5.674
F,=36.125,F  =8.000,F,__=9.125
WC (%) 33.00¢ 18.67 ¢ 38.00° 40.33*® 37.33>  42.33:
36.114 33.78°%
Average (T) 25.84 8 39.17 4 39.83 4

F, =24.856,F,_=1627,F,  =10.937
T-tillage, F-fertilization, ST-conventional tillage, CTD-deep conservation tillage, CTS-shallow conservation
tillage, FR-recommended fertilization, FH-reduced fertilization, WB-weed biomass, WD-weed density, WSN-
weed species number, WC-weed coverage, F(T)- F test for tillage, F(F)-F test for fertilization, F(TxF)-F test for

tillage and ferilization interaction

Increase in weed biomass, weed coverage and weed species number during the growing season on reduced tillage
systems is also reported by previous research (Hofmeijer et al., 2019; Armengot et al., 2016; Sans et al., 2011). Optimal
fertilization resulted with average decrease of weed density and weed species number but with higher weed biomass
and weed coverage in maturity soybean growth stage (R7) (Table 2). Inconsistent influence of fertilization on weed
infestation is a possible consequence of greater weed nutrient use efficiency (Nie et al., 2009; Cheimona et al., 2016)
or lower nutrient requirements related to crops (Légere et al., 2008) and at the same time increased competitive
advantage of the crop as a result of optimal fertilization (Travlos et al., 2018; Kaur et al., 2018). Increase in the average
number of weed species on conservation tillage systems compared to conventional (ST) indicate the possitive effects
of reduced tillage on species diversity (Légere et al., 2008). The highest weed species number was recorded on shallow
conservation tillage with reduced fertilization CTS/FH , almost three times higher compared to ST/FH while CTD/
FH resulted with greater weed density compared to ST/FH. Tillage and fertilization had a significant impact on
soybean yields. Average soybean yields were not significantly different (p<0.05) among shallow conservation tillage
(CTS) and conventional tillage (ST). Adequate soybean yields on reduced tillage systems are also reported by Chetan
etal., 2022. Reduced fertilization led to an average decrease in soybean yield and obtained yield was lower on FH for
almost 2 t ha™. Significant interactions between tillage and fertilization in terms of yields were found. The highest
soybean yield was achieved in ST/FR, while yields on CTD/FR and CTS/FR did not statistically significantly differ
among themselves. Looking at soybean yields on reduced fertilization, the best was achieved on CTS/FH, and there
were no statistically significant differences (p<0.05) between ST/FH and CTD/FH. Soybean production is under the
influence of soil fertility and available soil water content in relation to the soil tillage (Acharya et al., 2019). Drought
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conditions correlated with high temperatures during the research certainly influences the yield formation (Basal and
Szabo, 2020; Cotrim et al., 2021) but despite the present drought, soybean yields in this research were satisfactory.

=)}

w

Soybean yield (t ha'!)
8,05a 7,65b 7.52b FR 7,77 A

FH 5,89 B

i

CTD CTS Average (F)
BFR ©FH OAverage (T)

Graph 2. Soybean yield on different tillage and fertilization treatments

Conclusion

Conservation tillage systems had the effect of increasing the level of soybean weediness. The average influence of
fertilization on weediness was less expressed compared to soil tillage. Tillage and fertilization significantly affected
soybean yield. The highest soybean yields were achieved on the conventional (ST) and shallow conservation tillage
systems (CTS) despite the fact that this treatment had the highest weediness. Reduced fertilization led to a decrease
in soybean yield on average, but not on the CTS tillage system, which can be recommended as supstitution for
plowing with the need for further research.
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Abstract

Phytoremediation is a non-destructive method that utilizes the ability of plants to adsorb, degrade,
transpire, or accumulate various types of pollutants from the environment. According to available
studies, certain medicinal and aromatic plant species grown for the production of essential oils are
able to remove heavy metals from the soil and water, which are then released when the plant material
is processed. Therefore, they have great potential for use in phytoremediation while producing high-
quality and uncontaminated essential oils as the final products. This review article summarizes the
studies that have been conducted to clarify the possibility of using some medicinal and aromatic plant
species in the phytoremediation of polluted soils.

Keywords: essential oils, green technology, heavy metals, hyperaccumulators, pollutants

Introduction

Soil pollution is the accumulation of natural or artificial substances in concentrations that are harmful to the growth
and development of microorganisms, plants and animals. Pollutants include pesticides, industrial chemicals, products
of industrial processes and combustion, radionuclides, pathogens, and heavy metals (cadmium [Cd], chromium [Cr],
copper [Cu], mercury [Hg], nickel [Ni], lead [Pb], zinc [Zn], arsenic [As], etc.) (Gautam et al., 2023; Rashid et al.,
2023). Soil can be contaminated with heavy metals from a variety of sources, including mining industry, industrial
facilities, metal waste disposal, fossil fuel combustion, organic and mineral fertilizer application, pesticides, sewage
sludge, wastewater irrigation, petrochemical releases, and atmospheric deposition (Alloway and Ayres, 1994).
Environmental pollution by heavy metals is a major problem that threatens sustainable agricultural production and
has a negative impact on human health (Tchounwou et al., 2012). The widespread presence of heavy metals in soils
and water bodies necessitates the use of environmentally friendly, cost-effective, and sustainable approaches for
their remediation, such as phytoremediation. Phytoremediation is an emerging technology in which plants are used
to extract or remove pollutants from water or soil, or reduce their availability (Dheri et al., 2007; Cunningham and
Berti, 2000). When food plants are used for phytoremediation, the problem of heavy metal contamination remains
unresolved as they enter the food chain. On the other hand, many medicinal and aromatic plants could be suitable
candidates for phytoremediation as they are non-food crops but are cultivated for the extraction of secondary
metabolites (e. g. essential oils) (Gupta et al., 2013). In recent decades, numerous studies have been conducted
confirming the successful phytoremediation of contaminated soils with medicinal and aromatic plants, as well as the
increase in essential oil yields as the result of the exposure to the heavy metals. Moreover, some studies have shown
an improved quality of essential oils and, most importantly, no toxic metals were detected in the essential oils or they
reached insignificant levels that do not pose a risk to human health (Pandey et al., 2019; Mishra and Chandra, 2022).
The main reason for obtaining heavy metal free essential oils appears to be the use of steam distillation for extraction
(Bernstein et al., 2009).

This review article summarizes the most important and recent research findings on medicinal and aromatic plant
species that have the potential to be used for phytoremediation of soils contaminated with heavy metals.
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Principles of phytoremediation

Phytoremediation is a method in which plants are used to stabilize, remove, degrade or retain pollutants in soil,
groundwater, surface water and the atmosphere, with the aim of restoring polluted ecosystems to their original state
(Yanetal.,2020 and references herein). The advantage of phytoremediation compared to other methods of remediating
contaminated soils lies in its high efficiency at low pollutants concentrations, its environmental friendliness, cost-
efficiency, in situ implementation, esthetic acceptability, and public acceptance (Ali et al., 2013; Fatima et al., 2017).
In addition, the use of phytoremediation has a positive effect on biodiversity, counteracts erosion, reduces the
emission of soil particles into the air, and does not disturb the soil structure. On the other hand, the disadvantages or
limiting factors in the application of phytoremediation are: the possibility of application only at the root depth, the
impossibility of application at high pollutant concentrations, the slower remediation compared to physico-chemical
methods, the unknown properties and toxicity of biodegradation products, the variable risk of release of pollutants
into the food chain, the possibility of phytotoxicity, and the dependence on weather conditions, the season, and
the stage of development of the plants (Ali et al., 2013; Pinto et al., 2015). Depending on the mechanism of action,
the following phytoremediation techniques are distinguished: phytoextraction, rhizofiltration, rhizodegradation,
phytostabilization, phytodegradation, and phytovolatilization (Sabreena et al., 2022 and references herein). Among
green technologies to combat metal pollution, phytoextraction has received increasing attention since the discovery
of hyperaccumulating plants, which are able to store high concentrations of certain metals in the above-ground,
harvestable biomass (Vamerali et al., 2010). Hyperaccumulating plant species are characterized by a particular
uptake of heavy metals, regardless of their concentration in the soil or tolerance to high concentrations of toxic
substances in the root and aboveground biomass, and the ability to rapidly translocate elements through the root into
the aboveground plant parts (Sytar et al., 2020).

Medicinal and aromatic plant species in phytoremediation

Medicinal and aromatic plants are the source of numerous active ingredients that can be used in the food,
pharmaceutical and agricultural industries (Fierascu et al., 2021). Many of them are cultivated for the isolation
of essential oils, a mixture of numerous combinations of bioactive compounds with a variety of structures, such
as mono-, sesqui-, and di-terpenes, phenolic elements, sulfur-containing components, etc. (Masyita et al., 2022).
Previous research has shown that cultivation on contaminated soils resulted in higher yields of essential oils and in
some studies improved their composition. Moreover, they were also free of toxic metals and can be therefore used as
a marketable product with economic benefits. In their review articles, Pandey et al. (2019) and Mishra and Chandra
(2022) present the research results of numerous authors on the potential of certain medicinal and aromatic plant
species for phytoremediation of heavy metals, highlighting those from the Lamiaceae, Poaceae, Asteraceae, and
Geraniaceae families with the greatest efficiency.

The biological applications of Lamiaceae species are mainly related to their essential oils, which have various effects,
such as antioxidant, antitumor, anti-inflammatory, sedative, etc. (Ramos da Silva et al., 2021 and references here).
Some species from the Lamiaceae family have been studied for their phytoremediation potential. These include the
species of the genus Mentha, which are characterized by high medicinal and aromatic value. Pandey et al. (2019)
found that Mentha species accumulate most of the heavy metals in the root system, which are then transferred to
a lesser extent to the aerial parts of the plant, from which the essential oils are then extracted, and therefore act as
phytostabilizers in heavy metals — polluted areas. Prasad et al. (2010) investigated the effects of Cr and Pb on the yield
and chemical composition of essential oils as well as the accumulation of heavy metals in three species: corn mint
(Menta arvensis L.), peppermint (Mentha x piperita L.) and water mint (Mentha citrata Ehrh., syn. Mentha aquatica
L.). In M. citrata, the yield of essential oil decreased, while in M. x piperita it increased, which was explained by the
authors as a consequence of the increase in M. x piperita aerial parts due to the application of Cr and Pb. The chemical
composition of essential oils tested was altered, indicating the influence of heavy metals on the quality of the essential
oils. However, the tested species were not found to be hyperaccumulators of Cr and Pb and therefore cannot be used
for the purification of soil from these metals. In their study Kunwar et al. (2015) found that essential oil yield increased
in spearmint (M. spicata) grown in soils with Cu, Cd and Pb, and that their concentrations in the essential oil were
below the detection limit. In other study Zheljazkov and Nielsen (1996a) investigated the effects of soil pollution
by a mining company with excessive amounts of Cd, Pb, Cu, Mn, and Zn on the growth and productivity of M. x
piperita L. (cv Tundza and Clone No. 1) and M. arvensis var. piperascens Malinv. ex Holmes (cv Mentolna-14) and
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found a decrease in fresh mass and essential oil yield. The extracted essential oils were not contaminated with heavy
metals. Another highly valued members of the Lamiaceae family are basils (Ocimum L.). The species of the genus
Ocimum have long been used as flavorings, as well as for various medicinal purposes (Zahran et al., 2020). Kunwar
etal. (2015) reported the increase in essential oil yield of O. basilicum L. grown on soils with Cu, Cd, and Pb whose
concentrations in the essential oils were below the detection limit. They also reported the changes in the chemical
composition, which were mainly related to a significant increase in the essential oil component linalool. Prasad et al.
(2011) reported the effects of Cr, Cd, and Pb uptake on decrease in linalool content and increase in estragole content
in basil essential oil. The content of linalool and methyl chavicol (estragole) decreased in the presence of Ni, while the
concentration of methyl eugenol concentration was increased. Siddiqui et al. (2013) analyzed the As accumulation
potential of O. tenuiflorum, O. basilicum and O. gratissimum and the resulting effects on growth, biomass, essential
oil yield and essential oil components. At lower As concentrations (mostly up to 25 uM ) the yield of essential oil and
its main components, such as eugenol, methyl chavicol, and linalool, increased in all three species and no detectable
amount of As was found in the essential oil of any of the tested species. Tulsi (O. tenuiflorum) was found to have the
ability to bind high amounts of Cr in the root and then in the leaves. Increased synthesis of eugenol in the essential
oil was found due to Cr-induced stress (Rai et al., 2004). Angelova et al. (2016) reported that clary sage (Salvia
sclarea L.) is a Pb hyperaccumulator and Cd and Zn accumulator which do not interfere with the plant development
and in the presence of these metals produces an essential oil that is safe for use. The phytoremediation potential of
lavender (Lavandula angustifolia Mill.) was investigated by Zheljazkov and Nielsen (1996b). The authors found that
heavy metals (Cd, Pb, Cu, Mn, Zn, Fe) in soil and air do not affect the rate and extend of the developmental stages
of lavender, the amount of branching, the yield of fresh inflorescences or the content and composition of essential
oil. Despite the large amounts of heavy metals that accumulated in the inflorescence, the oil was not contaminated.
Angelova et al. (2015) pointed out the potential of L. vera (syn. Lavandula angustifolia Mill.) to hyperaccumulate
Pb, Cd, and Zn. In their study, neither negative effects on plant development nor on the quality and quantity of the
essential oil were observed. In the study on horehound (Marrubium vulgare L.), lemon balm (Melissa officinalis L.)
and Greek oregano (Origanum heracleoticum Benth.; syn. Origanum vulgare subsp. hirtum), Zheljazkov et al. (2008)
concluded that these plant species can be grown on soils contaminated with heavy metals in the vicinity of the
smelter and provide metal-free final commercial products.

Lydakis-Simantiris et al. (2016) conducted a study on chamomile (Chamomilla recutita (L.) Rauschert, syn. Matricaria
chamomilla L.), sage (Salvia officinalis L.) and thyme (Thymus vulgaris L.) grown in pots with soil contaminated
with a wide range of Cd, Pb and Ni concentrations. The chemical composition of the essential oils did not change
significantly under the influence of heavy metals and their concentrations in the extracted essential oils were within
the permissible detection limits. The phytoremediation potential of chamomile was also investigated by Salamon et
al. (2007). The authors analysed the ability of chamomile to accumulate Cd, Pb and Ni in different plant parts (roots,
leaves and flowers). In general, the highest levels of heavy metals were found in the roots, followed by the leaves,
while the lowest concentrations were found in the flowers. They also found that Cd was highly mobile, while Pb had
the lowest mobility within the plants. The authors did not study the content of these heavy metals in the essential oils.
Ghanavatifard et al. (2018) describe chamomile as a plant species that effectively tolerates Ni-induced stress. In their
study, Szakova et al. (2018) found changes in the abundance of essential oil compounds in M. recutita as a result of
exposure to heavy metals (As, Cd, Pb and Zn), but no detectable amounts of these metals were found in the essential
oil. Angelova et al. (2020) conducted a study on absinth (Artemisia absinthium L.), another plant species from the
Asteraceae family, which was grown on soils contaminated with heavy metals such as Cd, Pb, and Zn. As a result of
the exposure of the plants to heavy metals, the chemical composition of the essential oils was altered. In addition,
the concentrations of these heavy metals in the leaves and flowers of the plant were much higher than in the essential
oil, in which it was below the acceptable limits. Plant species from the Poaceae family have been reported to reduce
the toxicity of heavy metals and facilitate the uptake of metals from contaminated sites (Patra et al., 2021). Vetiver
(Vetiveria zizanioides (L.) Nash, syn. Chrysopogon zizanioides (L.) Roberty) is a perennial grass of the Poaceae family.
It produces essential oils with antifungal, antibacterial, anticancer, antioxidant, and anti-inflammatory properties
(Bharathi Raja et al., 2018). This plant species is known to be highly resistant to a wide range of soil pH, salinity,
alkalinity, acidity, and heavy metal concentrations (Pandey et al., 2019). Danh et al. (2009) state that vetiver is an
ideal plant species for cultivation in contaminated soils due to its tolerance to extreme environmental and weather
conditions. Kafil et al. (2019) have reported that vetiver can be used in the treatment of polluted water. The removal
of Cr and Pb from wastewater was investigated by Singh et al. (2015). Seventy-seven to seventy-eight percent of
Cr and 80 to 94% of Pb were successfully removed, whereas most of the Cr was stored in the stem while most of
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the Pb was found in vetiver roots. To evaluate the effects of Pb on vetiver growth and oil yield and composition,
Rotkittikhun et al. (2010) conducted a study on hydroponically grown plants. Higher concentrations of Pb had a
negative effect on the length of the shoots and roots, but no phytotoxic symptoms were observed. The presence of
Pb affected the essential oil, i. e. it increased its yield (the highest was observed with 100 mg Pb for 5 weeks) and the
number of its compounds, while the highest number was observed in plants grown in soil containing 1000 mg Pb/
kg. Xia (2004) refers to the possibility of using vetiver as a phytostabilizer due to Pb storage in the root. Lemongrass
(Cymbopogon citratus (DC.) Stapf) is a perennial medicinal and aromatic plant of the Poaceae family. It synthesizes
essential oil known for its antimicrobial, insecticidal (Aluyor and Oboh, 2014), antidiarrheal, antifungal, and anti-
inflammatory properties (Shah et al., 2016). Various studies have also shown its suitability for phytoremediation of
sites contaminated with heavy metals. In the study by Israila et al. (2015), C. citratus was reported to accumulate
metals (Cd, Ni and Pb). Khilji i Saljid (2020) suggest using East Indian lemongrass (C. flexuosus (Nees ex Steud.)
Will.Watson) for extraction of heavy metals from tannery sludge. Lal et al. (2013) investigated the yield of essential oil
and accumulation of heavy metals in C. flexuosus irrigated with wastewater and groundwater. A higher biomass and
a higher yield of essential oil were obtained when plants were irrigated with wastewater alone or in combination with
groundwater. The heavy metal concentration in the essential oils extracted from the plants irrigated with wastewater
was present within the permissible values.

Conclusion

Due to the problem of the growing number of polluted areas in the world, interest in their remediation or restoration
is increasing rapidly. The use of plants in the remediation of contaminated soils has many advantages. Some of
these are the possibility of in situ use, the environmental friendliness, the positive impact on biodiversity and the
safety of the method itself. However, the use of food crops in phytoremediation carries the risk of heavy metals or
other pollutants entering the food chain, which poses a risk to human health. For this reason, it is advantageous to
use medicinal and aromatic plants in phytoremediation that are not used directly as food but for the production
of secondary metabolites, usually essential oils. For some of the medicinal and aromatic plant species such as
vetiver, lemongrass, peppermint, etc., a positive effect of heavy metal contamination on the essential oil content was
found, and the essential oils were not significantly contaminated with heavy metals. For vetiver, the potential for
phytoextraction of zinc and copper and for phytostabilization of chromium was determined, while for corn mint
the authors indicate the potential for phytostabilization of nickel and lead, and for basil the ability to phytostabilize
chromium, cadmium, lead, and nickel. Some authors point to the ability of lavender to hyperaccumulate lead,
cadmium and zinc and state that the essential oil is not contaminated with heavy metals. The use of medicinal and
aromatic plant species in phytoremediation is of great importance from an environmental and economic point of
view. Indeed, contaminated soils that are not suitable for the cultivation of agricultural food can be used for the
cultivation of certain medicinal and aromatic plant species that produce uncontaminated, high-quality essential oils
and at the same time remediate the contaminated soils. Further research is needed to determine the effectiveness of a
larger number of plant species when using this method. Also, the composition and quality of essential oils extracted
from plants grown on contaminated soils needs to be further investigated and analyzed to more accurately determine
the safety of such production.
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SaZetak

Eteri¢na ulja su mjesavine raznih hlapljivih kemijskih spojeva koje se dobivaju metodama destilacije
i ekstrakcije iz razli¢itih dijelova biljaka. Zbog dokazanih antimikrobnih i antioksidativnih svojstava
imaju $iroku primjenu u medicini, poljoprivredi te kozmetic¢koj i prehrambenoj industriji. Antimikrobni
ucinak eteri¢nih ulja ovisi o sastavu, koncentraciji i interakciji kemijskih spojeva eteri¢nih ulja kao
i o vrsti mikroorganizma. Ovaj rad daje pregled dosadasnjih spoznaja o svojstvima i mehanizmima
djelovanja eteri¢nih ulja na bakterijske stanice te ukazuje na potencijal primjene eteri¢nih ulja kao
konzervansa u prehrambenoj i kozmetickoj industriji.

Kljucne rijeci: eteri¢na ulja, antimikrobno djelovanje, patogene bakterije, konzervansi

Uvod

Eteri¢na ili esencijalna ulja dobila su naziv po svojem sastavu, tj. moguc¢nosti hlapljenja u eter. To su tekucine
koje se sastoje od raznih hlapljivih spojeva te se imenuju po vrsti biljke iz koje su ekstrahirana. Dobivaju se iz
razli¢itih dijelova biljke poput lista, cvijeta, korijena ili stabljika gdje kao produkti biljnog metabolizma nastaju
u specijaliziranim biljnim tkivima unutar uljnih Zlijezda (Butnariu, 2018; Falerio 2011.). Koli¢ina ekstrahiranog
etericnog ulja ovisi o razli¢itim ¢imbenicima poput biljne vrste, vremenu berbe, klimi, kao i dijelu biljke iz koje se
ekstrahira. (Butnariu, 2018). Eteri¢na ulja pokazala su se kao ucinkovit konzervans u prehrambenoj i kozmeti¢koj
industriji (Ziosi i sur. 2013; Shaaban 2020). Dodatkom eteri¢nih ulja proizvod ostaje duze mikrobioloski ispravan
te je ima jaci antioksidativni u¢inak. Takoder, eteri¢na ulja se koriste i kao ,,zeleni pesticidi“ u suzbijanju glodavaca,
$tetnika i mikroorganizama. Koriste se u ekoloskoj proizvodnji hrane zbog izostanka negativnog u¢inka na okolis,
kao i manje mogu¢nosti razvoja otpornosti od strane $tetnika zbog vrlo kompleksnog sastava (Sharma i sur. 2011).
Zbog sve prisutnije pojave antibioti¢ke rezistencije istrazuje se primjena eteri¢nih ulja u medicini za tretiranje
infekcija koje uzrokuju bakterije rezistentne na vise klasa antibiotika ili se koriste u tretiranju razlic¢itih drugih
oboljenja (Russo i sur. 2015). Cilj ovoga preglednog rada je istaknuti vaznost uporabe eteri¢nih ulja u inhibiciji rasta
patogenih bakterija s mogu¢om primjenom kao konzervansa u prehrambenoj i/ili kozmetickoj industriji. Iako je
tesko sazeti i prezentirati sve utjecaje eteri¢nih ulja na mikroorganizme, u radu ¢e biti navedeni do sada najvazniji
poznati mehanizmi djelovanja pojedinih eteri¢nih ulja na pojedine patogene bakterije.

Uporaba etericnih ulja kao konzervansa

Konzervansi su tvari kojima je glavni cilj inhibicija mikrobnog rasta te produljenje trajanja i o¢uvanje kvalitete
proizvoda. Konzervansi trebaju biti netoksi¢ni, u¢inkoviti i kompatibilni s ostalim sastojcima proizvoda kojeg
konzerviraju. Svaki konzervans kao primarnu zada¢u ima produljiti trajnost gotovog proizvoda, bez promjene
organoleptickih osobina, kvalitete i zdravstvene ispravnosti. Najvazniji ¢imbenik kod odabira konzervansa je $irok
spektar djelovanja, tj. da djeluje inhibiraju¢e na viSe vrsta mikroorganizama odjednom. U industriji koriste se
sinteticki i prirodni konzervansi. Budu¢i da su dokazani negativni u¢inci nekih sintetickih konzervansa na zdravlje
ljudi (Cui i sur. 2020), potraznja za prirodnim konzervansima u stalnom je rastu. Uporaba prirodnih konzervansa,
poput eteri¢nih ulja i ekstrakata biljaka, kao alternativa sintetickim konzervansima, vezana je prvenstveno uz njihova,
antimikrobna svojstva i izostanak negativnih utjecaja na zdravlje ljudi u preporucenoj koncentraciji (Bassole i
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Julirani 2012). Medutim nemaju svi kemijski spojevi unutar eteri¢nih ulja jednako antimikrobno djelovanje. Najjace
djelovanje pokazuju fenoli, zatim aldehidi, ketoni, alkoholi, eteri i ugljikovodici (Bassole i Julirani 2012). Nacin
na koji ¢e eteri¢no ulje djelovati na mikroorganizme ponajprije ovisi o interakciji spojeva od kojih je sastavljeno.
Interakcija izmedu spojeva eteri¢nih ulja moze proizvesti Cetiri vrste ucinka: a) indiferentni — spojevi ne utjecu
jedan na drugi; b) aditivni - kada je zbroj pojedina¢nih ucinaka jednak zajednickom ucinku; c) antagonisticki -
primjecuje se kada je uc¢inak jednog ili oba spoja manji nego kada se primjenjuju pojedina¢no; d) sinergijski —
uc¢inak kombiniranih tvari je bolji nego zbroj ucinaka svake tvari pojedina¢no (Chouhan i sur. 2017). Na djelovanje
eteri¢nih ulja kao konzervansa moze djelovati cijeli spektar uvjeta, primjerice sadrzaj masti, interakcija terpenoidnih
fenola s enzimima te varijabilnosti u sastavu samog proizvoda. U¢inkovitost eteri¢nih ulja kao konzervansa ovisi o
vrsti, rodu, soju i broju ciljanih mikroorganizama te uvjetima okolisa (Macwan i sur. 2016).

Mehanizmi djelovanja etericnih ulja na bakterijske stanice

Bududi da se kemijski sastav eteri¢nih ulja znatno razlikuje, ne postoji jedan specifican mehanizam djelovanja
eteri¢nih ulja na mikroorganizme. Antimikrobni mehanizmi eteri¢nih ulja ovise uglavnom o njihovim kemijskim
spojevima, funkcionalnim skupinama i vrsti interakcija izmedu sastojaka. Nacin na koji ¢e eteri¢no ulje djelovati
na patogene bakterije odreden je nizom biokemijskih procesa u stanici i raznolikosti kemijskih spojeva eteri¢nog
ulja (Basavegowda i Baek 2021). Takoder, djelovanje eteri¢nih ulja je razli¢ito na Gram pozitivne u odnosu na
Gram negativne bakterije. Gram negativne bakterije otpornije su na antibiotike od Gram pozitivnih bakterija, a
istrazivanja su pokazala jednak trend otpornosti i na djelovanje eteri¢nih ulja (Lewis 2013). Gram negativne
bakterije imaju hidrofilne lipopolisaharide u vanjskoj membrani koje stvaraju barijeru ili ograni¢avaju difuziju
makromolekula i hidrofobnih spojeva. Ovo svojstvo ujedno otezava ulaz molekula eteri¢nih ulja koje zbog svoje
hidrofobnosti teze ulaze u periplazmatski prostor i inhibiraju stanicu (Hyldgaard i sur. 2012). Op¢enito, eteri¢na
ulja djeluju na bakterijsku stanicu tako da se vezu za povr$inu stanice te ote¢uju stani¢nu stjenku i membranu
$to rezultira nepovratnim ostecenjem i smréu stanice (Basavegowda i Baek 2021). Nakon $to eteri¢no ulje dode u
kontakt sa stani¢nom stjenkom ona postaje propusna za protone te dolazi do ometanja sinteze ATP-a i ravnoteze u
stanici. Eteri¢na ulja na stanicu patogena mogu djelovati kao blage kiseline jer snizavaju pH stanice propustanjem
protona kroz stani¢nu membranu. Fenol karvakrol, prisutan u eteri¢cnom ulju origana, pokazao se izrazito uc¢inkovit
kod poremecaja pH stanice. Naravno, varijacije u djelovanju eteri¢nih ulja na stani¢ne stjenke moze se objasniti
raznolikosti sastava eteri¢nih ulja (Faleiro i Miguel 2013). Medutim, najbitniji mehanizmi djelovanja eteri¢nih ulja
vezani su uz inhibiciju stani¢nih ciklusa, sinteze proteina, lipida, replikacije DNA i koagulacije stani¢nog sadrzaja
(Basavegowda i Baek 2021). Takoder, pojedina eteri¢na ulja, npr. ona izdvojena iz klinc¢i¢evca (Syzygium aromaticum
(L.) Merr. & L.M.Perry) , geranija (Geranium robertianum L.), lavande (Lavandula angustifolia Mill.), ruze (Rosa
damascena L.) i ruzmarina (Rosmarinus officinalis L.) imaju dokazan uc¢inak na sustav medusobne komunikacije
izmedu stanica, poznat kao Quorum sensing kojim su regulirani razliciti stani¢ni procesi poput odgovora na stres,
stvaranja biofilma, smrtnost stanica i virulencije (Faleiro i Miguel 2013).

Spojevi pojedinih etericnih ulja odgovorni za antimikrobni ucinak

S obzirom na sastav eteri¢nih ulja i nacine antimikrobnog djelovanja, klju¢an faktor u antimikrobnom djelovanju
je omjer aktivnih kemijskih spojeva eteri¢nog ulja. Spojevi koji sadrze hidroksilnu skupinu (-OH) izrazito su
antimikrobnog djelovanja i ucinkovitiji od spojeva s karbonilnom skupinom (C=0). Hidroksilna skupina ima
sposobnost vezanja za aktivno mjesto na enzimima te uzrokuje promjene u njihovoj aktivnosti. Polozaj hidroksilne
skupine takoder utjeCe na inhibitorna svojstva etericnih ulja. Alkilna supstitucija u fenolnom spoju povecava
antimikrobno djelovanje (Macwan i sur. 2016). Fenoli poput karvakrola, eugenola, linalola i timola imaju najjace
antimikrobno djelovanje (Burt 2007). Pri nizim koncentracijama djeluju na enzime koji sudjeluju u proizvodnji
energije za stanicu, a pri vi$im koncentracijama denaturiraju stani¢ne proteine (Tiwari i sur. 2009). Spojevi poput
cimetnog aldehida, citrala, timola, triciklena, flavesona, mircena, karvakrola, p-cimena, eugenola, c-terpinena,
fenilpropanoida, B-selinena i kalamenina inhibiraju rast i unistavaju biofilmove patogena (Gadisa i sur. 2019). Cesti
spojevi raznih eteri¢nih ulja koja su pokazala baktericidno djelovanje su eugenol, cinamaldehid i karvakrol, dok
inhibicijski djeluju timol i (+)-karvon (Ebani i Mancianti 2020). U tablici 1. prikazani su najpoznatiji kemijski spojevi
eteri¢nih ulja koji djeluju inhibitorno na odabrane vrste bakterija te vrijednosti minimalne inhibitorne koncentracije
(MIK).
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Tablica 1. Primjer minimalnih inhibitornih koncentracija (MIK) naj¢es¢ih kemijskih spojeva eteri¢nih ulja u in vitro
testovima na odabranim bakterijama (Chouhan i sur. 2017.).

Kemijski sastojak Vrsta bakterije MIK (puL/mL)
Karvakrol Escherichia. coli 0,225 -5
Staphylococcus aureus 0,175 - 0,450
Timol Escherichia. coli 0,225 - 0,45
Staphylococcus aureus 0,140 - 0,225
Bacillus cereus 0,450
Eugenol Escherichia. coli 1,0

Od svih nacina interakcije spojeva eteri¢nih ulja, najpozeljnija je sinergija poput one izmedu karvakrola i p-cimena,
koji ima slaba antimikrobna svojstva te olaksava ulaz karvakrola u stanicu bubrenjem stjenke B. cereus (Ultee i
sur. 2000). Timol i karvakrol mogu djelovati sinergicki i antagonisti¢ki, ovisno o tome u kojim eteri¢nim uljima se
nalaze te inhibiraju rast Staphylococcus spp., Micrococcus spp., Bacillus spp. i Enterobacter spp. Takoder kombinacija
karvakrola i eugenola djeluje sinergicki i antagonisti¢ki prema E. coli, S. aureus i B. cereus (Bassolé i Juliani 2012).
Karvakrol i/ili timol takoder djeluju sinergijski s cinamaldehidima stvaraju¢i pore na membranama stanice ¢ime se
olaksa ulaz eteri¢nog ulja u stanice (Shaaban 2020). Sinergija eteri¢nog ulja timijana (Thymus vulgaris L.) i antibiotika
ima inhibicijski u¢inak na sljedece bakterije: E. coli, Salmonella spp. te K. pneumoniae. Takoder je sinergija eteri¢nog
ulja timijana s eteri¢nim uljem origana (Origanum vulgare L.) i ruzmarina u¢inkovito inhibirala rast vrsta B. cereus,
P aeruginosa, E. coli i L. monocytogenes (Macwan i sur. 2016). Ako se primjenjuje zasebno, utjecaj eteri¢nog ulja
timijana na Gram-pozitivne bakterije jaci je nego na Gram-negativne, a prvenstveno djeluju na efluks pumpu i
strukturu lipopolisaharida (Fadli i sur. 2012). Kombinacija eteri¢nih ulja klinc¢i¢a i ruzmarina proizvela je inhibitorni
ucinak prema S. aureus, S. epidermidis, B. subtilis, E. coli, P. vulgaris i P. aeruginosa (Faleiro 2011). U radu Bozin i
sur. (2016) istrazivano je djelovanje etericnog ulja timijana i origana dobivenih vodenom destilacijom (20 i 50 %)
na viSestruko otporne bakterije P. aeruginosa i E .coli. Zabiljezeno je njihovo antibakterijsko djelovanje pri kojem
je inhibicijska zona eteri¢nog ulja timijana za P. aeruginosa bila u rasponu od 12.0+1.41 do 12.2+0.45, dok je za
E. coli iznosila od 21.0+£1.00 do 29.4+0.89. Eteri¢no ulje origana stvorilo je inhibicijsku zonu kod P. aeruginosa u
rasponu izmedu 14.2+0.45 do 20.0+0.71, a kod E. coli 28.0+1.87 do 50.0+0.71. Kombinacija eteri¢nih ulja eukaliptusa
(Eucalyptus globulus Labill.) i paprene metvice (Mentha x piperita L.) povecava efikasnost djelovanja metilparabena
i propilparabena prema P. aeruginosa, a u istom istrazivanju dokazano je da kombinacija eteri¢nog ulja ruzmarina,
paprene metvice i origana povecava aktivnost diazolidinil uree koja se koristi kao ¢esti konzervans u kozmetici
(Patrone i sur. 2010). Antimikrobno djelovanje etri¢nog ulja limuna (Citrus limon (L.) Burm. f.) i ¢ajevca (Melaleuca
alternifolia (Maiden & Betche) Cheel) na P. aeruginosa poja¢ano je u kombinaciji s eteri¢nim uljem ruzmarina i/ili
sintetickim konzervansima (Kunicka-Styczynska i sur. 2011.). Eteri¢no ulje ruze je u in vitro istrazivanjima pokazalo
antimikrobno djelovanje na E. coli, P. aeruginosa, B. subtilis i S. aureus s MIK ve¢ od 0,25 uL/mL (Ulusoy i sur. 2009).
Eteri¢no ulje klinc¢ic¢a i cimetovca (Cinnamomum burmanni (Nees & T.Nees) Blume) koncentracije 40, 20 i 10 % bilo
je u¢inkovito prema K. pneumoniae i E. coli koje produciraju beta-laktamaze prosirenog spektra, sa zonama inhibicije
od 15.0+1.00 do 25.3£0.57 mm (Ginting i sur. 2021). Eugenol i cinamaldehid, koji se nalaze u sastavu raznih vrsta
eteri¢nih ulja, djeluju inhibitorno i na Gram pozitivne bakterije. Eugenol je pokazao inhibitorno djelovanje prema
vrstama L. monocytogenes i L. sakei, dok je cinamaldehid inhibirao rast L. monocytogenes (Gill i Holley 2006).

Zakljucak

Eteri¢na ulja obecavajuca su prirodna sredstva za borbu protiv patogenih bakterija, primijenjena samostalno ili u
kombinaciji s drugim eteri¢nim uljima, sintetickim konzervansima ili aditivima. Svoju primjenu su nasla (ili ¢e
tek nadi) u raznim podru¢jima, od prehrambene industrije preko medicine i poljoprivrede pa sve do kozmeticke
industrije. Ipak, treba istaknuti kako dostupna relevantna literatura uglavnom opisuje in vitro istrazivanja. Iako su in
vitro rezultati pokazali djelovanje na $iroki spektar bakterija, sada predstoji sustavnija provedba in vivo istrazivanja.
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The potential of essential oils in inhibiting the
growth of pathogenic bacteria

Abstract

Essential oils are mixtures of various volatile chemical compounds obtained by distillation and
extraction methods from different parts of plants. Due to their proven antimicrobial and antioxidant
properties, they are widely used in medicine, agriculture, and the cosmetic and food industries. The
antimicrobial effect of essential oils depends on the composition, concentration and interaction of the
chemical compounds of essential oils as well as on the type of microorganism.

This paper provides an overview of the current knowledge about the properties and mechanisms of
action of essential oils on bacterial cells, highlighting their potential use as preservatives in the food
and cosmetic industries.

Keywords: essential oils, antimicrobial activity, pathogenic bacteria, preservatives
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SaZetak

Globalni ucinci klimatskih promjena najizrazenije se ocituju u promjenama hidroloskog ciklusa.
Lanac ,,Od polja do stola® najznacajniji je svjetski potrosac vode, dok podatci UN-ove Organizacije za
hranu i poljoprivredu pokazuju da potrosnja vode za potrebe poljoprvrede raste posljednjih desetljeca
dvostruko brze od rasta stanovnistva. Stoga Europska unija Zelenim planom potice uporabu reciklirane
vode, a financijskim alatima i novim pravnim okvirima nastoji osnaziti otpornost poljoprivrednog
sektora na klimatske promjene te doprinjeti ostvarivanju ciljeva kruznog gospodarstva i odrzivosti. U
ovom radu opisane su smjernice Europske strategije o recikliranju vode, konvencionalne i alternativne
metode procis¢avanja otpadnih voda, kao i rizici kori$tenja reciklirane vode za potrebe navodnjavanja.

Klju¢ne rijedi: recikliranje vode, otpadne vode, navodnjavanje

Uvod

Europski parlament u listopadu 2023. godine amandmanom za Prijedlog direktive Europskog parlamenta i Vije¢a
o proci$¢avanju komunalnih otpadnih voda naglasio je da je voda opce i javno dobro koje kroz svoje tri dimenzije,
drustvenu, gospodarsku i okoli$nu, pripada svima te da je prirodni resurs koji je nuzan, nezamjenjiv i neophodan za
zivot na kojeg svaki ¢ovijek ima pravo (Europski parlament, 2022).

Klimatske promjene podrazumijevaju promjene uobicajnih klimatoloskih i hidroloskih prilika na odredenom
podrudju, a kontinuirani su proces koji se odvija kroz povijest nase planete. No tijekom proteklih desetljeca,
biljeze se intenzivne promjene klimatoloskih i hidroloskih prilika u gotovo svim dijelovima svijeta koje prate do
sada nezabiljezene ekstremne vrijednosti temperatura zraka i koli¢ine padalina, pojave olujnih vjetrova te izrazito
dugih su$nih razdoblja. Znanstvenici iz godine u godinu biljeze i porast prosje¢ne globalne temperature $to rezultira
povecanjem temperatura mora i oceana te podizanjem njihovih razina (United Nations, 2023).

Brzini klimatskih promjena znacajno doprinosti i povecanju koncentracije staklenickih plinova koji se u najve¢im
koli¢cinama u atmosferu ispustaju pri sagorijevanju fosilnih goriva te drugih ljudskih aktivnosti, kao $to je
deforestacija te intenzivna poljoprivreda i stocarstvo. Prema izvje$¢u Svjetske meteoroloske organizacije, tijekom
2022. godine izmjerene su do sada rekordne razine staklenickih plinova. Izvjes¢e naglasava da se koncentracija
ugljikovog dioksida u odnosu na predindustrijsko razdoblje povecala za vise od 50 %, a da se usporavanje trenda
rasta ne nadzire. Takoder su naglasili da ¢e daljnji porast CO, zasigurno za posljedice imati daljnje povecanje
udestalosti pojave ekstremnih vremenskih uvjeta, odnosno pojave ekstremnih vruéina ili poplava, topljenje polarnog
leda, smanjenje bioraznolikosti, pojavu velikih $umskih pozara, gubitke i smanjenje prinosa u poljoprivredi i drugo.
Navodi se i da se, usprkos svim upozorenjima, rezolucijama i dokumentima donesenim proteklih desetljeca, klima
i dalje ubrzano mijenja te da se polovina planeta suocava s pove¢anim brojem poplava, a trecina s ekstremnim
suSama. Svjetska meteoroloska organizacija navodi da uz koncentraciju CO,, ubrzano rastu i koncentracije metana
te spojeva dusikovih oksida (World Meteorological Organization, 2023).

Ipak, uz sve lo$e klimatske pokazatelje, navodi se da podatci pokazuju da mjere zelenih politika, a narucito aktivnosti
koje provodi Europska unija ipak daju rezultate, no da bi se za usporavanje negatvinih klimatskih ucinaka, njihova
primjena morala znacajnije i opseZnije primjenivati na globalnoj razini. Naime, mjerama i zakonskom regulativom
koja ide u smjeru odrzivosti i klimatske neutralnosti, Europa je kao ¢etvrti najveci proizvodac staklenickih plinova,
nakon Kine, SAD-a i Indije, uspjela smanjiti proizvodnju ugljikovog dioksida sa 15,2 % iz 1990. na 7,3 % u 2019.
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godini. Mehanizmi i aktivnosti dodatno su osnazene dono$enjem globalnog Pariskog sporazuma 2015. godine koji je
obvezao 194 drzave potpisnice na smanjenje emisija staklenickih plinova za 40 % ispod razina iz 1990. do 2030. Taj je
cilj dodatno povecan na 55 % do 2030 na konferenciji o klimi u Glasgowu 2021. godine, kojom prilikom je Europska
unija ponovno istaknula svoj cilj klimatske neutralnosti do 2050. godine (European Environment Agency, 2023).
Dodatnu nadu ulijeva istrazivanje Europske komisije o stavovima mladih generacija o klimatskim promjenama
prema kojima vise od devedeset posto mladih prepoznaje klimatske promjene kao klju¢ni problem za budu¢nost
Europe, ali i njihovo zdravlje i dobrobit cjelokupne zajednice (EU Copernicus, 2023).

Europska komisija primjenom smjernica Europskog zelenog plana te promjenama u svim sektorima gospodarstva
u smjeru digitalne i zelene tranzicije Zeli utjecati na postizanje odrzivosti i otpornosti kako bi ostvarila status prvog
klimatski neutralnog kontinenta do 2050. godine, a time i dala doprinos usporavanju rasta prosjecne globalne
temperature koja danas iznosi 0,95 - 1,20 ° C u odnosu na prosjecne globalne tempereture prije industrijske revolucije.
Procjene ukazuju da ¢e se nastavak porasta prosjecne globalne temperature iznimno negativno odraziti na hidroloski
ciklus i rezultirati smanjenjem koli¢ina dostupne vode za 40 % narocito u juznim europskim zemljama, to Ce, osim
nestasica vode uzrokovati i neizbjezne poremecaje u lancu proizvodnje hrane. Izvje$¢e navodi da bi nedostatak vode
u tim razmjerima za posljedicu moglo imati godi$nje gospodarske gubitke i do 190 milijardi eura. Za ublazavanje
svega navedenog, bit ¢e nuzno provoditi zahtjevne i skupe mjere i aktivnosti, stoga je imperativ danasnjice poduzeti
sve kako bi se porast globalne temperature usporio, a prirodni resursi ocuvali i zastitili u najvecoj mogucoj mjeri
(European Union, 2005; International Monetary Fund, 2022).

Globalni ucinci klimatskih promjena najizraZenije se ocituju u promjenama hidroloskog ciklusa, stoga medu
mjerama, aktivnostima i ciljevima, politike i strategije upravljanja i o¢uvanja vodnih resursa zauzimaju vazno mjesto.
U tom smjeru ¢lanice Europske unije poduzimaju intenzivne mjere u cilju promicanja recikliranja vode, odnosno
upotrebe prociséenih otpadnih voda pri cemu je navodnjavanje za potrebe poljoprivrede jedna od najznacajnijih.
Uz racionalno upravljanje vodama, navodnjavanje poljoprivrednih povrsina koristenjem procis¢enih komunalnih
otpadnih voda trebalo bi doprinjeti i smanjenju potreba za koristenjem spojeva dusika i fosfora u poljoprivredi jer
se isti naj¢es¢e nalaze u povisenim koncentracijama u ispusnim vodama uredaja za procis¢avanje otpadnih voda
(European Union, 2023).

Procis¢avanje otpadnih voda

Otpadne vode su vode koje nastaju koristenjem vode u kucanstvima, ugostiteljskim objektima ili industriji, a sadrze
razne otopljene ili suspendirane bioloske i kemijske onecis¢ujuce tvari kao $to su mikroorganizmi, organske tvari,
teski metali, ulja i masti, hranjive tvari i drugo. U svijetu se bez proci$¢avanja ispusta oko 80 % otpadnih voda sto
najées$c¢e uzrokuje negativne ucinke po okolis i zdravlje ljudi, stoga je vazno sustavom javne kanalizacije prikupiti
otpadne vode te ih primjenom fizikalnih, fizikalno-kemijskih, kemijskih i bioloskih procesa pro¢istiti kako bi njihovo
ispustanje bilo $to manje $tetno za okoli$§ (Mishra i sur., 2023).

ey 7

Navodnjavanje poljoprivrednih povrsina procis¢enim otpadnim vodama mora se provoditi sukladno Europskoj
Uredbi (EU) 2020/741 i Direktivi 91/271/EEZ prema kojima se, u cilju postizanja ciljeva kruznog gospodarstva i
promicanja provedbe ponovne uporabe vode, za potrebe navodnjavanja, otpadna voda treba procis¢avati prema
manje ogranic¢avaju¢im zahtjevima za uklanjanje hranjivih tvari. Naime, navodnjavanjem proci§¢enim otpadnim
vodama osiguravaju se dostatne koli¢ine vode, a biljkama osiguravaju i hranjive tvari kojima otpadne vode obiluju
¢ime se u znacajnoj mjeri moze smanjiti ili u potpunosti zamjeniti koristenje umjetnih gnojiva $to ima pozitivne
ucinke i na ekonomicnost poljoprivredne proizvodnje. Navodnjavanjem proci§¢enim otpadnim vodama se takoder
moze i povelati godis$nji prinos zemljista jer se zbog cjelogodis$nje dostupnosti procis¢ene vode, u jednoj godini
mozZe na istom zemljiStu imati vise Zetvi/berbi. Koristenje procis¢ene otpadne vode za navodnjavanje moze imati
posebnu vaznost u podruéjima koje se suoc¢avaju s dugim i ¢estim su$nim razdobljima (Europski parlament, 2023).

Nazalost, podatci navode da se recikliranje vode na razini Europske unije provodi u prosjeku s oko 2,4 % ukupne
procis¢ene gradske otpadne vode. Podatci se razlikuju od ¢lanice do ¢lanice, a najuspjesnije koristenje procis¢enih
otpadnih voda biljezi se u mediteranskim zemljama, pojedine recikliraju i do priblizno 90 % procis¢ene vode
(Cipar), 60 % (Malta) te do 12 % (Italija i Spanjolska). Postoje i primjeri ¢lanica koje ne posjeduju sustave za ponovnu

VeV 7

upotrebu proci$¢ene otpadne vode (Interreg Baltic Sea Region, 2023).

Lazaridou i suradnici (2019) proveli su istrazivanje u Grékoj o spremnosti tamosnjih poljoprivrednika da koriste
procis¢enu otpadnu vodu u svrhu navodnjavanja te utvrdili da je 64,2 % od ispitanih 302 poljoprivrednika spremno
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koristiti pro¢i$¢enu otpadnu vodu. Narocitu spremnost pokazali su oni koji su svjesni njezine dobrobiti za okolis.
Stoga autori naglasavaju da je za povecanje udjela reciklirane vode u svrhe navodnjavanja potrebna dodatna edukacija
i pruzanje pravovaljanih informacija.

Proci$¢avanje otpadnih voda podrazumijeva primjenu fizikalnih, kemijskih, fizikalno-kemijskih i biologkih
postupaka, a proces prociS¢avanja, ovisno o primjenjenim postupcima i uc¢incima proci$¢avanja, dijeli se na
preliminarno (prethodno), primarno, sekundarno, tercijarno i kvartarno procis¢avanje (Slika 1).

vev

Preliminarno (prethodno) procis¢avanje otpadnih voda

vev 1

Preliminarni stupanj proc¢is¢avanja otpadnih voda podrazumijeva mehanicko uklanjanje tzv. grubih cestica ve¢ih
dimenzija koje mogu plutati na vodi, biti dispergirane ili se zbog vece gustole taloze u vodi. Obrada otpadne vode
preliminarnim stupnjem podrazumijeva primjenu grubih (razmak od 50 do 100 mm), srednjih (razmak od 10 do
25 mm) i finih re$etki (razmak od 3 do 10 mm) koje vodu proci$¢avaju tehnikom prosijavanja. Ovisno o razmaku
izmedu $ipki na resetki, u¢inak proci$¢avanja moze biti, ovisno o pojedinom parametru, od 10 do 20 %. U ovom
stupnju prociS¢avanja primjenjuju se postupci izdvajanja masti i ulja pomocu uredaja mastolov te izdvajanje grubih
Cestica pijeska i $ljunka pomocu uredaja pjeskolov (Tedeschi, 1997).

Dodatni u¢inak izdvajanja masti i ulja moze se posti¢i upuhivanjem komprimiranog zraka u mastolove i pjeskolove
pri ¢emu mjehuriéi zraka omogucuju dodatno izdvajanje necistoc¢a na povrsinu vode ili kruzno kretanje vode koje
potpomaze talozenje ¢estica na dno. Uz pjeskolov i mastolov, u ovom stupnju prociS¢avanja moguce je primijeniti i
postupak usitnjavanja Cestica prolaskom otpadne vode preko sjekaca. Smanjenje Cestica necisto¢a doprinosi njihovoj
boljoj razgradnji u sljede¢im postupcima procis¢avanja.

Vedina tehnoloskih linija u ovoj fazi pro¢i$¢avanja otpadnih voda ima moguénost i primjene postupka izjednac¢avanja
(egalizacije) kojim se, kod dotoka povecanih koli¢ina otpadnih voda, voda zadrzava i pomalo upusta u sustav kako
ne bi doslo do naglog razrjedenja organske tvari u otpadnoj vodi, znacajnije promjene pH vrijednosti vode §to
bi rezultiralo padom ucinkovitosti sljede¢ih postupaka, naro¢ito padom ucinkovitosti bioloske faze procis¢avanja
otpadne vode (Tedeschi, 1997; Tus$ar, 2009).

* taloZenje
* isplivavanje

@ * mikrofiltracija
PROCISCAVANIE
OTPADNIH VODA

Slika 1. Metode procis¢avanja otpadnih voda
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vev -

Primarno procis¢avanje otpadnih voda

Primarno proci$¢avanje otpadnih voda podrazumijeva primjenu fizikalnih postupaka procis¢avanja kojima se iz
otpadne vode uklanjaju Cestice organskih tvari ve¢ih dimenzija. Primarno procis¢avanje provodi se primjenom
talozenja u taloznicama gdje nastaje primarni otpadni mulj koji se dalje odvodi na obradu. Uz talozenje, u
taloznicama spori protok vode omogucuje dodatno izdvajanje tvari s manjom gusto¢om od gustoce vode. Pojedine
linije za proci$¢avanje otpadnih voda u ovoj fazi vodu mogu prociséavati i primjenom mikrosita ¢cime se dodatno
smanjuje udio Cestica organskih tvari koje odlaze na sljededi, sekunardni (biologki) stupanj proc¢is¢avanja otpadnih
voda (Tedeschi, 1997; Tusar, 2009).

vev s

Sekundarno procis¢avanje otpadnih voda

Sekundarno proci$¢avanje otpadnih voda podrazumjeva primjenu bioloske mase (mikroorganizme, gljivice,
alge) raspr§ene u vodenom mediju ili u obliku biofilma na nosa¢ima. Mikroorganizmi koji se koriste u ovoj fazi
procis¢avanja mogu biti aerobni, anaerobni ili fakultativno aerobni, stoga je ucestalost i duzina prozracivanja otpadne

ey 7

vode u ovoj fazi pro¢is¢avanja od iznimne vaznosti.

Ukoliko se bioloska masa u ovoj fazi prociS¢avanja otpadne vode nalazi raspr§ena u vodi, tehnologija se naziva
proci$c¢avanje aktivnim muljem, dok u slu¢aju primjene biofilma, ista se primjenjuje prolaskom otpadne vode preko
¢vrstih podloga (pijesak, $ljunak, glina, plasti¢ni materijali) na kojima su mikroorganizmi u obliku biofilma. U ovom
stupnju obrade otopljeneisuspendirane organske tvari koje se nisu izdvojile u prethodnim procesima mikroorganizmi
koriste za svoj metabolizam i razmnozavanje ¢ime se koncentracija organskih tvari u vodi smanjuje. Prozradivanje
u ovoj fazi procis¢avanja vode ima dvojaku funkciju, omogu¢uje metabolizam aerobnih mikroorganizama te
oksidira u vodi prisutne tvari §to dalje doprinosi proci$¢avanju otpadne vode. Prozracivanje vode takoder doprinosi
uklanjanju hlapljivih tvari iz vode kao $to su sumporovodik i amonijak te drugi, odnosno neugodnih mirisa koje

njihova prisutnost u vodi uzrokuje.

NV 7

Sekundarno proci$¢avanje otpadnih voda moze zavrsiti sporim protokom vode kroz sekunadrni taloznik, a ukoliko
postoji moguénost pozeljno je sekundarnu obradu zavrsiti prozra¢ivanjem vode u tzv. oksidacijskim (stabilizacijskim)
bazenima ili lagunama izvedenim u obliku pli¢ih zemljanih bazena gdje se odvijaju prirodni procesi procis¢avanja
otpadnih voda algama i bakterijama (Tedeschi, 1997; Tusar, 2009).

vev

Tercijarno procis¢avanje otpadnih voda

Tercijarno proci$¢avanje otpadnih voda podrazumijeva primjenu pojedinih fizikalnih, kemijskih ili dodatnih
bioloskih procesa, odnosno njihovih kombinacija u cilju uklanjanja hranjivih tvari (spojevi dusika i fosfora),
mikroorganizama, pojedinih po okoli$ i ljude stetnih kemijskih tvari te zaostale organske tvari. Primjena tercijarne
obrade nuzna je i kada se otpadna voda ispusta u prijemnik u kojem bi povi$ene koncentracije harnjivih tvari mogle
uzrokovati ili pospjesiti eutrofikaciju te manjak kisika i slicne nepozeljne procese koji narusavaju kvalitetu vode.

Od fizikalnih postupaka, u tercijarnom stupnju proci$¢avanja otpadne vode najcescée se koristi membranska filtracija
primjenom polupropusnih sintetickih membrana kojima se iz vode mogu ukloniti spojevi dusika i fosfora, mutnoca,
otopljene soli, mikororganizmi te druge toksi¢ne organske tvari poput spojeva benzena, pesticidi, teski metali i
sli¢no, adsorpcija na aktivnom ugljenu kojom je moguce ukloniti kemijske tvari koje uzrokuju pojavu neugodnih
mirisa te organske spojeve iz skupine pesticida, fenola i sli¢no te klasi¢na pje$¢ana filtracija kojima se iz vode
uklanjaju zaostale flokule, talozi i zaostale Cestice organskih tvari. Kemijski postupci u tercijarnoj obradi otpadnih
voda podrazumijevaju doziranje pojedinih kemikalija koje ¢e uzrokovati kemijske reakcije i nastanak novih spojeva
(najcesce taloga) kojima se iz vode uklanjaju zaostale nepozeljne kemijske tvari poput fosfata, Zeljeza, mangana i
slicno (Tedeschi, 1997; Tusar, 2009).

U kemijske postupke ubrajamo i postupke neutralizacije kada je cilj doziranjem kemikalija pH vrijednost izlazne
vode dovesti u poducje izmedu pH 6 i 8. Medu fizikalnim i kemijskim procesima koji se provode u tercijarnoj obradi
su i postupci dezinfekcije kojima se smanjuje broj mikroorganizama u izlaznoj vodi i otpadnom mulju. Od fizikalnih
postupaka dezinfekcije mogu se primijeniti membranska filtracija, UV zracenje te toplina, dok se medu kemijskim
potupcima najcesce primenjuje doziranje preparata na bazi klora ili se provodi doziranjem ozona (Zagklis i Bampos,
2022).
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Tercijarno procis¢avanje otpadnih voda bioloskim postupcima najcesce se primjenjuje za uklanjanje spojeva dusika
i fosfora, odnosno amonijaka, nitrata i nitrita te organskih fosfatnih estera, fosforata, polifosfata i ortofosfata. Proces
uklanjanja spojeva dusika odvija se kroz oksidaciju amonijaka do nitrita (nitrifikacijom) odnosno redukcijom nitrita
do plinovitog dusika (denitrifikacijom). Navedene bioloske procese moguce je provoditi primjenom autotrofnih
aerobnih bakterija, fakultativno anaerobnim bakterijama za procese nitrifikacije i denitrifikacije, odnosno primjenom
aktivnog mulja obogacenog polifosfat akumuliraju¢im organizmima za biolosko uklanjanje spojeva fosfora (Tuti¢ i
sur. 2021).

vev -

Kvartarno procis¢avanje otpadnih voda

Najnovija znanstvena istrazivanja ukazuju da otpadne vode procis¢ene primjenom preliminarnog, prvog, drugog i
treceg stupnja, Cesto i dalje sadrze tzv. mikrooneci$¢ujuce tvari koje potje¢u od sredstava za ¢iscenje, farmaceutskih,
kozmetickih i higijenskih preparata te cestice mikroplastike i nanoplastike. Prisutnost navedenih tvari narocito
predstavlja problem ukoliko se prociS¢ena otpadna voda reciklira. Stoga Europska komisija u svojim nedavno
objavljenim dokumentima naglasava potrebu uvodenja kvartarnog stupnja procis¢avanja otpadnih voda cijom
primjenom bi se navedene problemati¢ne komponente, primarno organske mikrooneciS¢ujuce tvari opasne
za zdravlje populacije i okolis, uklonile iz vode u skladu s EU Direktivom 2000/60/EZ i Okvirnom direktivom o
vodama, a na temelju nacela predostroznosti kojim bi bilo zajamceno brzo djelovanje u identificiranom trenutku
moguce opasnosti za zdravlje ljudi i Zivotinja te okoli$ (Europski parlament, 2023).

Prema usvojenoj dopuni Prijedlogu direktive Europskog parlamenta i Vije¢a o procis¢avanju komunalnih otpadnih
voda iz listopada 2023. godine, uredaji za procis¢avanje otpadnih voda koji prikupljaju otpadnu vodu s podrucja
koje broji > 150.000 ES trebali bi osigurati mogu¢nost kvartarnog proci$¢avanja otpadnih voda u cilju uklanjanja
mikroonecis¢ujucih tvari jer navedeni sustavi u okoli§ ispustaju njihove znacajne koli¢ine. Kod uredaja za
proci$¢avanje otpadnih voda manjih kapaciteta, kvartarni stupanj proc¢i$¢avanja treba primijeniti ukoliko procjene
donesene na temelju jasno definiranih parametara ukazu na znac¢ajnu moguénost pojave mikroonecis¢ujucih tvari u
proci$¢enim otpadnim vodama ili nedovoljan kapacitet razrjedenja vodnog tijela u koje se procis¢ene vode ispustaju.
Za uvodenje kvartarnog stupnja, Europska komisija predvida prijelazno razdoblje od 15 godina od dana donosenja
Uredbe kako bi se osigurala financijska sredstva za investicije u nove tehnologije i potrebnu opremu. Europska
komisija takoder istice da je prethodno potrebno utvrditi popis te analiticke metode kojima bi se mogla utvrditi
prisutnost i pratiti u¢inkovitost njihova uklanjanja (Europski parlament, 2023).

Do danas su uc¢inkovitost pri uklanjanju mikroonecis¢ujucih tvari te mikroplastike i nanoplastike iz vode pokazale
metode dodatne koagulacije, membranske filtracije (reverzna osmoza), magnetska separacija, fotodegradacija,
napredni oksidacijski procesi, postupci bioloske i mikrobioloske razgradnje i sli¢cno (Massima Mouele i sur., 2021;
Gao i sur., 2022).

vev -

Alternativne metode procis¢avanja otpadnih voda

U alternativne metode proci$¢avanja otpadnih voda ubrajaju se proc¢is¢avanje otpadnih voda biljnim uredajima te
procis$c¢avanje otpadnih voda membransko-bioloskim reaktorima. Membransko-bioloski reaktori (MBR) su uredaji u
kojima se biologko procis¢avanje otpadnih voda provodi djelovanjem mikroorganizama, a potom se mikroorganizmi i
ostatci oneci$¢ujucih tvari od vode razdvajaju visokoselektivnim polupropusnim membranama. Navedeni postupak
narocito je pozeljan kada se Zeli posti¢i visoka kvaliteta prociS¢ene vode. Biljni uredaji podrazumijevaju tehniku
proci$¢avanja kojom se otpadna voda ucinkovito procis¢ava na ekoloski prihvatljiv na¢in primjenom mocvarnih
biljaka zasadenih u plitkim betonskim spremnicima. Moc¢varne biljke (rogoz, $as, trska, vodena leca i sli¢ne) sade
se u bazene ispunjene poroznim materijalom, a otpadna voda se nakon mehanicke obrade (resetanja) upusta u
bazene gdje se fizikalnim postupcima (prolazak vode kroz porozne podloge), kemijskim reakcijama oksidacije i
redukcije koje se odvijaju pod utjecajem zraka, odnosno u slojevima podloga bez zraka, te bioloskim postupcima
(mikroorganizmi koji se nalaze na biljkama i u sustavu korijenja mocvarnih biljaka) procis¢ava do visoke Cistoce
uz minimalne ekonomske troskove. Otpadne vode procis¢ene s navedene dvije alternativne metode iznimno su
pogodne za navodnjavanje jer su najcesce vrlo visoke kvalitete (Ani¢ Vucini¢ i Ruzinski, 2010; Pervez i sur., 2020;
Vymazal i sur. 2021).
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Rizici koristenja otpadnih voda za navodnjavanje

Koristenje proci$¢enih otpadnih voda u poljoprivredi pozeljno je zbog kontinuirane dostupnosti vode te prisutnosti
hranjivih tvari (spojeva fosfora i dusika) te organskih tvari u vodi koji, koristenjem vode za navodnjavanje, obogacuju
tlo.

Ipak, kori$tenje procis¢ene otpadne vode za navodnjavanje nosi odredene rizike i opasnosti po ljudsko zdravlje
i okolis. Naime, otpadne vode, narocito ukoliko tijekom procesa proci$¢avanja ne prolaze dezinfekciju, sadrze
mikroorganizmekoji mogu izazvatibolesti poput crijevnih viroza, hepatitisaisli¢no. Stoga je, za sigurno navodnjavanje
poljoprivrednih povrsina, vazno znati mjesto i na¢in primjene reciklirane vode te njen mikrobioloski sastav i vrijeme
prezivljavanja u vodi prisutnih mikroorganizama na biljkama i na tlu. Najve¢i je rizik za ljudsko zdravlje ukoliko se
navodnjavanje provodi proc¢i§¢enim otpadnim vodama koje sadrze helminte i patogene bakterije. Ispitivanjima je
utvrdeno da je prezivljavanje mikroorganizama duze na tlu nego na biljkama (Tedeschi, 1997). Prosje¢no vrijeme
prezivljavanja za pojedine skupine mikroorganizama prikazano je na Slici 2.

VIRUSI PROTOZOE

20 dana 10 dana

Slika 2. Prosjecno vrijeme prezivljavanja pojedinih mikroorganizama prisutnih u otpadnim vodama

ey 1

Rizik koristenja procis¢enih otpadnih voda ovisi o uvjetima u kojima otpadne vode nastaju (mjesanje s industrijskim
i drugim opterecenim otpadnim vodama) te o primjenjenom stupnju procis¢avanja. Stoga, prilikom izrade
planova recikliranja voda, iste primarno treba imati u vidu. Tako na primjer, nakon primarnog stupnja obrade
otpadnih voda, u vodi zaostaje i do 70 % suspendiranih krutih tvari kao $to su pijesak te masti i ulja, visoki udjeli
patogenih i nepatogenih mikroorganizama, organskih i hranjivih tvari ¢ije bi ispustanje u znacajnoj mjeri opteretilo
poljoprivredne povrsine te u pitanje dovele sigurnost navodnjavanih kultura i njihovih plodova, odnosno osoba
koje dolaze u dodir ili konzumiraju takve plodove. Navedeni rizici mogu se u znacajnoj mjeri smanjiti ukoliko
se za navodnjavanje koristi otpadna voda prociS¢ena tercijarnim i/ili kvartarnim stupnjem uz obveznu primjenu
dezinfekcijskog postupka. Sigurnost primjene proci$¢ene otpadne vode za navodnjavanje dodatno se moze posti¢i
i primjenom digitalnih alata kojima je moguce trenutno i kontinuirano mjerenje kemijskog sastava otpadnih voda.

Yoy 7

Kako bi se procis¢ena otpadna voda mogla koristiti u svrhu navodnjavanja vazno je utvrditi sljedece: (a) postoji
li rizik za zdravlje ili okoli§ u smislu pojave eutrofikacije, (b) udovoljava li voda zahtjevima utvrdenima u Uredbi
(EU) 2020/741, (c) utvrditi uskladenost koncentrcija mikrooneéis¢ujuéih tvari, mikroplastike i nanoplastike s
preporukama, (d) utvrditi da minimalni ekoloski protok prihvatnih vodnih tijela nije ugrozen i (e) postojojanje
dovoljnog kapaciteta za proc¢i$¢avanje ili skladistenje svih dolaznih komunalnih otpadnih voda za razdoblja u kojima

se komunalne otpadne vode ne upotrebljavaju za navodnjavanje (Europski parlament, 2023).

Uz zdravstvene i okoli$ne rizike, potrebno je napomenuti da upotreba reciklirane vode nosi i ekonomske rizike.
Qin i Horvath (2020) navode na primjeru Kalifornije da bi navodnjavanje recikliranom vodom uz mije$anje s
oborinskom vodom moglo povecati udio alternativne upotrebe vode u navodnjavanju poljoprivrednih zemljista
s trenutnih 0,82 % na 5,4 %. No, autori naglasavaju da bi upotreba reciklirane vode povecala godi$nje troskove
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prociS¢avanja otpadnih voda za 900 milijuna dolara $to bi se neminovno odrazilo i na cijenu poljoprivrednih kultura
i prehrambenih proizvoda dobivenih uz navodnjavanje recikliranom vodom. Takoder navode da ¢e recikliranje vode
neizbjezno pratiti i pove¢anje ukupnih emisija stakleni¢kih plinova u sektoru procis¢avanja komunalnih otpadnih
voda.

Zakljucak

Za potrebe poljoprivrede odlazi 70 % slatke vode koja se svakodnevno crpi iz vodnih tijela, a UN-ova Organizacija za
hranu i poljoprivredu navodi da se u posljednjih 30 godina proizvodnja hrane povecala za vise od 100 % $to se odrazilo
i na potro$nju vode za potrebe poljoprivrede. Navodnjavanje je osnovni i glavni alat kojim ¢e poljoprivrednici, u
desetlje¢ima koja dolaze, nastojati ublaziti utjecaj klimatskih promjena na vodne sustave i povecati otpornost pri
¢emu je prioritet $to manje zadirati u zalihe prirodnih voda te, u skladu s zelenim politikama, pri navodnjavanju
korisiti obnovljive izvore energije i recikliranu vodu.

Otpadne vode smatraju se znac¢ajnim budué¢im izvorom vode za potrebe poljoprivrede, naruéito u zemljama koje ve¢
sada pogadaju Cesta su$na razdoblja. Koristenjem reciklirane vode dobivene pro¢is¢avanjem otpadnih voda, moguce
je rijesiti probleme nestasice vode, a istovremeno osigurati pouzdan i siguran izvor vode.

Uspje$na upotreba reciklirane vode za potrebe navodnjavanja se provodi u nekoliko zemalja Europske unije medu
kojima prednjace zemlje na Mediteranu, Cipar, Malta te Spanjolska i Italija.

Europska komisija odlu¢na je poticati i promicati koristenje procis¢ene otpadne vode u poljoprivredi, a Uredbom o
minimalnim zahtjevima za ponovnu upotrebu vode u poljoprivrednom navodnjavanju iz lipnja 2020. te dopunama
Prijedloga direktive Europskog parlamenta i Vije¢a o procis¢avanju komunalnih otpadnih voda iz listopada 2023.
godine postavlja temelje za olaksavanje ponovne upotrebe vode u cijeloj Europskoj uniji, ali definira i tehnoloske
kriterije na temelju kojih ¢e primjena reciklirane vode biti sigurna i uz najmanje rizike za zdravlje ljudi i okolis.
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Recycled water and agriculture - solution or
problem?

Abstract

The global effects of climate change have a strong and negative impact on the hydrological cycle.
According to the UN Food and Agriculture Organization, water consumption for agricultural purposes
has been growing twice as fast as population growth in recent decades. Therefore, the European Union
via the Green Deal, i.e. legislation and financial tools, encourages the use of recycled water for the
purpose of irrigation in order to strengthen the agricultural sector’s resistance to climate change and
contribute to achieving the goals of circular economy and sustainability. This paper describes the
current European Strategy for water recycling and its usage for irrigation. Conventional methods for
wastewater purification are described, as well as risks of recycled water usage for irrigation.

Keywords: water recycling, wastewater, irrigation
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SaZetak

Makrofiti su ¢esto glavna komponenta akvati¢nih ekosustava i vazna karika u lancu prehrane. Ove biljke
osiguravaju stani$te mnogim beskralje$njacima (zooplankton) i drugim Zivotinjskim organizmima.
Vodeni ekosustavi su ugrozeni zbog ljudskih aktivnosti, klimatskih promjena, a znacajne Stete dolaze i
zbog pojave invazivnih vrsta. lako makrofiti mogu ¢initi ekoloski problem zbog masovne pojave, mogli
bi pozitivno utjecati na poljoprivrednu proizvodnju: kao gnojivo, kompost, fitoremediatori, biomasa
za biogoriva i drugo.

Klju¢ne rijedi: stajadice, makrofiti i njihov znacaj

Uvod

Rijeka Drava, ukupne duzine 725 km, izvire u Italiji, a prolazi kroz Austriju, Sloveniju, Madarsku i Hrvatsku.
Nekadasnji dijelovi rijeke koji su sada potpuno ili djelomi¢no odvojeni od glavnog toka korita nazivaju se mrtvice. U
tim dijelovima voda gotovo da ne tece. Mrtvice kao poseban oblik stanista doprinose bioraznolikosti. Nema stvaranja
novih mrtvica, te njihov broj opada. Razlog tomu je kanaliziranje i utvrdivanje rijeke, te mnogi agrikulturni zahvati
(Egertson i sur., 2004), $to u konac¢nici dovodi do manje bioloske raznolikosti prostora uz rijeku.

Makrofiti su biljke razli¢itih vodenih ekosustava (jezera, mocvare, potoci, rijeke), rastu djelomi¢no ili potpuno u
vodi, ukorjenjuju se ili slobodno plutaju. Makrofite dijelimo na potopljene, plutajuce i izranjajuce. To su biljke ¢iji se
zivotni ciklus potpuno ili periodicki odvija u vodenom okruzenju i rasprostranjene su u cijelom svijetu (Lesiv i sur.,
2020). Sposobne su rasti i razmnozavati se i u vodenom i kopnenom okruzenju. Prozirnost vode i koli¢ina hranjivih
tvari utje¢u na pojavu makrofita (Bornette i Puijalon, 2009). Op¢enito koloniziraju plitke ekosustave gdje utjeu na
ekoloske procese. Makrofiti i kemija vode usko su povezani, odnosno prisutni makrofiti i njihova koli¢ina ovise o
kemijskim svojstvima vode (Lukacs i sur., 2011). Izostanak makrofita ukazuje na problem kvalitete voda. Ove biljke
utje¢u na kruzenje hranjivih tvari (Camargo i sur., 2003; Pott i Pott, 2003; Zelnik i sur., 2022) i na nekoliko drugih
fizikalno-kemijskih svojstava kao $to su: pH i alkalnost koji mogu biti rezultat njihovog metabolizma (Caraco i
Cole, 2002), zatim na prijenos kemijskih elemenata iz sedimenta u vodu, te oslobadanje P i N koje mogu koristiti
mikroalge i bakterije. Makrofiti su uz alge vazan izvor hrane za vodene organizme zbog velike proizvodnje biomase.
Izvor su organske tvari za vodene biljojede (Poi de Neift i Casca, 2003; Mormul i sur., 2013). Primarni su proizvodac
kisika putem fotosinteze i osiguravaju utociste mnogim beskraljesnjacima. Pored toga, povecavaju heterogenost
stani$ta vodenih ekosustava, utjeCu na brojnost zivotinja kojima osiguravaju staniste (Bakker i sur., 2013; Palmik,
2017) i bioraznolikost. Oni su bioindikatori kvalitete vode, jer su osjetljivi na kemijske, fizicke i hidroloske promjene
u vodi. Neki makrofiti imaju moguénost akumulirati teske metale iz vodene sredine, pesticide (Alencar i sur., 2020)
uklju¢ujudi i herbicide kao glifosat (Poveda, 2022) te antibiotike koristene u veterinarske svrhe (Xian i sur., 2010).
Koriste se i za zelenu gnojidbu, a korist toga ogleda se u boljem rastu biljaka, toleranciji na abioticki stres, obrani
od patogena i Stetnika. Prema Shukla i suradnicima (2020.) kompost nacinjen od pripadnika roda Typha utjece
na rast biljaka te povecanje fotosintetske aktivnosti. Kompost povoljno utjece na strukturu i biologiju tla te na
povecanje dobrih bakterija u tlu (Matsuoka i sur., 2020). Makrofiti imaju vaznu ulogu u odrzavanju ¢istoce vode,
odnosno vazna su komponenta u o¢uvanju zdravlja ekusustava (Hamabata i Kobayashi, 2002). Bogatstvo vrsta ovisi
o antropogenim faktorima. Faktor koji utjeCe na zajednicu makrofita je i visina vode koja je pod antropogenim
utjecajem (hidromelioracije).
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Materijal i metode

Istrazivanje je obuhvatilo pet lokacija (Kriznica, Graba, Neteca, Liman, Budakovacka bara) u Viroviticko-podravskoj
zupaniji na potezu od 171-104 rije¢nog km tijekom ljetnih mjeseci 2021. godine. Biljne svojte determinirane su
pomocu standardnih kljuc¢eva te je nomenklatura uskladena prema Nikoli¢ (2019.). Floristickim istrazivanjem
determinirane su biljne svojte koje su karakteristi¢ne za prepoznavanje stani$nih tipova. Svi makrofiti determinirani
su do taksonomske razine vrste, a Typha i Sparganium do roda. Florni elementi odredeni su prema Horvati¢ (1963) i
Trinajsti¢ (1986): kozm - kozmopoliti, eur - euroazijski florni element, subeur - subeuroazijski florni elementi, cirk
— cirkumholarktic¢ki florni elemenet, subcirk - subcirkumholarkticki florni element i subse — subsrednjoeuropski
florni element. Zivotni oblici odredeni su prema Pignatti (1982) i Raus i Segulja (1983): H - hidrofiti i G - geofiti.

Rezultati i rasprava

Na istrazivanom podrucju utvrdeno je 17 makrofita koji su razvrstani u 13 porodica (Tablica 1.), a 13 svojti prisutno
je na svim lokalitetima. Hidrofitima pripada 71 % svojti dok 29 % svojti pripada geofitima. Kozmopoliti, odnosno
biljke Siroke rasprostranjenosti (35 %) su najzastupljenije. Iza njih dolaze biljke koje pripadaju euroazijskom flornom
elementu (23 %) te biljke cirkumholarkticke rasprostranjenosti (17 %). Ostali florni elementi zastupljeni su u manjem
udjelu. Dominiraju dvosupnice (59 %), a jednosupnice su zastupljene u manjem obimu (41 %).

Vrsta Ceratophyllum demersum L. je potopljeni makrofit koji cvate ispod vode. Iznad vode cvatu Myriophyllum
spicatum L., Potamogeton lucens L. 1 Potamogeton perfoliatus L., dok su Potamogeton lucens i P. perfoliatus indikatori
su Cistih voda. Plutajuce listove imaju Nuphar lutea (L.) Sm., Nymphaea alba L., i Nymphoides pelata (S. G. Gmel.)
Kuntze. Uz rubove rijeka javljaju se Nuphar lutea i Nymphaea alba koje ¢ine jednu od najces¢ih zajednica vodenih
vegetacija u nasoj zemlji. Nymphoides pelata dobro podnosi gubitak vode. Njegova brojnost vremenom opada zbog
antropogenih utjecaja. Makrofitima ¢iji listovi izlaze iz vode pripadaju Hippuris vulgaris L. i Sparganium sp. Slobodno
plutaju¢i makrofiti su Lemna minor L., Lemna trisulca L., Hydrocharis morsus-ranae L., Salvinia natans (L.) All. i

Spirodela polyrhiza (L.) Schleid.

Lemna minor i Lemna trisulca zastupljene su na svim lokalitetima, ali L. minor dominira u ljetnim mjesecima u
kojima je istrazivanje i obavljeno.

Vodeni makrofiti prema Nacionalnoj klasifikaciji stanista pripadaju vegetaciji slobodno plivaju¢ih flotalnih i
submerznih hidrofita (A 3. 2.), zakorijenjenoj vodenjarskoj vegetaciji (A 3. 3.) te tr§¢acima i rogozici (A 4. 1.).

Slobodno plivajuci flotalni i submerzni makrofiti su Lemna minor, Lemna trisulca, Spirodela polyrhiza i Salvinia
natans. Uz rubove vodenih povrsina prevladava Hydrocharis morsus-ranae, Spirodela polyrhiza, Salvinia natans i
Myriophyllum spicatum.

Zakorijenjenu vodenjarsku vegetaciju ¢ine biljke koje su ukorijenjene u dno, a listovi i cvjetovi im plutaju na povrsini
vode ili str$e u zrak. To su npr. Nymphaea alba, Nuphar lutea, Myriophyllum spicatum i Ceratophyllum demersum.

Potamogeton perfoliatus i Potamogeton lucens su submerzni hidrofiti ¢iji cvatovi izviruju iznad povrsine vode.

Tablica 1. Popis i osnovna obiljezja biljaka

Latinski naziv Porodica Morfotip Zivotni oblik Florni element
Nymphaea alba Nymphaeaceae D H Subse
Nuphar lutea Nymphaeaceae D H Eur
Myriophyllum Haloragaceae D H Subcirk
spicatum

Ceratophyllum Ceratophyllaceae D H Kozm
demersum

Lemna minor Lemnaceae M H Kozm
Lemna trisulca Lemnaceae M H Kozm
Spirodela poyrhiza Lemnaceae M H Kozm
Salvinia natans Salviniaceae D H Cirk
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Hydroharis morsus- Hydrocharitaceae M H Eur
rane

Mentha aquatica Lamiaceae D G Eur
Sparganium sp. Sparganiaceae M G Subeur
Phragmites australis Poaceae M G Kozm
Potamogeton Potamogetonaceae D H Cirk
perfoliatus

Potamogeton lucens Potamogetonaceae D H Cirk
Typha sp. Typhaceae M G Kozm
Nymphoides peltata Menyanthaceae D H Eur
Hippuris vulgaris Hippuridaceae D G Subcirk

D-dvosupnice; M-jednosupnice; H-hidrofiti; G-geofiti; kozm - kozmopoliti; eur - euroazijski florni element; subeur -
subeuroazijski florni elementi; cirk - cirkumholarkticki florni elemenet; subcirk - subcirkumholarkticki florni element; subse
- subsrednjoeuropski florni element

Trscaci i rogozici prepoznatljivi su po makrofitskoj vegetaciji koju ¢ine biljke koje rastu uz rubove stajac¢ih voda:
Phragmites australis (Cav.) Trin. ex Steud., Mentha aquatica L. i Typha sp. Pod vodom je korijenov sustav i podanak
koji sprje¢avaju eroziju (Preininger i sur., 2018). Prisutnost Phragmites australis i Typha sp. zabiljezena je na svim
istrazivanim lokalitetima. To su pozeljne biljke jer imaju sposobnost akumulacije niskih koncentracija Cd i Pb
(Borowiak i sur., 2016). Osim toga, tré¢aci su vazno gnjezdiste za ptice.

Lokaliteti Kriznica i Graba nalaze se s lijeve strane rijeke Drave. Na tim lokalitetima, zbog pada vode u Dravi, dolazi do
zarastanja i smanjenja vodene povrsine. Ovdje se javljaju sljedece vrste: Nymphaea alba, Nuphar lutea, Myriophyllum
spicatum, Ceratophyllum demersum, Lemna minor, Lemna trisulca, Spirodela poyrhiza, Salvinia natans, Hydroharis
morsus-rane, Mentha aquatica, Sparganium sp., Phragmites australis, Potamogeton perfoliatus, P. lucens i Typha sp.

Nizvodno od 140 rkm nalaze se Nete¢a i Liman u blizini naselja Detkovac. Na ta dva lokaliteta prevladavaju slijedece
biljne vrste: Nymphaea alba, Nuphar lutea, Nymphoides peltata, Myriophyllum spicatum, Ceratophyllum demersum,
Lemna minot, Lemna trisulca, Spirodela poyirhiza, Salvinia natans, Hydroharis morsus-rane, Mentha aquatica,
Sparganium sp., Phragmites australis i Typha sp.

Budakovacka bara je povr$inom veéa od prethodno istrazenih lokacija. Od vodene vegetacije najcesée vrste su
Nymphaea alba, Nyphar lutea, Nymphoides peltata, Myriophyllum spicatum, Ceratophyllum demersum, Lemna minor,
Lemna trisulca, Spirodela polyrhiza, Salvinia natans, Hydroharis morsus-rane, Hippuris vulgaris, Mentha aquatica,
Sparganium sp., Phragmites australis i Typha sp.

Istrazivanja provedena u sjeveroisto¢nom dijelu Slovenije uz rjeku Dravu (Zelnik i sur., 2022) pokazuju da prisutnost
nekih invazivnih biljnih vrsta nije utjecala na prisutnost i pokrovnost hidrofita na tom podrudju.

Zakljucak

Makrofiti su vazni vodeni organizmi stanista koji utje¢u na sastav faune, brojnost i raznolikost zivotinja, dostupnost
hrane i sklonista te povecavaju heterogenost stani$ta. Navedeni makrofiti nastanjuju botanicki vazna podrucja
Hrvatske. Pravilno upravljanje ovakvim ekosustavima i monitoring vazne su mjere oCuvanja i obnove prirodnih
stani$ta i makrofitske vegetacije. Pli¢i dijelovi mrtvica u potpunosti su prekriveni vodenom vegetacijom. Na mrtvicama
koje su okruzene poljoprivrednim povrsinama zamijecena je ubrzana eutrofikacija. Evidentan je utjecaj covjeka, to
su omiljena mjesta medu ribi¢ima, kupalista i vikendice. Mnogi znanstveni i stru¢ni radovi govore o benefitima ovih
biljaka koje bi mogle znacajno pridonijeti poljoprivrednoj proizvodnji na nac¢in da utje¢u na pobolj$anje strukture
tla te kao gnojivo za povecanje prinosa. Ove biljke mogle bi utjecati i na smanjenje ugljicnog otiska te tako doprinijeti
ublazavanju klimatskih promjena. Isto tako, vazno je prepoznati invazivne vrste kako bi se smanjila opasnost od
njihova Sirenja.
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Flora of macrophytes of Drava oxbow lakes in the
area of Virovitica-podravina county

Abstract

Macrophytes are often the main component of aquatic ecosystems and an important link in the food
chain. These plants provide a habitat for many invertebrates (zooplankton) and other animal organisms.
Aquatic ecosystems are threatened due to human activities, climate change, and significant damage is
also caused by the appearance of invasive species. Although macrophytes can be an ecological problem
due to their mass occurrence, they could have a positive effect on agricultural production: as fertilizer,
compost, phytoremediators, biomass for biofuels and more.

Keywords: oxbow lakes, macrophytes and their importance
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SaZetak

Cilj rada je istraziti misljenje stoc¢ara o uzajamnom fondu kao inovativnom alatu za upravljanje rizikom.
Istrazivanje je provedeno medu ¢lanovima Udruge Baby Beef. Anketni upitnik imao je nekoliko grupa
pitanja: podaci o poljoprivrednom osiguranju; misljenje o uzajamnom fondu; sociodemografski podaci
i podaci o gospodarstvu. Prikupljeni podaci analizirani su deskriptivnom statistikom. U uzorku su
ispitanici pretezno muskog spola (80%), u dobi izmedu 40 i 49 godina (33%) i najviSe sa zavrSenom
srednjom $kolom (43%). Polovica ispitanika primijenjuje osiguranje Zzivotinja. Nadalje, rezultati
pokazuju kako 70 % ispitanika smatra da je uzajamni fond dobra strategija za upravljane rizikom na
gospodarstvu. Kao osnovna prepreka implementaciji uzajamnog fonda navodi se manjak informacija
o uzajamnom fondu.

Kljucne rijeci: stocarstvo, uzajamni fond, upravljanje rizikom

Uvod

Stocarska proizvodnja u Hrvatskoj je u padu. Broj goveda u 2022. prema podacima DZS-a je u padu u odnosu na
2021. godinu za 1,34 %. U 2022. ukupan broj goveda je preko 421 tisu¢u grla, dok je u 2021. broj grla bio preko 427
tisuca. Na stocarsku proizvodnju utje¢u razni rizici. Prema Chand i sur. (2018) rizici u stocarstvu su vezani uz sam
uzgoj stoke (primjerice pojava bolesti, uginuca i loa kvaliteta hrane), zdravlje Zivotinja, trziste, ali i rizici vezani uz
politiku i promjene zakona. Uz proizvodni rizik, promjene cijena inputa na trzistu, ali i outputa predstavljaju rizik
za stocCare (Meuwissen i sur., 2001).

Poljoprivrednici mogu primjenjivati razne strategije, poljoprivredno osiguranje, diversifikaciju proizvodnje ili izvora
prihoda, prikupljanje informacija, ugovornu proizvodnju i sli¢no (Njavro i Cop, 2021). Takoder, bankoosiguranje
moze predstavljati vazni eksterni instrument za upravljanje proizvodnim, financijskim i cjenovnim rizicima
(Ivanovi¢ i Markovi¢, 2018). Meuwissen i sur. (2001) vaznim strategijama u sto¢arstvu navodi proizvodnju s niskim
troskovima, ugovaranje osiguranja, primjena strogih zoohigijenskih pravila, a najmanje vaznim smatraju off-farm
posao ili posao koji nije vezan uz gospodarstvo, te terminske ugovore i opcije.

Europska komisija veliku paznju posvecuje upravljanju rizikom. U proslom programskom razdoblju kroz Europski
fond za ruralni razvoj (EFRR) financirane su tri podmjere, poljoprivredno osiguranje, alat za stabilizaciju dohotka
i uzajamni fond. Poljoprivredno osiguranje je u primjeni u svim ¢lanicama EU, dok je alat za stabilizaciju dohotka i
uzajamni fond u primjeni u ponekoj zemlji EU.

U proslosti se uglavnom diskutiralo o zajedni¢kim osiguravaju¢im fondovima koji su bili organizirani na regionalnom
(mikro) nivou i odnosili su se na fondove gdje su se sami poljoprivrednici $titili od vremenskih nepogoda, a osnovni
njihov nedostatak je bio da svi ili ve¢ina poljoprivrednih proizvodaca pretrpe gubitke u isto vrijeme (Markovi¢,
2013). S druge strane, uzajamni fond predstavlja program osiguranja udruzenih poljoprivrednika koji omogucuje
isplatu naknada za materijalne gubitke uzrokovane nepovoljnim klimatskim prilikama, bolestima Zivotinja i biljaka,
najezdom nametnika, okoli$nim incidentom i za znacajan pad u njihovom dohotku (Kristo i sur., 2020). Dodatno,
prema Uredbi (EU) br. 1305/2013 Europskog parlamenta i Vije¢a uzajamni fond se definira kao financijska potpora
poljoprivredniku u slucaju gubitka proizvodnje od 30 %, kada ostvaruje naknadu do 70 % za gubitke uzrokovane
nepovoljnim klimatskim prilikama ili izbijanjem bolesti Zivotinja ili biljaka ili najezdom nametnika ili okoli$nim
incidentom, a koji utjeu na prinose na gospodarstvu, prihode i dohodak (Bergevoet, 2017).
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Primjeri uzajamnih fondova u sto¢arstvu i biljnoj proizvodnji vidljivi su u Austriji, Belgiji, Nizozemskoj, Njemackoj,
Italiji i Francuskoj (Meuwissen i sur., 2013; Bergevoet, 2017; Cordier, 2017).

Prednost uzajamnih fondova je ta da osiguravaju rizike koje nije moguce osigurati klasi¢nim poljoprivrednim
osiguranjem, odnosno sistemske rizike (primjerice cijena), te je trenutno preko EFRR dostupna financijska potpora
za njihovo osnivanje. Nadalje, utje¢u na smanjenje asimetri¢nih informacija i moralnog hazarda, dok se kao izazovi
mogu navesti povjerenje i solidarnost medu ¢lanovima fonda (Bergevoet, 2017).

Cilj rada je istraziti misljenje sto¢ara o uzajamnom fondu kao strategiji za upravljanje rizikom u stocarstvu.

Materijal i metode

Anketno ispitivanje provedeno je na prigodnom uzorku ¢lanova udruge za tov i uzgoj junadi Baby-Beef (u nastavku
Udruga). Udruga Baby Beef ¢ini 90 % sektora tovne junadi u Hrvatskoj.

Udruga broji oko 300 ¢lanova. Svaki proizvodac je telefonski kontaktiran kako bi se objasnilo istrazivanje i zamolilo
za sudjelovanje u istrazivanju. Istrazivac¢ je svakog ispitanika upoznao sa znacenjem i funkcioniranjem uzajamnog
fonda. U konac¢nici, ispitivanje je provedeno na 10 % ¢lanova Udruge, nositelja gospodarstava u srpnju i kolovozu
2023.

Anketni upitnik obuhvacao je pitanja vezana uz zastupljenost osiguranja Zivotinja i biljaka, misljenje i sklonost
ispitanika prema uzajamnom fondu, te socio-demografska pitanja i pitanja o gospodarstvu.

Prikupljeni podaci obradeni su primjenom deskriptivne statistike i linearne regresije, a primjenom statistickog
programa STATA verzija 16.

Rezultati i rasprava
Opis uzorka

Ukupan broj ispitanika je 30 tovljaca junadi. U uzorku prevladavaju muskarci (80 %), u dobnoj skupini od 40 do 49
godina (33 %). Najveci udio ispitanika u uzorku zavrsio je srednju $kolu (43 %) i fakultetsko obrazovanje (37 %). U
najve¢em udjelu (30 %) ispitanici imaju od 10 do 50 grla na gospodarstvu, dok u uzorku nema uzgajiva¢a s manje
od 10 grla na gospodarstvu. Polovica ispitanika se bavi samo tovom junadi, dok druga polovica je s diverzificiranom
proizvodnjom, odnosno tov junadi i uzgoj Zitarica. Vise podataka o opisu uzorka dostupno je u nastavku, u tablici 1.

Tablica 1. Opis uzorka

Naziv varijable Frekvencija Udjel (%)
o Musko 24 80
Spol ispitanika .
Zensko 6 20
Od 18 do 29 godina 1 3
Od 30 do 39 godina 8 27
Dob ispitanika 0Od 40 do 49 godina 10 33
0Od 50 do 59 godina 7 23
Vise od 60 godina 4 13
Osnovna $kola 3 10
Srednja stru¢na sprema 13 43

Razina obrazovanja

Visa stru¢na sprema 3 10
Visoka stru¢na sprema 11 37
10-50 9 30
51-100 5 17
Broj grla na gospodarstvu 101-250 2 7
251-500 7 23
vise od 500 7 23
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Tov junadi 15 50
Osnovna djelatnost na N

Uzgoj Zitarica 0 0
gospodarstvu

Diverzificirana proizvodnja 15 50

Ispitanici u 50 % slucajeva navode kako su primijenili osiguranje Zivotinja, tocnije osiguranje kapaciteta. Ostala
polovica ispitanika kao najcesée razloge zasto ne primjenjuju osiguranje zivotinja navode neisplativost ugovaranja
osiguranja, visoka premija i mala naknada u slu¢aju gubitaka i nepovjerenje u osiguravajuce kuce.

Od polovice uzorka koje osigurava zivotinje, njih 40 % ugovorilo je osiguranje u 2023. godini, dok je 27 % ugovorilo
osiguranje u 2022. i 27 % prije vise od dvije godine, dok je zadnji put ugovorilo osiguranje Zivotinja prije dvije
godine, odnosno 2021. godine, njih 7 %.

Obzirom da se ispitanici bave tovnom junadi ili uzgojem Zitarica i sto¢arstvom, vecina ispitanika (50 %) osigurava
zitarice na gospodarstvu. U najvecem udjelu osigurava se biljna proizvodnja od rizika tuce, oluje i udara groma.

Uzajamni fond

Nakon upoznavanja ispitanika sa uzajamnim fondom, upitalo se ispitanike smatraju li uzjamni fond dobrom
strategijom zastite od rizika. Vise od dvije tre¢ine ispitanika smatra uzjamni fond dobrom strategijom, dok samo 3
% ispitanika istu ne smatra vaznom, dok 27 % ispitanika nije sigurno, $to je prikazano u sljedecoj tablici (Tablica 2).

Tablica 2. Clanstvo u uzajamnim fondovima je dobra strategija zastite od rizika

Frekvencija Udjel (%)
Da 21 70
Ne 1 3
Nisam siguran(a) 8 27
Ukupno 30 100

Vise od polovice ispitanika iskazuje srednju vjerojatnost ¢lanstva u uzajamnom fondu (Tablica 3). Oko 23 %
ispitanika iskazuje kako je mala sklonost ispitanika prema ¢lanstvu, dok 17 % ispitanika iskazuje veliku i izrazito
veliku vjerojatnost ¢lanstva u uzajamnom fondu.

Tablica 3. Vjerojatnost ¢lanstva u uzajamnom fondu

Frekvencija Udjel (%)
Nikakva 2 6,67
Mala 7 23,33
Srednja 16 53,33
Velika 4 13,33
Izrazito velika 1 3,33
Ukupno 30 100

Za potrebe linearne regresije definirana je zavisna varijabla (vjerojatnost ¢lanstva u uzjamnom fondu), te nezavisne
varijable (dob, spol, razina obrazovanja, broj grla na gospodarstvu i osnovna djelatnost na gospodarstvu) (Tablica 4).

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia 59



Session 2 . Agricultural Economics and Rural Development

Tablica 4. Utjecaj izabranih varijabli na vjerojatnost ¢lanstva u uzjamnom fondu

Vjerojatnost ¢lanstva u

uzjamnom fondu Koeficijent Std.Err. t-test Signifikantnost*
Spol 0,043 0,401 0,11 0,915

Dob -0,039 0,177 -2,22 0,036
Razina obrazovanja -0,156 0,216 -0,72 0,477

Broj grla na gospodarstvu 0,222 0,123 1,81 0,083
Osnovna djelatnost na -0,191 0,165 -1,16 0,257
gospodarstvu

Broj opservacija (N) 30

R-squared 0,2598
*p<0,05

Sve varijable prikazane u tablici cetiri su kategoricke. Jaka korelacija (>0,5) izmedu nezavisnih varijabli nije
zabiljeZena, te su sve nezavisne varijable uklju¢ene u model.

Dokazano je kako ne postoje statisti¢ki znacajne razlike (p>0,05) svih ispitanika u odnosu na spol, razina obrazovanja,
broj grla na gospodarstvu i osnovnu djelatnost na gospodarstvu.

Regresija je pokazala kako je varijabla dob jedina statisticki znacajna varijabla koja utjece na vjerojatnost ¢lanstva u
uzajamnom fondu. Varijabla dob se interpretira kako se pove¢anjem dobi ispitanika povecava vjerojatnost ¢lanstva
u uzajamnom fondu. Kao razlog navedenom istice se kako u uzorku prevladavaju ispitanici iznad 40 godina starosti.

Tablica 5. Prepreke pri implementaciji uzajamnog osiguranja kod tovljaca jundi

Frekvencija Udjel (%)
Nedovoljno informacija 18 60
Nedostatak povjerenja 15 50
Visoki administrativni troskovi 10 33
Visina premije 8 27
Slozenost osiguranja 7 23

Dodatno, istrazilo se koje su prema misljenju ispitanika prepreke kod implementacije uzajamnog fonda, a $to je
prikazano u tablici 5. Ispitanici su mogli izabrati vise odgovora ili upisati vlastiti odgovor. Ispitanici isticu kako
najvise utje¢e manjak informacija o uzajmnom fondu (60 %), nedostatak povjerenja (50 %), dok 23 % njih smatra
kako je slozenost osiguranja jedno od ogranicenja.

Zakljucak

U radu je prikazana sklonost tovlja¢a junadi prema uzajamnom fondu. Ukupan broj ¢lanova Udruge koji je
sudjelovao u istrazivanju je 30 ispitanika. Rezultati istrazivanja pokazuju kako je samo polovica tovljaca junadi do
sada primijenila osiguranje Zivotinja, te kako pretezno osiguravaju biljnu proizvodnju, obzirom se ve¢ina ispitanika
bavi tovnom junadi i uzgojem Zitarica. Veliki udio ispitanika, ¢ak njih 70 % smatra kako je uzajamni fond dobra
strategija za upravljane rizikom na gospodarstvu. Od socio-demografskih varijabli i pitanja o gospodarstvu, samo
dob utjece na slaganje s ¢lanstvom u uzajamnom fondu. Osnovna prepreka implementacije uzajamnog fonda po
misljenju ispitanika je manjak informacija o uzajamnom fondu. Ogranicenje ovog istrazivanja ogleda se u malom
uzorku, odnosno niskoj sklonosti ¢lanova Udruge u sudjelovanju u istrazivanju. Dodana vrijednost rada je pojasniti
i pribliziti uzajamni fond kao inovativnu strategiju za upravljanje rizikom u poljoprivredi, te njezine prednosti i
izazove pri implementaciji uzajamnog fonda.

Napomena

Rad je rezultat diplomskog rada studentice Dijane Pejazi¢, obranjen na SveuciliStu u Zagrebu Agronomskom
fakultetu, dana 22.9.2023. pod mentorstvom prof.dr.sc. Maria Njavre i neposredne voditeljice dr.sc. Tajane Cop.
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Mutual fund - risk management strategy in
livestock

Abstract

This paper aims to investigate farmers” opinion about mutual funds as an innovative risk management
tool. The study was conducted among Baby Beef Association members. The survey included several
sets of questions: agricultural insurance data; opinions about mutual funds; sociodemographic data
and farm data. The data collected were analysed using descriptive statistics. In the sample, respondents
are mostly male (80%), between 40 and 49 years old (33%) and graduated from high school (43%).
Only 50% of the sample has already applied for livestock insurance. In addition, the results show that
70% of respondents believe that a mutual fund is a good strategy for farm risk management. Lack of
information about the mutual fund is cited as the main barrier to mutual fund adoption.

Keywords: livestock, mutual fund, risk management
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Usporedba korisnosti vanjskotrgovinskih
podataka na temelju zemlje partnera i na temelju
podrijetla — na primjeru poljoprivrednim i
prehrambenim proizvodima u Sloveniji
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SaZetak

Pojava poljoprivrednih proizvoda ukrajinskog podrijetla izazvalo je burne reakcije na slovenskom
trzistu poljoprivredno-prehrambenih proizvoda. Svrha ovog rada je analiza robnih tokova odabranih
poljoprivredno-prehrambenih proizvoda izmedu Slovenije i Ukrajine na temelju prosirene baze
podataka o vanjskotrgovinskoj razmjeni. Rezultati analize pokazuju da je kod kukuruza, psSenice
i pSeni¢nog brasna dovoljna kontrola uvoza po zemlji trgovackom partneru, dok je manjkava kod
pile¢eg mesa, gdje je uvozni tok vidljiv tek analizom prema zemlji podrijetla. Koli¢ine uvezenih
proizvoda ukrajinskog podrijetla bile su premale da bi imale znacajan izravni utjecaj na trzi$ne bilance
na slovenskom trzistu. Zbog neobjasnjivog viska izvoza ukrajinske robe nad uvozom, otkrivene su i
neke nedosljednosti u podacima, a time i potreba za dodatnim kontrolama kvalitete podataka.

Klju¢ne rijeci: vanjska trgovina, podrijetlo robe, poljoprivredno-prehrambeni proizvodi, Ukrajina,
Slovenija

Uvod

Slovenija je oduvijek bila neto uvoznik poljoprivredno-prehrambenih proizvoda (Travnikar i Bele, 2022) i
poljoprivrednih inputa, te je vrlo osjetljiva na promjene koje se deSavaju na globalnim trzistima. Poljoprivredno-
prehrambeni sektor u Sloveniji snazno osjeca sve iznenadne promjene ili poremecaje na opskrbnim pravcima, a to
se najvise ogleda u pritiscima na cijene i njihovoj volatilnosti (Bedrac i sur., 2023). Od 2020. godine poljoprivreda
se ponovno susrela s brojnim globalnim pritiscima koji zna¢ajno utjecu na brojne odluke proizvodaca i kupaca, a
time i na promijene trzi$nih puteva. Ogranicenja trgovanja i intenzivni cjenovni pritisci zapoceli su s izbijanjem
epidemije Covid-19. Nakon kratkotrajnog smirivanja, s ratom u Ukrajini pritisci se nastavljaju u jo$ jacem obliku
(Bele i Travnikar, 2022).

Aktualni potresi na europskim trzistima vezani uz ukrajinsko-ruski sukob rezultat su uvodenja ,,pojaseva solidarnosti®
za transport ukrajinskih poljoprivrednih proizvoda kroz EU te ogranicenja uvoza odredenih poljoprivrednih
proizvoda u pet europskih zemalja koje granice s Ukrajinom (Commission Implementing Regulation (EU)
2023/903..., 2023). Prema Finance (2023a), ova politicka, nedovoljno promisljena i nekoordinirana mjera je utjecala
na znacajno smanjenje cijena Zitarica $to je i bila Zelja Europske komisije u borbi protiv inflacije. Medutim, to je
istovremeno izazvalo znatnu ekonomsku $tetu brojnim poslovnim subjektima u zemljama sredi$njeg i isto¢nog
dijela EU.

Prema medijskim izvje$¢ima, neki poljoprivredni proizvodi ukrajinskog podrijetla pojavili su se i na slovenskom
trzistu krajem 2022. i u 2023. godini. Na to su ukazali i predstavnici prehrambenih kompanija (Finance, 2023a,
2023Db) koji su izrazili bojazan od prodora jeftinije robe i narusavanja trzi$nih ravnoteza, posebice u slu¢aju zitarica,
brasna i mesa peradi. Upravo u slucaju pile¢eg mesa pokazalo se da sluzbena statistika nije zabiljezila uvoz mesa
ukrajinskog podrijetla u Sloveniju.

Sluzbena statistika prikuplja podatke o vanjskoj trgovini prema dva odvojena sustava i to Extrastat (SURS, 2023a) te
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Intrastat (SURS, 2023b). Prva je statistika robne razmjene s tre¢im zemljama (ne¢lanicama EU), a druga je statistika
robne razmjene izmedu ¢lanica EU. Prema Ekstrastat metodologiji, uvoz ukljucuje sve fizicke i pravne osobe koje su
podnijele carinsku prijavu i obuhvacda sav uvoz, dok Intrastat ukljucuje podatke onih izvjestajnih jedinica (tvrtki) koje
su u prethodnoj kalendarskoj godini premasile vrijednosne pragove utvrdene Intrastat metodologijom. Izvjestajne
jedinice u oba sustava prijavljuju primitak i otpremu robe prema Siframa kombinirane nomenklature koju propisuje
Europska komisija (Commission Implementing Regulation (EU) 2022/1998 ..., 2022).

Za robu koja na carinsko podrucje EU stize iz trecih zemalja, carinska deklaracija se podnosi odmah u drzavi ¢lanici
u koju ulazi ili se nakon obavljenog provoznog postupka carinski postupak provodi naknadno u jednoj od drugih
drzava ¢lanica EU, neovisno o tome koja drzava ¢lanica je krajnji primatelj robe (FURS, 2023). Podaci o carinskim
deklaracijama prikazuju se u Ekstrastat bazi podataka pri ¢emu se kao zemlja trgovinski partner podrazumijeva i
zemlja podrijetla. Pod podrijetlom robe smatra se zemlja u kojoj je roba u potpunosti proizvedena, odnosno u kojoj
je obavljena posljednja vazna faza proizvodnog procesa, kao §to je prerada ili obrada.

U sustavu Intrastat (SURS, 2023b), u slucaju trgovine izmedu drzava ¢lanica EU, kao trgovinski partner za uvoz
pojavljuje se zemlja iz koje je roba otpremljena, a nije nuzno u njoj i proizvedena. Od 2022. godine u Intrastat bazi su
i podaci o podrijetlu robe, ali ti podaci nisu javno dostupni. S obzirom da javno dostupna baza vanjskotrgovinskih
podataka pokazuje tijek robe isklju¢ivo preko trgovackih partnera, ostaje skriveno podrijetlo robe iz tre¢ih zemalja,
koja je u Sloveniju uvezena posredno preko jedne od drzava ¢lanica EU.

Zbog toga je za cjelovitiji prikaz robnih tokova i objasnjenje trzi$nih uvjeta nuzan detaljniji pregled vanjskotrgovinskih
podataka. Bele i Travnikar (2022), koji su se u svom istrazivanju fokusirali na procjenu ranjivosti slovenskog
prehrambenog sustava kroz prehrambene bilance i trgovinu s inozemstvom, takoder su bili suoceni s dilemom je li u
intenzivnoj vanjskoj trgovini, podaci temeljeni na partnerske zemlje, daju pravu, sveobuhvatnu sliku.

Na analizu prosirene vanjskotrgovinske baze podataka poticaj nam je bio interes javnosti za uvoz poljoprivredno-
prehrambenih proizvoda iz Ukrajine. Prikazanim nalazima i rezultatima Zeljeli smo skrenuti pozornost na vaznost,
to¢nog i sveobuhvatnog pregleda baza podataka, kako bi se stvorila stvarna slika o tome $to se dogada na slovenskom
trzistu s kukuruzom, p$enicom, pseni¢nim brasnom i pile¢im mesom.

Materijal i metode

Osnova za istrazivanje bili su podaci o vanjskotrgovinskoj razmjeni dobiveni od Zavoda za statistiku Republike
Slovenije (SURS). To su kvantitativni podaci o uvozu i izvozu podrijetlom iz Ukrajine, i to za kukuruz, psenicu,
pSeni¢no brasno i pile¢e meso na razini 4- ili 6-znamenkaste Sifre kombinirane nomenklature Europske unije
(Commission Implementing Regulation (EU) 2022/1998 ..., 2022). U analizu smo ukljucili godi$nje podatke za
razdoblje od 2012. od 2021. godine kao i mjese¢ne podatke za razdoblje sije¢anj 2022. do ukljucivo srpanj 2023.
godine. Niz mjese¢nih podataka detaljniji je od javno dostupnih podataka jer osim podataka po trgovinskim
partnerima sadrzi i podatke o podrijetlu robe, a od 2022. godine takoder i u slu¢aju uklju¢ivanja iz Intrastat sustav.

Podatke o uvozu analiziranih proizvoda u 2022.12023. godini podijjelili smo u dvije usporedne skupine. Prva skupina
sadrzi podatke prema Ukrajini kao trgovinskom partneru, dok druga skupina ukljucuje podatke prema Ukrajini kao
zemlji podrijetla robe. Kako bismo dobili $iru sliku dostupnosti analiziranih proizvoda ukrajinskog podrijetla na
slovenskom trzistu, dodatno smo analizirali i podatke o izvozu analiziranih proizvoda.

Podaci su prikladno podijeljeni u skupine i obradeni pomocu alata MS Access, te analizirani pomocu zaokretnih
tablica u alatu MS Excel. Rezultati analiza za pojedine proizvode prikazani su u grafickom obliku.

Rezultati i rasprava

Slovenija tradicionalno nije uvoznik Zitarica, mlinskih proizvoda i pile¢eg mesa podrijetlom iz Ukrajine. Analiza
podataka o vanjskotrgovinskoj razmjeni za dulje vremensko razdoblje (2012.-2021.) pokazala je da uvoza, uz izuzetak
zanemarivih koli¢ina kukuruza i p$enice, u nekim godinama uop¢e nije bilo. Ipak, analiza mjese¢nih podataka za
razdoblje nakon 2021. ukazuje na pojavu uvoza poljoprivrednih proizvoda iz Ukrajine.

Na slici 1 prikazan je kumulativni uvoz kukuruza, pSenice, p$eni¢nog brasna i pile¢eg mesa u Sloveniju u 2022.1iu
prvih sedam mjeseci 2023. godine. Prikazane su koli¢ine uvoza u kojima je Ukrajina bila trgovinski partner (izravni
uvoz) i koli¢ine uvoza u kojoj je Ukrajina evidentirana kao zemlja podrijetla (takoder pokriva neizravni uvoz preko
zemalja ¢lanica EU).
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U razdoblju sije¢anj 2022. - srpanj 2023. najzivlji uvozni tokovi zabiljezeni su za kukuruz. To se dogada od sredine
2022. Ipak, osjetan porast uvoza biljezimo tek pocetkom 2023. godine, a kumulativno je u 7 mjeseci ove godine
uvezeno oko 9.000 tona kukuruza, $to predstavlja oko 8 % ukupnog uvoza kukuruza u istom razdoblju.
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Slika 1. Kumulativni uvoz kukuruza, psenice, psenicnog brasna i pileceg mesa iz Ukrajine (UA) po uvoznom
partneru i podrijetlu roba
Napomena: privremeni podaci za 2023.
Izvor: SURS, izracuni KIS

Uz iznimku manjih koli¢ina, uvoz kukuruza u Sloveniju evidentiran je putem carinskih deklaracija u sustavu
Ekstrastat, $to znaci da je najveci dio kukuruza uvezen izravno iz Ukrajine kao zemlje partnera. U tom slucaju, za
analizu uvoznih tokova dovoljni su podaci o vanjskoj trgovini po zemlji partneru i nisu potrebni dodatni podaci o
podrijetlu robe.

U slu¢aju psenice, uvoz iz Ukrajine zabiljezen je samo u dva uzastopna mjeseca analiziranog razdoblja, tijekom
kojih je ukupno uvezeno oko 120 tona. Uvoz pSeni¢nog brasna u veéem je opsegu zabiljezen tek od veljace 2023.,
no uvezene mjese¢ne koli¢ine bile su male i kretale su se izmedu 100 i 300 tona. Kumulativno je u 7 mjeseci 2023.
godine uvezeno oko 1.100 tona brasna, $to predstavlja 6 % ukupnog uvoza pseni¢nog brasna u istom razdoblju. U
analiziranom razdoblju je kumulativno najmanje uvezeno pile¢eg mesa i to oko 100 tona neto tezine.

Sli¢no kukuruzu, pSenicom i pSeni¢nim bragnom trgovalo se izravno izmedu Ukrajine i Slovenije. Kod pileceg mesa
otkrivena je razlika u kumulativhom uvozu po zemlji partneru i zemlji podrijetla. Cjelokupni uvoz mesa odvijao se
posredno preko trgovackih partnera iz Nizozemske i Slovacke te je evidentiran u sustavu Intrastat.

Rezultati analize pokazuju da je kod kukuruza, psenice i pSeni¢nog brasna dovoljna kontrola uvoza po zemlji
trgovackom partneru, dok je manjkava kod pileceg mesa, gdje je uvozni tok bio vidljiv tek analizom detaljnije baze
vanjskotrgovinskih podataka.

Potvrdivsi da pros$irena baza podataka daje jasniju sliku uvoznih tokova, analizirani su i podaci na izvoznoj strani.
Slika 2 prikazuje kumulativni uvoz i izvoz kukuruza, pSenice, pSeni¢nog brasna i pileceg mesa podrijetlom iz Ukrajine
u razdoblju od 2022. do 2023. godine.
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Slika 2. Kumulativni uvoz i izvoz kukuruza, pSenice, psenicnog brasna i pileceg mesa iz Ukrajine (UA) po
podrijetlu roba
Napomena: privremeni podaci za 2023.
Izvor: SURS, izracuni KIS

Rezultati pokazuju da je tijekom analiziranog razdoblja pSeni¢no brasno podrijetlom iz Ukrajine u potpunosti
utro$eno na slovenskom trzistu. Sli¢no je bilo i za pile¢e meso, gdje je u 2023. godini ipak zabiljezen manji izvoz.

Medutim, rezultati za kukuruz i pSenicu ukazuju na neke nedostatke u kvaliteti podataka. Za oba proizvoda
ukrajinskog podrijetla izvoz je u prvih sedam mjeseci 2023. uveliko premasio uvoz (u slu¢aju psenice u 2022. godini).
Kod kukuruza kumulativni izvoz iznosio je 47.500 tona i bio je za 38.500 tona veci od uvoza. Kod psenice se biljezi
izvoz 0d2.000 tona, dok je uvoziznosio svega 100 tona. Visak uvoza nad izvozom mogu¢ je u kratkom roku, sve
dok se uvezeni proizvodi skladiste i kasnije izvoze. To se ne odnosi na analizirane proizvode, buduc¢i da u duzim
vremenskim serijama mjese¢nih podataka izvoz uveliko premasuje uvoz.

Nelogi¢nosti u podacima proizlaze iz ¢injenice da se carinske formalnosti za robu uvezenu iz tre¢ih zemalja mogu
uredivati u drzavi ¢lanici neovisno o tome je li ona namijenjena potrosnji u istoj zemlji ili je samo u tranzitu.
Primjerice, za uvoz kukuruza i pSenice ukrajinskog podrijetla, carinski postupci obavljaju se u Sloveniji, a zatim se
roba izvozi u Italiju, koja je glavni trgovinski partner. U ovom slucaju, koli¢ine izvoza jednake su koli¢inama uvoza.
Ukoliko dio robe ostaje za potrosnju na domacem trzistu, izvozne koli¢ine su manje od uvoznih, ali nikako vece, $to
dovodi u pitanje vjerodostojnost sluzbenih podataka o robnoj razmjeni.

Zakljucak

Na temelju analize vanjskotrgovinskih podataka za Cetiri vazna poljoprivredno-prehrambena proizvoda mozemo
iznijeti neke glavne nalaze i preporuke. Rezultati ukazuju na pojavu uvoza proizvoda ukrajinskog podrijetla u
Sloveniju u razdoblju nakon pocetka rusko-ukrajinskog rata te poveéan opseg uvoza nakon pocetka 2023. godine.
Uvoz kukuruza, pSenice i p$eni¢nog brasna iz Ukrajine je uglavnom bio izravan, ali se pilece meso ukrajinskog
podrijetla uvozilo posredno preko zemalja ¢lanica EU. Iako je samo u slu¢aju pileceg mesa prisutnost uvoza iz
Ukrajine otkrivena isklju¢ivo temeljem podacima upita o podrijetlu, ti se podaci ne smiju zanemariti u detaljnim
analizama. Ovo je dokaz da samo prosireni vanjskotrgovinski podaci, koji daju informacije o trgovinskim partnerima
i podrijetlu, pruzaju cjelovit uvid u zbivanja na trzistima.
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Izuzev kukuruza, zanemarive su uvezene koli¢ine p$enice, pSeni¢nog brasna i pileeg mesa. Dodatne analize izvoza
pokazale su da su koli¢ine proizvoda namijenjene slovenskom trzistu premale da bi imale ve¢i izravni utjecaj na
maloprodajne cijene. Naravno, to ne znadi izostanak utjecaja na formiranje veleprodajnih cijena na domacem i
$irem regionalnom trzistu. Utjecaj na kretanje cijena na slovenskom trzi$tu zbog izvoza Zitarica i brasna iz Ukrajine
u ¢lanice EU s kojima Slovenija ima tradicionalno jake poslovne veze svakako postoji, budu¢i da se pad cijena
kukuruza i pSenice podudara sa pojavom trgovine izmedu Ukrajine i Slovenije te Ukrajine i susjednih zemalja.

Kao vazannalaz pokazala seipotreba provjere podataka o uvezenom kukuruzu i pSenici. Za oba proizvoda ukrajinskog
podrijetla izvoz je znatno premasio uvoz, $to ukazuje na nedosljednost u podacima. Analize vanjskotrgovinskih
podataka vrlo su vazne u teskim trzi$nim uvjetima, ali i kao temelj za formuliranje trzi$nih i cjenovnih mjera, te je
klju¢no da su podaci dovoljno pouzdani za kvalitetne trzne analize. U naSem istrazivanju sluzbeni vanjskotrgovinski
podaci pokazali su se manje pouzdanim, stoga administratorima vanjskotrgovinskih baza podataka preporucujemo
dodatne kontrole podataka.
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Comparison of the usefulness of foreign trade
data based on partner country and on the country
of origin - examples of agri-food products in
Slovenia

Abstract

The appearance of agricultural products of Ukrainian origin triggered a response on the Slovenian
agri-food market. The purpose of this paper is to analyse the trade flows of selected agri-food products
between Slovenia and Ukraine based on an expanded database. The results of the analysis show that the
use of foreign trade data based on the trading partner is sufficient in the case of the import of maize,
wheat, and wheat flour, while the import of chicken meat was detected only with the analysis based on
the origin of goods. Despite the perceived import flow of goods, the quantities of products of Ukrainian
origin were too small to have a significant direct impact Slovenian market. Due to the inexplicable
excess of exports of Ukrainian goods over imports, some inconsistencies in the data were discovered,
and thus the need for additional data quality controls.

Keywords: foreign trade, origin of goods, agri-food products, Ukraine, Slovenia
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Abstract

The classifications developed so far for monitoring agricultural budgets are not designed to monitor
adaptation to climate change. Therefore, we have developed a methodological framework that
matches climate adaptation measures with the commonly used OECD methodology for monitoring
agricultural policies. In Slovenia, the total budget expenditure on climate adaptation measures in
agriculture over twenty years (2003-2022) amounted to EUR 517 million which is about 7% of the
total budget expenditure on agriculture. The approach presented in the paper is a very good start for
the development of a standardised classification of climate change adaptation in agriculture which
can allow for cross-country analysis and comparability over time. These analyses are important to
understand the relationship between the financial contribution of climate action in agriculture and the
climate targets set.

Keywords: agricultural policy, agricultural budget, climate change adaptation measures

Introduction

In order to better understand the developments of agricultural policies it is necessary to monitor how and in what
form the agricultural sector is supported. One of the cross-country approaches is the OECD classification — the
Producer and Consumer Support Estimates and other related indicators (OECD PSE manual, 2016). This OECD
approach is used in 54 countries, including the 38 OECD countries, the five non-OECD EU member states and 11
emerging economies (OECD, 2023). Rising impacts of climate change underscore the necessity of adaptation and
reform of policies. Agricultural policies urgently need to be reformed to meet the challenge of providing adequate,
affordable, safe and nutritious food for a growing world population (OECD, 2023). From this perspective, it is
necessary to understand and monitor public funding for agricultural adaptation to climate change. A detailed budget
analysis can help to understand the distribution of funding for climate adaptation measures and check whether the
distribution corresponds to the priorities, climate targets and vulnerability of the individual agricultural sectors.
A special report by the European Court of Auditors (ECA, 2022) states that 26% of all EU Common Agricultural
Policy funds were spent on climate action in the period 2014-2020. However, the researchers found that reported
EU spending was not always relevant to climate action and that climate reporting was generally overstated. It was
recommended to improve climate reporting and link the contribution of the EU budget to its climate targets.

Inreviewing the literature, we were surprised to find that there is no general (budget) classification of climate adaptation
measures in agriculture, which is absolutely necessary for performing various data analyses, presenting them in
longer time series and even for cross-country analyses (Erjavec et al., 2021; Volk et al., 2012; OECD, 2023). While
overall budgetary support in agriculture is relatively well analysed and comparable across countries (distribution of
funds to support producers, support for general services in agriculture, payments for natural disasters, etc.), little is
known about the financial analysis of agricultural climate adaptation measures.

The main objective of our research was to link agricultural climate adaptation measures with budget expenditure
in Slovenia. For this purpose, we developed a classification of climate adaptation in agriculture and corresponding
classification keys, which were attached to the already developed and commonly used OECD methodology on
budgetary indicators (OECD PSE manual, 2016).
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Material and methods

The starting point for the classification of climate adaptation measures was taken from two research reports (Volk
et al.,, 2012; EEA Climate Change Adaptation, 2019), which were expanded and slightly updated for the needs of
the financial assessment. The database on the Slovenian agricultural budget, which is annualy prepared by the
Agricultural Institute of Slovenia for OECD reporting (estimation of support to producers) and for national reporting
(estimation of total support to agriculture), was taken into account. Detailed information on payments for this
database is obtained annualy from the Ministry of Agriculture, Forestry and Food and the Agency for Agricultural
Markets and Rural Development. In this way, we have financially evaluated all measures in Slovenian agriculture that
have directly or indirectly contributed to climate change adaptation since 1992. Due to limited space in the paper,
the analysis is only presented for the last twenty years (period 2003-2022). All relevant climate change adaptation
measures (CCA) are categorised into six basic groups:

o CCA1 (adaptation of agricultural production and agrotechnical practises)
o CCA2 (irrigation and water management)

o CCA3 (physical protection against extreme weather events)

o CCA4 (protection against pests and diseases)

o CCAS5 (income protection by reducing economic risks)

o CCAG6 (general services, advisory services and co-operation).

Measures that are directly related to adaptation to climate change and ensure the protection of agricultural production
and yields (preventive measures) are categorised in groups CCA1 to CCA4. Group CCAS5 stands for the protection
of producers’ income (curative measures) and comprises the following subgroups of measures: crop and livestock
insurance (CCA51), compensation for producers in the event of natural disasters (CCA52), payments for agricultural
diversification (CCA53) and other income support for producers (CCA54; other non-climate-related PSE OECD
payments). Group CCAG6 includes general climate adaptation services (e. g. plant breeding, testing of animal breeds)
and other climate-related activities (e. g. advisory services, co-operation).

The measures are divided into many subgroups, that are not presented in this paper. We only present the main
groups of measures (CCA1, CCA2, CCA2, CCA4, CCA6). An exception is group CCA5, in which we only present
the subgroups CCA51 and CCA52 (we have excluded other non-climate-related income support for producers).
In addition, we have added defining keys to each individual measure, such as the associated groups/subgroups, the
basic purpose of the measure (preventive/curative, etc.), which climate factor the measure is designed for (drought,
frost, hail, etc.), which has enabled various analyses to be carried out over the years.

Results and discussion

In Slovenia, a total of EUR 6907 million, or an average of EUR 345 million per year was disbursed for agriculture over
twenty years (2003-2022). This includes all measures financed from the European and national budgets. Of this, 7.5
% was paid out for climate adaptation measures in agriculture (totaling EUR 517 million in the period 2003-2022, or
an average of EUR 36 million per year). Compared to the two decades, there was a slight increase of 1 % (from 7.0 %
in the period 2003-2012 to 7.9 % in the period 2013-2022).

It can be said that the financing of climate adaptation measures is increasing (Figure 1), while at the same time,
other support for agriculture is also increasing. Thus, the share of climate adaptation measures compared to all
measures is similar (about 7%). It is interesting to note that this share is much lower than stated by the European
Commission (26% at the EU CAP level, taking into account mitigation and adaptation measures), but the European
Court of Auditors states that this share is inflated and the actual share of funding for climate measures in agriculture
is lower (ECA, 2022). We would like to emphasise at this point that we have only considered agricultural measures
or individual requirements within measures that contribute to climate change adaptation in the analysis. If climate
change mitigation measures were included, this percentage would be somewhat higher.
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Table 1. Overview of payments for climate adaptation measures in Slovenia; 2003-2022

Payments Struct.
(mill EUR) (%)
2003-2022  20-year
average
CCA1: Adaptation of agricultural production/agrotechnical practises 211.8 10.6 41
CCA2: Irrigation and water management 38.7 1.9
CCA3: Protection against extreme weather events 49.1 2.5 9
CCA4: Protection against pests and diseases 6.9 0.3
CCAG6: General services, advisory services, co-operation on CCA 7.9 0.4 2
Preventive measures 314.4 26.2 61
CCA51: National co-funding crop and livestock insurance premiums 82.5 4.1 16
CCA52: Compensation for producers - natural disasters 120.1 6.0 23
Curative or incom protection measures (CCA51+CCA52) 202.6 10.1 39
TOTAL CCA measures 517.1 36.3 100
Total support to agriculture (EU + national funding) 6906.6 345.3

In the following analysis, we have focussed only on groups that contribute to the adaptation of agricultural production
to climate change (so-called preventive measures) and on measures that aim to secure income in the event of natural
disasters and yield losses (so-called curative measures). EUR 314.4 million or EUR 26.2 million/year was paid out for
the first group of adaptation measures, which corresponds to 61% of all CCA measures (Table 1, Figure 1). The rest of
CCA funds (39%) is earmarked for curative measures in the event of disasters, of which 23% is for compensation to
farmers for natural disasters and 16% for insurance premiums (subsidizing insurance premiums). On average, EUR
10 million are paid out for these measures, but the funds for compensation for natural disasters fluctuate significantly
each year as they depend on the damage events in a given year. As a result, total disbursements for CCA measures
also fluctuate, with a significant increase since 2018 (Figure 1). In the period 2003-2017, an average of EUR 22.5
million per year was disbursed for CCA measures; in the period 2018-2022, an average of EUR 35.8 million was
disbursed, which is almost 60 % more funding. Funding has increased in all CAA groups, but most notably in group
CCA3 (measures to protect against extreme weather events), where investment in animal housing and investment in
crop production in protected areas (greenhouses) have increased significantly (EUR 1.1 million/year in the period
2003-2017, EUR 6.4 million/year in the period 2018-2022).

Most of the funds are earmarked for measures to adapt agricultural production and agrotechnical practices (CCA1),
with an average of EUR 10.6 million per year (in the period 2003-2017: EUR 9.4 million/year, in the period 2018-
2022: EUR 14.2 million/year). This group includes measures such as the use, management, and care of the soil
(e.g. crop rotation, greening, reducing erosion, etc.), breeding and selection of suitable plant species and varieties,
restoration of permanent orchards with more resistant varieties, selection of animals and optimization of animal
husbandry, etc.
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Figure 1. Budgetary payments for climate adaptation measures (mill EUR); 2003-2022

This is followed by measures to protect farmers’ income (CCA51&CCA52, together averaging EUR 10.1 million/
year). With these measures, the dilemma often arises as to whether these measures can be considered adaptation
measures. According to various researchers and experts (IPPC, 2022), this group of measures is very important as
it protects agricultural income in the event of crop failure (insurance and compensation); but also from the point of
view that full adaptation of agriculture to climate change will not be possible. Other income payments (not explicitly
related to climate adaptation) are also important for the longer-term maintenance of agricultural production, as
they enable the longer-term stabilisation of agricultural income. If the mechanisms for income protection and risk
management in agriculture (the entire CCA5 group) were not implemented, the number of agricultural producers
(local and global) would fall sharply, resulting in a drastic decline in food production.

Significantly less is earmarked for other groups. For example, EUR 1.9 million per year was disbursed for CCA2
irrigation systems (adaptations, new investments, irrigation equipment, etc.) over the entire period analysed (in the
period 2003-2017: EUR 1.7 million/year, in the period 2018-2022: EUR 2.5 million/year). Given the importance of
water-related measures (especially given the fact that drought is a significant problem in Slovenia), we would have
expected the funding of such measures to be prioritised more.

In the same way, we have also analysed these groups of measures according to the target of the climate event or
according to which climate impact a particular measure is aimed at (Figure 2). Most of the budget is earmarked for
measures to combat droughts (in the period 2003-2022: approx. 61% or EUR 15.9 million/year). This is followed by
measures that target multiple climate factors and cannot be attributed to a single climate impact; on average over the
period 2003-2022, these measures account for around 19% of payments or EUR 4.9 million/year. With a share of 6%
or EUR 1.6 million of payments per year, they are followed by a group of measures aimed at hail and heat stress in
animals. Around 3% of all payments, i.e. just under EUR 1 million per year, are paid for measures to combat frost and
diseases. The rest, with a small percentage, are compensation in beekeeping due to unfavourable weather conditions
(0.6%) and compensation due to flooding in agriculture (0.4%).
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Figure 2. Structure of payments for climate adaptation measures, by target (%); 2003-2022

The structure of reported natural disasters in Slovenia is dominated by drought (58% of all compensation payments
in the period 2003-2022), followed by hail (18%) and frost (13%). Since compensation for farmers after natural
disasters (CCA52) is also included in the analysis, it is to be expected that most measures are targeted at drought.
However even if we consider only the preventive measures, most of the measures are also aimed at drought (irrigation,
soil moisture conservation measures, etc.), followed by measures that targets several climatic factors (plant breeding,
greenhouse investments, etc.).

Conclusions

The European Court of Auditors (ECA, 2022) recommends obtaining scientific evidence for the climate contribution
of EU agricultural policy. Monitoring budget expenditure on climate action is essential to increase the knowledge
base for successful adaptation to climate change in agriculture. To this end, we have created a classification of climate
change adaptation measures in agriculture (CCA measure classification) that is universal and can also be used by
other countries when monitoring these measures. We have aligned the different climate identification keys from
the CCA classification with the existing OECD classification for monitoring agricultural budgets. In this way, we
analysed the financing of climate adaptation measures in agriculture in Slovenia since 1992.

In Slovenia, total budget expenditure on measures directly or indirectly related to climate change adaptation in
agriculture over a twenty-year period (2003-2022) amounted to EUR 517 million, or an average of EUR 36 million
per year, which is about 7% of total budget expenditure on agriculture. Over the years, a positive trend of increasing
payments for all groups of climate adaptation measures can be observed, but their share of total funding for agriculture
remains fairly constant (between 7% and 8%) as overall spending on agriculture also increases.

We estimate that the classification of climate change adaptation (CCA) measures presented here is a very good start
for the development of a standardised classification that can allow monitoring of adaptation measures in agriculture
across countries over time, ensure comparability between years and also easily update the database in the following
years. For future contribution, it is recommended to extend the classification to include measures that contribute to
climate change mitigation. This would allow a full financial assessment of the contribution of all climate actions in
agriculture, which could be better linked to the defined climate and environmental targets.
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SaZetak

Soja je znacajan izvor bjelancevina i ulja u ishrani ljudi, ali i proizvodnji hrane za stoku. Osim zrna,
proizvodni znacaj soje je i u obogacivanju tla dusikom te se priznaje kao ekoloski znacajna povrsina u
Programu izravnih placanja (za razdoblje 2015.-2020.). Istrazivanjem su analizirani troskovi i koristi
konzervacijske obrade tla u proizvodnji soje, kojom se nastoji poboljsati kvaliteta tla, optimizirati prinose
i povelati profit. Istrazivanjem je potvrdeno da ekonomska opravdanost primjene konzervacijske
obrade tla u proizvodnji soje ovisi o sposobnosti realizacije prinosa koji su iznad prosje¢nih u nasim
proizvodnim uvjetima.

Kljucne rijeci: ekonomicnost, konzervacijska obrada tla, prihod, soja, troskovi

Uvod

Soja (Glycine max. (L.) Merr.) je znacajan izvor bjelanc¢evina i ulja u prehrani ljudi te proizvodnji sto¢ne hrane. Sojina
saéma spada u najkvalitetnija biljna bjelancevinasta krmiva (Pospisil, 2010.). Osim §to je pozeljna u prehrambenoj
industriji, soja je vrlo pozeljna i u plodoredu, zbog sposobnosti simbioze korijena sa kvrzi¢nim bakterijama koje vezu
dusik iz zraka i pretvaraju ga u oblik koji biljka moze koristiti te na taj na¢in obogacuju tlo.

Prema Drzavnom zavodu za statistiku (DZS, 2023.) u razdoblju 2018.-2022. godine, povrsine pod sojom su povecane
sa 77.087 na 91.000 ha, dok se prinos u istom razdoblju smanjio sa 3,2 na 2,1 t/ha. Povecanje proizvodnih povrsina
pod sojom rezultat je viSe cimbenika: od relativno niskih troskova proizvodnje po jedinici povrsine (Ranogajec i
sur., 2014.), povec¢ane primjene u postrnoj sjetvi (Iljki¢ i sur., 2019), vece trzi$ne potraznje (Andrijani¢ i sur., 2022),
koristenja biomase ili Zetvenih ostataka u energetske svrhe (Ki$ i sur., 2013). Takoder, u mjeri potpore ,,Zelena
placanja“ za razdoblje 2015.-2020. godine (NN 21/2019) je soja uvrStena u popis osnovnih kultura koje fiksiraju
dusik, te se priznaje kao ekoloski znacajna povrsina. U novom programskom razdoblju (2023.-2027. godine) nema
vi$e spomenute mjere Programa ruralnog razvoja iz prethodnog programskog razdoblja (2015.-2020. godine), ali
jedna od operacija u kojoj poljoprivrednici mogu birati sjetvu soje je 31.05. Eko shema: Minimalni udio leguminoza
od 20% unutar poljoprivrednih povrsina. Smanjeni prinos soje rezultat je vremenskih ekstrema koji su sve ¢es$¢i i
uzrokuju velike $tete na poljoprivrednim usjevima, poput suse (Vratari¢ i Sudari¢, 2009), visokih temperatura zraka
te suviskova vode (Markovié i sur., 2022).

Konzervacijska poljoprivreda obuhvaca tehnoloske mjere prilagodbe i ublazavanja klimatskih promjena, a predstavlja
nacin gospodarenja agrookoli$nim sustavima s ciljem poboljSane i odrzive produktivnosti, povecanih profita i
sigurnosti hrane (Jug i sur., 2018).

Kosuti¢ i sur. (2006) proveli su dvogodi$nje istrazivanje utjecaja konvencionalnog, konzervacijskog i nultog sustava
obrade tla na prinos, utrosak energije i ljudskog rada u proizvodnji soje i ozime p$enice te zabiljezili najveci urod
soje kod nulte obrade tla. S obzirom na utrosak energije u proizvodnji, konzervacijski sustav obrade tla omogucio je
ustedu od 31,8% kod soje. Troskovi konzervacijskog sustava obrade tla za soju su bili 20% nizi od konvencionalnog
sustava, a nulti sustav obrade tla za soju imao je za 34% niZze troskove.

Primjenom konzervacijske obrade tla poboljsava se kvaliteta tla, optimiziraju prinosi i smanjuju troskovi
poljoprivredne proizvodnje. Cilj ovog rada je utvrditi ekonomsku opravdanost primjene konzervacijske obrade tla
u proizvodnji soje.
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Materijal i metode

U radu su analizirani podaci sa eksperimentalnih lokaliteta Cacinci i Krizevci na kojima se provodilo istrazivanje
u 2022. godini u sklopu HRZZ projekta “Procjena konzervacijske obrade tla kao napredne metode uzgoja usjeva i
prevencije degradacije tla - ACTIVEsoil”

U ovom radu je izracun prihoda napravljen prema visinama prinosa i prosjecnoj prodajnoj cijeni neposredno nakon
zetve. U prihode su uracunata i prosje¢na izravna placanja za ratarsku proizvodnju u iznosu od 2.250,00 kn/ha
(298,63 €). Doprinos pokri¢u varijabilnih troskova je izrac¢unat kao razlika vrijednosti proizvodnje i varijabilnih
troskova. Cijena kostanja je izracunata prema jednostavnoj djelidbenoj kalkulaciji, a kalkulacije su napravljene po
direct costing metodi s obra¢unom samo izravnih troskova proizvodnje. Za kalkulacije, osim cijena inputa i outputa
u poljoprivredi 2022. godine objavljenih u bazi TrziSnog cjenovno informacijskog sustava (TISUP), koristena su i
izvje$¢a Drzavnog zavoda za statistiku (DZS) te objave dobavljaca i otkupljivaca na trzistu RH. Troskovi proizvodnje
dobiveni su mnoZenjem utro$aka materijala i rada s teku¢im cijenama po jedinici utroska. Utrosci materijala (sjeme,
zaStitna sredstva i mineralna gnojiva) su dobiveni prema stvarnim podacima iz pokusa, dok su utrosci rada po
radnim operacijama procijenjeni iz standarda (tehnoloskih normativa) prema ranijim istrazivanjima.

Trosak sata rada traktora i priklju¢nih oruda (Tablica 3) izracunat je prema sljede¢oj shemi:
A: cijena novog stroja na trzistu

B: cijena nakon amortizacijskog razdoblja

C: razlika u cijeni (A - B)

D: amortizacijsko razdoblje

E: godi$nji iznos amortizacije (C / D)

F: prosjecno radnih sati godisnje

G: amortizacija po satu rada (E / F)

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

J: cijena plavog dizela

K: potro$nja goriva po satu rada

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

M: tro$ak odrzavanja (30% troskova goriva)

N: tro$ak satarada (G+1+ L + M)

Normativi utros$aka rada ljudi i strojeva procijenjeni su prema tehnoloskim zahtjevima kulture i tehnickim obiljezjima
mehanizacije. Normativi se ostvaruju u prosjecnim proizvodnim uvjetima i s prosje¢nim naporom. Utrosci rada
mehanizacije po jedinici povrsine odredeni su brzinom rada i zahvatom koji definiraju teoretski uc¢inak, a prakti¢ni
ucinak je odreden stupnjem iskoritenosti radnog vremena koje se u ratarstvu krece od 35-60% (Grgic i sur.,1999).

Kalkulacije su izradene za prinose zabiljezene u pokusima, sukladno razli¢itim sustavima obrade tla i gnojidbi.
Prikazana su tri razlicita sustava osnovne obrade tla (obrada tla oranjem te dubokim rahljenjem i plitkim rahljenjem),
dva nacina gnojidbe (prema preporuciidvostruko manja) s kojima je u kombinaciji primjena poboljsivaca tla (Geo2).
Prema tome su dobivene cijene ko$tanja soje na razini zbroja ukupnih troskova mehanizacije i varijabilnih troskova
(sjeme, gnojivo, zastitna sredstva). Fiksni troskovi gospodarstva (najam, osiguranje i dr.) nisu uracunati. Uracunati
su troskovi za sjeme, gnojivo i zastitna sredstva, bez PDV-a.

Rezultati i rasprava

Podaci se odnose na cijene sjemena u vrijeme sjetve, mineralnih gnojiva i zastitnih sredstava krajem prvog tromjesecja
tekuce godine, a prodajne cijene neposredno nakon zetve u tekucoj godini (Tablica 1).
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Tablica 1. Pregled cijena inputa, potpora i prodajnih cijena u proizvodnji soje

Opis Naziv jedinica mjere 2021. 2022.
Potpora €/ha 298,63 298,63
Prodajna cijena €/kg 0,58 0,56
Sjeme soje €/ha 200,92 230,94
Gnojiva Urea €/kg 0,84 1,01
KAN €/kg 0,55 0,64
NPK 7:20:30 €/kg 0,87 0,75
NPK 15:15:15 €/kg 0,65 0,72
FASTER €/L 5,57 7,70
Zastitna sredstva Senat €/kg 45,13 53,09
Dual Gold 960 SC €/kg 21,79 33,30
Sirtaki €/L 107,77 132,59
Glyfon €/0,1L 7,03 7,35
Benta Plus €/kg 32,69 39,15
Corum €/kg 57,20 65,43
Frontier €/kg 40,88 43,85
Dasch €/kg 5,04 5,44
Ostalo Plavi dizel €/L 0,83 1,13

Izvor: TISUP i DZS

Za proracun cijene kostanja sata rada mehanizacije i obracun troskova mehanizacije za soju koristene su prosjecne
nabavne cijene mehanizacije za ratarsku proizvodnju, ¢ija je nabavka preporucljiva i tehnologki dobro iskoristiva na
obradivim povr$inama poljoprivrednih gospodarstava do 50 ha (Tablica 2).

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

Nabavna cijena, € Godine koristenja Amortizacija, €
Traktor (114 kw) 39.847,24 10 3.437,52
Traktorski plug 2.389,01 12 154,84
Traktorska sijadica 2.787,18 12 210,14
Razbaciva¢ gnojiva 1.513,04 12 103,97
Atomizer 2.070,48 12 133,83
Prorahljivac¢ 2.787,18 12 188,02

Izvor: Prosjecne vrijednosti koristene mehanizacije

Prema shemi prikazanoj u materijalima i metodama, prora¢unati su trokovi sata rada traktora i priklju¢nog oruda
za 2022. godinu, te prikazani po radnim operacijama (Tablica 3).

Tablica 3. Troskovi sata rada traktora i priklju¢aka po radnim operacijama

Iznos, €/sat

Oranje 26,70
Zatvaranje brazde 26,70
Dublje rahljenje 27,43
Pli¢e rahljenje 27,16
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Predsjetvena priprema
Sjetva

Kultiviranje

Gnojidba

Kalcizacija

Zastita

Prijevoz

Ostalo

28,93
28,93
26,68
26,68
26,68
26,76
26,90
26,76

Troskovi rada mehanizacije (Tablica 4) proratunati su prema stvarnim utrodcima sati rada na dvije lokacije (Cacinci
i Krizevci) za 3 razine obrade tla: Al je konvencionalna obrada tla oranjem, A2 ukljucuje duboko rahljenje tla i A3

je obrada s plitkim rahljenjem tla.

Tablica 4. Troskovi mehanizacije na eksperimentalnim lokacijama (€/ha)

Lokalitet Cadinci Krizevci

Operacije Al A2 A3 Al A2 A3
Oranje 92,47 92,47 92,47 92,47 92,47 92,47
Zatvaranje brazde 75,83 0,00 0,00 75,83 0,00 0,00
Rahljenje 0,00 76,80 65,19 0,00 76,80 65,19
Predsjetvena 37,57 37,57 37,57 46,29 46,29 46,29
priprema

Sjetva 44,09 44,09 44,09 46,29 46,29 46,29
Kultiviranje 42,69 42,69 42,69 42,69 42,69 42,69
Gnojidba 44,47 44,47 44,47 44,47 44,47 44,47
Zastita 64,22 64,22 64,22 64,22 64,22 64,22
Prijevoz 64,56 64,56 64,56 64,56 64,56 64,56
Ostalo 42,81 42,81 42,81 42,81 42,81 42,81
Ukupno 508,68 509,66 498,05 519,60 520,58 508,97

Na pokusnim poljima su zabiljezene razlike prinosa zrna $to izravno odreduje vrijednost proizvodnje (Tablica 5).
U ¢ak 17 od 24 pokusna polja na lokaciji Cacinci je zabiljezen negativan doprinos pokri¢u. U strukturi troskova je
najveci utjecaj troska gnojidbe i mehanizacije, ali razlike tehnologije ne utje¢u bitno na visinu ukupnog troska, koliko
je to kod drugih agrotehnickih mjera. Na doprinos pokri¢a manje djeluje primjena mineralnog gnojiva, a odlu¢ujuci
je utjecaj primjene pobolj$ivaca tla koji ¢ini najvece odstupanje u ukupnim troskovima pokusnih polja. U poljima
gdje je primijenjen Geo2 dodatni trosak primjene je uzrokovao neekonomi¢nu proizvodnju u ¢ak 11 od 12 pokusnih

polja na kojima je primijenjen.

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

Pol]:a/ Prinos zrna pYZ?;‘i)n;rfjte Potpora Prihod Vil;gzl;ﬁm 22!1’;:235

Opis t/ha c € € c c

1 3,26 1.817,24 298,63 2.115,87 1.627,66 488,21

2 2,37 1.321,12 298,63 1.619,75 1.356,17 263,57
1,83 1.020,11 298,63 1.318,73 1.751,09 -432,36
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4 2,71 1.510,65 298,63 1.809,28 1.479,61 329,67
5 1,57 875,17 298,63 1.173,80 2.559,26 -1.385,46
6 1,80 1.003,38 298,63 1.302,01 2.287,77 -985,76
7 2,08 1.159,47 298,63 1.458,09 2.682,69 -1.224,60
8 3,77 2.101,53 298,63 2.400,16 2.411,21 -11,05
9 2,60 1.449,33 298,63 1.747,96 1.628,63 119,32
10 1,81 1.008,96 298,63 1.307,59 1.357,15 -49,57
11 2,35 1.309,97 298,63 1.608,60 1.752,07 -143,47
12 2,26 1.259,80 298,63 1.558,43 1.480,58 77,85
13 3,02 1.683,46 298,63 1.982,08 2.560,23 -578,15
14 2,49 1.388,02 298,63 1.686,64 2.288,75 -602,11
15 3,48 1.939,88 298,63 2.238,50 2.683,67 -445,16
16 2,42 1.348,99 298,63 1.647,62 2.412,18 -764,56
17 1,93 1.075,85 298,63 1.374,48 1.617,03 -242,55
18 2,97 1.655,58 298,63 1.954,21 1.345,54 608,67
19 2,57 1.432,61 298,63 1.731,24 1.740,46 -9,22
20 2,83 1.577,54 298,63 1.876,17 1.468,97 407,20
21 2,52 1.404,74 298,63 1.703,36 2.548,63 -845,26
22 2,75 1.532,95 298,63 1.831,57 2.277,14 -445,57
23 2,85 1.588,69 298,63 1.887,32 2.672,06 -784,74
24 2,90 1.616,56 298,63 1.915,19 2.400,57 -485,38

U ve¢ini polja (20 od 24) na lokaciji KriZevci, neovisno o primijenjenoj agrotehnici su ostvareni pozitivni doprinosi
pokricu (Tablica 6), $to je najvise odredeno visim prinosima zrna u odnosu na prethodno opisanu lokaciju. Izuzetak
su pojedina pokusna polja na kojima su koristeni poboljsivaci tla, a ostvareni su relativno nizi prinosi (pokusna polja
3i11).

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

Pol):a/ Prinos zrna p\rleif\indorfjte Potpora Prihod Virrlg;:i(lm l?)(;iililzzs
Opis t/ha p € € ¢ ¢

1 2,43 1.354,57 298,63 1.653,20 1.673,54 -20,35
2 2,52 1.404,74 298,63 1.703,36 1.347,65 355,72
3 2,59 1.443,76 298,63 1.742,39 1.796,98 -54,59
4 3,14 1.750,35 298,63 2.048,97 1.471,08 577,90
5 2,75 1.532,95 298,63 1.831,57 1.896,28 -64,70
6 4,89 2.725,86 298,63 3.024,49 1.570,38 1.454,11
7 4,22 2.352,38 298,63 2.651,01 2.019,71 631,30
8 4,79 2.670,12 298,63 2.968,74 1.693,81 1.274,93
9 6,39 3.562,01 298,63 3.860,64 1.674,52 2.186,12
10 3,11 1.733,63 298,63 2.032,25 1.348,62 683,63
11 2,57 1.432,61 298,63 1.731,24 1.797,95 -66,71
12 5,30 2.954,41 298,63 3.253,04 1.472,06 1.780,98
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13 4,01 2.235,32 298,63 2.533,94 1.897,25 636,69
14 3,85 2.146,13 298,63 2.444,75 1.571,36 873,40
15 3,84 2.140,55 298,63 2.439,18 2.020,68 418,50
16 3,92 2.185,15 298,63 2.483,77 1.694,79 788,99
17 5,06 2.820,63 298,63 3.119,25 1.662,91 1.456,34
18 3,63 2.023,49 298,63 2.322,12 1.337,02 985,10
19 5,00 2.787,18 298,63 3.085,81 1.786,34 1.299,46
20 3,55 1.978,90 298,63 2.277,52 1.460,45 817,08
21 4,88 2.720,29 298,63 3.018,91 1.885,64 1.133,27
22 3,16 1.761,50 298,63 2.060,12 1.559,75 500,38
23 3,57 1.990,05 298,63 2.288,67 2.009,07 279,60
24 3,56 1.984,47 298,63 2.283,10 1.683,18 599,92
Zakljucak

Velike su razlike prosje¢nih vrijednosti izmedu lokaliteta pokusa. Prosje¢ni prinosi na lokalitetu Cacinci su 2,55 t/ha,
a u Krizevcima 3,86 t/ha. Bududi su provedeni isti postupci na dvije lokacije, a prinosi na tim lokacijama su drugadiji
neovisno o dodatnim inputima (koli¢ina gnojiva, poboljsivac tla) ili izboru tehnologije (pli¢a ili dublja obrada tla),
preporucuje se provesti dodatna istrazivanja bududi visina prinosa zrna i ulaganja u proizvodnju izravno odreduju
ekonomsku ucinkovitost.

Na temelju ostvarenih rezultata u istrazivanjima projekta ACTIVEsoil, moze se zakljuciti da ekonomi¢nost primjene
konzervacijske obrade tla, koja se svrstava u tehnologije za ublazavanje klimatskih promjena u ratarskoj proizvodnyji,
uvelike ovisi o proizvodnosti, odnosno, o visini ostvarenog prinosa. Ekonomic¢nost se ostvaruje kod prinosa visih
od prosjecnih u uvjetima panonske podregije Republike Hrvatske. U protivhom, neke mjere koje se primjenjuju
s konzervacijskom obradom tla (primjena poboljsivaca tla) predstavljaju dodatni trosak koji rezultira gubicima
proizvodnje.

Napomena

Ovaj je rad financirala Hrvatska zaklada za znanost projektom “Procjena konzervacijske obrade tla kao napredne
metode uzgoja usjeva i prevencije degradacije tla - ACTIVEsoil” (IP-2020-02-2647).
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Economic justification for the use of soil
conservation tillage in soybean cultivation

Abstract

Soybean is an important source of protein and oil in human nutrition, but also in the production
of livestock feed. In addition, the importance of soybean also lies in the enrichment of the soil with
nitrogen, and it was recognized as an ecologically significant area under the Direct Payment Scheme
(for the period 2015-2020). The study analyzed the costs and benefits of conservation tillage in soybean
production, which aims to improve soil quality, optimize yields, and increase profits. The study
confirmed that the economic justification for the use of conservation tillage in soybean production
depends on the ability to achieve above-average yields under our production conditions.

Keywords: conservation tillage, costs, efficiency, income, soybean
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Eticke implikacije koristenja umjetne inteligencije
u poljoprivredi
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SaZetak

Drustvo se trenutno nalazi pred novom znanstvenom revolucijom koju mu omoguéava primjena
suzene umjetne inteligencije. Ta ¢e znanstvena revolucija pomocu Al-a utjecat ¢e na sve sfere ljudskog
djelovanja, pa tako i na poljoprivredu. Medutim, povijest nam iznova pokazuje da nisu sve znanstvene
revolucije imale iskljuc¢ivo pozitivan u¢inak na cjelokupno ljudsko drustvo. Stoga nam preostaje zapitati
se koje su potencijalne negativne strane primjene Al-a, kako bi se eventualni nedostaci preduhitrili.
Cilj je ovoga rada prikazati eticke implikacije koriStenja AI-a u poljoprivredi, pritom prikazujuci njezin
utjecaj na drustvo i ekosferu.

Klju¢ne rijeci: umjetna inteligencija, poljoprivreda, etika, ekosfera, privatnost

Uvod

Prije otprilike 10 000 godina doslo je do agrarne revolucije koja je u potpunosti izmijenila nacin ljudskog zivljenja i
strukturu ljudskih odnosa (Harari, 2015). Sada, na pocecima 21. stolje¢a, nalazimo se pred novom revolucijom koja
¢e iznova promijeniti ustroj drustva. Tu nam novu drustvenu revoluciju donosi razvoj umjetne inteligencije (eng.
AI). No, izmedu je prve agrarne revolucije i Al revolucije na poljoprivredu neposredno utjecao niz drugih povijesnih
promjena poput industrijske revolucije (Allen, 1994; Hendrickson i James, 2005), zelene revolucije (Khush, 1999) i
biotehnoloske revolucije (Fukuyama, 2003). Potonja je ostavila traga u (bio)etici kroz razmatranja o posljedicama
uporabe GMO-a u poljoprivredi, kako na poljoprivredne proizvodace i agronomsku struku (e.g. Simi¢, 2002) tako
i na potrosace i drustvo u cjelini (Devos i sur. 2008). Eticke se debate 0 GMO-u prosiruju i na fenomen generiranja
velikih setova podataka (Simi¢ i sur., 2023) u ,velikoj“ poljoprivredi biotehnoloskih multinacionalnih kompanija
koje svoje ugovore o koristenju GMO tehnologije prosiruju na prikupljanje podataka pomocu razli¢itih platformi
u njihovom vlasnistvu time dodatno umanjujuci autonomnost poljoprivrednih proizvodaca (Carbonell, 2016).
Uporabom Al-a za obradu velikih setova podataka, eticka se pitanja dodatno umnozavaju i usloznjavaju (Ryan,
2019). U posljednjih je godinu dana doslo do ubrzanog razvitka raznovrsnih Al sustava koji su svoju prominentnost
stekli zbog pristupac¢nosti. No, postoje i raznovrsni Al sustavi koji nemaju medijsku eksponiranost, ali koji ¢e
izgledno biti novi korak u sveop¢oj znanstvenoj revoluciji koja ¢e zahvatiti sva podrucja ljudskog djelovanja poput
poljoprivrede. Medutim, pitanje je koja ce biti bit ove znanstvene revolucije. Ako ispitamo bit agrarne revolucije,
uocit ¢emo da je njezina bit bila odrzavanje na Zivotu veceg broja ljudi od onoga $to je prethodno bilo moguce, pa
makar i u gorim Zivotnim uvjetima (Harari, 2015). Stoga je nejasno kakva ¢e biti bit primjene Al-a na podrudjima
ljudskog djelovanja, a s time i koje ¢e drustvene posljedice biti. Dakle, u ovome ¢e se radu ispitati kakve ¢e eticke
implikacije imati primjena AI-a na poljoprivredu. Naime, zbog manjka iskustva s ovakvim sustavima, nejasno je koji
¢e aspekti tih sustava negativno utjecati na drustvo. Analiziraju¢i povijesna zbivanja industrijalizacije, pronalazimo
kako znanstveni napredak nije uvijek bio svaciji boljitak. Npr., industrijalizacija je poljoprivrede izmijenila nacine
odvijanja proizvodnje koji su pak negativno utjecali na odlucivanje farmera na etickoj razini (Hendrickson i James,
2005), ali eticka pitanja ne polaze samo od farmera (proizvodaca), ve¢ i od potrosaca. Stoga upotreba Al-a u
poljoprivredi ima kauzalne posljedice po drustvo koje naizgled nisu uocljive. AI pomaze u kartiranju, uredivanju i
izmjeni genoma, simuliranju proteinskih ovojnica, mjerenju saliniteta tla, rasprsivanju pesticida i vode, prikupljanju
plodova, nadzoru Zivotinja itd. Iz tih je primjera vidljivo da Al omogucuje i novu biorevoluciju, ali unato¢ svim
pogodnostima, postoje razni problemi Al-a u koje spada privatnost podataka, ekoloska odrzivost i njezin utjecaj na
ekosferu.
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Metode radai izvori podataka

Prilikom analiziranja problema, u radu ¢emo zauzeti metodoloski pristup bibliografske analize na temelju ¢ega
¢emo prikazati eticke implikacije kori$tenja Al-a u poljoprivredi kroz pet klju¢nih tema: 1. privatnost i vlasnistvo
podataka, 2. neprovidnost i transparentnost Al sustava, 3. pristranost i pravi¢nost, 4. odgovornost, 5. odrzivost.
Pritom ¢emo se koristiti znanstvenim ¢lancima iz podrucja agronomije i raunarstva te studijama iz drustveno-
humanistickih znanosti (pravo, filozofija - etika). Kriteriji su za uklju¢ivanje radova u analizi bili: a) da su radovi iz
podrucdja agronomije i raunarstva objavljeni u proteklih 30 godina, tj. da su relevantni za trenutnu problematiku; b)
da u sebi sadrze klju¢ne teme poput pitanja o privatnosti, transparentnosti, odgovornosti, odrzivosti, raspolaganju i
reguliranju informacijama, eti¢nosti korporacija, negativnom utjecaju proizvodnje na ekosferu, povijesti industrijske
revolucije, te o Al-u; ¢) da su navedeni podaci provjerljivi i da sadrze listu referenci, d) da su u svome opredjeljenju
neutralni i da iznose objektivno stanje stvari. Na temelju tih ¢emo kriterija iznijeti analizu pet klju¢nih tema o
etickim pitanjima upotrebe Al-a u poljoprivredi.

Rezultati i rasprava
Privatnost i vlasnistvo podataka

Razmjena je podataka nesto na cemu pociva danasnje informacijsko drustvo i ono je unutar njega glavni predmet
trgovanja. Informacija je klju¢na za drustveni razvoj, ali ona ujedno predstavlja i rizik, a to vazi i za sektor
poljoprivrede. Naime, privatnost je u digitalnom drustvu postala narusena i privatni su podaci postali robom
te se stoga provode brojne rasprave o pravu da pojedinac bude ,,pusten na miru®, pravu pojedinca da kontrolira
protok informacija i da skrije podatke o sebi itd. (Miiller, 2023). S tim je problemom povezan i Al koji bi mogao
posvuda pospjesiti narusavanje privatnosti, pa tako i unutar poljoprivrede. Prikupljanje bi i uporaba velikih koli¢ina
podataka u poljoprivredi pridonijelo to¢nijim i pouzdanijim modelima Al-a. No, poljoprivredni su proizvodaci
zabrinuti za privatnost i povjerljivost svojih podataka, jer je nejasno $to pruzatelj podatkovnih usluga ima pravo
¢initi s prikupljenim podacima i koje su njegove obveze u vezi zastite privatnosti i povjerljivosti podataka (Ryan,
2019). Ujedno postoji i zabrinutost oko toga tko bi bio vlasnikom podataka s farmi i tko bi sve imao kontrolu nad
upotrebom tih podataka (Ryan, 2019). Takva bi situacija mogla dovesti do neravnoteze snaga izmedu poljoprivrednika
i pruzatelja tehnologije ili usluga (Dara i sur., 2022,). Stoga, klju¢no je pitanje tko dobiva koju informaciju, na koji je
nacin dobiva, kojim redoslijedom, o kome i ¢emu je dobiva, te posljednje, za koju svrhu (Beck, 1992). No, §to to sve
znaci za pojedinca u informacijskome drustvu? Beck predvida da ¢e unutar drustva do¢i do sukoba zbog mo¢i oko
distribucije i koeficijenta distribucije tokova informacija (Beck, 1992). Naime, informacija je klju¢na za posjedovanje
i povecanje onoga $to Foucault naziva biomodi, koja se definira kao mo¢ koja nastoji upravljati, optimizirati i
umnoziti zivot podvrgavaju¢i ga preciznim kontrolama i sveobuhvatnim regulacijama (Foucault, 1976). Stoga,
prikupljanje privatnih podataka s farmi i pojedinaca koji rade na njima moze imati dalekosezne pozitivne, ali i
negativne posljedice te je stoga potrebno pravovremeno legislativno djelovati kako bi se osigurala transparentnost i
zastitilo pojedinca od predatorskih praksi.

Neprovidnost/transparentnost

Nailazimo i na eti¢ke probleme neprovidnosti, transparentnosti te pristranosti. Naime, neprovidnost i pristranost
klju¢na su pitanja koja pripadaju u eti¢nost koristenja velikih podataka (Su$njara, 2019). Tehnikama se strojnog
ucenja detektiraju obrasci u podacima i obiljezavaju se korisnima za odluke koje donosi sustav, dok istovremeno
programer ne zna zapravo koji su obrasci u podacima koristeni, a svemu tome dodatni izazov predstavlja $to
se pristizanjem novih podataka sami obrasci unutar sustava iznova mijenjanju (Miiller, 2023). Iz takvog nacina
rada proizlazi da ishod ucenja nije transparentan za korisnika i programera, tj. on je neprovidan (Miiller, 2023).
Time $to kod korisnika postoji nedostatak interpretabilnosti i razumljivosti ishoda AI modela, narusava se nacelo
transparentnosti (Dara i sur., 2022). No, kako uopce definiramo transparentnost? Transparentnost mozemo
definirati kao praksu otvorenosti prema politikama i djelovanjima prema dionicima kako bi se ostvarila pobolj$ana
komunikacija, medusobno razumijevanje i suradnja, stoga ona predstavlja klju¢no eticko nacelo u poljoprivrednim
AT okruzenjima gdje je interpretabilnost vazna za razvoj i upravljanje (Dara i sur., 2022). Tako se npr., u svrhu
smanjivanja utjecaja staklenickih plinova, AT moze koristiti za procjenu koli¢ine ugljicnog dioksida u proizvodnim
pogonima, a poljoprivrednici trebaju znati prepoznati i suprotstaviti se ovakvim procjenama njihovoga uglji¢nog
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otiska ako smatraju da je procjena sustava netocna i nepravi¢na. No, pitanje je kako posti¢i navedenu transparentnost?
Jedan bi od mogucih odgovora bila demokratizacija znanja, edukacija i moguénost postojanja otvorenog pristupa
odredenog dijela sustava (tzv. open-source).

Pristranost/pravicnost

Pri uporabi AI sustava postoji i opasnost od statisticke pristranosti, no postoje znacajni napori da se ona detektira i
ukloni (Miiller, 2023). Takvo se pracenje i ublazavanje svih oblika pristranosti u AI modelima u poljoprivredi referira
kao pravi¢nost (Dara i sur., 2022), a postoje dvije vrste pravi¢nosti — tehnicka i socijalna. Jedan od primjera tehnicke
pravi¢nosti autonomna je berba jabuka u kojoj AI moze detektirati zrele jabuke. No, ako je Al model optimiziran za
branje crvenih jabuka, on je pristran upravo prema takvim jabukama i ne detektira zeleni tip jabuka kao zrele i stoga ih
ne ubire unato¢ tome $to su one zrele (Dara i sur., 2022). Ovakvi se tipovi pristranosti trebaju korigirati kako bi sustav
prepoznao jabuke razli¢itih boja i razlicite zrelosti te kako bi se izradio pouzdaniji i inkluzivniji model. Nadalje, imamo
socijalnu pravi¢nost koja kod AI uporabe ukljucuje ljudska prava, demokratske vrijednosti i postivanje razlicitosti.
U poljoprivredi to se odnosi i na pitanje raspodjele mo¢i nad pristupom, vlasnistvom i kontrolom podataka izmedu
poljoprivrednih proizvodaca i pruzatelja podatkovnih usluga koja moze biti zloupotrijebljena dijeljenjem podataka
trecoj strani (Dara i sur. 2022). Navedeno ima potencijal stvoriti jaz i sukob izmedu korporacija i pojedinca te se
dovodi u pitanje nacin na koji ¢e se osoba promatrati. Naime, osobe se promatraju kao entiteti koji imaju posebnu
vrijednost — dignitet - §to ih ¢ini vrijednima i neprocjenjivima (Zagzebski, 2001). No, postoji opasnost da korporacije
naruse ljudski dignitet uzimanjem osoba kao robe koju ¢e prodati na trzistu. Takoder, pitanje je kakav ¢e stav zauzeti
poljoprivrednici i samo trziste prema samim plodovima koji trebaju biti prikupljeni, tj. $to ¢e biti s onim proizvodom
za koje je Al sustav odredio da nije dovoljno kvalitetan za trziSte, no i dalje je iskoristiv.

Odgovornost

Postoji i pitanje odgovornosti za Al i u¢inke njegova djelovanja. Koristenjem se AI tehnologija moze dogoditi da se
apliciraju nerazumne kolic¢ine vode ili pesticida na odredeno polje zbog sustavnih gresaka, stoga se s opravdanjem
postavlja pitanje tko ¢e biti odgovoran za gubitke prinosa i eventualnu ekolosku $tetu (Dara i sur., 2022). Nadalje,
automatizirani strojevi poput robo-bera¢a mogu unistiti biljke tijekom berbe zbog pogreske u sustavu ili losega
dizajna. Ovdje imamo problem manjka pravne jasnoce i transparentnosti o tome tko je odgovoran za lo$e upravljanje,
pogres$ne odluke i lode preporuke dobivenih od postoje¢ih AI modela prilikom automatiziranog donosenja odluka
(Dara i sur., 2022). Problem je i $to velike kompanije koriste pravni vakuum pa se u ugovorima o koristenju Al
tehnologija ograduju od preuzimanja odgovornosti za eventualne $tete na usjevima, zemlji, dobiti ili strojevima
(Dara i sur., 2022). Medutim, prema OECD-u, organizacije koje razvijaju, postavljaju i upogonjuju Al sustave u
digitalnoj poljoprivredi i ostalim srodnim sektorima trebale bi biti odgovorne za ispravno funkcioniranje Al alata
i donosenje odluka (OECD Al, 2019). Stoga, odgovornost je za eventualne posljedice nuzno pravno utemeljiti na
temelju pravi¢nog suglasja.

OdrZivost

U danasnjem drustvu u kojem postoji strah od globalne ekoloske katastrofe, G. Myerson, oslanjajui se na teoriju
psihopatologije, izgradio je vlastitu teoriju ekopatologije kojom ispituje svakodnevne obrasce ljudskog ponasanja
kako bi prikazao da gotovo pa svaki ljudski ¢in koji se naizgled ¢ini bezazlenim ima nekakav ekologki utjecaj (Myerson,
2002). Navedeno vazi i za podrucje Al-a ¢ija ¢e primjena imati nekoliko jasno uocljivih posljedica po ekosferu, ali
ujedno i posljedice koje ¢e od nas iziskivati poseban umni napor za uoc¢avanje. Stoga, govoreci o odrzivosti i Al-u
u poljoprivredi, moze se govoriti o postojanju nekoliko aspekata. Prvi se aspekt ti¢e samog koristenja AI modela.
Naime, AI modeli trebali bi biti jednostavni za koristenje i korisni za poljoprivrednike, jer ako Al ne moze pruziti
ucinkovite preporuke za pomo¢ poljoprivrednicima, ili sustav nije jednostavan za koristenje te je manjkav u smislu
dizajna i upotrebljivosti, on jednostavno nije odrziv (Dara i sur., 2022). Upotrebljivost je Al softvera klju¢na za
koristenje, predvidanje i davanje preporuka koje pametni informacijski sustavi pruzaju u poljoprivredi. Nadalje,
korisnost tehnologija temeljenih na AI-u za poljoprivrednike ovisi o to¢nosti i pouzdanosti preporuka radnji (Dara
i sur.,, 2022), a mogudi su problemi vezani uz implementaciju Al-a brojni. Greske u softveru, kvarovi hardvera i
pristrana predvidanja samo su neki od primjera koji utje¢u na odrzivu implementaciju Al rjeSenja na poljoprivrednim
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gospodarstvima. Tako npr., roboti, bespilotne letjelice i autonomna vozila u poljoprivredi mogu ispustati otrovne
kemikalije, $to moze dovesti do oneci$¢enja, primijeniti previse ili premalo vode na farmi zbog gresaka ili loseg
upravljanja AI sustavima ili algoritmima (Dara i sur., 2022). Posljednja stvar koja se treba razmotriti jest odrzivost
okolisa. Treba ispitati kako sustavi Al-a prilikom izgradnje i primjene utje¢u na okolis. Utjecaj strojeva koji koriste
Al na okoli§ jest dvojak — jedan pociva na softveru, a drugi na hardveru. Sto se tice samog softvera, opéa je preporuka
da se algoritmi od pocetka razvijaju i mjere na nacin da se smanji $teta za okoli§ (Okengwu i sur., 2023). Takoder,
preporuka je da se AI ne razvija konstantno ispocetka, ve¢ da postoji neka osnova baza iz koje se potom grade Al
sustavi jer bi se time ustedjelo na potrosnji energije (Okengwu i sur., 2023), no to bi ujedno od kompanija zahtijevalo
postojanje odredene open-source baze podataka. Druga stvar koja se tie softvera jest planirano zastarijevanje.
Naime, trebao bi se pravno regulirati nacin na koji korporacije azuriraju svoj softver kako bi se sprije¢ilo namjerno
usporavanje, ograni¢avanje i kvarenje samog softvera iz zelje da si krajnji korisnik pribavi novi produkt. Takva bi
zloupotreba znatno utjecala na ekolosku odrzivost i ekosferu, a ona nije nesto nevideno. Sljedeca stvar koju treba
uzeti u obzir jest sama grada Al sustava. Prvi problem na koji ovdje nailazimo jest da su za treniranje Al sustava
potrebne ogromne koli¢ine podataka koje moraju biti pohranjene na odredenim fizickim mjestima. Naime, ve¢ sada
postoji problem s bazama podataka koji trose ogromne koli¢ine vode, a pretpostavlja se da ¢e Al sustavi situaciju
udiniti jo§ gorom. Postoje i drugi problemi s gradom strojeva te je stoga potrebno dodatan oprez kako potencijalna
nesreca ne bi imala devastirajuce ucinke za poljoprivrednika i okolis. Naravno, ovim se razmatranjem vra¢amo i
na prethodno pitanje odgovornosti — tko bi bio odgovoran u slucaju nesrec¢e? Daljnji je problem s trenutnim Al
sustavima iznimna energetska potro$nja, ali bi potencijalno rjesenje za to bio analogan Al koji troSe manje energije,
no koji trenutno ima vlastite nedostatke (Ambrogio i sur., 2023).

Zakljucak

Iz navedenih se etickih problema uvida da su oni medusobno povezani, stoga je nuzan jedan holisticki pristup.
Naime, potrebna je suradnja izmedu razli¢itih struka kako bi se uspostavile odredene maksime po kojima ce
funkcionirati AT i korporacije koje ih nude krajnjem korisniku. Potrebno je odrediti i pristup koji ¢e drustvo zauzeti
prema okolisu — hoce li op¢i koncensus biti antropocentric¢ki stav kojim ¢e ljudi svemu ostalome negirati inherentnu
vrijednost ili ¢e pak zauzeti blaze pozicije poput patocentrizma ili biocentrizma. Naime, AI sadrzi u sebi potenciju
da poboljsa kvalitetu Zivota, ali je problem odredivanja granica i nepoznavanja kakve bi dalekosezne posljedice imao
AT na ekosferu i samog ¢ovjeka. U radu je izreceno da, osim navedenog, opasnost lezi ujedno i u monopolizaciji
tehnike i znanja. Postoji realna opasnost da ¢e masovne korporacije prosiriti svoj utjecaj i imati jo§ ve¢u nadmo¢
nad proizvodac¢ima. No navedeno je moguée ograniciti raznim pravnim regulacijama na razini Europske Unije te
nadopunom GDPR-a kojim se regulira nadzor nad privatnim podacima. Medutim, tu se takoder nalazi i potencijalni
problem za transatlantske te euroazijske odnose, pa bi stoga kompanije mogle bojkotirati pravne izmjene kao $to to
danas ¢ine pojedine kompanije. Takoder je potrebno uloziti napor u istrazivanje novih tehnologija koje bi potencijalno
mogle neutralizirati trenutne nedostatke AI sustava. Navedeno su sve problemi koji se moraju pazljivo razmotriti i
detaljno legislativno urediti kako se Al revolucija ne bi iskljuc¢ivo iskoristila za odrzavanje na Zivotu sve veceg broja
ljudi, ve¢ i za opdi boljitak drustva. Ono $to je sigurno, Al revolucija donosi nam jedan duboki lom s prosloséu i
nepoznatim ostaje kakva ¢e i kolika biti korporativna biomo¢ te kakav ¢e stav drustvo zauzeti spram etickih dilema.
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Ethical implications of using artificial intelligence
in agriculture

Abstract

Society is currently facing a new scientific revolution which is made possible by applying narrowed AI
to it. This scientific revolution, which uses Al is going to affect all spheres of human activity, including
agriculture. However, history repeatedly shows us that not all scientific revolutions had a completely
positive effect on the entirety of human society. Therefore, in order to prevent possible shortcomings,
we are left with the question of what are the potential negative sides of using Al The aim of this paper
is to present the ethical implications of using artificial intelligence in agriculture, while also presenting
its impact on society and the ecosphere.

Keywords: artificial intelligence, agriculture, ethics, ecosphere, privacy
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SaZetak

Drustvene inovacije u kontekstu ruralnog razvoja doprinose socioekonomskim promjenama u
skladu s drustvenim potrebama lokalnih zajednica. Njihova primjena uklju¢uje tradicionalne nacine
proizvodnje u suvremenim sociokulturnim uvjetima Zivota, $to istodobno predstavlja poseban izazov.
Cilj rada je analizirati uc¢inke primjene drustvenih inovacija u perifernim ruralnim mikroregijama u
kontinentalnom i jadranskom podruéju Hrvatske. Provedena je analiza implementacijskih procesa i to:
identifikacija drustvenih inovacija i njihovog doprinosa odrzivom razvoju. Provedena je komparativna
analiza primjene Sest drustvenih inovacija povezanih s poljoprivrednim aktivnostima. Rezultati
pokazuju drustvene, ekoloske i ekonomske ucinke implementiranih inovacija koji diversificiraju
gospodarske aktivnosti i utje¢u na razvoj ruralnih podrudja.

Klju¢ne rijeci: drustvene inovacije, poljoprivreda, diversifikacija, ruralni razvoj

Uvod

Periferna ruralna podruéja izuzetno su vazna za ruralni Zivot, oCuvanje tradicionalnog kulturnog naslijeda,
bioraznolikosti i ekosustava. Negativni ekonomski i demografski procesi vezani uz depopulaciju, deagrarizaciju,
visoke stope nezaposlenosti i nedostatak socijalnih usluga posebno teske posljedice imaju upravo na ta podrudja.
Istodobno, upravo ta podrucja imaju posebno znacajnu ulogu u nacionalnim ekonomijama zbog njihove prirodne
i proizvodne vrijednosti, kulturnog i tradicijskog naslijeda te potencijala zapogljavanja. Stoga je u tim podruc¢jima
posebno vazno uvodenje drustvenih inovacija koje predstavljaju nove nadine suocavanja s razvojnim izazovima
upotrebe drzavnih intervencija (DezZe i sur., 2023) za stvaranje drustvenih koristi i ekonomskih mogu¢nosti (Adams
i Hess, 2010).

U ovom radu fokus je na podrudja s posebnim geografskim (otoci, brdsko-planinska podruéja), bioloskim
(poljoprivredna zemljista visoke prirodne vrijednosti - HNV eng. High Natural Value') i ekonomskim obiljezjima
(poljoprivreda malih poljoprivrednih gospodarstava, niskog intenziteta), koja su obuhvacena pojmom perifernih
ruralnih podruéja. Ta podruéja imaju veliku biolosku raznolikost i tradiciju poljoprivrednih praksi pri ¢emu imaju
veliki potencijal razvoja lokalnih ekonomija, jer se mali kapacitet njihove proizvodnje prilagodava geografskim,
bioloskim i ekonomskim uvjetima.

Drustvene inovacije odnose se na razvoj ili znacajno unaprjedenje strategija, koncepata, ideja, proizvoda ili usluga s
ciljem da se naglase pozitivne socioekonomske promjene i/ili da se odgovori na znacajne drustvene potrebe. Mogu
doprinijeti vi$im stopama zaposlenosti ili potro$nje u drustvu te unaprijediti kvalitetu zivota (French i sur., 2014). U
kontekstu revitalizacije ruralnih podrudja, s ciljem postizanja odrzivosti proizvodnih resursa, suradnje i povezivanja,
te osiguravanja kanala znanja i informacija, drustvene inovacije od velikog su znacaja. U politickim dokumentima
Europske komisije poseban naglasak stavlja se na drustvena pitanja i inovacije, doprinos ublazavanju posljedica
klimatskih promjena, okoli$nim ciljevima, upravljanju rizicima i odrzivoj poljoprivrednoj proizvodnji (Ascani i De
Vivo, 2020).

1 Podru¢ja na kojima poljoprivredne aktivnosti doprinose bioraznolikosti, odrzanju kulturnog naslijeda, visokokvalitetnih
proizvoda i ruralnog zapogljavanja, a karakterizira ih nizi intenzitet proizvodnje. Cesto su ta podruéja dijelovi zaiti¢enih podrugja u
sklopu Natura 2000 stani$ta. Dodatno je njihova vrijednost u koristenju za rekreacijske svrhe te razvoj prirodnih i ruralnih turisti¢kih
praksi (http://www.hnvlink.eu/).
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U ovom radu istrazuju se drustvene inovacije u perifernim ruralnim podru¢jima Hrvatske s cil-
jem identificiranja njihovog doprinosa u tri stupa odrzivog razvoja: drustvenom, ekonomskom i
ekoloskom.

Materijal i metode

Glavni izvori analiziranih podataka u ovom radu su edukativni materijali objedinjeni u virtualnoj banci studija
slucajeva (Virtual Case Study Bank) koja je rezultat dvaju uzastopnih istrazivackih projekata programa ERASMUS+.
Prvotni podaci prikupljeni su i analizirani u projektu HNV-Link u 10 europskih podrucja? gdje su prepoznate
poljoprivredne i povezane djelatnosti visoke prirodne vrijednosti koje su implementirale drustvene inovacije.
Projektom su prikupljene i opisane inovacije koje podrzavaju specifi¢ne lokalne poljoprivredne sustave i zajednice
doprinose¢i unapredenju socioekonomske i ekoloske odrzivosti, a podrucja na kojima su inovacije primijenjene
istaknuta su kao primjeri dobre prakse za ucenje. Po zavrsetku projektnih aktivnosti HNV-Link-a, nastavilo
se s izradom edukativnih materijala u projektu RURUP - Innovative Education for Sustainable Development of
Peripheral Rural Areas (2020.-2023.), unutar kojeg su se oblikovali edukacijski materijali i objedinili u virtualnu
banku studija slu¢aja o inovativnim rjesenjima za razvoj perifernih ruralnih podrucja kako bi se mogli koristiti u
svrhe ucenja na primjerima dobre prakse. Edukacijski materijali koristeni su u pilot-projektu provedbe e-kolegija
kojeg su provodila sveucilista iz zemalja partnera na projektu® koristenjem CPD (2022) platforme (Teaching and
Learning Online Courses). Cjelokupna Virtualna banka studija sluc¢ajeva pohranjena je i na EPALE (2023) platformi
(Electronic Platform for Adult Learning in Europe) koja je dostupna javnosti.

U ovom radu analizirani su odabrani slu¢ajevi primijenjenih drustvenih inovacija u perifernim ruralnim podru¢jima
Hrvatske, konkretnije na dalmatinskim otocima te u isto¢noj Hrvatskoj, a koje su pridonijele ekonomskim, ekoloskim
i drustvenim promjenama te su time prepoznate kao katalizatori gospodarskog razvoja na lokalnoj razini.

Drustvene inovacije su analizirane s obzirom na njihove doprinose odrzivom razvoju. KoriStena je metoda
komparativne analize slu¢ajeva; analizirani su slu¢ajevi drustvenih inovacija tekstualnom analizom materijala nastalih
projektnim aktivnostima (HNV-Link 2019. i RUR'UP, 2023). Prvotno su identificirani indikatori odrzivog razvoja
u svakom pojedina¢nom slucaju, a potom su kodirani i grupirani prema pojavljivanjima u klju¢nim doprinosima
drustvenih inovacija - drustvenim, ekoloskim i ekonomskim koji predstavljaju tri stupa odrzivog razvoja. Svaka
grupa obuhvaca pet indikatora koji su se u tekstu najcesce pojavljivali. Sveukupno, svaka od Sest inovacija analizirana
je s obzirom na 15 indikatora doprinosa odrzivom razvoju. U¢inkovitost drustvene inovacije zabiljezZena je potvrdno
(), dok je ostalo obiljezeno negacijski (X). Pojavnost svakog pojedinog indikatora u svakoj grupi izrazena je kao
omjer parcijalne prisutnosti u odnosu na ukupni skup. Udjeli pojedinih doprinosa odrzivom razvoju - drustveni,
ekoloski i ekonomski, prikazani su numericki (%) i graficki za dva analizirana podru¢ja Hrvatske.

Rezultati i rasprava

Drustvene inovacije mogu se smatrati jednim od rjesenja kako se suociti s izazovima odrzivog razvoja perifernih
ruralnih podruéja. Njihova primjena rezultat je aktivnosti lokalnih zajednica koje prepoznaju svoje potrebe i
ostvaruju mogucnosti kojima doprinose drustvenom, ekoloskom i ekonomskom razvoju. Geografska raznolikost na
nacionalnoj razini utjece i na oblike, tipove i doprinose drustvenih inovacija odrzivom razvoju perifernih ruralnih
podrudja. U radu su analizirana tri primjera dobre poduzetnicke prakse u implementaciji drustvenih inovacija u
kontinentalnom podrucju (KP -KP,) i komparirana s tri primjera u jadranskom podrucju Hrvatske (JP,-JP,), kako
je prikazano u Tablici 1.

2 Bugarska, Hrvatska, Francuska, Greka, Irska, Portugal, Rumunjska, Spanjolska, Svedska i UK.
3 Zemlje partneri u projektu: Bugarska, Finska, Grcka, Francuska, Irska, Rumunjska i Hrvatska.
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Tablica 1. Implementacija drustvenih inovacija u kontinentalnom i jadranskom podrucju Hrvatske

Podrucja Nazivi
) KP, Kratki lanac opskrbe u okolici Osijeka
Egg;gg?talno KP, Objekt za preradu poljoprivrednih proizvoda malih proizvodaca
KP, Transfer znanja u suradnji s osjeckim Sveucilistem
JP, Otok Murter: Akcijski plan odrzivog koristenja resursa
L a(flg::;l;o JP_ Dalmatinski otoci: organizacije s vide dionika koje poti¢u proizvode i prakse HNV-a

JP, Dalmatinski otoci: HNV poljodjelstvo kao turisticka djelatnost

Prema nazivima implementiranih drustvenih inovacija prepoznaju se razlike u ciljevima, aktivnostima i potrebama
lokalnog stanovnistva koje su se razvile u skladu s geografskim specifi¢cnostima perifernih ruralnih podruéja. Opisi
inicijativa, aktivnosti i procesa upravljanja promjenama navedeni su kako slijedi:

KP, Kratki lanac opskrbe u okolici Osijeka - inicijativa se oslanja na strategiju participativnog sudjelovanja lokalnom
razvoju i ukljucuje razli¢ite dionike za rjesavanje problema pri horizontalnom umrezavanju ekoloskih proizvodaca
i stvaranju preduvjeta za bolji plasman njihovih proizvoda. Rezultat provedbe inovativnog procesa su bili uspostava
udruge ekoloskih proizvodaca u OBZ i uspostave prodaje ekoloskih proizvoda za Osijek i okolicu u okviru osjeckog
kratkog opskrbnog lanca s Internet prodajom. Time je ostvarena baza za $irenje mreze ekoloskih proizvodaca i
razli¢itih oblika prodaje kroz kratki lanac opskrbe ¢ime je ostvaren rast prihoda, osnazena trzisna pozicija i njihova
konkurentnost.

KP, Objekt za preradu ekoloskih poljoprivrednih proizvoda - aktivnosti su usmjerene na povezivanje malih
proizvodaca s ciljem zajednic¢kog koriStenja pogona za preradu primarnih ekoloskih poljoprivrednih proizvoda
izgradenog Ivanovcima. Objekt je u vlasnistvu Grada Valpova, ureden sredstvima EU projekta, certificiran za
preradu ekoloskih proizvoda te je predan na koristenje udruzi ekoloskih proizvodaca. Pogon je opremljen linijjom
za preradu soka od jabuka i drugog voca, pasirkom za rajéicu, kotlom za ukuhavanje sokova i dzemova, susarom
za voce i ¢ajeve manjeg kapaciteta te pasterizatorom s linijom za punjenje staklenih boca i bag-in-box ambalazu.
Postignuto je osnazivanje trzi$ne pozicije malih ekoloskih poljoprivrednih proizvodaca koji su stekli moguénost da
preradom proizvoda postignu ve¢u dodanu vrijednost svoje proizvodnje.

KP, Transfer znanja u suradnji s osjeckim Sveucilistem - suradnja putem zajednickog projekta Sveucilista Josipa
Jurja Strossmayera, Tera Tehnopolis — ured za transfer tehnologija i Fakulteta agrobiotehnickih znanosti Osijek s
ekoloskim proizvodac¢ima uz potporu lokalnih institucija. Cilj je bio istaknuti vaznost ekoloske poljoprivrede i uloge
malih proizvodaca u opskrbljivanju lokalnih trzista te doprinijeti unaprjedivanju kompetencija ekoloskih proizvodaca
u skladu s njihovim potrebama. Aktivnosti su omogucile: razvoj preduvjeta za implementaciju novih tehnologija
i inovacija u ekoloskoj proizvodnji koji su rezultat znanstvenih istrazivanja; koncipiranje razvoja marketinskih
strategija za lokalno trziste; poboljsanje preduvjeta za brendiranje ekoloskih proizvoda, te podr$ka organiziranju
zajednickih prodajnih kanala ekoloskih proizvodaca. Kroz aktivnosti deset radionica educirano je izmedu 15 do 30
sudionika o temama: solidarnost u proizvodnji i prodaji ekoloske hrane, bioraznolikost obradivih povrsina, ekoloski
nacini zastite, ekoloski uzgoj svinja i peradi, novi pristupi ispasi i hranidbi stoke, inovativni marketingki principi,
razvoj trzita ekoloske hrane te kratkih lanaca opskrbe ekoloski proizvedenom hranom.

JP, Otok Murter: Akcijski plan odrzivog koristenja resursa (Argonauta, 2022) - primjer je inovacije u ruralnom
razvoju koja se provodi temeljem Akcijskog plana odrzivog koristenja resursa na podruéju otoka Murtera, Jezera
Vrana, te Nacionalnog parka Kornati. Promjene u pretvorbi tradicijske u modernu praksu HNV-a vodene su s
ciljem prijenosa znanja o tradicijskim praksama koje nestaju zbog napustanja poljoprivrede i starenja stanovnistva
u ruralnim podruéjima. Ozivljeno je i aktivirano znanje i iskustvo lokalne zajednice prema smjernicama zastite
prirode i odrzivog koriStenja njezinih resursa. Koncept odrzivog turizma nastao je sinergijom zastite prirode
i razvoja otoka Murtera. Uspostavljena je digitalna platforma koja ukljucuje otocane kako bi se ojacali kapaciteti
dionika i razvilo participativno upravljanje lokalnim podru¢jem. To je primjer prakse participativnog upravljanja
za$ticenim podrucjima po uzoru na francuske ekomuzeje koji ozivljavaju lokalne tradicionalne prakse odrzivog
koristenja prirodnih resursa (Botica i sur., 2017).

JP_ Dalmatinski otoci: organizacije s vide dionika koje poticu proizvode i prakse HNV-a, na podrucju dalmatinskih
otoka postoji nekoliko LEADER organizacija koje neizravno promi¢u HNV (LAG-5, 2022). Suradujudi s javnim,
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privatnim i civilnim sektorom, ostvaruju suradnju u svrhu dobivanja EU sredstava za lokalne projekte koji poticu
ruralni razvoj i odrzivost agroekosustava. Primjer za to je Slow Food Pelje$ac Convivium koji promice kako brendirane
domace proizvode tako i koristenje hrane temeljeno na nacelima dobre, svjeze, lokalne i sezonske prehrane.
Aktivnosti su usmjerene na promociju sezonskih prehrambenih proizvoda, zastitu bioloske raznolikosti, lokalnih
recepata, namirnica te hrane koja je zaboravljena ili na neki nacin ugrozena. Istodobno se utjece na proizvodace i
potrosace kroz promicanje organske poljoprivrede bez pesticida (Andlar i sur., 2017).

JP, Dalmatinski otoci: HNV poljodjelstvo kao turisticka djelatnost. Prema Nicolle i sur., (2017), primjeri inovacija
okupljaju razli¢ite dionike koji su povezani zajedni¢kim pristupom ¢ija je bit obraditi poljoprivredna zemljista
svojih predaka i revitalizirati povijesnu bastinu. Jedan od hrvatskih primjera je Muzej maslinovog ulja (Muzej
maslinovog ulja, 2022.) na otoku Brac¢u. Osim razgledavanja, turisti mogu sudjelovati u radovima na maslinicima, te
kusati i kupiti domacu hranu. Sljedec¢a inovacija je rasadnik autohtone vrste ,,Anemona“ kao primjer tradicionalne
proizvodnje sadnica autohtonog podrudja u skladu s praksom HNV-a. Sudjeluju u o¢uvanju bioloske raznolikosti te
svojom ponudom i prodajom upotpunjuju turisticke usluge otoka Korcule. Prema Rogli¢ (2017), realizacija inovacija
dugoro¢no ovisi o osiguranju financijskih sredstava za troskove provedbe akcijskih planova, edukacije te suradnje
u implementaciji i brendiranju proizvoda. Procesi upravljanja promjenama nisu dizajnirani za postizanje visoke
prirodne vrijednosti (HNV) ili ciljeva o¢uvanja, ali je vjerojatno da ¢e to biti dugoro¢no mogucée postic¢i kroz rezultate
odrzavanja ekstenzivnih sustava ispase i smanjenja udjela Sikare. Potencijalno se upravljanje promjenama moze
prilagoditi posebnim ciljevima HNV-a uklju¢ivanjem nadleznih institucija za zastitu okolisa u skladu s ciljevima
Zelenog plana.

Prema rezultatima analize oblikovani su indikatori i identificirani su drustveni, ekoloski i ekonomski doprinosi za
svaku inovacija u istrazivanju, te su potvrdno () ili negacijski (X) prikazani u Tablici 2.

Tablica 2. Doprinosi drustvenih inovacija odrzivom razvoju u kontinentalnom i jadranskom perifernom ruralnom
podrudju Hrvatske

o i ) Kontinentalno podrucje Jadransko podrucje
Doprinosi Indikatori
KP, KP, KP, P, JP. P,
Odgovornost
. 7 v X v v X v
pojedinca
4 Socijalna
g 2. v X X X v v
a sigurnost
S Smanjenje
b 300 X X X v v X
g siromastva
’4%‘ Drustveno
= 4 5 . v v v v X X
A umreZavanje
Osobna
5 .. v v v v v v
samoodrzivost
Zastita
6 N X v X v v v
stanista
2 Ekoloska
g 7 . . v v v X v X
g proizvodnja
3 Ekoloska
g 8 - X v v X X X
2 osvijestenost
E 9 Zastita X v X v v v
a bioraznolikosti
Smanjenje
10. ekoloskog otiska X v X X X
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Profitabilnost

11. v v v X v X
farme
Rast

12. . v X v X v X
konkurentnosti
Koristenje

13. drzavnih X X X v X v
potpora
Povezivanje

14. gospodarskih v v X v X v

subjekta

Ekonomski doprinos

Javne
15. ° o X X v X X v
investicije

Na osnovu prisutnosti pojedinih indikatora utvrdeno je da je u ukupnoj strukturi najprisutniji drustveni doprinos
(38%) u oba istrazivana geografska podrudja, zatim slijedi ekoloski doprinos (32%) i najmanji je ekonomski doprinos
(30%). Sa svrhom prepoznavanja geografskih razlicitosti provedeno je sumiranje svih drustvenih doprinosa kroz pet
indikatora, od prvog do $estog primjera primjene inovacija, te su izra¢unati udjeli za svako geografsko podrudje.
Istovrsni postupak primijenjen je za izracunavanje udjela ekoloskog i ekonomskog doprinosa kako za kontinentalno
(KP) tako i za jadransko (JP) podru¢je Hrvatske. Rezultati komparativne analize prema drustvenim, ekologkim i
ekonomskim doprinosima odrzivom razvoju perifernih ruralnih podru¢ja potvrduju razlike u njihovoj distribuciji,
kako je prikazano u Grafikonu 1.

Drustveni
doprinosi
o0 52,63%
50 @I 7<=92

AG6IsE———————— 3N 43.75%
Ekonomski Ekoloski

o 53339 i
doprinosi  53.33% R e P 56.25% doprinosi

Grafikon 1. Komparacija drustvenih inovacija prema grupama doprinosa odrzivom razvoju i geografskim
podrucjima Hrvatske

Najveca je zastupljenost inovacija s ekoloskim doprinosom (56.25%) u kontinentalnom podrudju, zatim slijede
ekonomski (53,33%) i drustveni (47,37%). U jadranskom podruéju prevladava drustveni doprinos (52,63%), a slijede
ga ekonomski (46,67%) i ekoloski (43,75%).
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Zakljucak

Implementacija drustvenih inovacija je sve aktualnija zbog ostvarivanja ciljeva odrzivog razvoja u perifernim ruralnim
podru¢jima. Rezultati komparativne analize Sest primjera potvrduju razlike u njihovim doprinosima odrzivom
razvoju i prema geografskim podrucjima u kojima su nastale. Doprinosi su identificirani koristenjem indikatora koji
su svrstani u tri skupine, tri stupa odrzivog razvoja: drustveni, ekoloski i ekonomski. U kontinentalnom podrucju
inovacije su imale znacajniji ekoloski doprinos kroz povezivanje ekoloskih proizvodaca u cilju unaprijedena
prodaje, izgradnji objekta za preradu ekoloskih proizvoda i unaprjedivanju kompetencija ekoloskih proizvodaca.
Na jadranskom podrucju drustvene inovacije postigle su razvojne perspektive odrzivosti s drustvenim doprinosima
i to aktiviranjem znanja i iskustva lokalnog stanovni$tva prema zastiti prirode i odrzivog koristenja resursa
uspostavljanjem digitalne platforme za participativno upravljanje lokalnim odrzivim razvojem. Utvrdeni doprinosi
drustvenih inovacija odrzivom razvoju perifernih ruralnih podruéja nastajali su u skladu s lokalnim potrebama, te
ih je zbog toga potrebno poticati i podrzavati kroz aktivnosti komparativnih institucija privatnog i javnog sektora.

Napomena

Podaci o procesima implementacija drustvenih inovacija u periferna ruralna podrucja prikupljeni su i kreirani kao
virtualna baza podataka kroz projekt RUR'UP Innovative Education for Sustainable Development of Peripheral
Rural Areas, KA2, Erasmus+2020. programa (https://epale.ec.europa.eu/en/group/171142).
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Implementation of Social Innovations in Croatian
Peripheral Rural Areas

Abstract

Social innovations in the context of rural development contribute to socioeconomic changes in
accordance with the social needs of local communities. Their application includes traditional ways
of production in contemporary socio-cultural living conditions, which at the same time represents a
special challenge. The aim of the paper is to analyze the effects of the application of social innovations
in peripheral rural microregions in the Continental and Adriatic areas of Croatia. An analysis of
implementation processes was carried out, namely: identification of social innovations and their
contribution to sustainable development. A comparative analysis of the application of six social
innovations related to agricultural activities was carried out. The results show the social, ecological and
economic effects of implemented innovations that diversify economic activities and influence the rural
development.

Keywords: social innovation, agriculture, diversification, rural development
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SaZetak

Rad prikazuje pregled svinjogojskoga sektora u Republici Hrvatskoj metodom mjese¢nih ostataka (eng.
Monthly remainders methodology) u periodu od 2019. do 2023. godine. Metoda predstavlja analizu
osnovnih proizvodnih ulaznih ¢imbenika u sektoru svinjogojstva kojom se izra¢unava preostali dio
iznosa u EUR koji ostaje proizvoda¢ima nakon §to se troskovi osnovnih proizvodnih inputa oduzmu
od prosje¢nih mjese¢nih cijena svinjskoga trupa. Rezultati su usporedeni sa predpandemijskom 2019.
godinom jer u navedenoj godini nije bilo izrazitih trzi$nih Sokova. Na temelju analize 2021. i 2022.
godina predstavljaju najizazovnije razdoblje u sektoru svinjogojstva zbog visokih ulaznih troskova i
niske otkupne cijene trupa.

Klju¢ne rijedi: svinjogojski sektor, metoda mjese¢nog ostatka, Republika Hrvatska

Uvod

Svinjogojski sektor predstavlja znac¢ajnu granu poljoprivredne proizvodnje koja ima duboke korijene u hrvatskoj
tradiciji i kulturi, poglavito na podrucju isto¢ne Hrvatske (Grgi¢ i sur., 2019). Recentne stalne pojave trzi$nih
$okova predstavljaju ogroman izazov razvoju svinjogojstva u Republici Hrvatskoj. Pocevsi s izbijanjem COVID-19
pandemije u 2020. godini doslo je do znac¢ajnih poremecaja na globalnom i jedinstvenom trzistu svinjskog mesa, s
viskovima koji su dramati¢no smanyjili cijene. Izrazito niske razine cijena zadrzavale su se sve do veljace 2022. godine,
kada je poceo postupan oporavak cijena svinjskoga mesa. Medutim, usprkos oporavku cijena mesa, proizvodaci
nisu osjetili olaksanje tijekom 2022. godine zbog pojave inflacije. Op¢i rast cijena, prvenstveno energenata zbog
rata u Ukrajini, razlogom je znatnim povecanjem cijena Zitarica i sto¢ne hrane (Sohag i sur., 2023). U 2023. godini
takoder se isticu povi$eni osnovni proizvodni troskovi, prije svega visoka cijena prasadi. Dodatno, suo¢avamo se s
novim vanjskim trzi$nim Sokom, a to je pojava africke svinjske kuge (ASK), koja dodatno produbljuje ve¢ postojece
negativne trendove u domacem sektoru svinjogojstva (Kranjac i sur., 2018., Grgi¢ i sur., 2016).

Materijal i metode

Metoda mjese¢nih ostataka (eng. Monthly remainders methodology) predstavlja ustaljenu metodu opservatorija
trzi$ta mesa (eng. Meat Market Observatory) koji djeluje u sklopu Europske komisije odnosno DG-AGRI-ja. Njena
svrha je pracenje i analiza osnovnih proizvodnih ulaznih ¢imbenika u sektoru svinjogojstva na razini Europske
unije (EU). Kao takva, metoda omogucuje izra¢unavanje preostalog iznosa koji ostaje proizvoda¢ima nakon §to se
troskovi osnovnih proizvodnih inputa oduzmu od prosjecnih mjese¢nih cijena svinjskoga trupa.

Osnovne proizvodne inpute ¢ini cijena osnovnih sastojaka sto¢ne hrane i cijena prasadi uz koje se usporedno
prate cijene svinjskoga trupa. Prosje¢na mjese¢na cijena osnovnih sastojaka stocne hrane izracunava se na temelju
prosje¢nih mjese¢nih cijena zitarica (sto¢nog je¢ma, pSenice i kukuruza) i sojine sa¢me u kojoj zitarice sudjeluju sa
85% udjela a sojina sa¢ma s 15%. Prosjecne mjesecne cijene prasadi, svinjskoga trupa i osnovnih sastojaka stocne
hrane preuzete su sa DG AGRI-jeve platforme za pracenje cijena roba u poljoprivredi (eng. DG AGRI commodity
price monitoring: Monthly commodity dashboard).

Pored cijena osnovnih inputa, metoda uklju¢uje osnovne parametre ciklusa tova svinja od kojih neki predstavljaju
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fiksne vrijednosti poput: pocetne tezine prasadi, prosjecnog dnevnog prirasta, razdoblja tova, konverzije hrane,
randmana trupa, dok drugi predstavljaju izra¢unate vrijednosti poput: potrebne koli¢ine hrane za 100 kg teZine
trupa, konacne tezine tovljenika, tezine trupa, itd. S obzirom na ukratko opisanu metodologiju izraden je pregled
prosje¢nih mjesecnih cijena sto¢ne hrane, prasadi, trupa, te preostalog iznosa u EUR koji ostaje proizvodacu nakon
§to se prosjecne mjesecne cijene osnovnih proizvodnih inputa oduzmu od prosje¢nih mjese¢nih cijena svinjskoga
trupa u Republici Hrvatskoj od 2019. do zadnjih dostupnih podataka u 2023. godini

Cimbenici koji se koriste prilikom izra¢unavanja mjese¢nih ostataka u tovu svinja:
o Pocletna tezina prasadi PTP (kg) = fiksno = 25,00
o Prosje¢ni dnevni prirast - PDP (kg) = fiksno = 0,8
o Trajanje tova ( mjeseci ) = fiksno = dani = 121,7
o Utrosak krmiva za prosje¢ni dnevni prirast kg prirasta — konverzija - fiksno = 3,00
o Prirast trupa PT (indeks) = fiksno =0,78
o Zavr$na tezina ZT (kg) = izra¢un = Pocetna tezina prasadi * ( PDP * trajanje tova u danima)
o Tezina trupa TT (kg) = izra¢un = Zavr$na tezina * Prirast trupa
o Utrosak krmiva UK (kg za 100 kg trupa) = PDP * trajanje tova u danima * konverzija) * 100 / Tezina trupa
o Sastav smjese fiksno
o Prosje¢na cijena smjese PCS ( euro/kg) = mjese¢na cijena krmiva * udio krmiva u smjesi

» Trosak hranidbe TH = Prosjecna cijena smjese PCS (eura/100kg teZine trupa) *Utrosak krmiva UK (kg za
100 kg tezine trupa)

« Cijena za prasad CP (eura za prase) = fiksno
o Ulazna vrijednost prasadi UVP( euro/100 kg trupa) = cijena za prasad * 100 / Tezina trupa
o+ Cijena trupa CT = prosjek S,E i R klase trupa

o Mjese¢ni ostatak (euro/100 kg trupa) = Cijena trupa CT- (Cijena glavnih krmiva CGK + Ulazna vrijednost
prasadi UVP)

Rezultati i rasprava

Rezultati u predpandemijskoj 2019. godini sluze za usporedbu promatranih parametara sa ostalim analiziranim
godinama, iz razloga jer u navedenoj godini nije bilo izrazitih trzi$nih $okova i volatilnosti. Prosje¢ni godi$nji
troskovi hranidbe u 2019. godini iznosili su 53,37 EUR/tovljeniku, prosje¢na godisnja cijena prasadi bila je 46,45
EUR/prasetu, prosje¢ne godi$nje cijene trupa S+E 169,02 EUR/trupu (NN., 2/2009), a prosje¢ni godi$nji ostatak
proizvodacu iznosio je 69,20 EUR/tovljeniku. U narednoj 2020. godini, kada usporedimo vrijednosti godisnjih
prosjeka promatranih parametara u odnosu na 2019. godinu ne uo¢avamo znacajnija odstupanja iako je COVID 19
pandemija zapocela pocetkom godine.

No problemi vezani uz trzi$ne viskove na jedinstvenom trzistu pocinju se javljati rujnu 2020. godine $to je vidljivo
iz Grafikona 1., gdje cijene trupa odnosno mesa pocinju znacajno padati. 2021. godina oznacava pocetak jedne
od najgorih kriza sektora svinjogojstva od samostalnosti RH, troskovi hranidbe pocinju rasti, te su u prosjeku za
34,5% visi, dok je prosjecna godi$nja cijena S+E trupa niza za 17 %, $to rezultira 69,2% nizom vrijednosti ostatka
proizvodacu u odnosu na 2019. godinu.
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Grafikon 1: Pregled svinjogojskoga sektora RH od 2019.-2023. metodom mjesecnih ostataka
Izvor: Izracun autora prema DG AGRI - Monthly commodity dashboard

Povijesno niske cijene svinjskoga mesa zadrzavale su se sve do veljac¢e 2022. godine, no oporavak cijene mesa nije
rezultirao oporavkom sektora gdje vidimo kako je ostatak proizvodacu u sektoru svinjogojstva u prosjeku bio manji
nego 2021. godine, te je u prosjeku na godisnjoj razini iznosio 20,51 EUR. Razlog tomu je siloviti rast cijena troska
hranidbe zbog rata u Ukrajini, te je prosje¢ni godisnji trosak hranidbe u 2022. godini bio za 90,7 % ve¢i u odnosu
na 2019. godinu. Teku¢u 2023. godinu takoder obiljezavaju relativno visoki troskovi hranidbe koji su za 64,5% visi u
odnosu na 2019. godinu. Uz relativno visoke troskove hranidbe u 2023. godini dolazi do snaznog rasta cijena prasadi
koja je u prosjeku visa za ¢ak 120,4% u odnosu na predpandemijsko razdoblje. Ekstremno visoke ulazne troskove
donekle ublazava cijena trupa koja je u prosjeku 2023. godine visa za 34,6% u odnosu na 2019. godinu, $to rezultira
nesto ve¢im prosje¢nim ostatkom proizvodacu koji prema do sada dostupnim podatcima iznosi u prosjeku 37,34
EUR po tovljeniku na godi$njoj razini.
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Grafikon 2. Prosjecni godisnji iznosi promatranih vrijednosti svinjogojskog sektora po tovljeniku/trupu/prasetu u
RH od 2019.-2023.
Izvor: Izracun autora prema DG AGRI - Monthly commodity dashboard

Iz Grafikona 2. moZemo vidjeti prosjeke troska hranidbe, cijena prasadi, cijena trupa i mjese¢nih ostataka za period
od 2019.-2023. iz kojih se vidi kako su 2021. i 2022. godina bile najizazovnije godine u sektoru, s time da 2023.
godina predstavlja blagi oporavak sektora zbog rasta prosje¢nih otkupnih cijena svinjskoga trupa do rujna 2023.

Zakljucak

Prema dosadas$njim istrazivanjima svinjogojski sektor od ulaska Hrvatske u Europsku uniju biljezi negativne
trendove, te se ocekuje daljnji nastavak i produbljivanje krize sektora. U prilog tome idu i rezultati ove analize
metodom mjese¢nih ostataka. Iz rezultata mozemo zakljuciti kako sektor posljednje tri godine ima izrazito niske
prosje¢ne mjesecne ostatke, uglavnom zbog visokih ulaznih troskova i niskih otkupnih cijena trupa (izmedu 21,31
- 37,34 EUR) u odnosu na predpandemijsku 2019. godinu kada je prosje¢ni godi$nji mjese¢ni ostatak iznosio 69,20
EUR po tovljeniku.

Metoda mjese¢nih ostataka naime ne ukljucuje sve vrste ostalih troskova na farmi, ali daje dobar uvid u kojim
periodima se sektor nalazi u krizi.
Dodatno, Republika Hrvatska suocava se s novim egzogenim $okom, a to je pojava africke svinjske kuge, koja

¢e dodatno produbiti ve¢ postojece negativne trendove u domacem sektoru svinjogojstva, gdje je iznimno tesko
procijeniti cjelokupne i to¢ne razmjere negativnih uc¢inaka sektoru domacem svinjogojstva u narednim godinama.
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Outlook on the pork meat market in the Republic
of Croatia using the montly remainder method

Abstract

The paper presents an outlook of the pork meat sector in the Republic of Croatia using the monthly
remainders methodology in the period from 2019 to 2023. The method represents an analysis of the
basic production input factors in the pig farming sector, by which we calculate the remaining amount
that remains for producers after the costs of basic production inputs are subtracted from the average
monthly prices of pig carcasses. The results were compared with the pre-pandemic year 2019 because
there were no significant market shocks in that year. Based on the analysis, the years 2021 and 2022
represent the most challenging period in the pig farming sector due to high input costs and low carcass
purchase prices.

Keywords: Pork meat market outlook, Monthly remainder, Republic of Croatia

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia



PRELIMINARY COMMUNICATION

Sprjecavanje prijevara na trzistu lickog krumpira
sa oznakom zemljopisnog podrijetla primjenom
pametnih ugovora

Zeljka Mesi¢!, Nikola Vidakovi¢?, Katarina Sekuli¢?, Ana Marusi¢ Lisac’, Dragana Milosavljevi¢?,
Josip Juracak'

ISveuciliste u Zagrebu Agronomski fakultet, SvetoSimunska cesta 25, Zagreb, Hrvatska (zmesic@agr.hr)
2Udruga proizvodaca lickog krumpira, Senjska ulica 16, Gospi¢, Hrvatska
*Biotechnicon poduzetnicki centar d.o.o., Ul. Hrvatskih iseljenika 30, Split, Hrvatska

SaZetak

Prijevare s hranom sve su ucestaliji problem koji nanosi veliku $tetu trzi$tu hrane. Projekt H2020
ALLIANCE' usmjeren je na sprjecavanje prijevara s hranom u opskrbnim lancima proizvoda s oznakom
kvalitete kao $to su ekoloski proizvodi i proizvodi zasti¢eni zemljopisnim oznakama. Za Hrvatsku,
specifi¢ni cilj projekta ALLIANCE je poboljsanje sljedivosti lickog krumpira zasticenog oznakom
zemljopisnog podrijetla (ZOZP) primjenom pametnih ugovora (engl. smart contracts). Tijekom
2023. godine provedena je prva faza projekta, tijekom koje su utvrdeni sljede¢i izazovi u opskrbnom
lancu lickog krumpira ZOZP: mali broj proizvodaca u sustavu zastite, tesko pracenje i sprje¢avanje
zlouporabe imena ,,Li¢ki krumpir®, nedostatak provjera krumpira izvan sustava certificiranja ZOZP,
sustav sljedivosti temelji se na elementarnom vodenju dokumentacije u Word i Excel obrascima,
nedostatak infrastrukture i znanja za digitalizaciju i implementaciju blockchain sustava sljedivosti.

Kljucne rijeci: EU H2020, prijevare s hranom, pametni ugovori, licki krumpir, ZOZP

Uvod

Prijevare s hranom postaju sve ucestaliji problem koji ozbiljno narusava integritet trzista hrane (Brooks i sur., 2022.).
Procjenjuje se da trosak za globalno gospodarstvo iznosi izmedu 40-50 milijardi dolara godi$nje (Platonova, 2023).
Prijevare s hranom definirane su kao namjerno mijenjanje svojstava i sastava namirnica kori$tenjem zamjenskih
sirovina, aditiva te nedopustenih tvari, ¢ime se obmanjuju potrosaci, smanjuje prehrambena vrijednost namirnice,
te izlaze potros$ace Stetnom utjecaju na njihovo zdravlje (FAO, 2021). Prijevare hranom uklju¢uju razne oblike
krivotvorenja, patvorenja i laznog oznacavanja prehrambenih proizvoda kako bi se ostvarila ne pripadajuca
ekonomska korist.

Zrtve prijevare s hranom i krivotvorenja mogu biti razli¢iti sudionici u lancima opskrbe kao $to su distributeri, trgovci
na malo te potrosaci (Rizzutti, 2020). Svi oni suocavaju se s ekonomskim gubicima te zdravstvenim i sigurnosnim
rizicima pri rukovanju ili konzumiranju laznih proizvoda. Prijevara s hranom posebno je znacajna za segment
prehrambenih proizvoda s oznakom kvalitete zbog visih profitnih marzi u usporedbi s ostatkom trzista hrane. Projekt
ALLTANCE je usmjeren na sprjecavanje prijevara s hranom u opskrbnom lancu proizvoda s oznakom kvalitete kao
$to su ekoloski proizvodi, proizvodi zasti¢eni zemljopisnim oznakama. SveudiliSte u Zagrebu Agronomski fakultet,
Udruga proizvodaca lickog krumpira (UPLK) i Biotechnicon poduzetnicki centar d.o.o. su medu 24 partnera u
ovom projektu kojeg koordinira University of Thessaly iz Grcke. Za Hrvatsku, specifi¢ni cilj projekta ALLIANCE je
poboljsanje sljedivosti lickog krumpira zasti¢enog oznakom zemljopisnog podrijetla (ZOZP) primjenom pametnih
ugovora (engl. smart contracts).

Krumpir se nalazi u top 10 najvaznijih usjeva na globalnoj razini i neizostavni je dio prehrane diljem svijeta. U
Hrvatskoj se ukupna proizvodnja krumpira u 2021. godini odvijala na 8.786 ha s prosje¢nim prinosom od 14,5 t/ha i

1 A hoListic framework in the quality Labelled food supply chain systems’ management towards enhanced data Integrity and
verAcity, interoperability, traNsparenCy, and tracEability
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ukupnom proizvodnjom od 127.826 t. Iste godine, ukupne koli¢ine certificiranog lickog krumpira ZOZP iznosile su
svega 753 tone. Licki krumpir je registriran i zasti¢en na zajednickom trzistu EU, gdje je dobio oznaku zemljopisnog
podrijetla u rujnu 2015. godine. Za proizvodnju lickog krumpira koristi se sjemenski krumpir sorata Desire, Bintje
ili Viktorija i drugih sorata sli¢nih karakteristika ¢iji sadrzaj suhe tvari iznosi minimalno 19% (Udruga proizvodaca
lickog krumpira (UPLK), 2014). Prema internim podacima Drzavnog inspektorata u razdoblju od 2020. - 2022.
poljoprivredni inspektori obavili su dva nadzora lickog krumpira ZOZP te su u jednom nadzoru na trznici utvrdili
zlouporabu naziva lickog krumpira. Prema istom izvoru, najviSe zlouporaba naziva zasti¢enih oznaka je utvrdeno u
ugostiteljskim objektima.

Metode i materijali

U razdoblju od veljace do travnja 2023. godine provedeno je kvalitativno istrazivanje u vidu éetiri dubinska intervjua
s razli¢itim dionicima u opskrbnom lancu lickog krumpira ZOZP. Proveden je intervju s predstavnikom UPLK,
zatim s dva proizvodaca koji se nalaze u sustavu zastite te s predstavnicom certifikacijskog tijela (Biotechnicon
d.o.0.) nadleznog za obadva proizvodaca, jedan proizvodac je ¢lan Udruge, dok drugi proizvodac sudjeluje u sustavu
kontrole van Udruge. U analizi opskrbnog lanca lickog krumpira koristen je pristup brze procjene lanca opskrbe

(eng. rapid supply chain appraisal).

Rezultati istraZivanja

Udruge proizvodaca lickog krumpira trenutno ima 7 ¢lanova, od kojih je samo jedan proizvodac u sustavu ZOZP.
Takoder, postoje dva proizvodaca koji nisu ¢lanovi Udruge, ali proizvode i prodaju krumpir pod ZOZP. Manji
proizvodaci krumpir proizvode i prodaju direktno na ku¢nom pragu ili na lokalnoj trznici. Provjeru sukladnosti
oznaka kvalitete u Hrvatskoj provode privatna certifikacijska tijela registrirana pri Ministarstvu poljoprivrede.

- Certifikacijsko tijelo Mali Veliki - Dobavljaci (sjeme,
- Drzavni inspektorat proizvodaéi proizvodadi gnojivo, pesticidi,
ambalaza, ...
Paketna
Prijevoz- Distri- dostava
nici buteri
lzravna prodaja Mal dai HORECA Internet
(gospodarstvo,trznica) aloprodaja prodaja

‘ Potro3aci ‘

Slika 1. Opskrbni lanac lickog krumpira ZOZP

Biotechnicon d.o.o. je certifikacijsko tijelo odgovorno za proces certificiranja lickog krumpira sa ZOZP za oba
ispitana proizvodaca. Kontrolu valjanosti provodi i Inspekcija koja djeluje u sastavu Drzavnog inspektorata. Dva
najveca proizvodaca imaju vlastito sjeme, ali i otkupljuju manje koli¢ine sjemena od dobavlja¢a. Ambalaza (vrece
i kutije za krumpir) se dijelom nabavlja od domacih dobavljaca, a dijelom od uvoznika. Glavni kanali distribucije
su supermarketi (LIDL, INTERSPAR), specijalizirane trgovine, restorani i online prodaja. Isporuka krumpira u
distribucijske centre trgovackih lanaca ide od proizvodaca preko distributera ili preko transportne tvrtke. Online
prodaja radi putem internetskih platformi i takoder putem tvrtki za dostavu paketa koje dostavljaju izravno
potrosacu. (Slika 1).
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Postojeca infrastruktura za pracenje blockchain sustava sljedivosti

Sustav sljedivosti temelji se na elementarnom vodenju dokumentacije u Word i Excel obrascima. Nedostaje
infrastruktura kao $to su IoT senzori, bezi¢na komunikacija ili senzorske i nadzorne digitalne tehnologije koje se
koriste za sustav certificiranja, nadzora i kontrole provedbe specifikacije za licki krumpir ZOZP. Osim infrastrukture
nedostaje i znanja za digitalizaciju i implementaciju blockchain sustava sljedivosti. Samo najveéi proizvoda¢ ima
opremu koja omogucuje online povezivanje senzora u skladistu. Skladiste koje se koristi je javnog tipa, odnosno u
njemu krumpir mogu skladistiti i drugi (manji) proizvodaci - ¢lanovi udruge. Sustav ima rezime hladenja koji se
automatski podesavaju u novoj hladnjaci, te poluautomatski ili ru¢no u starijem dijelu skladista gdje se takoder drzi
krumpir. Ugradena je oprema za prozracivanje i ventilaciju. Na temelju rezultata analize lanca opskrbe definirane su
potrebe za uspostavu djelotvornog suvremenog sustava sljedivosti koji bi sprje¢avao prijevare. S druge strane, projekt
ALLTANCE nudi razli¢ita tehnoloska rjesenja kao potencijalne odgovore na uocene potrebe. U tablici 1 uparene su
potrebe u sustavu sa tehnoloskim rjeSenjima koja nude adekvatan odgovor na iste.

Tablica 1. ALLIANCE moguca tehnoloska rjesenja za Li¢ki krumpir ZOZP
Identificirana potreba ALLIANCE moguca tehnoloska rjeSenja

Blockchain platforma: Prva faza u digitalizaciji procesa je implementacija
Blockchain platforme koja ¢e omoguciti sigurno pohranjivanje dokumenata i
digitalizaciju operativnih procesa.

Kako: Zajedno s Blockchainom omoguciti koristenje IoT-a za digitalizaciju
procesa prikupljanja podataka i automatizaciju analize podataka u kriti¢nim
kontrolnim tockama. Krajnji potrosaci mogu imati koristi od provjerenog
proizvoda, pristupiti pouzdanim informacijama i povecati svoju lojalnost
marki.

Digitalizacija procesa

Sustav za rano upozoravanje i podrsku odlucivanju temeljen na AIL: Ovaj
sustav omogucuje otkrivanje prijevara s hranom, interoperabilnost, sljedivost i
pracenje te pametna rjeSenja za pakiranje/oznacavanje.

Prevencija prijevara s hranom  Kako: Al analitika koristit ¢e se za pruzanje potpore informiranom dono$enju
odluka sudionicima opskrbnog lanca hrane, za poduzimanje protumjera i
proaktivno sprjecavanje prijevara s hranom te osiguranje zdravlja i javne
sigurnosti.

Digitalna baza znanja za prijevare s hranom: omoguciti ¢e razmjenu znanja,
informacija, podataka, najboljih praksi, nau¢enih lekcija, dobro uspostavljenih
procesa u prehrambenim lancima prehrambenih proizvoda s oznakom kvalitete.

Stjecanje znanja o
tehnologijama koje se mogu

primijeniti u poslovanju o , o i
Kako: Stavit ¢e se na raspolaganje sustav upravljanja znanjem.

Blockchain platforma: Biljezenje svakog procesa u opskrbnom lancu hrane na
Digitalizacija operativnih jedinstvenoj stalnoj platformi.
procesa koristenjem QR kodova  Kake: Digitalizirani procesi se biljeze i lako se mogu pruziti potrosacima kao
dokaz autenti¢nosti.

Zakljucak

Projekt ALLIANCE usmjeren je na sprjecavanje prijevara s hranom u opskrbnim lancima proizvoda s oznakom
kvalitete, a jedan od njegovih ciljeva je borba protiv prijevara ulancu opskrbe lickim krumpirom ZOZP. Tijekom 2023.
godine provedena je prva faza projekta, tijekom koje su utvrdeni sljede¢i izazovi: mali broj proizvodaca krumpira
u sustavu zastite ZOZP, teskoca u pracenju i sprjecavanje zlouporabe imena ,,Li¢ki krumpir®, nedostatak provjere
krumpira izvan sustava certificiranja ZOZP, sustav sljedivosti temelji se na elementarnom vodenju dokumentacije
u Word i Excel obrascima, nedostatak infrastrukture i znanja za digitalizaciju i implementaciju blockchain sustava
sljedivosti. Rezultati ovog projekta ¢e ponuditi rjeSenja za navedene izazove, uklju¢ujuéi primjenu suvremenih
digitalnih tehnologija prilagodenih okruzenju i karakteristikama lanca opskrbe Li¢kim krumpirom. Kako bi se
smanjile prijevare u prehrambenom lancu lickog krumpira ZOZP, potrebno je ucestalije provoditi nadzore, pogotovo
u restoranima i trznicama, te uvesti sustav kontrole sljedivosti koji ukljucuje sve sudionike opskrbnog lanca.
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Applying Smart-Contracts to fight Food Fraud in
PGI Lika Potatoes

Abstract

Food fraud is an increasingly common problem that is causing great damage to the food market. The
H2020 ALLIANCE project is aimed at preventing food fraud in quality-labelled supply chains, of
organic, PDO and PGI products. For Croatia, ALLIANCE will enhance the traceability of the PGI Lika
potatoes applying Smart-Contracts. In 2023, the first phase of the project was implemented, where
the following weak points were identified: a small number of potato producers in the PGI protection
system, difficult to monitor and prevent the misuse of the name ‘Licki krumpir’, verification of potatoes
outside the PGI certification system is missing, opaque traceability documentation system based on a
simple set of paper forms in Word or Excel sheets, lack of infrastructure and knowledge for digitization
and implementation of the blockchain traceability system.

Keywords: EU H2020, food fraud, smart contracts, Lika potatoes, PGI
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Abstract

This paper presents the results of cluster analysis to determine typical farms, in which the variable
region classified by NUTS2 was added in order to analyze the influence of that variable. The aim is to
find the most representative typical dairy family farms that could be used to analyse the situation in the
dairy sector in Croatia. On the basis of these information, we will further create farm models supported
by the mathematical programming approach. Cluster analysis was performed on real data obtained
from the Croatian Agency for Agriculture and Food. Hierarchical clustering and non-hierarchical
clustering were performed using IBM SPSS Statistics.

Keywords: cluster analysis, typical farms, dairy sector, NUTS2 regions, farm model, Croatia

Introduction

The dairy sector in the Republic of Croatia has been characterized by negative trends for years, as shown by the
decline in the number of farms, livestock, and the amount of milk production, while a positive effect is expected
in the increase of milk yield per cow due to the introduction of new technologies (Miji¢ et al., 2021). During 2022,
the decreasing trend continues. In the Republic of Croatia 405 425 t of milk were purchased, i.e. by 5,4% less than
the previous year, with a decrease in the number of suppliers by 13,7%. A positive trend is the increase in delivered
quantities per supplier by 12,3% (Croatian Agency for Agriculture and Food, 2023). Small farms with few animals
are either closed or transferred to arable production (Miji¢ et al., 2021). The Croatian dairy sector is not expected to
recover soon, and the simulation results indicate a further decline in the number of dairy cows and the amount of milk
produced (Kranjac, 2020). The situation has been further aggravated in the last few years due to the consequences of
the corona crisis and the war in Ukraine. The measures implemented obviously do not lead to improvement of the
situation.

Before the actual creation and application of the model at the farm level, it is necessary to determine typical dairy
farms in Croatia, i.e. farms should be grouped according to common characteristics (Chibanda et al., 2020). For this
purpose cluster analysis could be used to obtain these groups of representative farms which are called typical farms
(Pe¢nik et al., 2022). Cluster analysis solutions are not unique and depend on the application of different elements
of the analytical procedure (e.g. hierarchical or non-hierarchical method, different methods of the hierarchical
method). The final solution also depends on the variables that are used as a basis for measuring similarity of the
group, so one should be careful about the impact of each decision when choosing variables.

In this paper we present one of the posible combination of variables of cluster analysis that has been conducted.
Since the results of the cluster analysis are not unique, the cluster analysis in our holistic analysis of dairy sector will
serve as the starting point for further analysis and defining final typical farms (production parameters, technologies
etc.), which will further be modeled with the farm model. Typical farms will be defined in more detail at workshops
with consultants and experts in the field and will be further adjusted and upgraded with the Slovenian farm model -
SiTFarm (Zgajnar et al., 2022). For the workshop with consultants, several variants of cluster analysis will be created
by changing the specified parameters.
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This paper describes the procedure of cluster analysis for the case when, in addition to the previous 4 variables
already analysed (Petra¢ et al., 2023) (Number of cows (NOC), Annual delivery of milk (ADOM), Number of
plant cultures (NOPC) and Area under culture (AUC)), the variable Region (REG) was also added. This provides
additional insight into where individual farms are located, and the technology of animal husbandry and technology
of fodder production also depends on this.

Materials and methods

Cluster analysis was performed on real data obtained from the Croatian Agency for Agriculture and Food. The
database consisted of 4198 dairy farms that supply milk in the Republic of Croatia. After arranging the obtained
database (connecting data from different farm databases, removing duplicate and inactive farms, etc.) there were
3398 farms left for the analysis. Since in this analysis we focus on family farms, 67 of the farms have been excluded
from the sample, since they have the status of a legal entity and form a special category. A separate cluster analysis
will be done on them. Therefore, the final number of farms analysed is 3331. These are family farms that delivered
milk and as such were included in the final register (Table 1).

IBM SPSS, Statistics V22.0 software package was used for statistical data processing and analysis. The variables and
their descriptive statistics are presented in Table 1. Unlike the previous cluster analysis on these data (Petrac et al,,
2023) when the quantitative variables NOC, ADOM, NOPC and AUC were used, here the qualitative variable Region
(REG) was added. To define the mentioned variable, the national classification of statistical regions from 2021 was
used - Level 2 Statistical Regions (HR NUTS 2), in which the Republic of Croatia is divided into 4 regions (Croatian
Bureau of Statistics, 2021): Pannonian Croatia, Adriatic Croatia, City of Zagreb and Northern Croatia (Figure 1).
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Figure 1. Level 2 Statistical Regions (HR NUTS 2)

Quantitative variables and their descriptive statistics are presented in Table 1. Several numerical characteristics of
the variables (mean, standard deviation (SD), minumum (min) and maximum (max)) were determined for these 4
quantitative variables.
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Table 1. Descriptive statistics for quantitative variables - 3.331 dairy farms
Variable

Name Variable Mean SD Min Max
NOC Number of cows 14.78 20.47 1 456
ADOM Annual delivery of milk (kg) 73 257 146 015 21 2799071
NOPC Number of plant cultures 6.29 2.27 1 18
AUC Area under culture (ha) 23.68 31.68 0.15 469.05

Source: Own calculations

The relative frequency was determined for the qualitative variable REG (see Figure 2). The most dairy farms are
located in the Pannonian region (47%) and Northern Croatia (45%). Both regions are located in the continental part
of the country and include eight and five counties of Croatia, respectively. The Adriatic region forms the coastal part
of the country, including seven counties and 7% of farms are located in it. As expected, the least farms are located in
the city of Zagreb, with about 1%.

Fams distribution by region

m City of Zagreb
® Pannonian Croatia
Northern Croatia

Adriatic Croatia

Figure 2. Descriptive statistics for qualitative variable (relative frequency)

The cluster analysis was first carried out in relation to all the mentioned variables. First, hierarchical (agglomerative)
clustering was performed using Ward’s method. The results of the agglomerative method can be graphically displayed
in the form of a two-dimensional hierarchical diagram, known as a dendrogram. Then non-hierarchical clustering,
i.e., k-means algorithm, was performed (Scitovski et al., 2020). The squared Euclidean distance was chosen as the
distance measure. All algorithms were applied to standardized data. Among numerous solutions, finally one solution
was chosen as the final one. Cluster analysis solutions are not unique and depend on the application of different
elements of the analytical procedure (e.g. hierarchical or non-hierarchical method, different algorithms of the same
method). One should be careful about the impact of each dec ision when choosing variables becouse the solution
also depends on the variables that were used as a basis for measuring similarity. The final decision remains for users
(the researchers and expert) to estimate. The experts will be the ones who will choose the cluster that best describes
the real situation in the sector.
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Results and discussion

Further we briefly present the main results. In the first part, we show the dendrogram, and further the results of the
k-means algorithm will be shown, where we can see how the farms are distributed in 15 clusters, i.e. which farms
belong to which cluster and what are its characteristics, how many farms are in which cluster, what is the average
number of cows in each cluster as was the goal of this work, we see the representation of regions in each cluster.

The first step in this analysis was to determine the optimal number of clusters using the dendrogram (see Graph 1)
using Ward’s method, based on the squared Euclidean distance. The structure of the data was analyzed, i.e. different
groups of farms were found, which share common characteristics. How heterogeneity within clusters increases, so
the number of clusters decreases. The dendrogram helps in deciding on the optimal number of clusters, but the final
decision remains for the researchers and expert to estimate. As apparent from the dendrogram, analysis suggests 15
clusters.

Rescated (itance Chister Combine
L '

Dendrogram using Ward Linkage

Graph 1. Dendrogram

After it was decided that there would be 15 clusters, using the k-means algorithm, the farms were distributed into 15
clusters. Table 2a and 2b show the structure of all clusters after the implementation of k-means.

As apparent from Table 2a, 836 farms (25%) belong to cluster 1. The average number of cows in this cluster (8.01)
is smaller than the average number of cows in the Republic of Croatia (14.78), the average annual milk delivery
(33870.71 kg) is lower than the national average of 73257.69 kg, the average area of land per farm (10.48 ha) is also
smaller than the national average. This cluster consists mainly of farms from Northern Croatia (90%), and a small
part of farms is from Adriatic region (10%). This implies that cluster 1 consists mainly of very small farms from
Northern Croatia.

It can be seen that cluster 2 consists of 653 farms (20%) and is also relatively similar to cluster 1, but farms in cluster
2 have much more agricultural land as well as plant cultures than farms in cluster 1. Namely, there are many farms
with a few cows and a lot of land, and these are not the farms whose primary activity is milk production. It can also
be concluded that in this cluster the majority of farms are from Northern Croatia. However with a slightly smaller
share of farms from Northern Croatia, and a larger share from Adriatic Croatia.

Cluster 3 consists of 621 farms (19%). The average number of cows in this cluster (9.84) is also smaller than the
average number of cows in the Republic of Croatia (14.78), the average annual milk delivery (38071.60 kg) is lower
than the national average of 73275.69 kg, the average area under culture (12.76 ha) is also smaller than the national
average. Almost all of the farms in this cluster are from Pannonian region, and a very small part of farms are from
City of Zagreb. This implies that cluster 3 consists of very small farms in Pannonian Croatia.

Again, cluster 4 is similar to cluster 3, with the only difference being that the farms in cluster 4 have much more
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land and plant cultures. Namely, there are many farms in Pannonian region with a few cows and a lot of land, and
these, obviously, are not the farms that are primarily active in milk production and dairy is not the only activity
on these farms. From the fifth cluster onwards, there are smaller groups that represent 18% of the total number of
farms. However, they are extremely important from the point of view of milk production. Even 57% of the total
production of dairy cows takes place on these farms (Table 2a). With the exception of the fifth and eighth clusters,
milk production per cow is significantly higher on all farms than in the first four clusters. The two largest farms are
in special clusters (cluster 14 and 15). They are both located in Pannonian Croatia. The 6 largest Croatian farms
(cluster 12 to 15) whose production is 5% in the total milk production in Croatia are also located in the Pannonian

region (Table 2b).

Table 2a. Cluster structure

Cluster Number of farms | Average NOC Average NOPC | Average AUC Yield per cow
1 836 8.01 4.75 10.48 4,186.47
2 653 9.27 8.22 15.12 4,103.21
3 621 9.84 4.01 12.76 3,917.06
4 611 11.08 7.02 21.84 4,055.33
5 221 18.75 10.11 48.25 4,529.97
6 213 32.41 6.15 39.43 5,600.62
7 93 56.49 7.01 67.82 6,621.60
8 35 33.60 8.83 175.84 442323
9 32 88.66 7.44 119.00 7,797.23
10 5 166.80 5.80 98.52 7,747.71
11 5 204.00 8.20 226.84 6,950.93
12 2 230.50 4.50 204.51 9,123.60
13 2 107.50 7.50 388.93 6,309.97
14 1 317.00 8.00 469.05 8,829.88
15 1 456.00 6.00 370.27 5,614.38

Croatia 3331 14.78 6.29 23.68 4,329.80

Legend: NOC - Number of cows, NOPC - Number of plant cultures
AUC - Area under culture (ha)

Table 2a also contains data on milk yield per cow for each cluster (Yield per cow column). This data was calculated
from the obtained data base and was not included as a variable in the cluster analysis.
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Table 2b. Cluster structure by regions

Number Number ADOM Pannonian | Northern Adriatic
Cluster | o farms | 7 { ﬁ;’)’”s (%) Croatia | Croatia | Croatia
(/)
1 836 25% 12% 0% 0% 90% 10%
2 653 20% 10% 0% 0% 80% 20%
3 621 19% 10% 1% 99% 0% 0%
4 611 18% 11% 3% 97% 0% 0%
5 221 7% 7% 0% 83% 17% 0%
6 213 6% 15% 0% 37% 60% 3%
7 93 3% 14% 0% 62% 33% 4%
8 35 1% 2% 0% 74% 14% 11%
9 32 1% 9% 0% 66% 28% 6%
10 5 0% 3% 0% 60% 40% 0%
11 5 0% 3% 0% 60% 40% 0%
12 2 0% 2% 0% 100% 0% 0%
13 2 0% 1% 0% 100% 0% 0%
14 1 0% 1% 0% 100% 0% 0%
15 1 0% 1% 0% 100% 0% 0%
Grand Total| 3331 100% 100%

Legend: ADOM - Annual delivery of milk

Conclusion

By applying cluster analysis to the data of dairy farms in Croatia, many different solutions could be obtained. By
introducing the variable Region (REG), new and different solutions are obtained. As expected, the variable Region
affects the new division of farms, and 15 clusters are obtained. Most of the farms are mainly distributed in the
Northern and Pannonian regions. These are mostly small farms with low milk production. Since the farms of the
Northern Region are mostly in hilly areas, they are limited in arable land availability. Unlike the Northern Region,
the Pannonian region has a lot of arable land, so the farms in that area have more arable land on which to produce
their own fodder for livestock and thereby reducing production costs. Therefore, it is not surprising that the largest
farms are located in the same region, which are also the main carriers of the total milk production. Small farms are
crucial for rural areas, especially from a socioeconomic aspect. On the other hand, they are not a key factor that
contributes to the increase in production volume, food security, or the increase in market self-sufficiency. Typical
farms have different levels of economic efficiency so the same measure is not equally effective for every typical farm.
A certain policy measure that would increase the profitability of one typical farm, does not mean that it would
increase the profitability of another type of farm. Such results could be useful to policy makers to get information
on which typical dairy farm needs which type of measure and how much they can adapt to the given situation. Such
more effective policy measures should encourage more economical farming.
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Abstract

The proposed model of the agri-food chain with added value contains guidelines which, if the
defined criteria are met, represent the existence of added value in the individual agri-food chains. The
guidelines are based on indicators that have been created to assess or recognise the added value in the
individual agri-food chains of livestock farming. The indicators and the guidelines derived from them
are designed to cover three aspects of sustainable development (economic, social, environmental) and
at the same time to analyse the existence of added value at the various stages of the individual agri-food
chains (primary production, processing, marketing, distribution and consumption).

Keywords: food supply chain, added value, sustainability, Slovenia

Introduction

The paper presents a proposal for a model of a sustainable value-added agri-food chain based on the results of a
targeted research project (CRP V4-2010) entitled: Evaluation of value-added food supply chains with the aim of
identifying gaps and making recommendations for further development in Slovenia. Characteristics of value-added
food supply chains are that they maintain positive social, environmental and social values which are integrated into
production process from the primary producer to the final customer and ensure economic, social and environmental
sustainability, thus forming a sustainable agricultural and food production system (Zidar et al., 2023). The aim of the
project was to evaluate individual agri-food chains according to the existence of added value. The agri-food chain in
Slovenia has been characterized by structural changes in individual sectors in recent years, linked to the development
and economic performance of individual agri-food industries. Differences between individual agricultural industries
relate to: the level of self-sufficiency in food, the level of purchase prices of agricultural products, the change in the
share of employees in each chain, the wage inequality of employees by gender, the change in the share of organically
raised animals and animals of indigenous breeds, etc. The assessment of individual agri-food chains on an aggregated
level was carried out with the help of indicators of added value. In creating the indicators, we were guided by three
aspects of sustainable development (economic, social, environmental), which is why the assessment of agri-food
chains itself is based on the identification of economic, social and environmental added value. As pointed out by
various authors Stevenson and Pirog (2008), Pirog and Bregendahl (2012), Stevenson et al. (2011), Prisenk (2015),
Lev et al. (2015), Feenstra & Hardesty (2016), Vitterso et al. (2019), Malak-Rawlikowska et al. (2019), Reckinger
(2022), value-added agri -food chains are those in which all actors in the individual chain recognise a certain stability
and security. The business relationships between the strategic partners in the chain are based on common principles,
which has an impact on the trust and satisfaction of all parties in the chain. All actors involved in the chain are
treated equally, with all rights and obligations, which is also reflected in the distribution of the final price of the
product, which is distributed proportionally among all actors. In practise, added value can also be expressed through
agricultural products or food with clearly proven origin, through protected food labelling and through a set of
correct business relationships between the different actors in the food chain (Stevenson and Pirog, 2008; Pirog and
Bergendahl, 2012).
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The main outcome of the paper is the presentation of the theoretical basis for the development of the agri-food chain
with added value based on the achievement of the identified objectives. The objectives were identified on the basis
of a multi-criteria analysis of the DEX model developed for the assessment of existing agri-food chains in Slovenia.
With this contribution, we want to present the progress of the research work on the project, indicate the limitations
we encountered during the research itself, and summarize the results of the project.

Materials and methods

The three aspects of sustainability (economic, social and environmental) were also decisive for the creation of a set of
added value indicators and the construction of the DEXi model, whose evaluation parameters were divided into three
groups: economic, social and environmental. The indicators that enable the evaluation of added value in livestock
agri-food chains at the aggregate level were created on the basis of Slovenian and foreign literature in the field
of indicators (Yakovleva, 2007; Rossi, 2020; Malak-Rawlikowska et.al., 2019), national and international accepted
legal goals (“From farm to fork” strategy, European Green Deal, EU biodiversity strategy until 2030, Sustainable
Development Goal 17) and internationally accepted indicators of sustainable development (COSA, SAFA) (Zidar et
al,, 2023).

Multi-criteria The DEXi model was developed for the assessment of agri-food chains in the livestock sector, where
we analysed the agri-food chain for cattle and pigs as well as the dairy production chain. The decision in favour of
the livestock sector is primarily due to the availability of statistical data in the livestock chains, in contrast to the crop
production sectors where no statistical data is collected for individual chains.

As the amount of statistical data (SORS!, KIS?) relating to the primary sector (farmers) is extensive and easily
accessible, many indicators have been designed to relate primarily to the primary sector in each chain. A major
problem is obtaining data for all further stages of the food chain, as only these are not publicly available or cannot be
obtained from public databases. The consequence of this gap in data availability is that this model is primarily used
to assess the position of the primary sector (farmers) in each chain.

The DEXIi software tool supports a theory based on multi-parameter decision making that emphasises the role of
the decision maker in the decision-making process. DEX is the shell of an expert system that does not have a pre-
prepared database or knowledge, but the user builds it himself with the help of the tools offered by DEX. The DEXi
methodology basically consists of two parts:

1. Obtaining data and organizing knowledge: it helps the user in creating a “tree of criteria” and decision rules for
the problem under consideration (it is a process of structuring the decision problem and expressing preferences).

2. Assessments and analyzes of variants (this is an assessment in accordance with the set criteria and decision rules)

The model itself is designed in the form of a “tree”, where at the beginning each variant is described with the values
of the criteria, which represent the “leaves of the tree”. The “tree trunk” expresses the utility of the variant or the final
evaluation of the model. The utility is then branched into a utility function, the purpose of which is to combine all
the values of the individual parameters into a final estimate or utility of the variant. Parameters are those variables
that illustrate the subproblems of the decision problem, or those factors that define the quality of variants (economic,
social, environmental). In our case, each parameter consists of four indicators that have the same weight in the final
evaluation of the parameter. The DEX method has so far been used in various analyzes in agriculture and agri-food
(PriSenk et al., 2014; Pazek et al., 2014; Nikoloski et al. 2017; Pazek et al., 2018; Rossi et al. 2021; Puccinelli et al.
2022).

1 Statistical Office of the Republic of Slovenia
2 Kmetijski institut Slovenije/ Agricultural Institute of Slovenia
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Table 1. A set of indicators included in the DEXi model
ECONOMIC

The average ratio between the producer price index for agricultural products and the price index for agricultural
inputs on an annual basis

Average annual change in the ratio between the average retail price of agricultural products and the own price (in
per cent)

Average ratio between the average price of purchased agricultural products and own price
Average weekly change in the market price of the product on the representative market in %
SOCIAL
The average ratio between the average gross wage in each production chain and the average gross wage in agriculture

Average change in the share of the working population in a single agricultural activity compared to all activities
combined in a single year (based on the share in 2012)

The average ratio between the wage index in each agricultural activity and the consumer price index
Average degree of self-sufficiency with individual products (between 2012 and 2021)
ENVIRONMENTAL

Food kilometres - average route/distance of imports in the last 10 years, route or distance between Ljubljana and
the capital of each country (between 2012 and 2021)

Average annual change in the share of all domestic breeds of a single species compared to all bred animals of a
single species in %
Average annual change in the number of livestock farms included in the animal welfare sub-measure in %

Average annual change in the proportion of organically reared animals of a single species compared to all farmed
animals of that species in % (based on the situation in 2012)
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Figure 1. Assessment tree representation of the DEXi model

Results and discussion
Evaluation results with the DEXi multi-criteria model

On Figure 2 the evaluation results for eaach agri-food chains are presented. The discussion of individual chains
follows separately in individual subsections below.
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Figure 2. Evaluation of individual chains with the DEXI model

Chain with beef meat

In order to maintain the recognised added value in the cattle breeding chain, it is important to continue the trend of
price development in which the retail price for beef will increase more than the own price for young fattening cattle.
The same applies to the development of the share of employees in cattle breeding compared to all employees in the
Republic of Slovenia, where the share of employees has increased in the period between 2012 and 2021. The share
of employees indirectly has a significant impact on maintaining a high level of self-sufficiency in beef, with Slovenia
achieving a self-sufficiency level of more than 100% in the period between 2012 and 2021. A positive feature of the
cattle breeding chain, which adds value to the chain as a whole, is also the trend towards increasing the share of Zika
cattle (native cattle breeds) and organically bred cattle in the total population of breeding cattle in Slovenia. Areas
that represent a certain gap in value creation refer to the relationship between the costs of primary production itself
and the prices received by primary producers. The prices of agricultural inputs are rising more intensively than the
prices of cattle at producers. The purchase price of cattle is, on average, lower than the cost price of raising young
fattened cattle. The average wage in cattle breeding is lower than the average wage in agriculture. Given that Slovenia
is more than 100% self-sufficient in beef, it would be very important to shorten the average distances traveled when
importing beef from abroad.

Chain with pork meat

In order to maintain the recognised added value in the pig farming chain, it is important to continue the trend of price
development in the future, in which the retail price of pork will increase faster than the own price for rearing fattening
pigs with compound feed. The same applies to the development of producer prices for pigs and prices for agricultural
inputs. Another important feature of the pig farming chain is that average wages in pig farming were higher than
wages in agriculture during the period under review. Regarding the environmental aspect of value creation in the pig
farming chain, the share of Krskopolski pigs (native pig breeds) and organically reared pigs in the total population
of reared pigs in Slovenia is increasing. In the future, it would be necessary to improve the relationship between the
costs of the primary production itself (farming) and the prices that primary producers receive for their crops. The
purchase price of pigs from producers was on average lower than the cost price for the rearing of fattening pigs with
compound feed. The supply of pork in Slovenia is less than 40 %. The low percentage of self-sufficiency in pork is thus
reflected in the dependence of the Slovenian market on the import of pork from abroad. The decline in the number
of employees in pig farming compared to all employees in the Republic of Slovenia is also characteristic.

Milk production chain

In order to maintain the recognised added value in the milk production chain, it is important to maintain a high
level of self-sufficiency in milk (on average more than 100 %). The price of cow’s milk has risen faster for producers
than the price of agricultural inputs. The added value of the chain is also given by the fact that the share of Zika cattle
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(native cattle breed) and organically bred cattle in the total population of bred cattle in Slovenia is increasing. Areas
that will need to be given more attention in the future, or that currently represent a certain gap in the creation of
added value, relate to the relationship between the costs of primary production itself (cost price) and purchase or
retail prices. The share of employees working in milk production in the total number of employees in the Republic
of Slovenia declined.

Proposal for the development of an agri-food chain with added value

The proposal for a sustainable model of the animal husbandry chain with added value is developed with the help
of indicators that are used to evaluate the individual chains. From these indicators, guidelines are derived that
demonstrate the existence of added value in the chain by achieving the established criteria in each phase of the
chain (primary production, processing, marketing and distribution, and consumption). Similar to the indicators,
the targets are assumed to cover all three aspects of sustainable development, namely the economic, social and
environmental aspects. Failure to achieve individual targets represents anomalies in certain sectors of the respective
chain, which form the basis for finding or creating appropriate solutions.

Table 2. Targets in the chain representing added value identified in the extension of the DEXi model and additional
indicators

GUIDELINES

1. The retail price of livestock products changes in harmony, or rises more intensively than the own price of
livestock production, and it is important that this difference between the two prices (profit) is distributed
among all links in the chain.

2. The change in the price of agricultural products among growers is coordinated or more intense than the
change in the prices of inputs in agriculture.

3. The purchase price of agricultural products is higher than the own price of livestock production, which
means that primary producers make a profit on sale.

4. The change in the price of purchased agricultural products is coordinated with changes in the retail price (the
ratio between prices does not deteriorate to the detriment of primary producers or the price of purchased
agricultural products), and it is important that this difference between the two prices is distributed among
all links in the chain.

5. The market prices of produce (meat, milk and other products) on the representative market are harmonized
with the average prices in the EU, i.e. they change at the same time and in proportion to the changes on the
EU market.

6. The share of the working population at each stage of the agri-food chain is maintained or increased, which

can indirectly affect the preservation or increase of food security, the reduction of dependence on foreign
trade, the arrangement and cultivation of the countryside, and the preservation of jobs in the countryside.

7. Salaries in an individual activity in the chain are equal to or higher than the average salary in the sector to
which this activity belongs (e.g. salaries in cattle breeding are higher than average salaries in agriculture).

8. Changes in the level of wages at individual levels in the chain are coordinated (or more intense) with changes
in the level of consumer prices.

9.  The amount of salary at each level in the chain does not differ depending on the gender of the employees.

10.  Changes in the level of salaries are coordinated between all individual levels in the chain, which means that
salaries at all levels in the chain change proportionally.

11. Food kilometers when importing goods from foreign markets or transporting goods should be as short as
possible, with the average transport distance not exceeding 300 km.
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12.  The share of domesticated animals of indigenous breeds in each chain is increasing, and it is necessary to
raise awareness among all involved stakeholders about the importance of preserving indigenous breeds,
which are important from the point of view of preserving both the natural heritage and biotic diversity, as
well as the various physical adaptations that individual breeds have developed and they are adapted to living
in our agricultural environment.

13.  The number of farms included in the animal welfare sub-measure is increasing, which indirectly affects
animal-friendly living conditions (production processes).

14.  The share of organically raised animals is increasing, which indirectly affects the production processes,
which represent the sustainable management of natural resources and the enforcement of the principle of
animal welfare.

15. The presence or introduction of various national or local quality schemes that emphasize the specific
properties of each product.

16. The presence of tied income support from the strategic plan of the Common Agricultural Policy, which
can only be approved for sectors and production or specific types of farming that are important for socio-
economic or environmental reasons.

Conclusion

So far, only individual examples of agri-food chains have emerged in Slovenia that have been indirectly identified as
sustainable or as examples of chains with recognised added value, but no clear proposal for a sustainable model of
agri-food chains with added value has been formulated.

The assessment of each agri-food chain using the DEXi model based on the defined indicators of added value showed
clear differences in terms of the presence of added value at different stages of each agri-food chain (beef and pork
chain, dairy production chain). The identified gaps in the provision of added value in each chain differed both in
terms of the stage in the chain at which they occur and in terms of the form of recognised added value based on
one of the three aspects of sustainable development (economic, social, environmental). In order to facilitate the
assessment of the individual agri-food chains or to eliminate the anomalies identified, we have drawn up a proposal
for a sustainable model of agri-food chains with added value with clearly defined objectives, based on the indicators
used to identify the added value in the individual agri-food chains at the aggregate level. The defined objectives
represent guidelines for achieving added value in livestock agri-food chains.

The limitations that we have identified in the creation of indicators for recognising added value in agri-food chains,
i.e. in the assessment of the chains themselves, and which relate to the lack of statistical data for the secondary and
tertiary sectors of individual agri-food chains, are consequently also reflected in the set of drafted objectives that we
have covered in the proposal for a sustainable model of agri-food chains with added value. The challenges for the
future will therefore be to create new objectives for the realisation of added value, mainly related to the secondary
and tertiary sectors of individual agri-food chains.

Acknowledgment

The results presented in the paper are the part of the results of the research project CRP V4-2010, entitled: Evaluation
of food supply chains with added value in order to identify gaps and make recommendations for further development
in Slovenia.

References

Committee on Sustainability Assessment. Indicator Library. Available from:
https://thecosa.org/about-cosa-indicators/

Feenstra G., and Hardesty S. (2016). Values-based supply chains as a strategy for supporting small
and mid-scale producers in the United States. Agriculture. 6: 39.

Food and Agriculture Organization of the United Nations (FAO). Sustainability Assessment of Food
and Agriculture systems. Guidelines version 3.0 (2014). Available from: https://www.fao.org/nr/

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia 115



116

Session 2 . Agricultural Economics and Rural Development

sustainability/sustainability-assessments-safa/en/

Lev L., Stevenson G.W., Clancy K., King R., Ostrom M. (2015). Values-based food supply chains. In
K. Albala (Ed.), The Sage Encyclopedia of Food Issues [E-reader version]. pp. 1417-1419.

Malak-Rawlikowska A., Majewski E., Was A., Borgen S.0., Csillag P, Donati M., Freeman, R., Hoang
V., Lecoeur J.L., Mancini M.C., Nguyen A., Saidi M., Tocco B., Torok A., Veneziani M., Vitterso
G., Wavresky P. (2019). Measuring the economic, environmental, and social sustainability of short
food supply chains. Sustainability. 11: 4004.

Nikoloski T., Udov¢ A., Pavlovi¢ M., Rajkovi¢ U. (2017). Farm reorientation assessment model based
on multi-criteria decision making. Computers and Electronics in Agriculture. 140: 237-243.

Pazek K., Turk J., Hari S., Rozman C., Pri$enk J. (2014). Multi-criteria and econometric evaluation of
dairy products. Mljekarstvo/Dairy. 64: (2).

Pazek K., Irgoli¢ A., Turk J., Borec A., PriSenk J., Kolenko M., Rozman C. (2018). Multi-criteria
assessment of less favoured areas: a state level. Acta geographica Slovenica. 58: 97-108.

Pirog R., and Bregendahl C. (2012). Creating change in the food system: The role of regional food
networks in Iowa. Center for Regional Food Systems, Michigan State University: East Lansing,
MI, USA.

PriSenk J. (2015). The effects of value based agro-food chain on the socio-economic situation of dairy
farms in mountain regions (Doctoral dissertation). University of Maribor, Maribor.

Pri$enk J., Rozman C., Pazek K., Turk J., Bohak Z., Borec A. (2014). A multi-criteria assessment of
the production and marketing systems of local mountain food. Renewable agriculture and food
systems. 29: 345-354.

Puccinelli M., Fierro-Safiudo J. E, Bibbiani C., Fronte B., Maibam C., Dubois T., Pardossi A., Incrocci
L., Rossi L. (2022). Multi-Criteria DEXi Analysis for the Selection of Crop Species for Saltwater
Aquaponics. Horticulturae. 8: 703.

Reckinger R. (2022). Values-based territorial food networks: Qualifying sustainable and ethical
transitions of alternative food networks. Regions and Cohesion. 12: 78-109.

Rossi L., Bibbiani C., Fierro-Sanudo J. F,, Maibam C., Incrocci L., Pardossi A., Fronte B. (2021).
Selection of marine fish for integrated multi-trophic aquaponic production in the Mediterranean
area using DEXi multi-criteria analysis. Aquaculture. 535: 736402.

Rossi, R. (2020). European Union food system. Available from:

https://www.europarl.europa.eu/RegData/etudes/BRIE/2020/652058/EPRS_BRI(2020)652058 _
EN.pdf

Stevenson G.W., and Pirog R. (2008). Values-Based Supply Chains: Strategies for Agrifood
Enterprises of the Middle. In T. A. Lyson, G. W. Stevenson, R. Welsh (Ed.), Food and the Mid-
level Farm: Renewing an Agriculture of the Middle (Chapter 18) [E-reader version].

Stevenson G.W.,, Clancy K., King R., Lev L., Ostrom M., Smith S. (2011). Midscale food value chains:
An introduction. Journal of Agriculture, Food Systems, and Community Development. 1: 27-34.
United Nations. Sustainable development goals. Available from: https://sdgs.un.org/goals

Vitterse G., Torjusen H., Laitala K., Tocco B., Biasini B., Csillag P., Duboys de Labarre M., Lecoeur
J., Maj A., Majewski E., Malak-Rawlikowska A., Menozzi D., Torok A., Wavresky P. (2019). Short
food supply chains and their contributions to sustainability: Participants’ views and perceptions
from 12 European cases. Sustainability. 11: 4800.

Yakovleva N. (2007). Measuring the sustainability of the food supply chain: a case study of the UK.
Journal of Environmental Policy & Planning. 9: 75-100.

Bohanec M., and Rajkovic V. (1999). Multi-attribute decision modeling: Industrial applications of
DEX. Informatica (Ljubljana). 23: 487-491.

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia



PRELIMINARY COMMUNICATION

Citizen's role in energy transition of Krizevci
Municipality, Koprivnica-Krizevci County;,
Croatia'

Martin Topljak, Natasa Bokan
University of Zagreb Faculty of Agriculture, SvetoSimunska cesta 25, Zagreb, Croatia (martin.topliak7@gmail.com)

Abstract

The main objective of the paper is to show how the citizens of the municipality of KriZevci are
involved in the energy transition, an important strategic development goal. Over the past three years,
citizens have become one of the most important development actors and creators of a sustainable,
energy-independent and climate-neutral town. They have helped to achieve the current state of the
energy transition through self-mobilisation, a type of participation that is an indicator of endogenous
development and a bottom-up approach. With the support of the local government, citizens have
positively influenced all three aspects of sustainability through the activities of the KLIK energy
cooperative: social, environmental and economic.

Keywords: endogenous development, bottom-up development, citizen participation, energy
cooperative, energy transition

Introduction

The world today is shaken by an energy crisis triggered by the war in Ukraine, which is putting households, farms,
businesses and other structures around the world under severe pressure. The rising prices of fossil fuels such as
gas, gasoline, oil and others pose a major financial problem, but one must also consider the negative impact on the
climate and the environment, particularly through the emission of greenhouse gases. Greenhouse gases such as
carbon dioxide (CO2) are released when fossil fuels are burned, the oil industry is an extremely large polluter and,
together with transportation, has an extremely harmful effect on the climate. Due to the negative impact of fossil
fuels on the environment and the current energy crisis, the world has realised that an energy transition is necessary.
The European Union has defined important environmental goals with the European Green Deal, a package of policy
initiatives aimed at putting the EU on the path to energy transition. One of the targets of the Green Deal sets 2030 as
the first checkpoint for the energy transition, with the aim of reducing greenhouse gas emissions by 55% compared
to 1990. The first target should be seen as a checkpoint for achieving the main objective of the Green Deal, which is
to become the first climate-neutral continent by 2050. These goals can be achieved with the same approach that can
be used to solve the energy crisis: the energy transition. The need to promote the energy transition in the form of
using renewable energy sources instead of fossil fuels is becoming increasingly clear in the current circumstances.
Renewable energy sources include solar energy, wind, water, geothermal energy, hydropower and thermal energy
from the sea. Encouraged by the goals of the European Green Deal, various local communities have embarked on
the path to energy independence and climate neutrality. One example is the energy transition of the municipality of
Krizevci? in Croatia, where citizens have decided to actively participate in the creation of a climate-neutral town. In
2020, 11 citizens mobilised themselves and founded the KLIK energy cooperative. Since then, they have organised
more than 20 educational events and set up an energy and climate office where all citizens can receive free advice,
administrative assistance and information on investing in photovoltaic systems. The role of citizens in the energy
transition in Krizevci is an example of endogenous development and the citizen participation in achieving the

1 The work was made on the basis of Master thesis of Martin Topljak, defended on September 28th, 2023 at University of
Zagreb, Faculty of Agriculture under the mentorship of Assoc. Prof. Natasa Bokan, PhD
2 Krizevci is a town in Koprivnica-Krizevci County (Croatia) with the population of 18.949 (DZS, 2022).

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia 17



Session 2 . Agricultural Economics and Rural Development

municipality’s most important strategic goal and of supporting the local government in implementing a bottom-up
development approach aimed at energy independence and climate neutrality. Energy transition is the concept which
makes energy independence possible, it implies change from using the non-renewable energy sources (fossil fuels)
to renewable energy sources (RES), such as Sun, wind, bioenergy and others. Climate neutrality regarding energy
consumption can also be reached through the energy transition, this is what makes this concept crucial for local
communities striving to reach the Green Deal objectives.

Material and methods

The concepts of endogenous development, bottom-up development and participation in the context of rural
development form the theoretical basis of the research. In order to determine the role of citizens in the energy
transition in the municipality of Krizevci, available data from the energy cooperative KLIK and qualitative material
collected in student practise are used. Primary data are collected through the analysis of previously organised
educational events and workshops, the secondary data used are from the annual reports of the cooperative, which
show statistics and results (number of implemented photovoltaic systems, total power of implemented photovoltaic
systems, project results, number of citizens in trainings, carbon dioxide savings). The research method is a qualitative
research with participation.

Results and discussion
What is the energy transition?

The energy transition is defined today as the transition from an energy system dominated by fossil fuels to a system
using predominantly renewable energy sources, with increased energy efficiency and better management of energy
consumption, in order to separate economic growth and development from fossil sources. The energy transition
entails numerous changes, the two most important of which are worth highlighting: first, the structure of electricity
generation capacity is gradually changing, with an increasing share of renewable energy sources, mainly solar
and wind. The second change is based on technical and technological progress in the transport sector (a major
energy consumer), where electric vehicles are gradually replacing traditional fossil fuel-powered vehicles; the entire
transition is accompanied by the digitalization of the energy sector, supported by new IT solutions. The energy
transition will have an increasing impact on the economy, the environment, the energy sector and transport, as well
as on other sectors and society as a whole. The energy transition is a process whose ultimate scope and impact on the
economy and society are still unimaginable (Gelo, 2018). In recent years, the concept of energy transition has found
a place in the energy policies of many countries, and the production of energy from renewable sources has become
a priority of political programmes. The continued use of a large amount of energy from fossil fuels has an impact on
climate change and an energy transition towards clean energy is necessary (Safranec, 2021). The main reason for the
energy transition is the pollution caused by burning fossil fuels, which leads to the release of carbon dioxide into the
atmosphere. A direct consequence is global warming, which is caused by high emissions of greenhouse gases (Juri¢,
2021).

The energy transition is closely linked to the objectives of the European Green Plan, which aims to make Europe the
first climate-neutral continent, i.e. to avoid as many CO2 emissions as are produced. It represents a growth strategy
that aims to transform the Union into a modern, resource-efficient and competitive economy in which there will
be no net emissions of greenhouse gases in 2050, economic growth will be decoupled from the consumption of
energy from fossil sources and no single person or region will be neglected (European Commission, 2019). The
energy transition in Krizevci requires great and strong efforts, but its end result is the creation of a green, sustainable
and energy-efficient town. To make the energy transition possible, everyone needs to be involved and contribute.
Infrastructure projects such as large solar power plants would require large investors, which means that citizens are not
involved. Woods (2020) describes this as participation, there are different ways of involving citizens in development,
in the municipality of KriZevci you can see the example of self-mobilisation, the citizens have identified a problem,
they have created an energy cooperative through which they have an impact on the local community and get other
citizens to achieve the goals of energy independence and climate neutrality. This is also an example of endogenous
development, where local resources feed into local development, educated and informed citizens are an important
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human resource and citizens are now ready for the necessary changes and next steps in the energy transition. The
current state of the energy transition would not be possible without the active support of the local authorities, who
support the work of the energy cooperative KLIK and provide grants for the introduction of photovoltaic systems in
households, subsidising both the administrative costs and the costs of solar power plants. Here we see an example
of bottom-up development, where the development projects are borne by the citizens and not the state. In the book
Rural Geography (2020), Woods describes the transition from top-down to bottom-up development as a change
in the management of rural development. Bottom-up development means the involvement of local communities
who are encouraged to identify problems, find appropriate solutions, create and implement development projects.
Thus the role of government has changed from a leading and key actor of rural development to a facilitator of rural
development and regeneration.

Bottom-up and endogenous development

In recent times, the biggest shift has certainly been from a top-down approach to a bottom-up approach, the
realization that rural development cannot be dictated by high institutional authorities but should be the result of local
action (Ruganec and Bokan, 2021). Guided by a change in approach, the form and focus of rural development has
changed; in most cases, the emphasis is no longer on attracting foreign investors but on improving local, endogenous
resources, which is why we refer to this type of development as endogenous (Woods, 2020).

Endogenous development is a newer approach to agriculture and rural areas, where the focus is on local actors
doing their own development, i.e. taking development initiatives (Ruganec and Bokan, 2021). An example of
endogenous rural development is certainly the municipality of Krizevci, where local actors are involved in the
development and transformation of their town, encouraging the engagement of the local community and citizens.
The most comprehensive rural development program is implemented by the European Union through the European
Structural and Investment Funds (hereinafter: ESIF) (Woods, 2020). The actions of the energy transition actors in
the municipality of Krizevci depend on the financial resources they receive from various ESIF programs. One of the
programs is the LIFE program, a financial instrument of the European Union for financing project activities in the
field of environmental and climate protection (European Structural and Investment Funds, 2023).

Partnership

Since the energy transition of the city of Krizevci, i.e. investing in renewable energy sources and initiating green
projects, has been carried out according to the bottom-up development approach, it should be mentioned that the
main actors of the energy transition are financed through various funds they receive by participating in tenders
for financing projects and activities. As Woods (2020) points out when explaining bottom-up development, local
development actors are also expected to raise funds through partnerships. The transition from top-down development
to bottom-up development has meant that the state no longer has a monopoly on governance, it no longer delivers
public goods but is a facilitator that enables communities to govern themselves. It is assumed that the legitimacy
of governance results from active citizenship, the direct participation of citizens and stakeholders in governance
activities (Woods, 2020). When formulating the Sustainable Development Goals, the United Nations (UN) defined
the need for exchange, unification and transformation. The UN defines partnerships for sustainable development as
voluntary and cooperative relationships between different groups in which all stakeholders work together to achieve
common goals. The partners jointly carry out tasks and activities to achieve the set goals, share risks, resources and
benefits, and share responsibilities (United Nations, 2023). Woods (2020) describes partnership as core to the idea of
rural management and mentions how such relationships can manifest in different ways. The most important thing
is that partnerships are created in such a way that the partners want to achieve certain goals by working together.
The energy transition in the municipality of Krizevci would not be possible without a strong partnership of local
stakeholders. As already mentioned, the projects are funded by the European Union, but the advisory activities
for citizens, the eco-festival and various other initiatives would not be possible without partnerships. The KLIK
energy cooperative works together with various partners. The cooperation can be classified as a kind of executive
partnership, as the main partner in the energy transition is the local government, i.e. the Municipality of Krizevci,
which has promoted the synergy of the local community by introducing the agenda “Krizevci 2030 - an energy-
independent city”, with the aim of achieving energy independence and organizing sustainable management of
natural resources. In partnership with the city administration, the energy cooperative KLIK makes an exceptional
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contribution by managing the energy and climate office, advising and informing citizens, implementing projects,
organizing training and workshops and numerous other activities. Another example of a consultative partnership
can be found in Krizevci: citizens are involved in the town administration in various ways, the local government
supports citizens’ initiatives and listens to the needs of the community.

KriZevci solar roofs

The solar roofs of Krizevci can be described as a pioneering project of the energy transition in Krizevci. In 2018,
the Green Energy Cooperative from Zagreb presented the project to the municipality, received support from the
Municipality of KriZevci, involved the citizens and installed solar power plants on the roofs of two public buildings:
Krizevci Development Centre and Technology Park, and the Municipal Library ,,Franjo Markovic®. Citizens were
involved as investors, they invested through microloans, which means that the KriZevci solar roof project was
financed through crowdfunding. The idea to start the project was initially based on the desire to generate more energy
from renewable energy sources. In cooperation with the Krizevci Development Centre and Technology Park, a solar
power plant was built on the roof of one of the centre’s buildings. This project is the first group investment project
in Croatia based on the microcredit model. As this method of utilising solar energy resources has been known for a
long time, the Green Energy Cooperative aims to create new local values, new opportunities and new jobs with the
implementation of this project (ZEZinvest, 2018). The Krizevci solar roofs are a project that provides an alternative
for citizens to actively participate in the energy transition in their community. Other development projects that
increase the standard of living in the local community can be organised according to the same or a similar model
(Car et al.,, 2020). This is also the first energy transition project in Krizevci that enabled citizen participation. It
created a basis for further development initiatives such as the establishment of a local energy cooperative, i.e. for
endogenous development towards energy transition.

KriZevci Laboratory for innovation in the climate sector

The Krizevci Laboratory for Innovation in Climate (commonly known as: KLIK) was founded in KriZevci in 2019.
It is a community of citizens created within the transformation process of the Future Cities of Southeast Europe,
where the citizens gathered in this community share a common goal of creating a resilient local community. KLIK
was founded as , KLIK, Energy Cooperative” and “Association Krizevci Laboratory for Innovation in Climate”.
Both organisations gather active enthusiasts who strive to encourage the local population to invest in renewable
energy sources (RES). Citizen participation through self-mobilisation based on the existing social capital of the
gathered enthusiasts created an organisation that became an important development actor in the town (KLIK, 2023).
The energy cooperative KLIK, through its Energy and Climate Office, supports citizens in the implementation of
renewable energy projects, informs them about available subsidies for the construction of solar power plants and
collaborates with the local administration, which provides citizens with a subsidy for the construction of solar power
plants and a subsidy for the creation of construction projects (administrative costs). Cooperation with the local
government, i.e. the municipality of Krizevci, is important for the development of the municipality. KLIK supports
the municipality in achieving the goal of energy independence of the town by 2030, which shows that bottom-up
development based on citizen participation is extremely important for achieving development goals. KLIK’s activities
include various training courses aimed at citizens, farmers, entrepreneurs and all interested parties. The training
courses focus on energy efficiency, renewable energy sources, organic farming, waste management and other topics
related to a sustainable way of living and working (KLIK, 2023).

Activities of KLIK, the energy cooperative

KLIK, the Energy Cooperative, supports the local government in achieving strategic goals and carries out
regular activities as part of the daily work of the Energy and Climate Office. The activities through which KLIK
fulfils its mission to promote the energy transition and the development of the municipality of Krizevci include:
free information to citizens about renewable energy, free administrative assistance in applying for funding,
communication and cooperation with partners, participation in the Future Cities initiative, organisation of training
courses, organisation of the Eco-Festival, strategic and operational planning with the local government. The KLIK
energy cooperative organises occasional training sessions with the aim of informing citizens about various topics
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related to energy efficiency, renewable energy and solar power plants, in addition to the advisory activities of the
Energy-Climate Office and various project activities. In addition to the energy transition, the cooperative seeks to
support the conversion of agriculture to sustainable agricultural practises, which is why educational activities also
relate to organic and sustainable agriculture.

Figurel. Scheme of key actors and activities in energy transition of Krizevci.
Source: own

The main actors in achieving the current state of the energy transition in the municipality of Krizevci are KLIK, the
Energy Cooperative, the Green Energy Cooperative and the local government, which strongly supports the energy
transition.

Impact and results of KLIK, the energy cooperative

The energy cooperative KLIK, together with the municipality of Krizevci, aims to achieve energy independence
by 2030. To achieve this goal, considerable efforts and resources need to be invested, but the impact of the KLIK
energy cooperative’s activities in the municipality of Krizevci is already visible. The most important results are: 277
kW of photovoltaics in households (500,000.00 euros of investment, half of which is covered by subsidies from the
municipality), consultation of numerous citizens, 22 educational activities attended by almost 400 citizens (informed
and educated citizens are a key resource for energy transition and development), the installed photovoltaics will
produce about 288,791 kWh of electrical energy annually, which will result in a saving of 54 tonnes of carbon dioxide
(CO2). The impact is not only reflected in the areas of energy and ecology, but also in the strengthening of the local
economy through the creation of 15 new jobs (designers for the installation of photovoltaic systems, fitters). The
endogenous development promoted by the KLIK energy cooperative has a positive impact on all three components
of sustainability: economic, ecological and social.

Conclusion

The actors involved in the energy transition in the municipality of Krizevci are led by citizens who have founded
the KLIK energy cooperative through self-mobilisation. Through their activities, they try to support the local
government in achieving the strategic goal of energy independence. The local government supports bottom-up
development activities and points out that citizens are the main actors in achieving the strategic goals. Move towards
bottom-up development brought a change, the state no longer has a monopoly on administration and management.
It can be concluded that the energy transition in KriZevci was made possible by the transformation from national
administration to local management, noting that the legitimacy of management comes from the participation of
citizens in management activities. As the energy transition of Krizevci Municipality still has not reached the desired
level of creating energy-independent and climate neutral town, this opens up a space for further research questions
on achieving the higher state of the energy transition, researching the dynamics of local actors, public, civil and
private ones, in accomplishing the mentioned goals. Thus the findings from this study could be the starting point for
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future studies on how social capital boosted through this successful project will be used and managed in future local
policies and civil engagements or how will this experience shape or direct further civil engagement in Krizevci and
its rural hinterland.
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SaZetak

Cilj rada je utvrditi percepciju poljoprivrednika o ulozi savjetodavne sluzbe u inoviranju poslovanja
na gospodarstvu. Empirijsko anketno istrazivanje je provedeno 2022. godine na prigodnom uzorku od
100 nositelja obiteljskih poljoprivrednih gospodarstava (OPG) s podruéja pet Zupanija. Ispitanici (43%)
smatraju da su poljoprivredni proizvodaci skloni uvodenju inovacija na gospodarstvo, dok njih 50%
smatra za sebe otvorenim za inovacije u poljoprivredi. Najées¢e uvodene inovacije u proteklih pet godina
su ,novi traktor®, ,dron1i,,GPS navigacija“ Savjetodavna sluzba je kod 29% ispitanika prepoznata kao
kanal informiranja o inovacijama. Usluge savjetodavne sluzbe najcesce se koriste vezano uz promjene
tehnologije proizvodnje i prijave na natjecaje iz ruralnog razvoja i potpora u poljoprivredi. Ispitanici
su suglasni s izjavom da su savjetnici dobro upoznati s inovacijama u poljoprivrednoj proizvodnji
(64%), dok vise od 50% ispitanih smatra da savjetnici uvijek daju korisne savjete te prenose inovacije i
educiraju proizvodace.

Kljucne rijeci: savjetodavna sluzba, uloga, inovacije, poljoprivredno gospodarstvo

Uvod

Savjetodavnasluzbaupoljoprivredijeorganizacijailiinstitucijakojapruzastru¢nesavjeteipodrskupoljoprivrednicima,
ali i drugim dionicima u agrobiznisu i ruralnom podrucju. Savjetodavne sluzbe u poljoprivredi koriste rezultate
znanstvenih istrazivanja, iskustva terenskih struc¢njaka i lokalno prilagodene prakse kako bi pruzile relevantne i
pouzdane savjete. Glavni cilj pruzanja stru¢ne podrske je pobolj$anje produktivnosti, odrzivosti i profitabilnosti
u poslovanju poljoprivrednih gospodarstava kroz prijenos znanja od istrazivackih institucija i stru¢njaka do
poljoprivrednika na lako razumljiv i primjenjiv nacin u svrhu pobolj$anja zivotnog standarda poljoprivrednika.
Savjetodavne sluzbe nude razli¢ite druge usluge kao $to su: savjetovanje o tehnoloskim postupcima (stru¢ni savjeti u
uzgoju biljaka, sto¢arstvu, navodnjavanju, zastiti od bolesti i $tetnika, upotrebi gnojiva i pesticida itd.); ekonomsko-
financijsko savjetovanje (stru¢ni savjeti o trzi$nim prilikama, cijenama proizvoda, financijskom planiranju,
upravljanju tro$kovima i prihodima te pomo¢ u dono$enju odluka o ulaganju i diversifikaciji poslovanja, itd.);
edukacija (organiziranje seminara, radionica, tecajeva i obuka o najnovijim trendovima, tehnologijama i praksama
u poljoprivredi, itd.) te promocija inovacija i novih tehnologija u poljoprivredi (FAO, 2015).

Danas su savjetodavne sluzbe u poljoprivredi organizirane kao javne ili privatne organizacije. Javne sluzbe su u
pravilu dio Ministarstva poljoprivrede (kao $to je to u Hrvatskoj) i srodnih institucija s podrucja ruralnog razvoja,
dok privatne sluzbe mogu biti neovisne organizacije ili dio komercijalnih tvrtki s uslugom savjetovanja (Zutini¢
i Dekani¢, 2010). Sluzba ima vaznu ulogu u premos$¢ivanju jaza izmedu istrazivaca i poljoprivrednika pruzajuci
im potrebno znanje i vjeStine za usvajanje novih tehnologija/inovacija i praksi pri tome jacaju¢i sposobnosti
poljoprivrednika pri donosenju odluka i vjestina rjeSavanja problema (Altalb i sur., 2015).
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Moderne savjetodavne sluzbe dio su AKIS-a (Sustav prijenosa znanja i inovacija u poljoprivredi) te suraduju s
drugim dionicima u poljoprivrednom sektoru, poput proizvodaca inputa, kreatora politika, istrazivaca, medija i
gospodarskih subjekata (Rivera, Qamar i Mwandemere, 2005).

Cilj rada je prikazati stavove poljoprivrednih proizvodaca u pet odabranih Zupanija o ulozi savjetodavne sluzbe u
inoviranju poslovanja na gospodarstvu.

Prema Hrvatskoj enciklopediji, inovacija je neka novina, uvodenje novih sustava i mjerila, razvoj i primjena
novih rjeSenja, proizvoda, procesa i postupaka. Inovacija je potpuna novost ili novost za neku okolinu, a ostvaruje
se preno$enjem tudih iskustava koja u doti¢noj okolini dotad nisu bila koristena. Inovacija takoder moze biti
poboljsanje i unaprjedenje ve¢ poznatih rjeSenja. Inovacija je rezultat istrazivacke i razvojne sposobnosti pojedinca
ili organiziranih skupina stru¢njaka. Za razliku od znanstvenog otkri¢a, inovacija se moze pravno zastititi kao
intelektualno vlasnistvo (Hrvatska enciklopedija, 2021).

Materijal i metode

Empirijsko anketno istrazivanje provedeno je na prigodnom uzorku od 100 poljoprivrednih gospodarstava koja se
nalaze na podrudju pet Zupanija (Bjelovarsko-bilogorske, Zagrebacke, Sisacko-moslavacke i Pozesko-slavonske te
Grada Zagreba) a podaci su prikazani skupno. Istrazivanje je zapocelo kontaktiranjem poljoprivrednika-poznanika,
nakon cega se metodom snjezne grude doslo do ostalih ispitanika. Istrazivanje su proveli studenti-koautori ovog
rada za potrebe stru¢nog projekta. Kriterij sudjelovanja u istrazivanju bili su mjesto stanovanja (odabrana Zupanija),
punoljetnost ispitanika i nositeljstvo poljoprivrednog gospodarstva. Anketa je provedena licem u lice, od 15.
studenog 2021. do 31. sije¢nja 2022. godine. Anketni upitnik sastojao se od 24 pitanja otvorenog i zatvorenog tipa.
Pitanja iz anketnog upitnika su vecinski preuzeta iz istrazivanja Zraki¢ i sur. (2018), Zraki¢ Susac i sur. (2022) dok
je manji dio prilagoden ovom istrazivanju. U prvom dijelu ankete pitanja se odnose na sociodemografska obiljezja
ispitanika i obiljezja poljoprivrednih gospodarstava, dok se u drugom dijelu ankete propituje njihova sklonost
unaprjedenju proizvodnje kroz inovacije, potrebe za savjetodavnim uslugama, percepcija uloge sluzbe u razvoju
poljoprivrede, nacin komuniciranja sa sluzbom i zadovoljstvo radom sluzbe. Odgovori ispitanika obradeni su
primjenom jednovarijatne statisticke analize.

Rezultati i rasprava
Pregled nekih dosadasnjih istraZivanja

Utjecaj inovacija i transfera tehnologija na konkurentnost agrobiznisa u zemljama u razvoju istrazuju Rambe i
Khaola (2021). Prema rezultatima ankete provedene sa 268 ispitanika iz Juzne Afrike i Zimbabvea, autori zaklju¢uju
kako transfer tehnologija znacajno olaksava utjecaj inovacija na produktivnost i konkurentnost malih, srednjih i
mikro poduzela.

Briones-Pefalver isur. (2018) istrazuju utjecaj drustveno odgovornog poslovanja na inovacije i suradnju u agrobiznisu
na primjeru Spanjolske. Koriste¢i model strukturnih jednadzbi zaklju¢uju kako inovacije imaju pozitivan utjecaj na
suradnju koja potiée drustveno odgovorno poslovanje.

Odnos izmedu inovacijskih sposobnosti i inovativnog uc¢inka na uzorku od 300 poljoprivrednih poduzeca analiziraju
Leo i sur. (2021). Autori zaklju¢uju kako poljoprivredna poduzeéa imaju kljuénu ulogu u inovacijskom procesu pri
¢emu zahtijevaju specificnu kombinaciju sposobnosti za razli¢ite karike u lancu vrijednosti. Tako primjerice, za
tvrtke koje se nalaze na vrhu lanca vrijednosti i najudaljenije su od krajnjih potrosaca, najvaznije su transakcijske i
upravljacke sposobnosti. Za tvrtke najblize krajnjim potro$ac¢ima, najvaznije su transakcijske i razvojne moguénosti.
Prepreke s kojima se susrece poljoprivreda i kako inovacije mogu pomo¢i u prevladavanju tih prepreka istrazuju
Gaffneyisur. (2019). Autori navode kako poljoprivredne inovacije i pobolj$anje pristupa inovacijama korespondiraju
sa dijeljenjem tehnologija (ekonomija dijeljenja).

Obiljezja uzorka

Od ukupnog broja ispitanika, vecina je muskaraca (70%). Prosjecna dob ispitanika je 43,3 godine. Vise od polovice
(63) ispitanika zavrsilo je srednjoskolsko obrazovanje, dok ih se 18 izjasnilo da imaju visu ili visoku $kolu. Takav
podatak nije nuzno pokazatelj svojstva populacije, nego posljedica odabira uzorka.
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Znadajan dio ispitanika (83%) navodi da je gospodarstvo registrirano kao OPG (obiteljsko poljoprivredno
gospodarstvo) dok ih 12% navodi da je to obrt odnosno poduzece (5%). U uzorku prevladavaju gospodarstva s 4 i
vise ¢lanova kucanstva (61%), dok njih 63% izjavljuje da im poljoprivreda nije primarni izvor prihoda. Prosje¢na
veli¢ina gospodarstva u istrazivanju je 35,53 ha, dok su najvece prosje¢ne povrsine zabiljezene u Sisacko-moslavackoj
(68,2 ha) i Bjelovarsko-bilogorskoj Zupaniji (61,8 ha). Najmanje su zabiljezene na podruéju Grada Zagreba i to 5,25
ha (Tablica 1).

Tablica 1. Socio-demografska i ekonomska obiljezja uzorka

Pokazatelj %

Stru¢na sprema Osnovna $kola i NKV 19

Srednja $kola 63

Visoka ili vi$a skola 18

Poslovni oblik gospodarstva OPG 83

Obrt 12

Poduzece 5

l1do2 26

Broj ¢lanova kucanstva 3 13

4ivise 61

Poljoprivreda kao glavni izvor prihoda DA 37

kucanstva NE 63
Prosje¢na veli¢ina gospodarstva 35,53 ha

U strukturi tipa proizvodnje na gospodarstvu vecina je ispitanika odgovorila da ima biljnu (37%) odnosno mjesovitu
proizvodnju (37%), dok se 22% njih bavi stocarstvom odnosno ruralnim turizmom (4%).

Stavovi poljoprivrednika o inovacijama i ulozi savjetodavne sluZbe

U ovom istrazivanju veci dio ispitanika (43%) drzi da su poljoprivredni proizvodaci skloni uvodenju inovacija ili
novih tehnologija na gospodarstvu dok ih 36% ima suprotno misljenje (21% navodi da ne zna). Kod procjene vlastite
sklonosti uvodenju inovacija, polovica njih smatra se otvorenim za inovacije, 18% njih nije sklono inovacijama, dok
ih 32% ima indiferentan stav o tome (,,niti sam sklon niti nisam sklon®).

U posljednjih pet godina 20% ispitanika kao inovaciju koje je uvelo navodi ,,novi traktor dok ih 27% navodi da su
od inovacija implementirali navigaciju i dron. U istrazivanju Zraki¢ i sur. (2018), 30% ispitanih kao najzastupljeniju
uvedenu novinu navodi poljoprivrednu mehanizaciju.
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Graf 1. Inovacije u poslovanju u posljednjih pet godina (%)

O inovacijama proizvodaci se mogu informirati kroz razli¢ite kanale. Najve¢i dio ispitanika u ovom istrazivanju
informira se komunicirajuci s drugim proizvodacima (33%) i putem medija (31%). Internet kao kanal informiranja
o inovacijama isti¢e 13% proizvodaca dok njih 29% koristi moguc¢nost komunikacije sa savjetodavnom sluzbom.

Na pitanje koliko cesto komuniciraju sa savjetodavnom sluzbom, ispitanici u najvecoj mjeri (43%) odgovaraju da
je to 1 do 3 puta godisnje, zatim do 4 do 10 puta godisnje (23%) dok njih 5% komunicira vise od 10 puta. Najéesci
kanali komunikacije su osobnim putem (44%) ili telefonom (36%), a kao mjesto komunikacije navode u najvecoj
mjeri ,prostorije savjetodavne sluzbe“ (73%) ili ,,na gospodarstvu® (14%).

Tablica 2. Domena poslovanja u kojoj poljoprivrednici naj¢e$ée koriste usluge savjetnika

i Vrlo Cesto Cesto Rijetko Ne koristim
Povecanje proizvodnje i proizvodnih kapaciteta 8 34 38 20
Promjena tehnologije proizvodnje 10 35 36 19
Prl]av.a na natjecaje za potpore iz Programa ruralnog 23 13 15 29
razvoja

Uvgden]e (.10punsk1h djelatnosti na PG - Diversifikacija 8 27 2 43
proizvodnje

Promocija i prodaja poljoprivrednih proizvoda 11 33 24 32
Upravljanje troskovima poslovanja i resursima na 10 )8 15 50

gospodarstvu (menadzment)

U Tablici 2 prikazana je distribucija odgovora ispitanih o domeni poslovanja u kojoj poljoprivrednici traze savjet.
Kao i u prethodnom istrazivanju (Zraki¢ Susac i sur., 2022) najce$ce su to promjene tehnologije proizvodnje i prijave
na natjecaje iz ruralnog razvoja i potpora u poljoprivredi.
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Tablica 3. Stupanj slaganja s izjavama o ulozi savjetodavne sluzbe u inoviranju proizvodnje

Izjava* 142 (%) 3 (%) 4+5 (%)
Savjetnici uvijek daju korisne savjete poljoprivrednicima.(N=83) 17 22 61
Savjetnici educiraju poljoprivredne proizvodace. (N=81) 19 26 56
Savjetodavna sluzba je najvazniji kanal za prenosenje inovacija do poljoprivrednika.
17 29 54
(N=84)
Savjetnici su dobro upoznati s inovacijama u poljoprivrednoj proizvodnji. (N=83) 6 30 64
Prenosenje inovacija do poljoprivrednika je sastavni dio posla savjetnika. (N=84) 19 23 58
Savjetodavna sluzba je doprinijela da na vlastitom gospodarstvu uvedem inovacije u
. . 23 29 48
proizvodnju. (N=83)
Savjetodavna sluzba mi je pomogla da rijesim neke probleme na gospodarstvu.
12 42 46
(N=83)
Savjetodavna sluzba dobro informira poljoprivrednike o financiranju projekata iz EU
25 35 40
fondova. (N=83)
Savjetodavna sluzba pomaze u razvoju poljoprivrednih  gospodarstava.
1 46 53
(N=81)
Od savjetnika uvijek saznam nes$to novo $§to mi pomaze u radu i proizvodnji. (N=82) 32 26 42

*1-u potpunosti se ne slazem, 2-ne slazem se, 3-niti se slazem niti se ne slazem, 4-slazem se, 5-u potpunosti se
slazem

Poljoprivredni proizvodaci u najve¢oj su mjeri suglasni s izjavom da su poljoprivredni savjetnici dobro upoznati s
inovacijama u poljoprivrednoj proizvodnji (64%). Takav nalaz u skladu je s nalazima istrazivanja Zrakic¢ i sur. (2018).
Visok stupanj suglasnosti (vise od 50% ispitanih) zabiljeZen je i kod izjava da je savjetnici uvijek daju korisne savjete,
prenose inovacije i educiraju proizvodace, pomazu u razvoju gospodarstva ali i da su vazan kanal u prenosenju
inovacija. Nesto manji, iako jo$ uvijek relativno znacajan, udio ispitanih drzi da od savjetnika sazna nesto novo
$§to pomaze u radu, da ih se dostatno informira o EU fondovima, te da savjetnici doprinose uvodenju inovacija i
rjeSavanju problema.

U istrazivanju poljoprivrednici iz svih pet Zupanija ukazuju i na odredene probleme i ograni¢enja u radu savjetodavne
sluzbe. Ucestalo navode problem nedovoljnog broja savjetnika na terenu sto posljedi¢no utjece i na nezadovoljstvo
raspolozivo$c¢u i dostupnoséu savjetodavnih usluga.

Zakljucak

Savjetodavna sluzba u poljoprivredi vazan je posrednik i diseminacijski kanal informiranja o znanstvenim
postignu¢ima prema poljoprivrednim proizvodacima. Temelj rada savjetodavne sluzbe je edukacija i cjelozivotno
obrazovanje. Provedeno empirijsko istrazivanje predstavlja nastavak prethodno provedenih istrazivanja na drugim
lokalitetima odnosno na drugim uzorcima.

Glavni nalazi istrazivanja ukazuju da:
o se poljoprivredni proizvodaci smatraju sklonima za uvodenje inovacija na svom gospodarstvu;

o u posljednjih pet godina inovacije koje su uvodene na gospodarstvu ve¢inom su u domeni poljoprivredne
mehanizacije (novi traktor) i popratnih uredaja (dron, navigacija);

o najvazniji kanali informiranja o novim informacijama i inovacijama su informacije od drugih proizvodaca
i iz medija dok 29% ispitanika navodi savjetodavnu sluzbu;

 komunikacija sa savjetodavnom sluzbom se provodi najc¢esce 1 do 3 puta godi$nje (43%), najcesce osobno
ili telefonom (80%);

 poljoprivrednici naj¢e$ée kontaktiraju savjetodavnu sluzbu u domeni promjene tehnologije proizvodnje i
prijava na natjecaje iz ruralnog razvoja i drugih potpora;
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o+ poljoprivredni proizvodaci smatraju da su savjetnici dobro upoznati s inovacijama (64%), da daju korisne
savjete, prenose inovacije i educiraju proizvodace, pomazu u razvoju gospodarstva ali i da su vazan kanal u
prenosenju inovacija;

o glavni percipirani problem u radu savjetodavne sluzbe koji proizvodaci navode su nedovoljan broj savjetnika
na terenu.

Rezultati ovog istrazivanja zbog odabira uzorka ne mogu predstavljati stavove i misljenja populacije. Primarna svrha
ovog, kao i prethodnih istrazivanja, je aktualizirati problem uvodenja tehnoloskih i drugih inovacija u poljoprivredi
te potrebu za daljnjim istrazivanjima.

Napomena

Istrazivanje je provedeno u sklopu stru¢nog projekta ,Misljenja poljoprivrednih proizvodaca o doprinosu
savjetodavne sluzbe u Sirenju inovacija na poljoprivrednim gospodarstvima“ na diplomskom studiju Agrobiznis i
ruralni razvitak obranjenog 27.4.2022. godine grupe autora: Dorotea Blaskovi¢, Maja Celizi¢, Darko Stefan Derenj,
Karla Pavlak, Helena Siftar.
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The role of the agricultural advisory service in
farm business innovating - the perception of
farmers in selected counties

Abstract

The objective of the paper is to determine the perception of farmers about the role of the advisory
service in the farm business innovating. Empirical survey was conducted in 2022 on a suitable sample
of 100 respondents from the area of five counties The respondents (43%) believe that agricultural
producers are inclined to introduce innovations in the production, while 50% of them consider
themselves open to innovations in agriculture. The most frequently introduced innovations in the last
five years are the “new tractor’, the drone and navigation. The advisory service was mentioned by 29%
of the respondents as an information channel for innovations. The services of the extension service
are most frequently used in the area of changes in production technology and in applying for rural
development tenders and support in agriculture. Respondents agree with the statement that extension
agents are well acquainted with innovations in agricultural production (64%), while more than 50% of
respondents believe that extension agents always provide useful advice, communicate innovations and
educate producers.

Keywords: advisory service, role, innovation, agricultural economy
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Cimbenici koji utjecu na prijezetveno
proklijavanje i dormantnost sjemena pSenice

Jelena Musié, Suncica Kujundzi¢, Sanja Grubisi¢ Sestanj, Sonja Petrovi¢, Sonja Vila, Andrijana
Rebeki¢, Vlado Guberac, Vedran Orki¢

Sveuciliste Josipa Jurja Strossmayera u Osijeku, Fakultet agrobiotehnickih znanosti Osijek, Vladimira Preloga 1, Osijek, Hrvatska
(vorkic@fazos.hr)

SaZetak

PSenica je jedna od osnovnih poljoprivrednih kultura na koju djeluju razni bioticki i abioti¢ki ¢imbenici.
Utjecaj vlaznih uvjeta prije Zetve moze rezultirati prijezetvenim proklijavanjem sjemena (PHS) na
mati¢noj biljci. Veliki utjecaj na tolerantnost PHS imaju okoli$ni uvjeti, genotip, propusnost sjemene
ovojnice, boja sjemena, aktivnost a-amilaze, te dormantnost sjemena koja je glavni ¢cimbenik odgovoran
za tolerantnost na prijezetveno proklijavanje kod sjemena pSenice u Zetvenoj zriobi. Dormantnost
(mirovanje) sjemena je korisno biolosko prilagodavanje kojim se sprijecava prijevremeno Kklijanje
sjemena u nepovoljno doba godine. Rad ¢e objasniti pojmove koji utje¢u na prijezetveno proklijavanje
i dormantnost sjemena pSenice.

Klju¢ne rijeci: pSenica, prijezetveno proklijavanje, dormantnost

PrijeZetveno proklijavanje (PHS)

Psenica je jedna od najvaznijih Zitarica u svijetu koja je podlozna razli¢itim biotickim i abiotickim ¢imbenicima
koji znacajno utjecu na njezinu proizvodnju. Medu tim ¢imbenicima, posebno se isti¢e temperatura i vlazni uvjeti
prije zetve, $to moze rezultirati prijezetvenim proklijavanjem sjemena. Navedeni proces opisuje situaciju kada
zrelo sjeme pocinje proklijavati na mati¢noj biljci prije zetve (Gao i Ayele 2014). Tolerantnost na PHS moze biti
izazvana okoliSnim uvjetima i genotipom, kod kojeg su posebno vazni lokusi kvantitativnih svojstava (QTL), te
njihovom interakcijom. Takoder, pored navedenih postoje jos neki bitni ¢imbenici za tolerantnost na PHS, a to su:
dormantnost, propusnost sjemene ovojnice, boja sjemena, aktivnost a-amilaza, razina endogenih hormona (Gao i
sur., 2013). U ovome radu koriste se znanstveni pregledi dosadasnjih spoznaja o navedenoj temi.

Definicija dormantnosti i njezine kategorije

Dormantnost (mirovanje) sjemena je korisno biolosko prilagodavanje kojim se sprijecava prijevremeno nicanje
sjemena u nepovoljno doba godine. Finch-Savage i Leubner-Metzger (2006) isticu da geni utje¢u na taj proces, ali
i okolina ima znacajan utjecaj posredovan hormonima poput abscisinske kiseline i giberelina. Sjeme moze ostati
dormantno radi prezivljavanja nepovoljnih uvjeta poput suse, niske temperature ili nedostatka svjetla, ali kada se
uvjeti poboljsaju, giberelin potice klijanje i rast biljke.

Ovo prilagodavanje omogucava biljkama optimizaciju rasta i reprodukciju te prilagodbu ciklusa rasta prema
trenutnim uvjetima. Medutim, nedostatak dormantnosti moze dovesti do preuranjenog proklijavanja, $to je ozbiljan
problem kod Zitarica poput rize, pSenice, je¢ma i kukuruza (Bewley i Black, 1994), dok sjeme bez dormantnosti moze
imati smanjenu dugotrajnost (Clerkx i sur., 2003).

Prema Gubercu (2000), dormantnost sjemena moze se podijeliti u tri kategorije: pravo (endogeno) mirovanje,
prinudno (relativno) mirovanje i sekundarno mirovanje. Kod pravog mirovanja sjeme ne proklija ¢ak ni kad su
vanjski uvjeti za klijanje povoljni. Ovo stanje moze spontano ili pod utjecajem vanjskih faktora prestati, odrazavajuéi
vaznu ulogu u prilagodbi biljaka promjenjivim uvjetima okoline.

Prinudno (relativno) mirovanje je stanje u kojem sjeme ne klija zbog nepovoljnih uvjeta u okoliSu. Sekundarno
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mirovanje uzrokovano je kasnijim djelovanjem okolinskih ¢imbenika, pri ¢emu visoke temperature Cesto igraju
klju¢nu ulogu. Visoke temperature mogu izazvati promjene u ovojnici sjemena, ¢ineci je nepropusnom za plinove i
vodu te sprjecavaju¢i normalno klijanje.

Znacajan broj znanstvenika navodi da postoji nekoliko nac¢ina prekidanja dormantnosti sjemena, a najceséi su:
temperatura, odstranjivanje sjemenjace, tretiranje sjemena giberelinskom kiselinom (GA3), ispiranje inhibitora
vodom, tretiranje sjemena pomocu svjetla, djelovanje kemikalija, suho ¢uvanje, prethodno hladenje, kalijev nitrat
(Zare i sur., 2011; Can i sur., 2009; Majd i sur., 2013; Baskin i Baskin 2003; Naredo i sur., 1998; Guberac, 2000).

Utjecaj sjemene ovojnice i boje sjemena na PHS

Sjemena ovojnica predstavlja prvi zastitni sloj sjemena koji bi mogao sprijeciti apsorpciju vode u sjeme kako
bi se povecala tolerantnost na PHS. U trenutku kada sjeme poc¢ne upijati vodu dolazi do aktivacije a-amilaze u
aleuronskom sloju, te pocinje proces klijanja. Hoce li neka sorta biti tolerantna takoder ovisi i o rasporedu stanica
epiderme. Stanice epiderme mogu biti ¢vr§ce rasporedene te na taj na¢in mogu biti manje propusne za vodu, §to
sortu ¢ini tolerantnijom na PHS (Wang i sur., 2008).

Osim sjemene ovojnice, bitan ¢imbenik za tolerantnost na PHS je boja sjemena. Linije s bijelom bojom sjemena
opcenito su osjetljivije na proklijavanje od onih s crvenom bojom sjemenom. Crvena i bijela boja odnose se na boju
ovojnice sjemena koju kontroliraju tri nevezana gena. Geni koji kontroliraju PHS povezani su s genima za boju
ovojnice sjemena, ili su blizu njih na istom kromosomu, tako da kada oplemenjivaci provode selekciju na bijelu boju
ovojnice sjemena, oni takoder neizravno provode selekciju na nizu dormantnost.

Sva tri zasebna gena za boju ovojnice sjemena moraju biti homozigotna za bijelu boju kako bi se razvila sorta psenica
s bijelom ovojnicom sjemena.

Crvena boja je dominantna u odnosu na bijelu, tako da jedan crveni gen rezultira pojavom crvene boje ovojnice.
Stupanj crvene boje je aditivno uvjetovan, $to znaci da linije pSenice s tri crvena gena daju najtamnije crveno sjeme.
Opéenito, dormantnost je ve¢a kod linija s ve¢im brojem gena za crvenu ovojnicu sjemena. Postoje neke varijacije
izmedu linija koje imaju isti broj crvenih gena zbog razlic¢itih formi gena. Postoje takoder geni koji kontroliraju
dormantnost sjemena, a koji su neovisni o genima za boju ovojnice sjemena. (Thomason i sur., 2019).

Prema istrazivanju Groos i sur., (2002), veza izmedu prijezetvenog proklijavanja i boje sjemena p$enice moze se
objasniti plejotropnim ucinkom gena koji kontroliraju pigmentaciju sjemena (R). Opcenito, crvena boja sjemena
psenice, koja je kontrolirana genima za crvenu boju (R), prihvacena je kao marker za otpornost na PHS. U njihovom
istrazivanju analizirane su 194 rekombinantne inbred linije koje su rezultat krizanja dvaju kultivara, Renan i Récital,
kako bi se utvrdili lokusi kvantitativnih svojstava (QTL) povezani s otporno$¢u na PHS i bojom sjemena.

Kultivar Renan, koji ima crvenu boju sjemena, pokazao se otpornim na PHS, dok je kultivar Récital, s bijelim
sjemenom, izrazito podlozan PHS-u. Nakon dvije godine istrazivanja, identificirana su ¢etiri QTL-a povezana s PHS
i bojom sjemena. Tri od tih ¢etiri QTL-a locirana su na duzim krakovima kromosoma 3A, 3B i 3D, blizu lokusa gdje
su ranije pronadeni geni R i taVpl. Otpornost na PHS pripisuje se alelima naslijedenim od kultivara Renan za ova
tri QTL-a. Cetvrti QTL za PHS i boju sjemena lociran je na kra¢em kraku kromosoma 5A i pripisuje se alelu koji
potjece od kultivara Récital.

Napredak u razvoju visokopropusnih molekularnih markera omogucio je identifikaciju lokusa povezanih s
otporno$¢u na PHS na kromosomu 3B heksaploidne pSenice (Cabral i sur., 2014). Povezanost izmedu PHS i boje
sjemena mozZe se objasniti uskom genetskom vezom izmedu gena za boju sjemena i otpornosti na PHS ili putem
plejotropnih ucinaka gena za boju sjemena (Flintham, 2000; Lin i sur., 2016).

Aktivnost a-amilaze

Enzim a-amilaza je prisutan u $irokom spektru biljaka te igra klju¢nu ulogu u mnogim fizioloskim procesima.
Ovaj enzim sposoban je hidrolizirati a-1,4-glikozidne veze u molekulama $kroba. Ekspresija a-amilaze u biljkama
povezana je s njihovim metaboli¢kim procesima i moze znacajno utjecati na brojne aspekte biljnog razvoja. Ekspresija
a-amilaze moze utjecati na brzinu klijanja sjemena, tolerantnost biljaka na niske temperature te na ukupan prinos
sjemena (Autio i sur., 2001).

Vazno je napomenuti da regulacija ekspresije a-amilaze u biljkama strogo ovisi o prisutnosti fitohormona kao sto
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su ABA (abscisinska kiselina) i giberelin. Ovi fitohormoni igraju klju¢nu ulogu u kontroliranju kada i kako ¢e se
a-amilaza izrazavati u biljkama, $to ima dubok utjecaj na njihovu fiziologiju i razvoj.

Tijekom razvoja sjemena, fitohormon ABA inhibira ekspresiju amilaze. U pSenici su identificirana Cetiri izoenzimska
oblika a-amilaze koje utje¢u na otpornost na PHS. Ta etiri izoenzima nazivamo: malt-a-amilaza (a-amilaza-1), ¢iji
gen se nalazi na kromosomu 6; green-a-amilaza (a-amilaza-2), ¢iji gen se nalazi na kromosomu 7; a-amilaza-3, ¢iji
gen se nalazi na kromosomu 5 i a-amilaza-4, koja ima dva ¢lana s genima na kromosomima 2 i 3 (Zhang i sur. 2017).

Geni za a-amilazu-1 i a-amilazu-2 prisutni su u genomu B. Takoder, GA3 ukljuc¢ena je u regulaciju razine ekspresije
a-amilaze-1 i a-amilaze-2 (Marchylo i sur., 1983).

Utjecaj biljnih hormona na PHS

Proteini i biljni hormoni igraju klju¢nu ulogu u regulaciji dormantnosti sjemena, kontroliraju¢i procese indukcije
i prekida ovog stanja (Née i sur., 2017). Dva glavna antagonista u ovom procesu su biljni hormoni, abscizinska
kiselina (ABA) i giberelini (GA), dok se od proteina mogu izdvojiti ABI3, ABI5, RGL2 (Gao i Ayele 2014). ABA ima
pozitivan utjecaj na indukciju i odrzavanje dormantnosti sjemena, dok GA3 potice klijanje sjemena (Finch-Savage
i Leubner-Metzger 2006). Zanimljivo je napomenuti da gubitak dormantnosti sjemena nakon izlaganja hladnoj
imbibiciji (upijanje vode pri nizim temperaturama), rezultira smanjenjem endogenih razina ABA. Ovo otkrice
sugerira da snizena signalizacija ABA moze biti klju¢ni mehanizam koji potice gubitak dormantnosti (Tuttle i sur.,
2015). Ovaj mehanizam omogucava sjemenu da prepozna povoljne uvjete za klijanje i nastavi svoj razvoj. U svakom
slucaju, razumijevanje kompleksnih interakcija izmedu biljnih hormona, proteina i okoli$nih ¢imbenika vazno je za
razvoj strategija za optimizaciju procesa klijanja sjemena i pobolj$anje usjeva biljaka. Ova istrazivanja pruzaju vazan
uvid u regulaciju fizioloskih procesa biljaka i mogu imati znacajan utjecaj na poljoprivrednu proizvodnju i o¢uvanje
biljnih vrsta.

U svom istrazivanju su Liu i sur. (2013) identificirali znacajne mehanizme koji reguliraju dormantnost sjemena
pSenice putem biljnog hormona abscizinske kiseline (ABA). Njihova istrazivanja ukazuju na to da ABA odrzava
dormantnost sjemena p$enice putem nekoliko klju¢nih mehanizama:

o ABA utjece na pregradnju kromatina. Ovaj proces, poznat kao epigenetska modifikacija, moze utjecati na
dostupnost gena za transkripciju i time regulirati razlicite procese u biljci.

» ABA mijenja svojstva stanicne membrane, sto moze utjecati na propusnost i funkcionalnost membrane.
Ovo takoder moze igrati ulogu u odrzavanju dormantnosti sjemena.

o ABA aktivira gene koji su ukljuceni u katabolizam giberelina (GA), drugog vaznog biljnog hormona. GA
je poznat po svojoj ulozi u stimuliranju klijanja sjemena, pa je ABA regulacijom GA gena klju¢an faktor u
odrzavanju dormantnosti sjemena.

Lokusi kvantitativnih svojstava (QTL)

Prijezetveno proklijavanje je kod pSenice kontrolirano kvantitativnim lokusima koji se nalaze na gotovo svim
kromosomima (1A, 1B, 2A, 2B, 2D, 3A, 3B, 3D, 4A, 4B, 5B, 5D, 6A, 6B, 6D, 7A, 7B i 7D) (Munkvold i sur., 2009;
Mares i Mrva, 2014; Xiao-bo i sur., 2008; Fofana i sur., 2009; Mohan i sur., 2009; Lohwasser i sur., 2005; Chao i
sur., 2010). Takoder, nekoliko gena pokazali su se kao dobri kandidati za otpornost na prijezetveno proklijavanje,
uklju¢ujudi i TaSdr, TaPHS1, TaMFT, TaVp-1, Tamyb10 i TaMKK3-A. Ovi geni pokazali su se kao vrlo vrijedni u
programima oplemenjivanja (Ali i sur., 2019).

Zakljucak

Klimatske promjene i rast svjetske populacije predstavljaju ozbiljne izazove za proizvodnju hrane. Utjecaj sve
¢e$¢ih vlaznih uvjeta pred Zetvu, moze rezultirati prijezetvenim proklijavanjem sjemena na mati¢noj biljci, koje
pridonosi smanjenim prinosom te losijom kvalitetom sjemena. Proucavanje ¢imbenika koji utjecu na prijezetveno
proklijavanje klju¢no je kako bi se razvile sorte koje su veceg prinosa i kvalitete, te otpornije na razlidite stresne uvjete.
Regulacijski mehanizmi prijezetvenog proklijavanja i dalje ostaju nepoznanica te je zbog toga znacajan napredak u
poboljsanju svojstva otpornosti na prijezZetveno proklijavanje ograni¢en. Zbog toga su daljnja istrazivanja i inovacije
u oplemenjivanju p$enice nuzni kako bi se osigurala odrziva proizvodnja hrane za rastu¢u svjetsku populaciju.
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Factors affecting preharvest sprouting and wheat
seed dormancy

Abstract

Wheat is one of the primary agricultural crops affected by various biotic and abiotic factors. The
influence of moist conditions before harvest can result in pre-harvest sprouting (PHS) on the mother
plant. Environmental conditions, genotype, seed coat permeability, seed color, a-amylase activity, and
seed dormancy significantly impact PHS tolerance. Seed dormancy is a beneficial biological adaptation
that prevents premature seed germination during unfavorable periods of the year. The paper will
explain the terms that affect the preharvest sprouting and wheat seed dormancy.

Keywords: wheat, prehravest sprouting, seed dormancy
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SaZetak

Zajednicka poljoprivredna politika Europske unije sadrzi niz mjera za ocuvanje bioraznolikosti
i poboljsanje usluga ekosustava, Ciji je cilj potaknuti poljoprivrednike na prihvacanje i koristenje
odredenih praksi i na¢ina uzgoja koji ¢e smanjiti negativni utjecaj poljoprivrede na bioraznolikost.
Ucinci ovise o educiranosti poljoprivrednika i razini prihvacenosti mjera. Istrazivano je koristenje
IAKS mjera u Bjelovarsko-bilogorskoj Zupaniji i provedeno je anketno istrazivanje o informiranosti
poljoprivrednika o znacenju IAKS mjera za ocuvanje bioraznolikosti. Poljoprivrednici su podnijeli
1.326 zahtjeva za potporama u 2022. godini. Od 209 ispitanika, njih 36,8 % je to¢no odgovorilo koji
je cilj mjera, dok 34,2 % smatra da nisu dovoljno educirani i da su procedure i zahtjevi preslozeni.
Radi povecanja koriStenja IAKS mjera preporuca se pojacati aktivnosti osvjesé¢ivanja i edukacije
poljoprivrednika.

Klju¢ne rijedi: ruralni razvoj, poljoprivreda, bioraznolikost, informiranost poljoprivrednika

Uvod

Poljoprivredna djelatnost omogucuje opstanak brojnih biljnih i Zivotinjskih vrsta, stanista, ekosustava i krajobraza,
a nacin gospodarenja u poljoprivredi utje¢e na stanje prirode (Znaor i Karoglan Todorovi¢, 2016). Intenzifikacija
poljoprivrednih aktivnosti zadnjih desetlje¢a drasti¢no je preobrazila funkcioniranje agroekosustava, ugrozila
bioraznolikost i prouzrocila da je 76 % poljoprivrednih stanista i 70 % vrsta koje ih nastanjuju u nepovoljnom
stanju ocuvanosti. Pokretaci gubitka bioraznolikosti su razliciti, ali glavni su homogenizacija krajolika, gubitak
poluprirodnih stanista i povecana primjena gnojiva i pesticida na poljima. Trend gubitka bioraznolikosti u
agroekosustavima izaziva zabrinutost zbog poremecaja usluga ekosustava bitnih za poljoprivrednu produktivnost,
kao $to su oprasivanje, odrzavanje stanista, formiranje tla i kontrola Stetnika. Stoga je zastita bioraznolikosti klju¢ni
korak u osiguranju dugoro¢ne odrzivosti poljoprivrede (Séchaud i sur., 2022).

Zajednicka poljoprivredna politika Europske unije danas zagovara vi§ezna¢nu ulogu poljoprivrede: gospodarsku,
ekolosku i drustvenu. Poljoprivredno-okoli$ne mjere uvedene su 1992. godine radi poticanja praksi povezanih s
koristima za bioraznolikost na europskim farmama, a sli¢ni oblici poticaja ostali su na snazi sve do danas. Osim
doprinosa zastiti okolisa i klime, cilj mjera je o¢uvanje i povecanje bioraznolikosti, poboljsanje strukture tla, smanjenje
unosa gnojiva i pesticida, posebno u blizini osjetljivih vodnih tijela, te dobrobit Zivotinja (Geppert i sur., 2023). Mjere
doprinose diverzifikaciji poslovnih moguénosti na poljoprivrednim gospodarstvima i podizanju kvalitete Zivota u
ruralnim zajednicama. Poljoprivrednici koji pristaju na poljoprivredno-okoli$no-klimatske mjere dobrovoljno se
obvezuju da ¢e najmanje pet godina primjenjivati poljoprivredne prakse prihvatljive za okolis koje su ambicioznije
od relevantnih zakonskih obveza. Stoga, pojedinacne odluke poljoprivrednika igraju vaznu ulogu u uspjehu ovih
mjera (Hannus i Sauer, 2021). Dosadasnji sustav Zajednicke poljoprivredne politike nije postigao dovoljan i znacajan
ucinak na bioraznolikost i okolis.

Europskirevizorskisud procijenio je pomazeli poljoprivredna politika Europske unije ocuvatiipovecatibioraznolikost
(Europski revizorski sud, 2020). Utvrdio je da su ciljevi iz Strategije o bioraznolikosti oblikovani tako da je tesko
mjeriti napredak, uc¢inak izravnih pla¢anja je ogranicen ili nepoznat, a prioritet su imale mjere kojima se ostvaruje

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia 137



Session 3. Biodiversity Conservation, Genetics and Breeding

slabiji uc¢inak. Sud je preporucio povecanje doprinosa za bioraznolikost kroz izravna placanja, a najprikadnije su
poljoprivredno-okolidno i klimatske mjere, organska poljoprivreda i mjere u podrucjima ekoloske mreze Natura
2000. Trenuta¢no se poljoprivrednici ne poti¢u na $iroko koristenje ovih mjera zbog manjka informacija, slozenosti
i nejasnoc¢a u postupcima prijave, strogih smjernica, dugotrajnih nadzora, te visokog rizika od sankcija u slucaju
nepridrzavanja. Potrebno je unaprijediti i strukturirati pruzanje informacija o ekoloskim ciljevima i sadrzajima
financiranja te ih stalno azurirati (Geppert i sur., 2023).

Program ruralnog razvoja Republike Hrvatske za razdoblje 2014.-2020., sadrzi 19 mjera, od kojih su za o¢uvanje
prirode i okoli$a najvaznije dvije: Mjera 10 Poljoprivreda, okoli$ i klimatske promjene, s 1 podmjerom i 17 tipova
operacija i Mjera 11 Ekoloski uzgoj, s dvije podmjere (Vakanjac i sur., 2022). IAKS (Integrirani administrativni i
kontrolni sustav) koristi Agencija za pla¢anja u poljoprivredi, ribarstvu i ruralnom razvoju za identifikaciju korisnika
te obradu i isplatu zahtjeva za potporu, kao i nadzor nad provedbom svih potpora i mjera ruralnog razvoja. Cilj
kori$tenja IAKS mjera je potaknuti poljoprivrednike da zastite i pobolj$aju okoli§ na svom gospodarstvu prihva¢anjem
odredenih praksi i na¢ina uzgoja kojima je moguce umanjiti ili zaustaviti negativni utjecaj poljoprivrede na prirodne
resurse i bioraznolikost (Pokos, 2016).

Prema definiciji u Zakonu o zastiti prirode (,Narodne novine”, broj 80/2013., 15/2018., 14/2019. i 127/2019),
bioraznolikost je sveukupnost svih zivih organizama koji su sastavni dijelovi ekosustava, a uklju¢uje raznolikost
unutar vrsta, izmedu vrsta, zivotnih zajednica te raznolikost ekosustava. Temeljni mehanizam u politici zastiti
prirode Europske unije za postizanje povoljnog stanja o¢uvanosti divljih vrsta i stani$nih tipova je uspostava
ekoloske mreze Natura 2000, koju ¢ine podrudja vazna za o¢uvanje ugrozenih vrsta divlje faune i flore i stani$nih
tipova (Ozimec i sur., 2022). Republika Hrvatska proglasila je podrucje ekoloske mreze temeljem Uredbe o ekologkoj
mrezi i nadleznostima javnih ustanova za upravljanje podruc¢jima ekoloske mreze (,,Narodne novine®, broj 80/2019.
i 119/2023.). Ekoloska mreza Natura 2000 obuhvac¢a 37 % kopnenog teritorija Republike Hrvatske. Cine ju 783
podrudja, od kojih 38 podruéja oc¢uvanja znacajna za ptice (POP) i 745 podrucja ocuvanja znacajnih za vrste i
stani$ne tipove (POVS). U Bjelovarsko-bilogorskoj Zupanij nalazi se, cjelovito ili djelomi¢no, 17 podrudja ekoloske
mreze Natura 2000, koja obuhvacaju 30,2 % ukupne povrsine Zupanije (https://zastita-prirode-bbz.hr/podrucja/
ekolska-mreza).

Informiranost poljoprivrednika o mjerama javnih politika, uklju¢ujuéi i mjere Zajednicke poljoprivredne politike
usmjerene na o¢uvanje bioraznolikosti, preduvjet je u¢inkovitog koristenja javnog novca, a mjere, zahtjevi i procedure
prijave, provedbe i kontrole mjera moraju biti prilagodeni poljoprivrednicima. U svrhu utvrdivanja koliko su
poljoprivrednici na podrucju Bjelovarsko-bilogorske Zupanije upoznati s IAKS mjerama ruralnog razvoja, te koliko
ih koriste, provedeno je istrazivanje putem anketnog upitnika. Pretpostavka istrazivanja bila je da su poljoprivrednici
u Bjelovarsko-bilogorskoj Zupaniji slabo ili vrlo malo upuceni u navedene mjere.

Materijal i metode

Izvor dijela koristenih podataka, primjerice broj zahtjeva za pojedinu IAKS mjeru te podaci o koristenju
poljoprivrednog zemljista u Bjelovarsko-bilogorskoj Zupaniji je Agencija za pla¢anja u poljoprivredi ribarstvu i
ruralnom razvoju (https://www.apprrr.hr/baza-korisnika-potpora). S obzirom da su ovi podaci razvrstani u Excel
tablicama po naseljima, trebalo ih je dodatno obraditi i prilagoditi.

Ostali podaci, primjerice o dobi poljoprivrednika i njihovom stupnju obrazovanja preuzeti su iz Upisnika
poljoprivrednika (https://www.apprrr.hr/upisnik-poljoprivrednika).

Anketni upitnik sastavljen je kako bi istrazili razinu informiranosti poljoprivrednika o poznavanju ciljeva
IAKS mjera ruralnog razvoja za ocuvanje bioraznolikosti, kori$tenju mjera, te stavova o prednostima i
preprekama za bolje koriStenje ovih mjera. Upitnik je bio kreiran koriStenjem Google obrazaca i sastojao
se od pet pitanja: Na tri pitanja se odgovaralo s ,Da“ ili ,Ne“dok su za dva pitanja sudionici imali
mogucénost odgovora ili upisivanja vlastitog odgovora. Google obrasci su bili otvoreni za popunjavanje od
7. prosinca 2022. do 15. ozujka 2023. godine. Poziv, uz upute kako ispuniti anketni upitnik, poslan je na 400
e-mail adresa ciljane skupine poljoprivrednika koji su upisani u Agronet - digitalnu aplikaciju koju vodi Agencija za
plac¢anja u poljoprivredi ribarstvu i ruralnom razvoju.
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Rezultati i rasprava

Prema podacima iz Upisnika poljoprivrednika, u Bjelovarsko-bilogorskoj zupaniji u 2022. godini ima 10.711
poljoprivrednika, odnosno 6,4 % od 166.430 poljoprivrednika u Republici Hrvatskoj. Jedinstveni zahtjev za potporu
podnijelo je 8.417 poljoprivrednika. Za koristenje IAKS mjera ¢iji cilj je o¢uvanje bioraznolikosti, podneseno je
1.326 zahtjeva (15,7 %). Prema broju zahtjeva (Grafikon 1.), najvise ih je za mjere: Mehanic¢ko uni$tavanje korova
unutar redova viSegodi$njih nasada, Placanja za prijelaz na ekoloske poljoprivredne prakse i metode, Pla¢anja za
odrzavanje ekoloskih poljoprivrednih praksa i metoda, Poticanje uporabe stajskog gnoja na orani¢nim povr$inama
i Kori$tenje feromonskih, vizualnih i hranidbenih klopki.

Pilot mjera za zastitu leptira | 1
Odrzavanje ekstenzivnih vocnjaka | 1
Qduvanje suhozida | 1
Pobolj§ano odrZzavanje medurednog prostora u viSegodisnjim nasadima I 5
Metoda konfuzije Stetnika u visSegodiSnjim nasadima I 5
Qtuvanje Zivica I 6
Uspostava poliskih traka - 17
Obrada ta i sjetva na nagibu za orani¢ne jed nog odi$nje kulture - 26
Q8uvanje travnjaka velike prirodne vrijed nosti - 31
Zatravnjivanje trajnih nasada - 37
Primjena ekolokih gnajiva u viseg odi$njim nasadima - 42
Kori$te nje feromonskih, vizualnih i hranidbe nih klopki - 50

Poticanje uporabe stajskog gnoja na oraniénim povrSinama
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Grafikon 1. Struktura koristenja IAKS mjera u Bjelovarsko-bilogorskoj Zupaniji prema broju podnesenih
zahtjeva u 2022. godini (Izvor: Agencija za placanja u poljoprivredi ribarstvu i ruralnom razvoju)

Prema strukturi kori$tenja mjera, 814 zahtjeva (61,4 %) odnose se na mjere M10.1. Placanja za poljoprivredno-
okolisne i klimatske obveze, $to je manje od 70,5 % zahtjeva na razini Republike Hrvatske. Broj podnijetih zahtjeva
za mjere M.11. Ekoloski uzgoj iznosi 512 (38,6 %), $to je vise od 29,5 % zahtjeva na razini Republike Hrvatske. Iz
analize je izostavljena mjera Ocuvanje ugrozenih izvornih i zasti¢enih pasmina domacih Zivotinja, za koju podaci
nisu bili dostupni.

neiskoristene mogucnosti za koristenje IAKS mjera za o¢uvanje bioraznolikosti. Tip operacije: O¢uvanje Zivica koristi
svega 6 poljoprivrednika, a one pridonose o¢uvanju bioraznolikosti u monotonim poljoprivrednim krajobrazima
jer zivice sluze za gnjezdenje ptica i kao zaklon manjim sisavcima i divljac¢i (Znaor i Karoglan Todorovi¢, 2016).
Tip operacije: Uspostava poljskih traka koristi svega 17 poljoprivrednika, a doprinosi o¢uvanju bioraznolikosti na
oranicama jer nije dopustena primjena pesticida, sluzi za ispasu pcela, kao zaklon divljaci i manjim sisavcima, te
obogacuje plodored jer je svaki tre¢i hektar oranice zasijan kukuruzom. Ovdje postoji zajednicki interes u poboljsanju
stani$ta i unaprjedenju lovstva jer poljske ili cvjetne trake odvajaju povrsine pod monokulturom. Tako divlja¢ ne bi
izlazila iz $uma ili vodotoka u potrazi za hranom i pravila $tetu na poljoprivrednim kulturama.

Na anketni upitnik za ciljanu skupinu poljoprivrednika u Bjelovarsko-bilogorskoj Zupaniji, dostavljen na 400 e-mail
adresa, pristigli su odgovori 209 ispitanika, $to znaci da je odaziv iznosio 52,3 %, dok 191 poljoprivrednik (47,8 %)
nije dostavio odgovor.

Raspodjela odgovora ispitanika na pitanje broj 1: Jeste li upisani u Upisnik poljoprivrednika i podnosite li Jedinstveni
zahtjev za potporu? (Grafikon 2.), pokazuje da ih je 204 (97,6 %) odgovorilo sa ,Da‘, a 7 (3,3 %) sa ,,Ne®
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Grafikon 2. Raspodjela odgovora ispitanika na pitanje broj 1.

broj 2: Jeste li ¢uli za IAKS mjere ruralnog

Raspodjela odgovora ispitanika na pitanje
,Da“, a 11 (53 %)

(Grafikon 3.), pokazuje da ih je 196 (94,7 %) odgovorilo sa
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Grafikon 3. Raspodjela odgovora ispitanika na pitanje broj 2.
Raspodjela odgovora ispitanika na pitanje broj 3: Pri podnosenju Jedinstvenog zahtjeva za potporu prijavljujete li se

za koristenje IAKS mjera ruralnog razvoja? (Grafikon 4.), pokazuje da ih je 115 (55 %) odgovorilo sa ,Da% a 94 (45
%) sa ,Ne“-

15 (55 %)

NE 94 (45 %)

Grafikon 4. Raspodjela odgovora ispitanika na pitanje broj 3.
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Raspodjela odgovora ispitanika na pitanje broj 4: Znate 1i koji je cilj IAKS mjera ruralnog razvoja? (Grafikon
5.) pokazuje da svega 77 ispitanika (36,8 %) zna tocan odgovor: Smanjenje utjecaja poljoprivrede na prirodne
resurse i bioraznolikost. Ostali odgovori ispitanika bili su: povecanje prihoda poljoprivrednika (65 odgovora,
31,6 %); povecanje prinosa poljoprivrednika (35 odgovora, 16,7 %); dodatna zarada poljoprivrednika
(29 odgovora, 13,9 %) i ne znam (2 odgovora, 1,0 %).

= Smanjenje utjecaja
poljoprivrede na
prirodne resurse |
bioraznolikost

- Povecanje prihoda
poljoprivrednika

= Povecanje prinosa
poljoprivrednika

» Dodatna zarada
poljoprivrednika

=Ne znam

Grafikon 5. Raspodjela odgovora ispitanika na pitanje broj 4.

Raspodjela odgovora ispitanika na pitanje broj 5: ZaSto ne koristite IAKS mjere 1 navedite
razloge nekoritenja? (Grafikon 6.) pokazuje da najviSe ispitanika, njih 50 (36,5 %) smatra
da je previSe dokumentacije. Ostali odgovori ispitanika bili su: nisam dovoljno educiran
(47 odgovora, 34,3 %); iznos potpore nije dovoljan (33 odgovora, 24,3 %); nemam uvjeta
(2 odgovora, 1,4 %). Po jedan ispitanik (0,7 %) odgovorio je: nisam prihvatljiv korisnik; nisam u sustavu poticaja;
nisam u upisniku; mjere nisu prihvatljive za uzgoj povréa; koristim mjere.

mPrevise je dokumentacije

= Nisam dovoljno educiran
Iznos potpore nije dovoljan

= Nemam uvjeta

= Nisam prihvatljiv korisnik

= Nisam u sustavu poticaja

= Nisam u upisniku

Mjere nisu prihvatljive za uzgoj povréa

0,7% 0,7%
1,4% = Koristim mjere

0,7%
07% "

Grafikon 6. Raspodjela odgovora ispitanika na pitanje broj 5.

Rezultati anketnog istrazivanja prema kojima je 55 % ispitanika podnijelo zahtjev za koristenje IAKS mjera ruralnog
razvoja, a svega 36,8 % razumije cilj tih mjera, ukazuju na nedovoljnu educiranost i informiranost poljoprivrednika.
Analizom dobne strukture poljoprivrednika utvrdeno je da ih je 47 % starije od 61 godine, a svega 14,6 % su
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mladi od 41 godine. Analiza strukture poljopivrednika prema s$kolskoj spremi pokazuje da ih je s nezavr§enom
osnovnom $kolom 5 %, s osnovnom $kolom 23 %, srednjom $kolom 33 % i visokoskolskim obrazovanjem 6 %, dok
za preostalih 33 % poljoprivrednika nema podataka u Upisniku poljoprivrednika (https://www.apprrr.hr/upisnik
poljoprivrednika/).

Educiranost i informiranost poljoprivrednika problem je i na razini Europske unije, zbog slabog koristenja mjera
za o¢uvanje bioraznolikosti (M.10), dok su poljoprivrednici vi$e zainteresirani za olaksice koje su potpora dohotku
i koje funkcioniraju po principu izravnih placanja (M.11). Na odluku poljoprivrednika za koristenjem pojedine
mjere utjecu iznos financijske potpore i o¢ekivana korist za njegovo gospodarstvo. Rizici su povezani s dostupnoséu
informacija. Nedostatak ili ogranic¢en pristup poljoprivrednika relevantnim i razumljivim informacijama stvara
nesigurnost, $to smanjuje motivaciju za prihvacanjem koristenja mjera (Klebl i sur., 2023). Potrebno je pojadati
aktivnosti osvjes¢ivanja i edukacije poljoprivrednika radi porasta koristenja IAKS mjera za ocuvanje bioraznolikosti,
te unaprijediti i pojednostavniti postoje¢i slozeni sustav prijave i nadzora koristenja mjera.

Zakljucak

Koristenjem IAKS mjera poljoprivrednike se potice na doprinos smanjenju negativnih utjecaja poljoprivrede na
bioraznolikost i o¢uvanju prirode. Anketno istrazivanje pokazalo je nisku razinu informiranosti poljoprivrednika
jer svega 36,8 % ispitanika poznaje cilj IAKS mjera. Kao razlog nekoristenja mjera 36,5 % smatra kako postoji previse
dokumentacije, a 34,2 % da nisu dovoljno educirani. Stoga je potrebno pojacati aktivnosti osvjes¢ivanja i edukacije
poljoprivrednika kako bi navedene mjere postigle Zeljene ciljeve.
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Usage of the IACS measures from the Rural
Development Programme for biodiversity
conservation in Bjelovar-Bilogora County

Abstract

The European Union’s Common Agricultural Policy contains measures to conserve biodiversity and
improve ecosystem services. The aim of the measures is to encourage farmers to accept and use certain
practices and cultivation methods that will reduce the negative impact of agriculture on biodiversity.
The effects of the measures depend on the education of farmers and the level of acceptance. The use
of TACS measures in the Bjelovar-Bilogora County was investigated and a survey was conducted on
the awareness of farmers about the meaning of IACS measures for the biodiversity conservation.
Farmers submitted 1,326 applications for the payment of subsidies in 2022. Of the 209 respondents,
36.8% answered correctly what the goal of the measure was, while 34.2% responded that they
were not sufficiently educated and that the procedure and requirements are rather complicated.
In order to increase the use of IACS measures, it is recommended to increase the awareness and
education activities of farmers.

Keywords: rural development, agricultura, biodiversity, informativeness of farmers
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Utjecaj nacina uzgoja na vegetativna i generativna
svojstva graska (Pisum sativum L.)

Ljiljana Bozi¢-Ostoji¢, Matija Mirkovi¢, Natasa Romanjek Fajdeti¢, Mihaela Blazinkov, Slavica
Antunovi¢, Bozica Japundzi¢-Palenki¢

Sveuciliste u Slavonskom Brodu, Trg Ivane Brli¢ MaZurani¢ 2, Slavonski Brod, Hrvatska (ljbostojic@unisb.hr)

SaZetak

Grasak se uzgaja kao povrtnairatarska kultura u cijelom svijetu. Osim okoli$nih stresnih uvjeta na prinos
graska utjece i konkurencija medu biljkama, odnosno razmak u sjetvi. Za potrebe ovog istrazivanja
grasak je uzgajan iz sjemena na dva nacina, sjetvom u redove i sjetvom u kucice. U svrhu izrade rada
mjereni su sljedec¢i parametri: masa biljaka, visina biljaka, broj mahuna, broj zrna po mahuni i masa
zrna. Biljke graska uzgojene sjetvom u kucice imale su 14,96 % vise ukupne mase u odnosu na uzgoj u
redovima. U pogledu visine nadzemnog dijela grasak uzgojen sjetvom u kucice bio je za 11,06 % visi te
ujedno imao za 4,88 % veci broj mahuna u odnosu na sjetvu u redove. Kod uzgoja u ku¢icama broj zrna
po mahuni bio je za 7,41 % veci nego kod graska uzgojenog u redovima, a postignuta je za 10,21 % veca
masa zrna nego u redovima. Istovremeni uzgoj u jednakim uvjetima pokazao je da je uzgoj u kuc¢icama
dao biljke koje su ostvarile bolje rezultate prema svim mjerenim parametrima.

Klju¢ne rijeci: grasak, nacin sjetve, razmak biljaka, prinos

Uvod

Grasak (Pisum sativum L.) je jednogodisnja zeljasta biljka koja pripada porodici Fabaceae (Le$i¢ i sur., 2004). Biljke
iz porodice mahunarki imaju vaznu ulogu u prehrani ljudi i Zivotinja jer mogu zadovoljiti zahtjeve za visokim
udjelom bjelancevina u hrani (Ayupov i sur., 2019). Grasak ima visoku prehrambenu vrijednost, uravnotezeni odnos
bjelancevina i ugljikohidrata, a mlado zrno bogato je vitaminima, mineralima i sirovim vlaknima (Kanizai Sari¢ i
sur., 2016). Redovita konzumacija zelenog graska moze smanjiti rizik od raka, ponajvise zbog sadrzaja antioksidanasa
u grasku i njihove sposobnosti smanjenja upala u organizmu. Zeleni grasak takoder sadrzi saponine, poznate
po antikancerogenim uc¢incima (Talaat i sur., 2022). Koristi se u svjezem stanju ili se preraduje zamrzavanjem,
konzerviranjem i dehidracijom u nezreloj fazi kako bi se zadovoljili zahtjevi potrosaca izvan sezone uzgoja (Dhal,
2017). Grasak se uzgaja kao povrtna i ratarska kultura u cijelom svijetu (Osmanovi¢ i sur., 2015). Zbog kratkoce
vegetacije mozZe rasti u $irokom rasponu agroklimatskih zona §to predstavlja potencijal za njegov uzgoj (Kanizai
Sari¢ i sur., 2016), ali je osjetljiv na visoke temperature i stres od suse (Shaukat i sur., 2021) Najbolje uspijeva u
uvjetima umjerene i vlazne klime jer je optimalna temperatura za njegov razvoj 18 °C (Osmanovi¢ i sur., 2015).
Uspijeva na razlic¢itim tipovima tala i za rast mu najvi$e odgovaraju tla pH vrijednosti izmedu 6,5 i 8. Grasak veci
dio svojih potreba za dusikom moze zadovoljiti putem simbiotskog odnosa s kvrzi¢nim bakterijama i u plodoredu je
dobar predusjev jer ostavlja poboljiani status hranjiva u tlu (Kanizai Sari¢ i sur., 2016). Najbolji predusjevi za grasak
su rajcica, paprika, strne Zitarice i krmne kulture (Matotan, 2004). Vazna uloga u povecanju prinosa graska pripada
oplemenjivanju i sjemenarstvu s ciljem stvaranja produktivnih sorti (Ayupov i sur., 2019). Skromni zahtjevi prema
toplini omogucuju sjetvu rano u proljece, a u podrué¢jima s blagom zimom kasno ujesen. Na podrucju Slavonije
sjetva najcesce zapocinje pocetkom ozujka i traje do kraja travnja (Lesi¢ i sur., 2004). Osim stresnih uvjeta na prinos
graska utjece i konkurencija medu biljkama, odnosno razmak u sjetvi (Wilkins i sur., 1991). Kako bi se postigao
maksimalan prinos biljke je neophodno uzgajati na optimalnoj udaljenosti jer ¢e se na taj na¢in izmedu njih smanjiti
konkurencija za svjetlo$¢u, hranjivima i vodom (Devi i sur., 2022). Sjetva se najces¢e obavlja pneumatskim ili
mehani¢kim sija¢icama u redove razmaka od 15 cm do 20 cm te razmakom posijanog zrna u redu od 4 cm do 6 cm
na dubinu od 3 cm do 5 cm (Matotan, 2004). Optimalan razmak za bilo koji usjev varira zbog uvjeta okolisa u kojem
se uzgaja. Zbog toga nije moguce preporuciti optimalni razmak jer se gragak uzgaja u razli¢itim godi$njim dobima
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s razli¢itim praksama na razli¢itim tipovima tala (Devi i sur., 2022). Prema Biarness-Dumoulinet i sur. (1996) i Erac
i sur. (1985) prinos graska se krece od 1,5 t ha'! do 8,0 t ha'. Prosjecna visina biljaka ovisno o genotipu poljskog
graska se krece od 50 cm do 200 cm (Tekeli, 1988). Cilj istrazivanja bio je utvrditi utjecaj na¢ina uzgoja na razvoj
morfoloskih i generativnih svojstava graska.

Materijali i metode

Istrazivanje je provedeno u razdoblju od 24. ozujka do 28. lipnja 2023. na podrudju Opéine Klakar (Brodsko-
posavska zupanija). Tlo prema teksturi pripada u klasu praskaste gline i sljedeceg je sastava: 0,99 % grubi pijesak,
4,90 % fini pijesak, 18,01 % grubi prah, 26,28 % fini prah i 49,82 % glina (ISO, 2009). Prema kemijskoj analizi
utvrdeno je: humusa 2,41 % (ISO, 1998), CaCo, 2,09 (ISO, 1995), AL-P,O, 8,36 mg 100g™, Al—KZO 20,11 mg 100g™
(Egner, 1960), pH u KCl 6,41, pH u H,0 7,36. (ISO, 2005). Za potrebe pokusa odabrana je srednje rana sorta graska
Rondo. Pripada u visoke sorte sa stabljikom do 1 metra visine i mahunama koje mogu sadrzavati do 15 zrna. Pokus je
postavljen u vanjskim uzgojnim uvjetima. Grasak je uzgajan iz sjemena na dva nacina, sjetvom u redove i sjetvom u
kucice. Sjetva je obavljena u dvorede na meduredni razmak 20 cm. Posijano je po 10 sjemenki na razmak 8 cm u redu.
Ukupno je posijano Sezdeset biljaka. Prilikom uzgoja, postavljena je mreza koja je sluzila kao potporanj. Osim toga
obavljeno je nagrtanje tla oko biljaka kako bi se sprijecilo polijeganje. U drugom nacinu sjetve formirane su kucice,
unutar kojih su posijane po 4 sjemenke gragka na razmak 8 cm i dubinu 5 cm. Formirano je ukupno petnaest kudica.
Stabljike graska povezane su uz potporanj u obliku stosca kako bi ih se zastitile od lomljenja i olak§ao njihov rast u
visinu. Sjetva na oba nacina obavljena je 24. ozujka. Tlo je pripremljeno jesenskom obradom, a u proljece je usitnjeno
kopacicom. Temperatura zraka tijekom sjetve graska iznosila je 22 °C. Prosjecna temperatura u mjesecu travnju
iznosila je 21 °C, u svibnju 25 °C i u lipnju 28 °C. Navodnjavanje se provodilo prema potrebi. Nasumi¢nim odabirom
izdvojeno je po deset biljaka iz oba nacina uzgoja nakon cega je obavljeno mjerenje i vaganje prema mjerenim
parametrima. Za potrebe istrazivanja analizirali su se sljedec¢i parametri; masa biljaka, visina nadzemnog dijela, broj
mahuna po biljci, broj zrna u mahuni i masa zrna po biljci. Masa se odredivala na analitickoj vagi Adventurer Pro
proizvodaca Ohaus. Duljina se mjerila pomo¢u pomi¢ne mjerke 1108 proizvodaca Insize. Razlike u istrazivanim
svojstvima izmedu dva nacina sjetve obradene su u programu Exel te izrazene kao postotak.

Rezultati i rasprava

Oba gragka niknula su 15. travnja, a formiranje vitica zabiljeZeno je 30. travnja. Razvoj mahuna je takoder zapoceo
istovremeno 6. lipnja. Vrijeme berbe odredeno je prema stupnju zriobe kada je zrno ispunilo mahunu, a prije
nastupanja fizioloske zriobe. Prva berba mahuna kod oba nacina sjetve je bila 19. lipnja, a druga berba je uslijedila
tjedan dana kasnije, 28. lipnja. Rezultati dobiveni mjerenjima biljaka graska iz oba nacdina uzgoja prikazani su u
grafikonima 1-5.

Masa biljaka (g) Visina biljaka (cm)
108,3

110 100 93,2
100 92,1..-'.'..-" 90 82,9 .

- m - o

80 70

Redovi Kucice Red ovi Kucice
Grafikon 1. Prosjecna masa biljaka (g) Grafikon 2. Prosjecna visina biljaka (cm)
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Grafikon 3. Prosjecan broj mahuna po biljci
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Grafikon 4. Prosjecan broj zrna po biljci Grafikon 5. Prosjecna masa zrna (g) po biljci

Prema dobivenim rezultatima biljke graska uzgojene sjetvom u kucice i uzgajanih uz pomoc¢ stosca imale su srednju
ukupnu masu 108,3 g za razliku od biljaka uzgojenih sjetvom u redove i povezanih uz mrezu sa srednjom ukupnom
masom 92,1 g (Grafikon 1), odnosno sjetvom u kucice dobiveno je 14,96 % visa ukupna masa biljaka. Masa
pojedina¢nih biljaka posijanih u redove kretala se u rasponu od 34 g do 137 g, a kod biljaka zasijanih u kucice od 65 g
do 229 g. Uzgoj u redovima je zauzeo povrsinu od 8000 cm?, a uzgoj u kucicama je zauzeo 7680 cm®. Iz toga se vidi da
je uzgoj u ku¢icama zauzeo manju povrsinu, a dao ve¢u ukupnu masu. U pogledu visine nadzemnog dijela vidljivo
je da je grasak uzgojen sjetvom u kucice imao za 11,06 % vecu srednju visinu nadzemnog dijela biljke u odnosu na
grasak iz redova (Grafikon 2). Visina nadzemnog dijela biljaka uzgojenih sjetvom u redove kretala se u rasponu od
63 cm do 93 cm, dok je kod biljaka uzgojenih sjetvom u kudice visina bila u rasponu od 60 cm do 118 cm. Ranija
istrazivanja pokazala su da biljke uzgojene na manjem medusobnom razmaku imaju ve¢u visinu nadzemnog dijela
jer zbog ogranic¢enog prostora viSe rastu u visinu (Shaukat i sur., 2021). Uzgojem graska sjetvom u kucice dobiven
je za 4,88 % veli broj mahuna u odnosu na sjetvu u redove (Grafikon 3). Najve¢i broj mahuna po biljci kod graska
uzgajanog uz stozac bio je 16, a kod graska uzgajanog uz mrezu 11. Istrazivanja koja su proveli Sajid i sur. (2012)
pokazala su da se povecavanjem razmaka izmedu redova znacajno smanjio prinos mahuna graska. Rops (1997) je
ustanovio da se prinos pove¢avao na manjem medurednom razmaku, a njegovim povec¢avanjem smanjivao se za 6
% do 17 % (Sajid i sur., 2012). Broj zrna po mahuni kod biljaka uzgojenih sjetvom u kuéice i povezanih uz stozac
bio je za 7,41 % veci nego kod graska uzgojenog sjetvom u redove (Grafikon 4). Posljednji mjereni parametar bila
je masa zrna gdje je zabiljezeno da je sjetvom u kudice postignuta za 10,21 % veéa masa zrna nego sjetvom graska u
redove (Grafikon 5). Najmanja masa zrna po biljci kod graska uzgajanog uz stozac bila je 15 g a najveca 56 g, dok je
kod graska uzgajanog uz mrezu najmanja masa zrna po biljci bila 7 g, a najveca 39 g. Ustanovljeno je da su mahune
biljaka uzgajanih u sto$cu dale ve¢u ukupnu masu, veéi broj zrna, ve¢u masu zrna, vecu visinu i viSe mahuna po
biljci.

Zakljucak

Rezultati provedenog istrazivanja pokazuju da je uzgoj u kuc¢icama ostvario bolji rezultat u pogledu svih mjerenih
parametara. Kako je obrazlozeno, uzgoj u kuc¢icama je postigao veci broj biljaka po povrsini i sukladno tome postignut
je i vedi prinos. Osim toga, takav uzgoj je omogucio veéu uzgojnu povrsinu i osvjetljenost biljaka $to je rezultiralo
boljom fotosintezom i proizvodnjom asimilata i u kona¢nici boljim porastom biljaka i razvojem mahuna.

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia 147



148

Session 4 . Vegetable Growing, Ornamental, Medicinal and Aromatic Plants

Literatura

Ayupov D.S., Davletov EA., Asylbaev I.G., Kuznetsov I. Yu., Akhmadullina L.I., Dmitriev A.M.,
Vakhitova R K., Satarov M. Yu., Avsakhov EF, Irgalina R. Sh. (2019). Selection of high-yielding,
high-tech varieties of field pea (Pisum sativum L.). Legume Research. 42: 615-619.

Biarness-Dumolin V., Denis J.B., Lejeune-Henaut 1., Eteve G. (1996). Interpreting yield instability in
pea using genotypic and environment covariant. Crop Science. 36: 115-120.

Devi K.M., Chanu M.M., Abonmai T., Singh M.S. (2022). Effect of spacing on growth and green
pod yvield of pea (Pisum sativum L. subsp. Hortense) local cultivar Makhyatmubi. The Pharma
Innovation Journal. 11: 3183-3186.

Dhal R.K. (2017). Pea cultivation. Ludhiana, Punjab, Agricultural University Ludhiana.

Egner H., Riehm H., Domingo W. R., (1960). Untersuchungeniiber die chemische Bodenanalyse als
Grundlagefiirdie Beurteilungdes Nahrstoffzustandes der Boden II. Chemische Extractionsmeto
den zu Phosphor- und Kalium bestimmung, Lantbr. Hogsk. Annlr. W.R. 26: 199-215.

Erac A., and Ekiz H. (1985). Forage Crop Production. Ankar University Press, Ankara, Turkey.

ISO. (2009). Soil quality - Determination of particle size distribution in mineral soil material Method
by sieving and sedimentation. ISO 11277.

ISO. (1998). Soil quality - Determination of organic carbon by sulfochromic oxidation. HRN
ISO14235.

ISO. (1995). Soil quality - Determination of carbonate content. Volumetric method. HRN ISO 10693.

ISO. (2005). Soil quality - Determination od pH. International standard. ISO 10390.

KaniZai Sari¢ G., Milakovi¢ Z., Rapéan 1., Maji¢ I, Seput J., Koji¢ D. (2016). Rast i prinos graska
(Pisum sativum L.) pod utjecajem bakterizacije i gnojidbe dusikom. Agronomski glasnik. 5-6: 205-
214.

Lesi¢ R., Borosi J., Butorac 1., Herak-Custi¢ M., Poljak M., Romi¢ D. (2004.). Povréarstvo. Cakovec,
Zrinski d.d.

Matotan Z. (2004.). Suvremena proizvodnja povréa. Zagreb, Nakladni zavod Globus.

Osmanovi¢ S., Huseinovi¢ S., Sljivi¢ E. (2015). Uticaj pH vrijednosti vodene otopine na klijavost
graska. XX savetovanje o biotehnologiji. Zbornik radova. 20: 33-37.

Rops A.H.J. (1997). Effect of wider row spacing and date of sowing on the yield of anning peas.
Proefstation voor de Akkerbouw en de Groenteteelt in de Vollegrond, Lelystad. 81A: 215-216.

Sajid M., Rab A., Noor-ul-Amin Fazali W,, Jan I., Ahmad I, Khan I.A., Khan M.A. (2012). Effect
of herbicides and row spacing on the growth and yield of pea. Pakistan Jorunal Weed Science
Research. 18: 1-13.

Shaukat S.A., Ahmad Z., Choudry Y.A., Shaukat S.K. (2021). Effect of different sowing dates and row
spacing on the growth, seed yield and quality of off-season pea (Pisum sativum L. cv. Climax)
under temperate conditions of Rawalakot Azad Jammu and Kashmir. Scientific Journal of
Agricultural. 1: 117-125.

Talaat .M., El-Metwaly I.M., Dawood M.G., El-Awadi M.M., El-Rokiek K.G. (2022). Response of
Pea Plants (Pisum sativum) to Nano-Salycylic Acid and Herbicides. Journal of Materials ane
Environmental Science. 13: 1218-1226.

Tekeli A.S. (1988). Forage Legumes, Trakya University, Agricultural Fculty Press, Tekirdag, Turkey.
65: 23-24.

Wilkins D.E., Kraft .M., Klepper B.L. (1991). Influence of plant spacing on pea yield. Transaction of
the ASAE. 34: 1957-1961.

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia



Session 4 . Vegetable Growing, Ornamental, Medicinal and Aromatic Plants

The influence of cultivation methods on the
vegetative and generative properties of peas
(Pisum sativum L.)

Abstract

Peas are grown all over the world as a vegetable and field crop. In addition to external stress conditions,
peayield is also influenced by competition between plants, i.e. the sowing distance. For the experiment,
peas were grown from seed in two ways: by sowing in rows and by sowing in houses. The following
parameters were measured: plant mass, plant height, number of pods, number of grains per pod and
grain weight. Pea plants grown by sowing in houses had a 14.96% higher total mass compared to those
grown in rows. Regarding the height of the above-ground part of the plant, peas grown indoors had
an 11.06% higher height of the above-ground part of the plant and a 4.88% higher number of pods
than when sown in rows. When grown in houses, the number of grains per pod was 7.41% higher
than in peas grown in rows, and a 10.21% higher grain mass was achieved than in rows. Simultaneous
cultivation under the same conditions showed that cultivation in houses produced plants that achieved
better results for all measured parameters.

Keywords: peas, sowing method, plant spacing, yield
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Abstract

The aim of this research was to determine the effect of nutrient solution concentration (25, 50 and 100%)
on the yield and content of vitamin C, flavonoids, non-flavonoids, total phenols and total chlorophyll
of wild rocket grown in floating hydroponics. The highest yield of leaves (3.2 kg m?) was obtained
when wild rocket was grown in a solution with a nutrient concentration of 50%. The highest amount
of vitamin C (113.86 mg 100 g FW), total phenols (158.87 mg GAE 100 g FW), flavonoids (61.41 mg
GAE 100 g' FW), non-flavonoids (97.46 mg GAE 100 g"' FW) and total chlorophyll (0.51 mg g"' FW)
was determined in the leaves of wild rocket grown in a 100% concentrated nutrient solution.

Keywords: Diplotaxis tenuifolia L., floating system, vitamin C, total phenols, total chlorophyll

Introduction

Wild rocket (Diplotaxis tenuifolia (L.) DC.) belongs to the group of leafy vegetables and is becoming increasingly
popular due to its nutritional value, especially due to the high content of specialized metabolites, vitamin C and
minerals (Nicoletti et al., 2007). Wild rocket leaves are characterized by a bitter or pungent taste due to their
glucosinolate content and a strong, pungent aroma due to the release of volatile isothiocyanates (Caruso et al.,
2018). It is a a cool season crop showing a faster growth rate and development under increasing day length and
temperatures in the range of 2 to 25 °C (Caruso et al., 2020). In order to avoid unfavorable outdoor production
conditions, the production of wild rocket is increasingly practiced in a greenhouses where continuous cultivation
takes place throughout the year under controlled conditions, which can ensure economically justified yield and
high quality production (Pimpini et al., 2005). Considering the increasing demand for this species, its hydroponic
cultivation is becoming more popular to eliminate the problems of conventional soil cultivation and achieve higher
nutritional value and yield while reducing production costs (Nicola et al., 2005). The purchase of water-soluble
salts for the preparation of the nutrient solution accounts for a large part of the cost of hydroponic cultivation. It
is therefore necessary to research the possibility of reducing the concentration of nutrients in the solution without
negatively affecting the quality and nutritional value of wild rocket.

Material and methods

The trial was carried out in the greenhouse of Department of Vegetable Crops, University of Zagreb Faculty of
Agriculture during the spring growing season of 2022. The experiment was set up in a floating system as a single-
factor trial according to a randomized block design with three replications. It included wild rocket cultivar “Themisto’
(Rijk Zwaan) and 3 concentrations (25, 50 and 100%) of nutrient solution for leafy vegetables. Seeds of wild rocket
were sown on April 8 in polystyrene boards filled with perlite of granulation 0 - 3 mm (Agroperl-G, Europerl,
Croatia). One polystyrene board (0.96 m x 0.6 m) with 102 splits (17 cm long and 0.5 cm wide) represented scoring
lot (0.57 m?). After sowing, the boards were placed in a dark place with a temperature and relative humidity suitable
for germination (20°C and 65%) of wild rocket seeds. Germination was observed five days after sowing, i.e. on
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April 13. The nutrient solution for the cultivation of wild rocket was prepared according to Tessi (2002.) and the
polystyrene boards with the germinated plants were placed in the three basins with different concentrations of the
nutrient solution. During vegetation, pH and electrical conductivity (EC) value of the nutrient solution in each basin
as well as the temperature and relative humidity in the greenhouse were measured daily. A single harvest of wild
rocket was carried out on May 8 (31 days after sowing) in basins with 100 and 50% concentrated standard nutrient
solution, while the harvest in a basin with a 25% solution concentration was done 10 days later.

Chemical analyses of bioactive compounds were performed in laboratory of Department of Sustainable Technologies
and Renewable Energy Sources, Faculty od Agriculture. Dry matter content (%) was determined according to the
standard method (AOAC, 1995) and vitamin C content (mg 100 g"') according to the standard method (AOAC,
2002). The spectrophotometric method with the Folin-Ciocalteu reagent was used for the determination of phenolic
compounds (mg GAE 100 g'), as described by Ough and Amerine (1988). Total chlorophylls (TCh) were determined
by following the Holm (1954) and Wettstein (1957) as shown in Dujmovi¢ et al. (2023) and all measurements were
performed on a Shimadzu 1900i spectrophotometer (Kyoto, Japan). The final content values were expressed in mg
g!. The statistical program Windows SAS® Software v.14.3 (2017) was used for statistical procedures of the obtained
results. The differences between the tested nutrient solution concentrations for all the observed traits were analyzed
by analysis of variance, and the significant differences between the average values were tested by LSD test and were
considered significantly different at p<0.05.

Results and discussion

During the research, minimum air temperature varied between 4.6 (April 21) and 18.5 °C (May 13), while the
maximum daily air temperature ranged between 23.1 (April 26) and 44.1 °C (May 17). The mean daily air temperature
in the greenhouse during the cultivation of wild rocket ranged from 19.5 to 31.3 °C, which is above the optimum
values for the cool-season leafy vegetables (Graph 1). According to Toth et al. (2012.), the optimum range of day and
night temperatures for rocket growth is 22 to 24 °C and 16 to 18 °C, respectively.
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Graph 1. Minimum, mean and maximum air temperature (°C) in greenhouse during wild rocket cultivation,
Zagreb, 2022.

Graph 2 shows the relative humidity during the cultivation of wild rocket in this research. It is an important abiotic
indicator, as it has a significant effect on the intensity of transpiration and thus on the uptake of the nutrient solution.
The minimum relative humidity varied from 15 and 31%, while the maximum relative humidity ranged between 51
and 88%. During the research, the mean relative humidity was between 33 and 54%, giving an average value of 45%,
which is lower than the mean relative humidity (53.6%) in the spring growing season of rocket (Eruca sativa) in a
study by Toth et al. (2012).
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Graph 2. Minimum, mean and maximum relative humidity (%) in greenhouse during wild rocket cultivation,
Zagreb, 2022.

During the cultivation of the wild rocket, the pH in basin A (100%) varied from 5.6 to 7.4, in basin B (50%) from 6.3
to 7.3 and in basin C (25%) from 6.5 to 7.8 (Graph 3). The highest average pH of the solution was in basin C (7.04)
and the lowest in basin A (6.16); data not shown. The measured values were above the optimum for cultivated rocket
(5.8 to 6.2) given by Toth et al. (2012).
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Graph 3. pH and EC values of the nutrient solution in basins during the wild rocket cultivation

In the basin with a 100% nutrient solution concentration (A), the EC value varied from 1.44 to 4.06 dS m’}, in basin
B from 1.02 to 2.27 dS m'and in the basin with the lowest nutrient solution concentration (25%) from 0.46 to 1.01
dS m™. According to Caruso et al. (2018) nutrient solution for wild rocket cultivation should have an EC ranging
from 1.5 to 2.5 dS m™ and pH from 6.0 to 6.5. Toth et al. (2012) indicated 3.2 dS m™ as the optimum value for the
cultivation of cultivated rocket using an adapted nutrient solution for leafy vegetables according to Pimpini et al.
(2005). In this research, a nutrient solution with a lower EC value was used and prepared according to Tessi (2002).
In the research by Bonasia et al. (2017), wild rocket was grown hydroponically, whereby a solution with a higher EC
value (3.5 dS m™) resulted in a higher antioxidant capacity and a higher dry matter content as well as a lower nitrate
content in the leaves.

Table 1 shows that in this research, the leaves of wild rocket grown in basin A with a 100% concentration solution
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had the highest dry matter content (12.7%). Application of reduced solution concentration resulted with the lower
dry matter content (7.7% (B) and 7.3% (C)) and was in accordance with the dry matter content (7.2%) in the research
by Villani et al. (2023). Dry matter content indicates the nutritional quality of the plant material, suggesting that raw
material with higher dry matter values contains a high amount of nutrients, mainly minerals, vitamins and other
bioactive compounds (Dujmovi¢ et al., 2023). In a study by Toth et al. (2018), different EC values (3, 5, 7 and 9 dS
m™) of the nutrient solution for rocket hydroponic cultivation resulted in dry matter content in range from 8.48 and
12.66%. The increase in dry matter due to the increase of EC value is consistent with the results of this research.

Caruso et al. (2018) reported that the harvest of wild rocket leaves occurs in the pre-flowering stage, 20 to 100 days
after planting, depending on the growing season, environment conditions and market destination. In this study, the
harvest of wild rocket grown in the spring period was carried out 31 days after sowing in basins with 100 and 50%
concentrated nutrient solution, while the harvest in a basin with a 25% solution concentration was carried out 41
days after sowing. Wild rocket grown in a basin with a 25% concentration of the standard solution produced the
lowest yield of 1.1 kg m™?, while the highest yield (3.2 kg m™) was obtained with a 50% concentration of the solution
(Table 1). Toth et al. (2012) reported almost equal yield of cultivated rocket from hydroponic cultivation, where
the highest yield (3.31 kg m™) was achieved in the spring growing season and being 22 and 35 % higher than in the
summer and autumn-winter period (2.60 and 2.14 kg m?). Caruso et al. (2020) reported the lowest yield of wild
rocket (0.9 kg m™) in the autumn-winter growing season and 50 and 100 % higher yield in the spring and winter
seasons, respectively.

Table 1. Yield and total dry matter content of wild rocket cultivated in different nutrient solution concentrations
(NSC)

NSC Yield (kg m™) Dry matter (%)
A (100%) 1.8" 12.7°

B (50%) 3.2¢° 7.7°

C (25%) 1.1¢ 7.3°
Average 2.0 9.2

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

As shown in Table 2, the reduction in the concentration of the nutrient solution led to a decrease in the vitamin C
content. Therefore, the highest vitamin C content in the leaves of wild rocket was determined at a concentration of
100 % and amounted to 113.86 mg 100 g"' FW (fresh weight) . In the research by Villani et al. (2023), a positive effect
of increasing the nutrient concentration on the vitamin C content of wild rocket was found, with the highest content
being 69.4 mg 100 g"' FW, which is lower than the values obtained in this research. In the study by Hamilton and
Fonseca (2010), garden cress, rocket and wild rocket were grown hydroponically at five EC values between 1.5 and
9.5 dS m™ and wild rocket was characterised by the highest vitamin C content in the range of 79.81 to 105.94 mg
100 g FW.

A statistically significant difference was found in the content of total phenols, flavonoids and non-flavonoids in the
wild rocket leaves depending on the different concentrations of the nutrient solution. The content of total phenols
ranged from 82.95 to 158.87 mg GAE 100 g FW, with the highest content being determined in the leaves of wild
rocket grown in a basin filled with a 100% concentration solution. Villani et al. (2023) reported a lower content of
total phenols in wild rocket leaves, in the range of 56 to 58 mg GAE 100 g! FW. Bonasia et al. (2017) found differences
in the content of total phenols in relation to the cultivation period, so wild rocket grown in the winter-spring period
had a higher content of total phenols (101 mg GAE 100 g"' FW) than plants grown in the autumn-winter period (46.8
mg GAE 100 g'' FW). Dujmovi¢ et al. (2023) emphasizes that the phenolic content can depend on the plant species
and organs, but also on the environmental conditions during production. In a study by Toth et al. (2018), a higher
content of total phenols was found in the leaves of cultivated rocket, which ranged between 150.33 and 173.44 mg
GAE 100 g' FW depending on the EC value of the nutrient solution.

In this research, the highest content of flavonoids (61.41 mg GAE 100 g' FW) and non-flavonoids (97.46 mg GAE
100 g FW) was found at the highest concentration of the nutrient solution. Nicoletti et al. (2007) point out that there
is a seasonal effect on the flavonoid content of rocket, with higher values in spring period. According to Bennett et
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al. (2006.) concentrations and structural classes of flavonoids are affected by various stresses such as light (especially
UV light), nutrient supply and other growing conditions. The content of total non-flavonoids ranged from 51.38 to
97.46 mg GAE 100 g' FW (Table 2). Toth et al. (2018) report the similar values of non-flavonoids content in the
leaves of cultivated rocket ranging from 53.51 to 82.75 mg GAE 100 g'' FW.

Table 2. Ascorbic acid, total chlorophylls and phenols compound content and of fresh wild rocket cultivated in
different nutrient solution concentrations (NSC)

NSC AsA TPC TNEC TFC TCh
mg 100 g' FW mg GAE 100 g' FW mgg' FW

A (100%) 113.86°* 158.87 97.46° 61.41° 0.51°

B (50%) 82.97° 103.23° 55.75° 47.49° 0.40°

C (25%) 67.23 ¢ 82.95¢ 51.38¢ 31.58¢ 0.44°

Average 88.02 115.02 68.20 46.82 0.45

AsA - ascorbic acid; TPC - total phenols; TNFC - total non-flavonoid; TFC - total flavonoid; TCh - total chlorophylls content. Different
letters indicate significant differences between mean values according to LSD test, p<0.05

Photosynthetic pigments are molecules that play a crucial role in photosynthesis and are essential for the proper
development and growth of plants. Customers associate vegetables with their specific colors, which provide
information about the condition of the plant material. The color of the leaves can also be specific to different plant
species and is related to the pigment composition, mainly the chlorophylls (Dujmovi¢ et al., 2023). Table 2 shows
that in this research the wild rocket grown at 100 % nutrient solution concentration had the highest total chlorophyll
content (0.51 mg g FW), while the rocket grown at a concentration of 50 and 25% had a statistically equal total
chlorophyll content (0.40 mg g fw and 0.44 mg g FW, respectively). In a study by Toth et al. (2018), content of total
chlorophylls of cultivated rocket varied from 0.72 to 0.90 mg g FW and the highest value was determined in control
treatment (EC 3) indicating that an increase of EC value of nutrient solution led to a decrease in the content of total
chlorophylls. Bonasia et al. (2017) point out that the chlorophyll content of rocket depends on the cultivation period
and the hydroponic technique. Thus, a higher chlorophyll content was found in the leaves of rocket grown in the
floating system than in the ebb and flow system.

Conclusions

In spring cultivation of wild rocket in a floating system, statistically justified differences were found between the
tested nutrient solution concentrations for all traits. For the cultivation of wild rocket intended for sale in chain
stores, the use of a 50% concentration of the nutrient solution can therefore be recommended to ensure rapid plant
growth, an economically satisfactory yield and the quality of this leafy vegetable. A higher consumption of water-
soluble salts when cultivating wild rocket using a 100% concentration of the nutrient solution can be justified by the
higher price of nutritionally rich food. Therefore, in practice, both 50% and 100% nutrient solution concentration
can be used to produce wild rocket of satisfactory quality.
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Abstract

Stinging nettle is a rich source of specialized metabolites, pigments, vitamins and minerals and can be
used in gastronomy to diversify the human diet. Nettle plants were cultivated in a greenhouse using
the ebb and flow hydroponic technique. The aim of the study was to investigate the influence of 24, 48
and 96 hour irrigation intervals on the content of dry matter, iron, zinc, manganese, copper, boron and
molybdenum in nettle leaves. The highest dry matter content (21.3%) was found in plants cultivated
with an irrigation interval of 96 hours. An irrigation interval of 24 hour resulted in the highest contents
of iron (126.6 mg kg Fe), manganese (63.5 mg kg Mn) and molybdenum (2.2 mg kg™ Mo).

Keywords: ebb and flow technique, minerals, nutritional quality, plant nutrition, water stress

Introduction

A significant proportion of the world’s population suffers from a lack of essential vitamins and minerals such as
zing, iron, magnesium, selenium and iodine (Krzepitko et al., 2019). This global problem, also known as hidden
hunger, affects around two billion people, with inappropriate eating habits being a major factor (Saltzman et al.,
2014). Institutions such as the World Health Organization (WHO) have worked to raise public consciousness, so
more and more consumers are aware of the importance of a varied and balanced diet and pay attention to their food
choices and the inclusion of novel plants in their diet. Wild green leafy plants are known for their rich content of
phytonutrients (Grauso et al., 2020), which play an important role in the prevention of numerous chronic diseases
(Opaci¢ et al., 2022).

Nettle leaves (Urtica dioica L.) can be used as a green leafy vegetable in the human diet and are a good way to
diversify that diet and provide the body with the desired amounts of compounds such as plant pigments, fatty acids,
polyphenols, essential amino acids, vitamins and minerals, including microelements such as iron and zinc standing
out the most (Rafajlovska et al., 2013; Purovi¢ et al., 2017; Repaji¢ et al., 2021). Due to its peculiarity (tendency to
accumulate nitrates and heavy metals from the soil), it is recommended to cultivate nettle in agricultural production
and not to collect it in the wild (Radman et al., 2021).

Hydroponic cultivation of nettle is emerging as a reliable method to obtain high-quality plant material while
sustainably managing resources such as water and fertilizers (Radman et al., 2021; Opaci¢ et al., 2022; Dujmovic et
al., 2023). Various hydroponic techniques have proven to be suitable for nettle production. By choosing the ebb and
flow hydroponic technique, it is possible to regulate the supply of a nutrient solution to the plants, i.e. the plants are
exposed to different irrigation intervals (controlled water stress). Research shows (Dujmovi¢ et al., 2023; Opaci¢ et
al., 2023) that nettle plants under water stress accumulate more specialized metabolites, resulting in higher nutrient
quality, but such stress can potentially impair mineral uptake from the nutrient solution (Seleiman et al., 2021).

For this reason, a study was conducted to determine the influence of three different irrigation intervals on the content
of dry matter and microelements (iron, zinc, manganese, copper, boron and molybdenum) in stinging nettle.
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Material and methods

The study was conducted in the greenhouse at the Department of Vegetable Crops, University of Zagreb Faculty of
Agriculture (Croatia) during winter - spring cultivation period (January - June 2022). The nettle plants were grown
in a hydroponic system with ebb and flow. In the experiment, 10 nettle seeds per pot were sown on January 20 in
polystyrene containers with 40 pots each, which were filled with a commercial substrate (Klasman Potgrond H).
After sowing, cointainers were placed on benches (2m x 3m) and irrigated regularly. On March 14, each cointeiner
was checked for the number of plants per pot and the plants were thinned to 3 per pot. From April 11 to the end
of cultivation period, the plants were subjected to three different irrigation intervals (treatments): bench I received
the nutrient solution every 24 hours, bench II every 48 hours and bench III every 96 hours. For each treatment, the
nutrient solution was left on the benches for 1 hour and then drained.

The content of the nutrient solution according to Lorenz and Maynard (1988), which was used for the nettle
cultivation is listed in Table 1. The pH value of the solution was adjusted by adding HNO, (56%).

Table 1. Content of nutrient solution for nettle cultivation

Salts mg L
KNO, 251.0
KH,PO, 142.7
Ca(NO,), 4H,0 501.5
MgSO, x 7H,0 256.3
FeEDTA, 13% 12.8
H,BO, 1.32
CuSO, x 5H,0 0.03
MnSO, x 4H,0 0.79
ZnSO, x 7H,0 0.11
Na,MoO, 2HO 0.02
EC 1.5
pH 5.8-6.2

EC - electric conductivity

During the entire cultivation period, the abiotic factors of the greenhouse, such as air temperature (°C) and relative
humidity (RH, %), were closely monitored using a table top thermohygrometer (Agrologistika d.o.o., Cakovec,
Croatia) and are shown in Graph 1 as decadal values.
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Graph 1. Abiotic factors of the greenhouse during nettle cultivation; RH - relative humidity
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Air temperature values ranged from 10.3 to 41.6°C with an average value of 24.6°C, while relative humidity ranged
from 32 to 53% with an average value of 43%.

Nutrient solution abiotic factors such as pH, electric conductivity (EC, mS cm™) and deluted oxygen (DO, mg L)
were also monitored (Graph 2) using a multiparameter instrument HI98194 (Hanna instruments, Romania) and are
also presented as decedal values.
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Graph 2. Abiotic factors of the nutrient solution during nettle cultivation; EC—electrical conductivity, DO—
dissolved oxygen

The pH averaged 6.6, the EC value averaged 1.5 mS cm™, and the average value of DO in the nutrient solution was
46mgL".

The harvest was carried out before flowering phase on May 10 and the samples of nettle leaves were sent to the
laboratory of the Department of Plant Nutrition for analysis of the dry matter and microelement content. The
fresh plant samples were dried at 105°C until constant weight, then crushed and homogenized. The dry matter
was determined by the gravimetric method according to HRN ISO 11465:2004. After digestion of the dry samples
with HNO, and HCIO,, iron, zinc, manganese, copper, boron and molybdenum were determined using the atomic
absorption spectrometer (AOAC, 2015).

The experiment was set up according to the randomized block design in three replicates, and the laboratory analyzes
were performed in triplicate. Statistical data processing was performed in SAS software v. 14.3 (SAS, 2017) using the
PROC GLM (general linear model) procedure. The results were subjected to one-way analysis of variance (ANOVA),
and the differences between means were compared using the t-test (LSD) at the significance level p<0.05.

Results and discussion

Table 2 shows the influence of 3 irrigation intervals (24 h, 48 h and 96 h) on the dry matter and microelements content
of nettle cultivated in the hydroponic ebb and flow system. There were found statistically significant differences
between the treatments, except for the zinc and boron content.

Dry matter (DM) is a key indicator of the quality of plant material and indicates the amount of essential components
such as bioactive compounds and minerals and can be influenced by various factors such as cultivation period,
water availability, temperature, etc. (Paulauskiené et al., 2021). The highest DM content was found in plants exposed
to the longest irrigation interval (96 h) and amounted to 21.3% DM, while the 48 h irrigation interval resulted in
the lowest DM content (17.8% DM). According to Dujmovi¢ et al. (2023), nettle cultivated in floating hydroponics
with the same nutrient solution as in this study yielded 13.5 - 24.0% DM depending on the harvest. In a study by
Paulauskiené et al. (2021), the DM content of wild- collected nettle varied between 20.5 and 24.4% DM depending
on the time of harvest.
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Table 2. Dry matter and microelement content of nettle

Irrigation DM Fe 7n Mn Cu B Mo
interval % mg kg

24 h 19.1*+0.1 126.6*+ 8.3 28115 63.5*%x3.1 11.9°+04 345%+1.0 2.2*%0.1
48 h 17.8¢£0.2 115.8°+9.1 27.0+ 1.7  47.9°+0.3 13.3**1.8 34.3%+23 1.4*+0.1
96 h 21.3*+£0.2 99.8° + 5.7 263" +0.1 41.8+17 93°+0.7 31.6™+£0.8 1.6+ 0.1
ANOVA <.0001 0.0161 0.3280 <.0001 0.0140 0.1032 0.0003
LSD 0.3628 15.65 2.7483 4.0383 2.2838 3.0219 0.2431

DM - dry matter; ns—non significant. Results are expressed as mean + standard deviation. Different letters indicate
significant differences between mean values.

The most frequently observed deficiency of microelements is due to an inadequate supply of iron and zinc caused by
inappropriate or insufficiently varied dietary habits (Saltzman et al., 2014). Green leaty vegetables such as kale and
spinach are known to be fantastic sources of iron (Czarnowska-Kujawska et al., 2022). Previous research conducted
by Upton (2013), Radman et al. (2016), Kregiel et al. (2018), and Radman et al. (2021) indicates that nettle is rich
in both iron and zinc. The mineral content varied depending on factors such as the origin of the plant material
(wild collected or cultivated) or the cultivation methods (open field or hydroponics). Since the lowest iron (Fe)
content (99.8 mg kg! Fe) in this study was found in plants exposed to a 96 h irrigation interval, this indicates that
a longer irrigation interval had a negative effect on the Fe content in nettle. The highest value (126.6 mg kg™ Fe)
was found in plants exposed to a 24 h irrigation interval, but this result was not statistically different from the 48
h irrigation interval. Nettle from floating hydroponics contained 79.2 - 89.5 mg kg™ Fe in a research by Radman et
al. (2021) and Dujmovi¢ et al. (2023) reported 1.0 - 2.2 mg 100g™, which are lower values than in this study. On the
other hand, according to Kregiel et al. (2018) Fe content of dried nettle leaves powder averaged 227.9 mg 100g™ Fe.
The apparently large difference in the iron content of nettle plants from the above studies may be due to different
geographical locations, different cultivation periods, whether the plant material was collected in the wild or from
agricultural production, and whether it was grown in the open field or in hydroponics. All this can lead to very
different amounts of absorbed iron.

An insufficint intake of zinc (Zn) can lead to frequent infections and a weakened immune system (Saltzman et al.,
2014). Consuming foods rich in this microelement can strengthen the body’s natural defenses against disease. In this
study, the Zn content was between 26.3 and 28.1 mg kg'. The differences were not significant, although there was
a tendency towards a lower Zn content in plants exposed to longer irrigation intervals. Paulauskiené et al. (2021)
reported content of 12.7 — 34.3 mg kg Zn in nettle plants. According to Dujmovic et al. (2023), the average Zn values
in nettle from floating hydroponics was 0.5 mg 100g™.

The content of manganese (Mn) was highest in nettle plants exposed to a 24 h irrigation interval (63.5 mg kg Mn)
and this content decreased with increasing irrigation interval suggesting that longer irrigation interval may have a
negative effect on the Mn content in nettle plants. In floating hydroponics nettle Mn content varied from 0.1 - 1.3
mg 100g* Mn as confirmed in research by Dujmovi¢ et al. (2023). According to Paulauskiené et al. (2021), wild-
harvested nettle contained an average of 48.1 mg kg' Mn, which corresponds to the average content determined
in this study. The significantly lower amounts of Zn and Mn reported by Dujmovié et al. (2023) in the floating
hydroponics could be the result of higher temperatures of the nutrient solution as well as higher pH values of the
solution during cultivation compared to the data in this study, which could have led to a lower uptake of these
microelements by the nettle plants.

There was no significant difference in copper (Cu) content in plants exposed to an irrigation interval of 24 h and
48 h and irrigation interval of 96 h resulted in lowest Cu value (9.3 mg kg Cu). Paulauskiené et al. (2021) reported
10.2 - 18.4 mg kg Cu in wild-harvested nettle while Dujmovi¢ et al. (2023) analysed much lower Cu content in
nettle leaves.

The boron (B) content of nettle varied between 31.6 and 34.5 mg kg' B and the differences were not significant.
These results were higher than those from the study by Dujmovi¢ et al. (2023), but in correlation with the B content
in nettle collected in nature in May from the study by Paulauskiené et al. (2021), while plant material from the same
study collected in the other months contained higher levels of Cu.

Molybdenum (Mo), the deficiency of which is rare, is associated with anti-inflammatory properties and helps the
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body to process toxins through the liver (Johnson, 2023). The highest Mo content in this study was found in plants
exposed to 24 h irrigation interval (2.2 mg kg' Mo). The treatments with an irrigation interval of 48 and 96 h did
not differ statistically (1.4 and 1.6 mg kg™ Mo). Dujmovic¢ et al. (2023) reported values of 0.0 - 0.1 mg 100g™* Mo in
nettle cultivated in floating hydroponics.

Conclusions

A longer, 96 hours irrigation interval, had a negative effect on the iron, manganese and molybdenum content, but
had a positive effect on the dry matter content of nettle cultivated in a hydroponic ebb and flow system. Given the
crucial importance of incorporating iron and zinc-rich foods into diet, the study recommends adopting a 48 hour
irrigation interval for ebb and flow cultivation of nettle. This approach ensures that the plant material maintains
satisfactory microelement content while promoting a more efficient and sustainable use of nutrient solution.
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Abstract

Modern agricultural production is increasingly oriented towards sustainable cultivation guidelines,
which include a reduced use of mineral fertilizers. This is a particular challenge for nitrophilous
plant species such as stinging nettle, which requires significant amounts of nitrogen for its growth
and development. Therefore, the aim of this study was to investigate the influence of two types of
organic fertilization (compost and dehydrated organic fertilizer) compared to the control and the
application of mineral fertilizers on the morphological characteristics, the amount of minerals and the
content of vitamin C and antioxidant capacity of stinging nettle. Fertilization with dehydrated organic
fertilizer showed a greater influence than mineral fertilization on several morphometric components
investigated (number of leaves, leaf length and width) and on dry matter, but at the same time had a
negative effect on magnesium uptake. The application of compost had a more favorable effect on the
nitrogen and phosphorus values of the stinging nettle.

Keywords: Urtica dioica L., compost, dehydrated organic fertilizer , minerals, vitamin C

Introduction

Recognizing the urgent global threat to food security posed by climate change, with agriculture being the most
vulnerable sector, as highlighted by Malhi et al. (2021), the European Union has taken proactive measures.
In response to the challenges of the modern age, EU has launched a number of programs and strategies which
aims to transform the existing economy into a resource-efficient and globally competitive one. In the focus of this
comprehensive approach are numerous plans tailored for agriculture, strategically geared towards fostering the
adoption of sustainable agricultural practices. The main objective of the “Farm to Fork” strategy is to promote
organic farming with the aim of increasing the proportion of agricultural land in the European Union to 25% by
2030 (European Council, 2023). In addition, efforts will be made to reduce nutrient losses by at least 50 % and the use
of mineral fertilizers by at least 20 % by 2030 (European Commission, 2020). The excessive use of mineral fertilizers
in agriculture leads to an excess of nutrients in the environment, especially nitrogen and phosphorus, which pollutes
the air, soil and water and has a negative impact on the climate. Excess nutrients also contribute to the decline of
biodiversity in rivers, lakes, wetlands and oceans. For many years, agricultural practices have focused on increasing
yields without considering product quality and the rational use of resources. But the goal of modern agriculture is to
reduce the necessary resources without reducing yield and product quality (Bulgari, 2015).

There is a growing trend among people to explore alternative food sources and recognize the importance of a varied
diet in terms of overall health. In this context, stinging nettle (Urtica dioica L.) is proving to be a valuable but often
overlooked food source due to its rich content of specialized metabolites, showing promise for both nutritional
and pharmaceutical purposes (Zeipina et al., 2014). In addition to its well-known use for medicinal and cosmetic
purposes, nettle is also traditionally used as a green leafy vegetable in many Mediterranean and Eastern European
countries. However, it is usually harvested in the wild, which raises concerns about its quality and undefined chemical
composition (Di Virgilio et al., 2015; Radman et al., 2015; Opaci¢ et al., 2022a). Stinging nettle is a plant species
that requires sufficient amounts of nutrients (especially nitrogen) in the soil to grow and develop properly. Petek
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(2019) points out that only a well-nourished plant can provide sufficient minerals for human nutrition, which can be
achieved through optimal fertilization according to the rules of good agricultural practice. Therefore, it is necessary
to investigate an alternative to soluble mineral fertilizers. Considering the context described above, the aim of this
study was to investigate the effects of two types of organic fertilizers on nettle cultivation compared to conventional
mineral fertilizers and without fertilization, focusing on the evaluation of morphological characteristics and chemical
composition of cultivated nettle.

Material and methods
Experiment setup

The field trial was conducted at the Department of Vegetable Crops of the University of Zagreb Faculty of Agriculture.
In this study, the effects of two organic fertilizers - compost (F1) and dehydrated organic fertilizer (F2) - together
with a mineral fertilizer (F3) on the morphological characteristics, dry matter content, nitrogen and mineral content
(phosphorus, potassium, calcium, magnesium), vitamin C and antioxidant capacity of nettle plants were investigated.
No fertilization was applied to the control plots (F0). The experiment was laid out according to the randomized block
design method with three replicates.

The organic compost fertilizer ‘Lumbrical’ - F1 (Niveleta 92. d.0.0.) is obtained from composted horse manure
using the red earthworm Lumbircus rubellus. It has a long-lasting effect and contains 2.3 - 2.8% N, 1.3 - 1.8% P,O,,
2.4 -2.8% K0, 1.5 - 1.9% CaO and 0.5 - 0.8% MgO. It contains 35 — 45% dry matter and its pH value is between
6.9 and 7.2. The dried, pelletized organic fertilizer ‘Siforga’ - F2 (Menon BV-Netherlands) was obtained by heat
treatment of chicken manure and is intended for crops with high nitrogen requirements. It contains 90% dry matter,
of which 60% is organic matter, 4% N, 3% P,0,,7.4% K,0, 8% CaO and 1% MgO. The pH value is 7. Mineral fertilizer
NPK - F3 (Petrokemija d.d., Croatia) is a highly concentrated mineral fertilizer. Nitrogen is present in the form
of ammonium (7% N), phosphorus (20% P,O,) is water-soluble and potassium is present as potassium chloride
(30% K,O). The seeds of stinging nettle Urtica dioica L. (B&T World Trade, France) were sown on February 25 in
polystyrene containers with 106 pots filled with the commercial substrate Potgrond H (Klasmann-Deilmann GmbH,
Germany). After 46 days in the greenhouse, the seedlings were planted out in the field on April 12 at a spacing of 25
x 15 cm (26 plants m). Two plants were planted at each planting site. All fertilizers (F1 — compost ‘Lumbrical’ 2.5%
N; F2 - dehydrated organic fertilizer ‘Siforga’ 4% N; F3 - mineral fertilizer NPK 7% N) were applied at a rate of 100
kg N ha', according to Opaci¢ et al. (2022a). The organic fertilizers (F1 and F2) were applied immediately before
sowing (12 April) in a total rate of 100 kg N h-1. The mineral fertilizer (F3) was divided into an initial fertilization at
planting (40 kg N ha-1) and the remainder into two additional fertilizations (30 + 30 kg N ha-1 in the form of KAN
fertilizer) on 5 and 26 May. The reason for this is its easy solubility and rapid release. After planting the seedlings, a
drip irrigation system was set up and mechanical weed control was carried out during the growth period as needed.

Morphological analysis of plant material

The harvest of the nettle mass was carried out in the pre-flowering phase in such a way that the nettle was cut off
above the lower two nodes to allow the plant to regrow. The basic morphological characteristics (height, number of
leaves, length and width of leaves) were determined on 10 plants per replicate.

Methods of determining the mineral composition, ascorbic acid and antioxidant capacity of nettle

Prepared representative samples of plant material (leaves and the top part of the plant) were analysed at the
Department of Sustainable Technologies and Renewable Energy Sources and Department of Plant Nutrition.
Samples of plant material (dried at 105°C) were analysed in triplicate and the results presented as mean values.
Prior to digestion the samples were re-dried in order to remove possible moisture gained before the analyses. After
digestion of plant material with concentrated HNO, (MILESTONE 1200 Mega Microwave Digester), the phosphorus
content was determined using a spectrophotometer, and potassium using a flame photometer, while calcium,
magnesium, were analysed using an atomic absorption spectrophotometer (AAS), (AOAC, 1995). The ascorbic acid
(AsA) content was determined in accordance with the AOAC (2002) standard method by employing titration with
2,6-dichloroindophenol (DCPIP). Detailed method is described in Dujmovi¢ et al. (2023). The antioxidant capacity
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was determined spectrophotometrically using the ABTS radical cation [2,2-azinobis (3-ethylbenzothiazoline-6-
sulfonic acid)] (Re et al., 1999).

Statistical data processing

The obtained results of morphological and chemical analyzes were statistically processed in the SAS software system,
version 9.4 (SAS/STAT, 2017) according to the PROC GLM (general linear model) procedure. The differences
between the tretaments for all measured properties were statistically processed by analysis of variance (ANOVA),
and the established differences between mean values were compared by t-test (LSD) and are considered significantly
different at p<0.0001. In the tables the exponents of the different letters indicating the groups of samples are shown.
The standard deviation is also expressed as the average deviation from the mean value for the morphology and
chemical composition of the nettle.

Results and discussion

Temperatures of 20-25°C are recommended for the growth and development of plants (Opaci¢ et al., 2022a).
According to the Croatian Meteorological and Hydrological Service (2021), the average air temperature for the
months of April, May and June was 9.8, 14.7 and 23.3°C, respectively. The maximum air temperatures for the same
months were: 15.4, 20.2 and 29.2°C. The most precipitation fell in June (124 mm), twice as much in April (67.7 mm)
and the least in June (13.2 mm), which favored the growth and development of nettles. Table 1 shows that the fertilizer
treatments had no statistically justified influence on the morphological characteristics of the cultivated nettle. The
height of the nettle varied from 20.3 (F0) to 29.7 cm (F3). Considering only the influence of organic fertilization,
the application of dehydrated organic fertilizer ‘Siforga’ was more favorable (F2 - 29.2 cm) compared to the compost
‘Lumbrical’ (F1 - 22.7 cm), however this diference was not statistical justified. The measured height of the nettle was
lower than in the study by Radman et al. (2022), in which a two-year-old nettle plantation was analyzed. Just like
the height, the number of leaves was also lowest on the control plots (FO - 23.3), while the nettle on the F2 treatment
had the most leaves (28.0). Unexpectedly, the nettle had fewer leaves when the mineral fertilizer was applied (24.3)
than with the two organic fertilizers (F1 - 25; F2 - 28.0). Compared to nettle grown using the hydroponic floating
technique according to Opaci¢ et al. (2022b), a slightly lower average height of nettle was determined in this study,
but twice the number of leaves was measured. The reason for this is probably a much denser sowing in floating
system, when the plants are elongated and produce fewer leaves that have a larger surface area. The shortest leaves
were found in the nettle in treatments FO and F1 (6.9 cm), followed by F3 (7.3 cm), while the longest leaves were
found when the organic fertilizer ‘Siforga’ was applied (F2 - 7.5 cm). Similarly, the nettles in treatment F2 (5.7 cm)
had the widest leaves, while the nettles in treatments FO (5.2 cm) and F1 (5.0 cm) had the narrowest leaves. Although
the fertilization had no statistical influence, it can be stated that the morphological characteristics were weakest in
the control plots, while the organic fertilization with dehydrated organic fertilizer ‘Siforga’ showed the best effect,
even more than the mineral fertilization.

Table 1. Morphological properties of cultivated nettle

Treatment Height (cm) Number of leaves Leaf length (cm) Leaf width (cm)
FO 20.3£1.53 233+ 1.15 6.9 £0.63 52+0.38
F1 22.7£4.73 25.0 £4.00 6.9 £0.63 5.0+ 0.58
F2 29.2 £ 5.58 28.0 £ 9.54 7.5+ 1.00 5.7+0.63
F3 29.7 £5.75 243 +2.08 7.3+0.58 5.5+ 0.66
ANOVA 0.0983 0.73752 0.6624 0.4424
LSD 12911 14.54 1.9661 1.5658

FO - without application of fertilization (control); F1 — compost ‘Lumbrical’; F2 - dehydrated organic fertilizer ‘Siforga’; F3
- mineral fertilizer NPK 7-20-30. Results are expressed as mean * standard deviation. Different letters indicate significant
differences between means.
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Table 2 shows theinfluence of organic fertilization on the amount of dry matter (DM), nitrogen (N) and minerals (P,
K, Ca, Mg) in nettle leaves. It can be seen that there are significant differences (p<0.0001) between the tested fertilizer
treatments on the content of dry matter and macroelements in the nettle. The total dry matter content represents the
basic chemical composition of the raw material, i.e. the content of all components such as proteins, carbohydrates,
minerals and bioactive components except water. Therefore, plant materials with higher DM values have a higher
nutritional quality (Dujmovi¢ et al., 2023). The lowest dry matter content was measured in the control varieties (FO —
21.48%), while nettles fertilized with organic fertilizers had justifiably higher DM values (F1 — 23.39%; F2 - 24.47%).
Mineral fertilizer led to a decrease in dry matter compared to both organic fertilizers (F3 - 22.54%).

The nettle leaves of the control varieties (FO) showed the statistically highest content of nitrogen (4.39%), phosphorus
(0.59%), potassium (3.47%) and calcium (4.89), while the application of mineral fertilization (F3) led to a significant
decrease in the macroelements mentioned (N - 3.13%; P - 0.49%; K - 2.76% Ca — 4.89%). Petek (2019) explains that
in agricultural production, fertilization cannot be expected to have a strong influence on the mineral composition of
plants under all conditions, because numerous different factors influence the nutrient uptake in the field. Comparing
organic fertilization, significantly higher values for nitrogen and phosphorus were found when F1 fertilizer was
applied, while no statistically justified difference was found for the macroelements K and Ca depending on the
organic fertilizer. According to Petek (2019) organic fertilization increases the availability of phosphorus in soil as
during the mineralization process a certain amount of P is released from organic compounds. In this research the
application of fertilizer F1 proved to be the best for the amount of magnesium, with the highest values recorded
(0.42%), while the lowest values were found in the nettle fertilized with dehydrated organic fertilizer (F2 - 0.37%).
Unexpectedly, statistically lower magnesium levels were found in the plots where mineral fertilizers were applied
(0.39%) than in the control (0.40%).

Table 2. Amount of dry matter, nitrogen and minerals in nettle (%)

Tretman DM N P K Ca Mg

FO 21.489+0.02 4.39* £ 0.05 0.59*+0.00 3.47* £ 0.06 4.89* £ 0.02 0.40° £ 0.01
F1 23.39°+0.01 3.61° +0.05 0.58* +0.00 3.06" + 0.02 4.57° +0.02 0.42*+0.01
F2 24.47*+ 0.02 3.31¢£0.07 0.52°+0.01 3.00°+ 0.01 4.55" +0.03 0.37¢+0.01
F3 22.54°+ 0.01 3.134+£0.02 0.49<+ 0.01 2.76°+0.00 4.36°+0.03 0.39¢+0.01
ANOVA p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001 p<0.0001
LSD 0.0387 0.1365 0.0158 0.0881 0.0694 0.0137

FO - without application of fertilization (control); FI - compost ‘Lumbrical’; F2 - dehydrated organic fertilizer Siforga’; F3
- mineral fertilizer NPK 7-20-30; DM - dry matter content. Results are expressed as mean * standard deviation. Different
letters indicate significant differences between means.

Table 3 shows the influence of fertilization on the content of ascorbic acid (AsA), known as vitamin C, and the
antioxidant capacity of cultivated nettle. AsA has several important functions in the plant organism, such as reducing
cell division, mitigating oxidative stress in plant cells (antioxidant properties), is a cofactor for enzymes and a
precursor for the synthesis of oxalates and tartrates (Gaafar et al., 2020). Nettles fertilized with mineral fertilizer had
statistically the least AsA (F4 - 71.89 mg 100g™ fw). This is consistent with other studies (Roumeliotis et al., 2021;
Chadzinikolau and Formela-Luboinska, 2023), which proved that the nitrogen content has a negative effect on the
accumulation of AsA, i.e. it leads to lower synthesis of AsA in the plant tissues.
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Table 3. Ascorbic acid content and antioxidant capacity of nettle under different fertilization treatment

AsA ABTS

Treatment
mg 100g" fw umolTE L

FO 94.30°+ 5.71 2421.12* + 1.37
F1 89.45% + 5.30 2420.53* + 4.00
F2 110.69a*+ 13.48 2369.26° + 3.88
F3 71.89°+ 3.56 2393.54" + 3.08
ANOVA p<0.0025 p<0.0001
LSD 21.877 8.9208

FO - without application of fertilization (control); F1 — compost ‘Lumbrical’; F2 - dehydrated organic fertilizer ‘Siforga’; F3
- mineral fertilizer NPK 7-20-30; AsA - ascorbic acid content. ABTS - antioxidant capacity. Results are expressed as mean +
standard deviation. Different letters indicate significant differences between means.

Accordingly, the highest AsA levels were found in the leaves of the plots to which dehydrated organic fertilizer was
added (F2 - 110.69 mg 100g™ fw), but this was not statistically different from the slightly lower vitamin C levels of the
plots treated with compost (F1 - 89.45 mg 100g™" fw) and without fertilizer (FO - 94.30 mg 100g™ fw).

The antioxidant capacity of plant samples is directly related to the amount of bioactive compounds a plant contains.
Total phenols and vitamins are among the most powerful antioxidants, so their content is generally decisive for the
overall antioxidant capacity of plant samples (Opaci¢ et al., 2023). Table 3 shows that fertilization had a statistically
justified influence on the antioxidant capacity of stinging nettle. The lowest value was found in nettles with the
application of F2 fertilizer (2369.26 umolTE L™). Nettles fertilized with compost had a statistically significant higher
antioxidant capacity (F1 - 2420.53 umolTE L), which was not statistically different from the highest value found
in nettles from control plots (FO - 2421.12 umolTE L'). As with vitamin C, mineral fertilization led to a reduced
antioxidant capacity (F3 - 2393.54 pmolTE L™).

Conclusions

Organic fertilization showed a profound influence on the morphological characteristics and chemical composition
of nettles, proving the potential to replace mineral fertilizers with organic fertilizers and to grow nettles according
to organic principles. In future research, it is necessary to investigate the influence of organic fertilization on the
morphological properties and chemical composition of nettle through repeated harvest and on perennial crop.
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Abstract

Pepper is a thermophilic culture that is very demanding to grow. It belongs to the group of fruitful
vegetables, which for successful cultivation requires soil rich in nutrients and good water capacity.
Considering the fact that the soils are more and more devastated and that due to unpredictable climate
changes, growing in a protected area is increasingly being done. The goal of this research was to
establish which growing medium gives the best results in terms of the development of pepper plants.
The experiment was set up in 3 plots, each was consisted of 60 plants. During the research, following
measurement were done; the length of the aerial part, the mass of the aerial part, the number of leaves,
the number of nodes and the number of buds. Three growing mediums were used in the research; soil,
ProLine Herb substrate and Substrate 5 PLUS Green fibre. As a result of the research, it was established
that cultivation in the ProlineHerb substrate gave the best results according to all measured parameters.

Keywords: pepper, growing, substrate

Introduction

Pepper (Capsicum annuum L.) is originated from South America. Now is widely cultivated in almost all European
countries. It appeared in Europe in the 15" century, and in our region it began to grow in the 16" century. In the
world, largest quantities are produced in China, while the largest producer in Europe is Spain. In Croatia, pepper is
produced mostly in the continental part (82 %) on only 4,500 ha, on which about 30,000 tons of fruit are produced
(Paradikovi¢, 2009). Pepper is a very demanding culture in terms of soil and growing conditions. Well drained
moisture holding loamy soils are considered fit for optimal growth and production (Mali et al., 2019). Excessive
use of soil with the use of chemical protection agents and mineral fertilizers led to poor soil quality. Abiotic stresses
include salinity, drought and high temperature impair growth and yield (Lemoine et al., 2013). According to Khaitov
et al. (2019) the soil in a greenhouse is prone to an impoverishment of organic carbon and other essential nutrients
due to the high amount of crop removal and decomposition rate. Together with the high incidence of nematodes
and weed pressure in the soil, this leads to considerable damage to the crops (Gilreath et al., 2005). Not well-
developed root system in pepper reduces the ability to uptake maximum nutrients for normal growth. There are
many factors having an impact on pepper yield and the most important constraints are associated with water or
nutrient deficiency (Abayomi et al., 2012). Thus it is important to supply a sufficient amount of nutrients to the root
zone to improve the nutrient use efficience and crop yield (Khaitov et al., 2019). Year-round cultivation requires
production in greenhouse conditions, which brings many problems. One of the biggest problem is soil devastation.
To overcome these problems the implementation of soilless culture is mandatory (Rubio et al., 2011). Many types
of substrates are currently available for the greenhouse industry, but many of them produce a significant amount of
residues at the end of their useful life (Tzortzakis et al., 2008). Considering the guidelines for sustainable agriculture,
it is important to choose substrates that are biodegradable and affordable. Our vegetable growers mainly use peat-
based substrates. Most of them are produced on the north of the Europe where are the largest deposits of peat.
The aim of this research was to find out which of these three growing mediums (soil, ProLine Herb substrate and
Substrate 5 PLUS with clay+Green fibre) is the best for growing peppers.
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Material and methods

Capsicum annuum L. Bibic F1 was used as the seed material. The Bibic F1 variety is a hybrid adapted for early
greenhouse production. In the experiment three growing mediums were evaluated for their effects on sweet pepper
growing; soil, ProLine Herb, Substrate 5 with clay + GreenFibre.

Growing mediums
Potgrond H 8o

The substrate Potgrond H 80 consists of frozen black sphagnum peat and fine white sphagnum peat. The substrate is
enriched with additional microelements, the pH of the substrate is 6.0. The structure of the substrate particles is up
to 5 mm. (Klasmann) This substrate was used for seedlings production.

Soil

The soil used in this research belongs to powdery clay according to its mechanical composition. It was taken beside
greenhouse of the Biotechnical department. The greenhouse is located at 45°09'57" N and 17°57'08" E and have an
altitude of 87 m. The particle content determined after soil analysis (ISO, 2009) was as follows: 0.99 % coarse sand,
4.90 % fine sand, 18.01 % coarse powder, 26.28 % fine powder, 49.82 % clay. According to the chemical composition,
the soil contained: humus 2.41 % (ISO, 1998), CaCO, 2.09 % (ISO, 1995), AL-P,O, 8.36 mg/100g, AL-K,O 20.11
mg/100g (Egner, 1960), pH KCI 6.41, pH H,O 7.36. (ISO, 2005).

Substrate ProLine Herb

The substrate ProLine Herb is composed of white peat (up to 25 mm), black peat, GreenFibre and TerrAktiv high-
quality green compost, which is biologically active, suppresses root diseases and enables a longer life of herbs in pots.
TerrAktiv FT is added as organic fertilizer. The structure of the substrate particles is up to 25 mm. (Klasmann)

Substrate 5 with clay + GreenFibre

The basic substrate 5 with clay + GreenFibre is a substrate that can be used alone and can also be mixed with
fertilizers. It is composed of medium GreenFibre, frozen through black peat, peat fibres and white peat (0-25 mm).
pH value is 6.0. It is intended for plants grown in pots. (Klasmann)

Experimental place

Experiment was set up in the greenhouse of the Biotechnical Department, University of Slavonski Brod, between
March and July of 2022. The greenhouse is located at 45°09'57" N and 17°57'08" E and have an altitude of 87 m.
The climate of Brod-Posavina County is moderately warm and humid, with warm summers (Cfb according to
Koppen) and moderately cold winters. Greenhouse indoor temperatures and relative humidity values during the
experiment in 2022 were measured daily with H560 DewPoint Pro placed 1 m above the ground in the middle of the
greenhouse. Outdoor temperature and relative humidity during the experiment were recorded by a meteorological
station situated nearby the experimental field. The temperature ranged from 10°C in the morning to 32°C during the
day. In this experiment the greenhouse was ventilated passively through side openings. The greenhouse dimensions
are 30 m x 8 m with a height of 8 m. It is covered by low-density polyethylene (LDPE) film roof (200 um thickness)
with approximately 60% photosynthetically active radiation (PAR) transmittance. It has no heating or artificial light.

Experimental design

Seedlings were grown in 3 styrofoam container with 60 sowing places (€046,4 / 23,4 x 55 mm, 52 ml volume) filled
with Potgrond H 80 substrate. After six weeks the seedlings grew to a satisfactory size and were transplanted into
pots (Popellmann TEKU VCG 19). Sixty pots were filled with soil, sixty with substrate ProLine Herb and sixty with
Substrate 5 with clay + GreenFibre.

Measurements

During the research, following measurement were done; the length of the aerial part, the mass of the aerial part,
the length of the roots, the number of leaves, the number of nodes and the number of buds. At the end of growing
16 plants were randomly selected and measured. An electronic scale (PL3002, Mettler-Toledo International Inc.,
Greifensee, Switzerland) with a precision of 0.01 g was used to measure mass and a digital caliper (DIGI-MET
1226932-D, Germany) was used to measure length.
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Results and discussion

According to the results of measuring the length of grown plants, it can be concluded that the best result was obtained
with plants grown in ProLine Herb substrate and the worst result was achieved in soil cultivation (Graph 1). Similar
results were obtained by Ikram et al. (2012) who found that physiological activity in successful growing produces
new shoot and leaves. More number of shoot and leaves triggered the process of photosynthesis which resulted in
accumulation of energy. Consequently to that simultaneously availability of moisture and nutrient through media
resulted in higher length of plants..
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Graph 1. Average length of cultivated plants (cm)

The second measured parameter was the mass of fresh plants. According to the obtained measurement results, it was
established that the highest average mass was achieved in plants grown in ProlineHerb substrate and worst result was
obtained on plants grown in soil which can be seen in Graph 2.
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Graph 2. Average fresh mass per plant (g)
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The third investigated parameter was the number of leaves. It was found that the highest average number of leaves
was developed on plants grown on the ProlineHerb substrate, and the smallest on soil grown plants, which can be
seen from Graph 3. Similar results were obtained by Pradnya et al. (2020) who said hat physical and chemical activity
in the media might be resulted in increase in rate of photosynthesis of the cuttings which triggered the maximum
number of pepper leaves.
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Graph 3. Average number of leaves

Furthermore, the number of nodes developed by the plants was examined. The highest number was found in plants
grown in ProlineHerb substrate, and the smallest in soil, which can be seen in Graph 4.

Average number of nodules

11
8
I 7
ProlineHerb Substrate 5 with Soil
clay+Greenfibre

12

10

(=]

iy

N

Graph 4. Average number of nodules per plant

The last measured parameter was the number of buds. According to the obtained results, it was established that the
highest number of buds developed on plants grown on the ProlineHerb substrate, and the smallest on plants grown
in soil (Graph 5).
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Graph 5. Average number of buds per plant

In open-field production, due to their shallow rooting system and short lifespan, nutrients released from soil fertility
generally do not match the needs of vegetables (Liu et al., 2012; Tei et al., 2020). Large amount of chemical fertilizers
is being applied to soil in order to increase a crop yield which have an enormous harmful impact to the environment
and reduce fertilizer use efficiencies (Guignard et al., 2017). The root system is not well-developed in chilli pepper
which reduces the ability to uptake maximum nutrients for normal growth. Thus, it is important to supply a sufficient
amount of nutrients to the root zone to improve the nutrient use efficiency and crop yield (Khaitov et al., 2019).
Many types of substrates are currently available for the greenhouse industry (Amor and Gomez-Lopez, 2019) but not
all of them are good for all cultures and therefore before choosing a substrate, it should be checked the suitability for
growing a certain crop. Nourizadeh et al. (2003) reported that the most high of cucumber, fresh weight of shoot plant,
total yield, number of fruits at m?in every bush obtained from peat’s substrate and the lowest yield was in the context
of pure rice husk. Lee and Liao (2007) compared five substrates (chicken dung compost substrate, sugarcane residue,
cattle dung compost, Taoki no.3 and hog dung compost) for growing peppers and found out that sugarcane gave the
best results. Albaho et al. (2009) investigated the effect of three substrates on growing and yield of two green pepper
cultivars reported that the pepper cultivars under study showed different responses to different cultural substrates.
Thus, the physicochemical proprieties of the substrate could reduce plant growth, especially when the substrate has a
low water-holding capacity and can alter root develop-ment under water stress conditions, reducing water potential
in stems, leaves and fruit (Amor and Gomez, 2019). Good substrate must have excellent capacity characteristics for
holding and releasing fertilizer than the others.The media with high organic matter content increases the water and
nutrient holding capacity of the medium also high N content resulting in the vegetative growth of the plant (Joiner
and Nell 1982). The result of this research was that the ProlineHerb substrate gave the best results in all measured
parameters so it could be recomended for pepper growing.

Conclusions

It is a fact that year-round cultivation in greenhouses is necessary to make the facility profitable, but it is also a fact
that the soil in such facilities is devastated and that it is necessary to find a quality substrate in which peppers can
be grown successfully. It was found that according to all measured parameters, the best result was achieved when
growing in ProlineHerb substrate.
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Abstract

Cadmium (Cd) is considered as one of the most ecotoxic metals with harmful effects on humans,
animals and plants, but its bioavailability may be reduced with different agrotechnical measures.
Researchers are mainly focused on reducing Cd uptake by plants in soil contaminated with Cd. The
aim of this research was to investigate the effect of repeated addition of different soil amendments
(lime and lime + zeolite) on Cd uptake by different garlic varieties grown on uncontaminated field
where excessive content of Cd in carrot was determined in previous years. Among the tested varieties
(Garpek, Messidor, Gardos), regardless the soil amendment, Cd content was the highest in the variety
Garpek, while the variety Messidor showed the lowest tendency to accumulate Cd. The Cd content
in garlic was also significantly reduced after the second application of studied soil amendments, but
the content of Cd in garlic cloves was reduced below the limit of European Commission Regulation
2023/915 only with variety Messidor after the second application of lime and/or lime + zeolite.

Keywords: cadmium, Allium sativum, zeolite, lime, variety

Introduction

European Commission Regulation 2023/915 (O] EU L 119/103, 2023) sets maximum levels for certain contaminants
in food, including Cd. The food monitoring in primary production in Slovenia have shown that elevated Cd levels
in vegetable crops occur even where limits for soil Cd content are not exceeded (Zerjal et al., 2018). This happens
because Cd is not an essential element for plants, but it is highly available and some plants have a greater affinity
to adsorb Cd (Kabata-Pendias and Pendias, 2001; Kabata-Pendias and Mukherjee, 2007). Cd is considered to be
one of the most ecotoxic metals, with harmful effects on humans, animals and plants. Globally on average, there is
between 0.06 and 1.1 mg kg Cd in soil and it is an easily accessible element (Kabata-Pendias and Mukherjee, 2007).
The presence of Cd in soil varies due to its different distribution in the earth’s crust. Cd content in soil in Slovenia
is higher than in other European countries due to parent material. According to the Geological Survey of Slovenia
(n=817) the median Cd content of the surface soil layer (0-10 cm) is 0.47 mg kg™, so even a small increase of Cd (>
1 mg kg') in soil can pose a potential risk for Cd uptake into plants (Gosar et al., 2019). The main anthropogenic
sources of Cd in soil are industry, atmospheric deposition and phosphate fertilisers (Kabata-Pendias and Mukherjee,
2007). Therefore EU REGULATION 2019/1009 sets a limit for phosphate fertilisers at 60 mg Cd kg™ P,Os (O] EU L
170, 2019). Most of Cd contamination remains in the top 15 cm of soil (Kabata-Pendias and Mukherjee, 2007). The
limit value for Cd in soil is set at 1 mg kg™ dry soil, the alert value at 2 mg kg™ dry soil and the critical value at 12 mg
kg dry soil (UL RS, st. 68/96). Cd is most mobile in acid soils and is relatively immobile in alkaline soils at pH higher
than 5 (Lo et al., 1992; Kabata-Pendias and Pendias, 2001). In-situ immobilization of Cd by amendments is one of
the most widely adopted methods to remedy soil contamination. The following agronomic practices may be used
to reduce Cd content in vegetable crops: elevating soil pH, elevating soil organic matter content, improving cation
exchange capacity (CEC) of the soil by addition of Si and clay minerals rich materials because soils with a higher
CEC can bind more Cd which reduces its availability (Lo et al., 1992). Effect of amendments on Cd concentration in
plants also depends on soil type and amount of amendment, so it is necessary to select amendment according to the
soil type (Keller et al., 2005). Plant species have different affinities for Cd uptake (Kabata-Pendias and Pendias, 2001;
Alexsander et al., 2006; Fang et al., 2019). Vegetables from the Brassicaceae, Asteraceae, Apiaceae and Convolvulaceae
families have higher Cd uptake, while vegetables from the Liliaceae and Amaranthaceae families have lower Cd
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uptake (Fang et al., 2019). Leafy vegetables and vegetables such as turnips, carrots, potatoes are the main dietary
sources of Cd (Kabata-Pendias and Pendias, 2001). Plant varieties also have different affinities for Cd uptake, e.g.
Alexsander et al. (2006) reported the differences between the varieties of carrot and pea and Zhu et al. (2007) the
differences between the asparagus bean varieties.

Most research is conducted on Cd contaminated soils in pot experiments, while there is a lack of experience in
field management of soils with naturally higher but not excessive Cd concentrations. To study the possibilities for
reducing the Cd content in vegetable crops produced in Slovenia, a long term experiment was set up to monitor the
effect of repeated application of lime and zeolite on selected soil parameters and Cd content in the yield of garlic. In
this paper we report the results of the first two years of the experiment.

Material and methods

In the field in Gradi$¢e near Murska Sobota, Slovenia where the Cd content in carrots exceeded the maximum
acceptable level in the past, a long-term experiment was set up in autumn 2021. The soil characteristics of the
experimental field before the setup of the experiment are shown in Table 1. Soil is moderately acid (pH 5.4), with
low organic matter (1.6 %) and low CEC (10.87 mmol 100 g'1). The garlic is used as a test crop in this experiment.

The experiment is designed as a split-plot in which the main factor, alongside the control (C) where only mineral
fertilisers containing N, K and P are applied in accordance with the recommendations for garlic, is represented
by different soil amendments, which are applied annually: liming (L) with Calcevita Agro (Intercal) at 3 t ha' and
liming with Calcevita Agro at 3 t ha™ + zeolite flour (Montana) at 1 t ha' (LZ). The subfactor in the experiment is
represented by 3 garlic varieties: Messidor (Agri Obtentions), Garpek/Plavigar (Planasa) in Gardos (Planasa). The
experiment is conducted in a completely randomized design with 4 replications. The subplot size is 0.8 m* with 40
plants per subplot.

The previous crop for 2021/22 experiment was buckwheat and for 2022/23 experiment rye. Before planting (autumn
2021 and 2022), soil samples were taken from each of the main factor plots at depths of 0-15 cm and 15-30 cm
to determine pH, organic matter, available and total Cd. The whole experimental plot was fertilised with 120 kg
K,O ha! (potassium chloride fertilizer) in autumn 2021 and with 42 kg N ha", 21 kg P,O, ha", 51 kg K,O ha', 6
kg MgO ha and 66 kg SO, ha' (complex NPK fertilizer with ammonia stabilizer DMPP) in autumn 2022. The
soil amendments were then applied according to the experimental design and added into the soil mechanically.
Garlic planting material was obtained from the supplies in Slovenia and prepared for planting. Cloves were planted
manually around 10 days after the application of lime and zeolite. Additional N fertilizer was applied in spring, 80
kg N ha'', 32 kg P,O, ha!, 40 kg K,O ha™', 8 kg MgO ha' and 12 kg SO, ha' (complex NPK fertilizer with ammonia
stabilizer DMPP) in March 2022 and 27 kg N ha (ammonium nitrate fertilizer) in March 2023. During the growing
season the crop was hoed and weeded manually.

The garlic was harvested in July, according to the maturation of each variety. The yield was left to dry for about 1
month. The bulbs of each plot were then sorted into marketable and waste and weighed. 10 marketable bulbs from
each plot were selected and 2 cloves from each bulb (20 cloves per sample) peeled and frozen until the analysis.
For the determination of Cd fresh homogenised garlic cloves (weight 0.250 g) were digested using a high-pressure
microwave oven (Milestone ETHOS 1600) with 5 ml 65% nitric acid (HNO,, SUPRAPUR, Merck) and 1 ml 30 %
hydrogen peroxide (H,0,, SUPRAPUR, Merck). The analysis of Cd in digested samples was performed by ICP-MS
(Agilent 7900) using helium (He) collision mode to eliminate the possible interferences.

The collected data were, for each of the two years separately, statistically evaluated with R Commander (R version
4.2.1) using statistical model for split-plot design ANOVA and Tukey’s multiple comparison test. All data points
represent means * standard deviations (SD) of four replicates for each treatment. Differences at p < 0.05 were
considered as statistically significant.
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Table 1. The soil characteristics of the experimental field before the setup of the experiment*

Organic CEC Cdtotal cd P available K available
Texture (in KC)) matter available
in .
(%) (mmol 100g™') l(;_l% (mgkg")  (mgP,05100g") (mgK,O 100g")
SL 54 1.6 10.87 0.294 0.013 34.5 19.0

* The values refer to the soil layer 0-30 cmj; the sample taken in October 2021.

Results and discussion

Graph 1 shows the yield in 2022 and 2023. In 2022, statistically significant the highest yields, regardless of soil

amendment, were recorded for the variety Garpek, from 9,9 to 10,8 t ha™! of marketable bulbs. The yields of Messidor
and Gardos varieties were between 5 and 8 t of marketable bulbs per ha. For soil amendments, marketable yields
were the highest in the control plots, while there were no differences in yields between the plots treated with lime or
lime + zeolite. The interaction soil amendmentxvariety was not statistically significant.

After the second application of soil amendments, the yields in 2023 were, regardless of soil amendment, statistically

significant the highest for the variety Gardos, from 6,1 to 6,5 t ha" of marketable bulbs. The yields of Garpek were
between 4 and 6 t of marketable bulbs per ha. The yields of Messidor were between 2 and 6 t of marketable bulbs per
ha. There were no statistical differences between the marketable yields at different soil amendments, t the interaction
soil amendmentxvariety, as well, was not significant.

Zhang et al. (2023) reported that amendment of lime, biochar, by-products, manure, straw and combinations of
them significantly increased soil pH and increased yield respectively, but it varied among crop types (rice, maize,
wheat, fruits, vegetables, oil crops, tubers, tobacco, tea, cotton, grasses and others). From examining 175 studies on
the effects of liming rate, lime application method, and liming material type on various soil chemical properties and
crop yield Li et al. (2019) concluded that most important variables that drive changes in soil pH and crop yield are
liming rate and crop species, respectively. Soil conditions, such as initial soil organic matter and soil pH, are more
important for increasing soil pH in field-based experiments, while lime material type and application method are
more important for improving crop yield.
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Graph 1. Average marketable yield in 2022 and 2023 with standard deviations. Different letters above the
columns indicate significant differences (p < 0.05) between the marketable yields of different treatments
(combination of soil amendment and variety) within each year (2022 - small letters and 2023 - capital letters).
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The analysis of the Cd content (Graph 2) in the cloves showed that the limit value for Cd in fresh matter, set at
0.05 mg Cd kg™ fresh matter for garlic (O] EU L 119/103, 2023), was exceeded in all the samples in year 2022. The
differences between the varieties are statistically significant - Cd content is the highest for variety Garpek and the
lowest for variety Messidor. The differences in the content of Cd in garlic cloves between different soil amendments
were not significantly significant although it may be noticed that it is slightly lower at lime + zeolite amendment for
all 3 varieties.

The analysis of the Cd content in the cloves of 2023 yield (Graph 3) showed that the limit value for Cd in garlic fresh
matter was exceeded in all the samples for varieties Garpek and Gardos. For Messidor, amendments of lime and
lime + zeolite reduced the Cd content below the limit value. The Cd content was significantly influenced by the soil
amendment, variety and the interaction soil amendmentxvariety. There are significant differences between different
treatments. In this year too, the Cd content was the highest for the control plots of variety Garpek and the lowest for
the plots of variety Messidor amended with lime + zeolite. The Cd content in cloves of control plots was in the range
of those from previous year while it was lower than the year before for the plots where lime and lime + zeolite were
applied. Two subsequent applications with each of the amendments obviously influenced the Cd bioavailability more
than a single application.
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Graph 2. Average Cd content in 2022 yield with standard deviations. Different letters at the columns refer to
significant differences (p < 0.05) between the Cd content of different treatments (combination of soil amendment
and variety).
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Concentration of Cd in FM, Gradisce 2023
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Graph 3. Average Cd content in 2023 yield with standard deviations. Different letters at the columns refer to
significant differences (p < 0.05) between the Cd content of different treatments (combination of soil amendment
and variety).

It may be noticed (Graph 2 and 3) that different garlic varieties differently accumulate Cd in the cloves. Regardless
the soil amendment, in both years, the Cd content was by far the highest in the variety Garpek, while the variety
Messidor showed the lowest tendency to accumulate Cd among the varieties tested. Rijavec (2020) also found a
higher cadmium content in garlic in the variety Garpek compared to the variety Gardos. Alexsander et al. (2006)
reported significant differences in Cd accumulation between varieties of carrot and pea. Differences in Cd content
between asparagus bean cultivars with different seed coats (black, red and spotted), suggests that Cd accumulation
is genetic-dependent (Zhu et al., 2007). Differences in cadmium accumulation have also been detected among other
varieties of legumes, cereals, root and tuber crops.

Compared to the control, Cd concentration in garlic was also reduced by adding lime and zeolite (Graph 2 and
3) in both years, but the differences between the soil amendments were significant only in the second year of the
experiment, i.e. after the second application of lime and/or lime + zeolite, what is in accordance with the expectations
since lime and zeolite are known to elevate soil pH, and soil pH has significant role in plant uptake of Cd (Chang et
al., 1982; Wang et al., 2014; Belimov et al., 2015; Lu et al., 2017). The effect of zeolite on reducing the Cd uptake was
also reported by Ibrahim et al. (2023) for cowpea, they also observed that zeolite application significantly increased
soil pH and EC.
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Table 2. Statistical analyzes of yield and Cd content

n mean sd P LSD
Yield 2022:
Soil amendment 0.31 0.06
C 12 0.97 0.26
L 12 0.81 0.29
Lz 12 0.83 0.23
Variety 0.00 0.12
Gardos 12 0.63 0.10
Garpek 12 1.16 0.12
Messidor 12 0.82 0.20
Soil amendmentxvariety 0.27 ns
Yield 2023:
Soil amendment 0.32 0.14
C 12 0.61 0.16
L 12 0.57 0.25
LZ 12 0.69 0.15
Variety 0.00 0.12
Gardos 12 0.77 0.15
Garpek 12 0.59 0.17
Messidor 12 0.51 0.18
Soil amendmentxvariety 0.09 ns
Cd 2022:
Soil amendment 0.34 0.02
C 12 0.11 0.04
L 12 0.10 0.04
Lz 12 0.09 0.03
Variety 0.00 0.02
Gardos 12 0.09 0.02
Garpek 12 0.13 0.03
Messidor 12 0.06 0.01
Soil amendmentxvariety 0.71 ns
Cd 2023:
Soil amendment 0.00 0.01
C 12 0.10 0.04
L 12 0.05 0.01
Lz 12 0.06 0.02
Variety 0.00 0.01
Gardos 12 0.07 0.02
Garpek 12 0.09 0.04
Messidor 12 0.05 0.02
Soil amendmentxvariety 0.00 *
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Conclusions

This research investigated the effect of different soil amendments on Cd uptake by different garlic varieties grown in
uncontaminated soil. Research showed that garlic varieties have different tendency to accumulate Cd. The significant
effect of application of lime and/or lime + zeolite on reduction of Cd content in garlic cloves was achieved after the
second application of both amendments. Anyhow the reduction of the content of Cd in garlic cloves below the limit
of European Commission Regulation 2023/915 after two years was only observed with variety Messidor at both lime
and/or lime + zeolite applications.
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SaZetak

Sa svrhom produzene opskrbe trzista matovilcem, istrazivane su mogucnosti uzgoja u plutaju¢em
hidroponu u proljetno-ljetnom razdoblju s ciljem utvrdivanja dinamike rasta i prinosa s obzirom na
temperaturu hranive otopine i zasjenjivanje energetskom zavjesom. Vece vrijednosti relativne stope
rasta morfoloskih pokazatelja (visina i promjer rozete, masa biljke, rozete i korijena) u drugom tjednu
nakon nicanja u odnosu na tre¢i, ukazuju na brzi i intenzivniji rast mladih biljaka. Najvece vrijednosti
vedine promatranih morfoloskih pokazatelja i prinosa (1,112 kg m™) matovilca sorte ‘Accent’ ostvarene
su pri uzgoju u hladenoj hranivoj otopini prosjecne temperature 25,2 °C uz prekrivanje energetskim
zavjesama.

Klju¢ne rijeci: Valerianella locusta, temperatura hranive otopine, energetska zavjesa, dinamika rasta,
prinos

Uvod

Matovilac (Valerianella locusta) je biljka blage klime, otporna na niske temperature zraka, pa se u Hrvatskoj
tradicionalno uzgaja u razdoblju jesen-rano proljece na otvorenim povr$inama i u negrijanim zasti¢enim prostorima.
Prema Les$i¢ i sur. (2016) matovilac podnosi golomrazicu i do -15 °C, a klijanje i rast zapocinju pri temperaturi oko
1, odnosno 5 °C. Optimalna temperatura za rast je umjerena, izmedu 101 18 °C (Osvald i Kogoj-Osvald, 2005; Lesi¢ i
sur., 2016). Veca hranidbena vrijednost od salate i atraktivnost tamnozelenih listova specifi¢cnog okusa i umirujuceg
djelovanja zbog sadrzaja valerijanske kiseline, razlozi su da trziste, posebice restoranski sektor, trazi cjelogodisnju
opskrbu matovilcem. Medutim, proljetno-ljetni uzgoj matovilca je problematican jer visa temperatura zraka i dugi
dan imaju negativan ucinak na prinos i kvalitetu.

Temperatura medija u kojem raste korijen moze imati izravan utjecaj na njegov rast i usvajanje hraniva te na
fizioloske procese, rast i kvalitetu biljke (Landhdusser i sur., 2001; Zhang i Dang, 2007). U hidroponskom uzgoju
matovilca temperatura hranive otopine (HO) tijekom proljeca i ljeta moze znatno odstupati od potrebne za
optimalan rast biljaka, a temperatura HO vi$a od temperature zraka moze izazvati stres u biljkama matovilca, s
negativnim posljedicama na kvalitetu, zdravstvenu ispravnost i prinos (Cortella i sur., 2014). Pretpostavlja se da se
u hidroponskom uzgoju s moguc¢noséu regulacije temperature HO moze rijesiti ovaj problem, odnosno osigurati
uzgoj matovilca zadovoljavajuceg prinosa i kvalitete i tijekom razdoblja s temperaturom zraka viSom od optimalnih
vrijednosti za rast.

Dalla Costa i sur. (2011) istrazivali su utjecaj temperature HO (15, 20 i 25 °C) na kvalitetu i prinos matovilca sorte
‘Gala’ u plutaju¢em hidroponu uz stalnu temperaturu zraka od 20 °C. U masi korijena nije zabiljezena velika razlika
izmedu biljaka uzgajanih u HO temperature 15 i 20 °C, dok je temperatura HO od 25 °C znacajno ogranicila rast
korijena. Najveci prinos matovilca (1,560 kg m™) ostvaren je pri temperaturi HO od 20 °C, pri 15 °C bio je znacajno
manji (1,264 kg m?), dok je najmanji prinos (0,897 kg m?) bio u najtoplijoj HO (25 °C). Biljke uzgajane u HO
temperature 20 °C imale su znacajno ve(i broj listova (7,7) od biljaka uzgajanih u HO temperature 151 25 °C (6,6 i
59).

Visoki prinos matovilca 2,149 kg m™ u jesensko-zimskom roku, 1,815 i 1,993 kg m™u ljetno-jesenskom i proljetnom
koji navode Fabek i sur. (2011), ukazuje na mogucnost uzgoja matovilca u plutaju¢em hidroponu pri razli¢itim
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temperaturnim uvjetima. Najkrace vegetacijsko razdoblje matovilca bilo je u proljetnom periodu (31 do 44 dana od
sjetve do berbe) pri razli¢itoj prosje¢noj temperaturi zraka i HO 23,4 1 18,8 °C. Nesto duze vegetacijsko razdoblje 37
do 45 dana bilo je u ljetno-jesenskom razdoblju pri ujednacenijoj prosje¢noj temperaturi zraka i HO 19,81 20,3 °C,
a najdulje (80 dana) u jesensko-zimskom razdoblju pri jednakoj prosje¢noj temperaturi zraka i HO 12,7 i 12,6 °C.
Sli¢ne rezultate navode Toth i sur. (2012) u istrazivanju uzgoja rige u plutaju¢em hidroponu. Najbrzi rast rige (od
sjetve do 1. berbe 22 dana, odnosno do 2. berbe 36 dana) s prinosom 2,60 kg m™ postignut je u ljetnom razdoblju pri
razlicitoj temperaturi zraka i HO 28,11 25,1 °C.

Zasjenjivanje usjeva tijekom toplog i suncanog vremena razli¢itim tipovima mreza ili energetskih zavjesa ima sve
¢e$¢u primjenu u uzgoju povréa. Zasjenjivanjem se poboljsava mikroklima usjeva smanjenjem temperature lisca i
brzine transpiracije, ¢ime se ublazava toplinski stres (Aberkani i sur., 2008). Sanford (2019) navodi da polupropusne
energetske zavjese imaju visoku refleksiju i otvorenu strukturu za ventilaciju, pa su idealne za zasjenjivanje biljaka
i hladenje zraka u plasteniku u vrué¢im klimatskim uvjetima. Tijekom ljetnih mjeseci s visokom razinom sunceve
svjetlosti (oko 1250 umol m™s™), u plastenik s dvostrukim PE-filmom ulazi 80 % sunceve svjetlosti (oko 1000 umol
ms?) pa uz primjenu polupropusnih zavjesa (55 % propusnosti za svjetlost i 45 % zasjenjivanje) do biljaka dopire
oko 550 umol m?s”, §to je u potrebnom rasponu sunceve svjetlosti (500 do 635 umol ms™) za rast i razvoj biljaka.
Navedeno ukazuje na potrebu istrazivanja uzgoja matovilca u plutaju¢em hidroponu u plasteniku s krovnom i
bo¢nom ventilacijom, bez moguénosti dopunskog hladenja zraka tijekom proljetno-ljetnog razdoblja s ciljem
utvrdivanja dinamike rasta i prinosa s obzirom na temperaturu hranive otopine i zasjenjivanje biljaka energetskom
zavjesom.

Materijal i metode

Istrazivanje je postavljeno u proljetno-ljetnom roku uzgoja (sjetva 24. svibnja, berba 30. lipnja 2021.) u plutaju¢em
hidroponu u plasteniku Zavoda za povréarstvo Sveucilista u Zagrebu Agronomskog fakulteta. Dvofaktorijelni pokus
s matovilcem sorte ‘Accent’ postavljen prema metodi slu¢ajnog bloknog rasporeda u tri ponavljanja ukljucivao je
temperaturu hranive otopine (nehladena i hladena) i zasjenjivanje usjeva energetskom zavjesom (neprekriveno i
prekriveno). Sorta matovilca ‘Accent’ sjemenske tvrtke ,Enza Zaden® razvija okrugle listove tamnozelene boje u
teskoj rozeti, a odlikuje se izrazito brzim rastom koji rezultira kratkom vegetacijom. U pokusu su koristene energetske
zavjese Solaro 5220 DO tvrtke ,,Svensson® izradene od traka aluminija i poliestera (43 i 57 %). Sjetva uz utro$ak
sjemena od 7 g m™ je obavljena u proreze polistirenskih plo¢a (96 cm x 60 cm x 2,7 cm; povr$ine 0,57 m?) ispunjene
perlitom granulacije 0 do 5 mm. Do klijanja sjemena ploce su drzane jedna na drugoj u plasteniku, a nakon klijanja
(8. lipnja) po 6 ploca je rasporedeno u dva bazena (1,2 m x 3,0 m x 0,3 m, volumena 880 L) ispunjena hranivom
otopinom za lisnato povrée prema Jensenu (Lorenz i Maynard, 1988). U oba bazena, s nehladenom otopinom -
bazen 1 (B1) i s hladenom otopinom - bazen 2 (B2) po 3 ploce s matovilcem (50 % uzgojne povr$ine bazena)
zasjenjene su prekrivanjem energetskim zavjesama. Svaki od 4 tretmana bio je zastupljen s tri plo¢e, odnosno imao
je tri ponavljanja.

Svakodnevno je u plasteniku o¢itavana minimalna i maksimalna temperatura zraka u proteklih 24 sata radi izra¢una
srednje dnevne temperature zraka (minimalna + maksimalna / 2). Nakon prijepodnevnog hladenja hranive
otopine u B2 potapanjem spremnika s ukupno 25 litara zaledene vode, hranivim otopinama u oba bazena utvrdene
su temperatura, pH i EC-vrijednost te koncentracija otopljenog kisika. Pocetna povisena pH-vrijednost hranive
otopine (7,04 u B1 i 7,08 u B2) korigirana je dodavanjem 56 % HNO, u koli¢ini 15 ml (11., 14. i 15. lipnja) i 20 ml
(23. lipnja). Od punog nicanja (10. lipnja) do berbe, svakih 7 dana, odnosno 17., 24. 1 30. lipnja, provedene su analize
morfoloskih svojstava matovilca na reprezentativnom uzorku od 10 biljaka iz svakog tretmana pokusa. Utvrdivan
je broj listova, visina, promjer i masa rozete, masa biljke, masa i duzina korijena. Na osnovu prikupljanih podataka,
matematickim izrazom za relativnu stopu rasta (RSR) prema Hoffmann i Poorter (2002) utvrdena je RSR za sva
promatrana morfoloska svojstva izuzev broja listova za razdoblja izmedu 1. i 2. te 2. i 3. analize. Prilikom ru¢ne berbe
izmjerena je masa rozeta sa svake ploce temeljem koje je utvrden prinos matovilca (kg m2).

Prikupljeni podaci tijekom istrazivanja statisticki su obradeni u programskom sustavu SAS, verzija 14.3 (SAS/STAT,
2017). Provedena je analiza varijance (ANOVA), a srednje vrijednosti su usporedene t-testom na razini znacajnosti
p<0,05.
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Rezultati i rasprava

U Grafikonu 1. prikazan je dnevni hodogram temperature zraka u plasteniku te nehladene i hladene hranive otopine
(HO) u plutaju¢em hidroponu tijekom vegetacijskog razdoblja matovilca od nicanja do berbe.
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Grafikon 1. Temperatura zraka i hranivih otopina tijekom uzgoja matovilca
Legenda: SDTZ - srednja dnevna temperatura zraka, THO-B1 - temperatura nehladene hranive otopine u bazenu I,
THO-B2 - temperatura hladene hranive otopine u bazenu 2

Srednja dnevna temperatura zraka bila je u rasponu od 26,1 do 35,6 °C, s prosje¢cnom vrijednosti od 30,3 °C, pa je
znacajno premasivala optimalnu temperaturu za rast matovilca od 10 do 18 °C koju navode Osvald i Kogoj-Osvald
(2005) i Lesi¢ i sur. (2016). Temperatura nehladene HO u B1 bila je u rasponu od 23,4 do 30,7 °C, a hladene u B2 od
19,8 do 28,0 °C te je s obzirom na ostvarene prosjecne vrijednosti od 27,7 i 25,2 °C, temperatura hladene HO bila niza
za 2,5 °C. U usporedbi sa stabilnim temperaturnim uvjetima (20 °C temperatura zraka te 15, 20 i 25 °C temperatura
HO u tri plutaju¢a hidropona) koje u istrazivanju s matovilcem ostvaruju Dalla Costa i sur. (2011), temperatura
zraka je znacajno varirala i bila je vi$a za 10 °C, dok je temperatura HO u B1 premasivala sve testirane temperature, a
u B2 najniZu i srednju, odnosno bila je identi¢na najvi$oj testiranoj temperaturi. Utvrdene temperaturne vrijednosti,
takoder su bile manje povoljne za uzgoj matovilca od zabiljezenih u istrazivanju Fabek i sur. (2011) s obzirom na
temperaturu zraka i HO 23,41 18,8 °C u proljetnom roku, odnosno 19,8 i 20,3 °C u ljetno-jesenskom.

Hodogrami pH i EC-vrijednosti hranivih otopina u oba bazena bili su vrlo ujednaceni (Grafikon 2.), s identi¢nim
prosje¢nim vrijednostima pH 6,8 i EC 1,6 dS m™ koje su malo vi$e, odnosno malo nize od preporucenih za lisnato
povrée (pH 5,8-6,2 i EC 1,8 dS m™) koje navodi Jensen (Lorenz i Maynard, 1988). Od promatranih pokazatelja
HO, koncentracija otopljenog kisika u oba bazena bila je najmanje stabilna, a hodogram ukazuje na znacajnu
ovisnost ovog svojstva o temperaturi hranive otopine. Koncentracija otopljenog kisika u HO u oba bazena bila je
vi$a od minimalne (2 mg L) koju za uzgoj lisnatog povréa preporucuju Goto i sur. (1996), pa biljke nisu pokazivale
simptome nedostatka kisika koji se pojavljuju pri koncentraciji manjoj od 1 mg L' (Gonnella i Serio, 2003). Na
vi$u koncentraciju otopljenog kisika u B2 (2,8 mg L) nego u Bl (2,4 mg L"), utjecala je niza temperatura hranive
otopine u B2, §to je sukladno navodu Morgan (2009) da visa temperatura hranive otopine rezultira smanjenim
zadrzavanjem kisika.
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Grafikon 2. Koncentracija otopljenog kisika, pH- i EC-vrijednost hranivih otopina tijekom uzgoja matovilca
Legenda: pH-BI1 - pH nehladene hranive otopine (HO), pH-B2 - pH hladene HO, EC-BI - EC nehladene HO, EC-B2 - EC
hladene HO, OK-BI - koncentracija otopljenog kisika nehladene HO, OK-B2 - koncentracija otopljenog kisika hladene HO

Interakcija istrazivanih faktora imala je opravdan uc¢inak na sva istrazivana morfoloska svojstva matovilca pri 3.
analizi 20 dana nakon nicanja, dok je kod mladih biljaka pri 1. i 2. analizi utvrden djelomi¢an ucinak (Tablica
1.). Kombinacija hladene HO i zasjenjivanja pri 3. analizi rezultirala je znac¢ajno ve¢om visinom rozete (11,8 cm) i
duzinom korijena (8,7 cm) u odnosu na ostale istrazivane interakcije, dok je masa biljke, rozete i korijena (1,15, 1,07
0,12 g) bila statisticki jednaka ostvarenim u hladenoj HO bez zasjenjivanja (1,36, 1,11 0,20 g) i znacajno veca nego
u kombinacijama nehladene HO. Ostvarena ve¢a masa korijena u hladenoj HO, sukladna je navodu Dalla Costa i sur.
(2011) da je kod temperature HO od 25 °C zabiljezena znac¢ajno manja masa korijena u odnosu na HO temperature
15120 °C. Po broju listova u rozeti (9,0) kombinacija hladene HO i zasjenjivanja pri 3. analizi nije se razlikovala od
ostalih kombinacija s 8, 8,7 1 9,3 listova u rozeti, a $to je viSe od utvrdenih 6,6, 7,7 i 5,9 pri temperaturi HO 15,201 25
°C koje navode Dalla Costa i sur. (2011). Takoder, kod navedene kombinacije ostvaren je najveéi promjer rozete (8,6
cm), statisticki jednak kao kod kombinacije nehladene HO i zasjenjivanja (7,7 cm), a koji se znacajno razlikovao od
ostvarenog pri kombinacijama hranivih otopina bez zasjenjivanja.
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Tablica 1. Utjecaj temperature hranive otopine i zasjenjivanja energetskom zavjesom na morfoloska svojstva matovilca
7,14 1 20 dana nakon nicanja

Tretman Broj listova Visina Promjer rozete . .Masa Masa 1Y[asa 15) 1;;:11;
rozete rozete (cm) (cm) biljke (g) rozete (g) korijena (g) (cm)
1. analiza morfoloskih svojstava matovilca 7 dana nakon nicanja
B1xNP 4,0 2,4 2,5b* 0,19b 0,16 b 0,03 ab 6,57 a
B1xP 4,0 2,7 33a 0,17b 0,16 b 0,01b 4,26 b
B2xNP 4,0 2,4 2,7b 0,18b 0,16 b 0,02 b 6,66 a
B2xP 4,0 2,5 2,7b 0,24 a 0,20 a 0,04 a 6,57 a
2. analiza morfologkih svojstava matovilca 14 dana nakon nicanja
B1xNP 6,9 a 6,6 b 6,5b 0,48 0,42 0,06 59b
B1xP 7,1a 6,8b 8,0 ab 0,61 0,54 0,07 7,8 ab
B2xNP 6,1b 53¢ 6,6 b 0,70 0,61 0,09 7,1 ab
B2xP 7,2a 85a 8,6a 0,64 0,58 0,06 88a
3. analiza morfologkih svojstava matovilca 20 dana nakon nicanja
B1xNP 8,0b 7,1b 6,4b 0,79 ¢ 0,72b 0,07 b 6,1b
B1xP 8,7 ab 85b 7,7 ab 0,90 bc 0,79b 0,11b 6,8b
B2xNP 93a 64b 6,5b 1,31a 1,11a 0,20 a 7,3b
B2xP 9,0 ab 11,8 a 8,6a 1,19 ab 1,07 a 0,12a 8,7a

Legenda: B - bazen bez hladenja hranive otopine (HO); B2 - bazen s hladenjem HO; NP - nepokrivanje energetskom
zavjesom; P — pokrivanje energetskom zavjesom; *Razli¢ita slova predstavljaju znacajno razlitite prosjecne vrijednosti
prema t-testu, p<0,05

Relativna stopa rasta (RSR) mase biljke, visine rozete, mase rozete, mase i visine korijena izmedu 1. i 2. analize bila
je prosjecno 2,7, 6,2, 2,3, 5,4 1 4,4 puta veca nego u razdoblju izmedu 2. i 3. analize (podaci nisu prikazani). Vece
vrijednosti RSR navedenih morfoloskih pokazatelja u razdoblju izmedu 1. i 2. analize, u odnosu na razdoblje izmedu
2.1 3. analize, ukazuju na brzi i intenzivniji rast mladih biljaka matovilca, $to je sukladno rezultatima istrazivanja
Toth i sur. (2016) sa salatom u plutaju¢em hidroponu.

Istrazivani faktori i njihove interakcije imale su opravdan utjecaj na prinos matovilca (Grafikon 3.). Niza prosje¢na
temperatura (25,2 °C) hladene HO rezultirala je znacajno ve¢im prinosom matovilca (1,016 kg m) od ostvarenog
(0,769 kg m™) u nehladenoj HO prosje¢ne temperature 27,7 °C. Takoder, matovilac pokriven energetskom zavjesom
imao je znacajno vedi prinos (0,941 kg m*) od nepokrivenog (0,844 kg m?). Matovilac uzgajan pri kombinaciji
hladene HO i pokrivanja energetskom zavjesom imao je najveci prinos (1,112 kg m), znac¢ajno ve¢i od ostvarenog
pri ostalim testiranim kombinacijama. Najmanji, statisticki jednaki prinosi (0,769 kg m™) ostvareni su pri
kombinacijama s nehladenom HO.

Prinos od 0,919 kg m?, ostvaren u hladenoj HO temperature 25,2 °C bez zasjenjivanja i pri temperaturi zraka od 30
°C, bio je podjednak prinosu (0,897 kg m?) koji su utvrdili Dalla Costa i sur. (2011) pri temperaturi zraka i HO od 20
i25 °C te manji od ostvarenog pri istoj temperaturi zraka (20 °C) i nizoj temperaturi HO (151 20 °C), odnosno 1,264
i 1,560 kg m. Medutim, prinos matovilca od 0,769 kg m~ iz nehladene HO temperature 27,7 °C bez zasjenjivanja,
bio je manji u odnosu na ostvaren pri sve tri testirane temperature HO iz navedenog istrazivanja. Najve¢i prinos
matovilca ostvaren kombinacijom hladene otopine i zasjenjivanja (1,112 kg m?) bio je 20 % ve¢i, odnosno 29 %
manji od prinosa koje Dalla Costa i sur. (2011) navode za HO temperature 25 i 20 °C.

Utvrdeni prinos, bez obzira na istrazivane faktore, bio je manji u odnosu na prinos koji Fabek i sur. (2011) navode u
istrazivanju razlicitih rokova hidroponskog uzgoja matovilca. Tako je najve¢i prinos ostvaren kombinacijom hladene
HO i zasjenjivanja (1,112 kg m) bio 44 i 39 % manji u odnosu na prinos od 1,993 1 1,815 kg m iz proljetnog i ljetno-
jesenskog roka pri temperaturi zraka i HO 23,4 i 18,8 °C, odnosno 19,8 i 20,3 °C. Prinos iz ljetno-jesenskog roka
iz istrazivanja Fabek i sur. (2011) bio je ve¢i i od najviseg (1,560 kg m™) ostvarenog u istrazivanju Dalla Costa i sur.

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia 187



Session 4 . Vegetable Growing, Ornamental, Medicinal and Aromatic Plants

(2011) pri gotovo jednakim temperaturnim uvjetima, odnosno pri istoj temperaturi zraka i HO od 20 °C.

Prinosi matovilca od 0,919, 1,264 i 1,993 kg m™ iz ovog te istrazivanja Dalla Costa i sur. (2011) i Fabek i sur. (2011),
ostvareni pri podjednakoj razlici izmedu vise temperature zraka i nize temperature HO (oko 5 °C), ukazuju da su
razlike u visini prinosa vidljive iz njihovog odnosa (1:1,4:2,2), posljedica utjecaja temperaturnih uvjeta, odnosno
temperature zraka i HO (30,1 i 25,2 °C; 20 i 15 °C; 23,4 i 18,8 °C) koje su bile iznad, odnosno blize optimalnim
vrijednostima potrebnim za rast matovilca.
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Grafikon 3. Ucinak temperature hranive otopine i zasjenjivanja energetskim zavjesama na prinos matovilca
Legenda: Bl - bazen bez hladenja hranive otopine (HO); B2 - bazen s hladenjem HO; NP - nepokrivanje energetskim
zavjesama; P - pokrivanje energetskim zavjesama; ¥ - ANOVA; * Razlicita slova predstavljaju znalajno razlicite prosjecne

vrijednosti prema t-testu, p<0,05

Zakljucak

Veca relativna stopa rasta visine i promjera rozete, mase biljke, rozete i korijena u drugom tjednu nakon nicanja u
odnosu na treci, ukazuju na brziiintenzivniji rast mladih biljaka. Najvece vrijednosti ve¢ine promatranih morfologkih
pokazatelja i prinosa (1,112 kg m) matovilca ostvarene su pri uzgoju u hladenoj hranivoj otopini temperature 25,2
°C uz prekrivanje energetskim zavjesama.
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Possibilities of growing lambs lettuce in a floating
hydropon in the spring-summer period

Abstract

With the purpose of extending the market supply of lamb’s lettuce, the possibilities of cultivation in
a floating hydropon in the spring-summer period were researched with the aim of determining the
dynamics of growth and yield with regard to the temperature of the nutrient solution and shading
with an climate screens. Higher values of the relative growth rate of morphological parameters (rosette
height and diameter, plant, rosette and roots mass) in the second week after emergence compared to
the third, indicate a faster and more intense growth of younger plants. The highest values of most of the
observed morphological parameters and yield (1.112 kg m™) of the cv. ‘Accent’ were achieved during
cultivation in a cooled nutrient solution with an average temperature of 25.2 °C and shading with
climate screens.

Keywords: Valerianella locusta, nutrient solution temperature, climate screens, growth dynamics, yield
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Breakage susceptibility of maize kernel as a
function of moisture content
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Abstract

The proportion of damaged kernels increases from harvest to the place where they will be used for
a specific purpose. The aim of this study was to determine the breaking forces of a maize kernel that
will be exposed to a different number of impacts (from 0 to 40). The forces at which the kernels were
broken were determined at 5 moisture levels (approximately 10, 14, 18, 22 and 26%). With increasing in
moisture, breaking force decreased and the number of undamaged kernels increased. Average breaking
force differed significantly between moisture levels. The obtained data can help in estimating how many
broken kernels can be expected when performing certain procedures at the moisture levels selected in
the research.

Keywords: maize, kernel moisture, kernel breakage, breaking forces

Introduction

Maize kernel breakage is an important factor that, according to the available literature, has been well studied. There
are factors that directly and indirectly affect the appearance of kernel breakage, and some create preconditions for the
appearance of cracks and later kernel breakage. Between hybrids there is a difference in kernel structure, so hybrids
with a higher proportion of hard endosperm are less susceptible to damage. During growing season, breakage
susceptibility can be influenced by applying certain management practices. Among them nitrogen fertilization can
influence breakage susceptibility. It has been proven that with an increase in the amount of added nitrogen, kernel
hardness increases and breakage susceptibility decreases (Kneip and Mason, 1989). On the other hand, delayed
planting, a large number of plants per unit area (high plant densities) and less added nitrogen increase susceptibility
to breakage (Bauer and Carter, 1986). It is very important that maize plant is well supplied with water from silking
to physiological maturity, i.e., that stressful conditions do not occur (Abendroth et al., 2011). Before harvest, air
temperature and relative humidity affects grain moisture content (Juki¢, 2004), and there are also differences in the
structure of the ears, due to which some hybrids release moisture faster and some slower. In harvesting, it is important
to determine moisture, because the adjustment of certain parameters of the thresher depends on kernel moisture
content, which can again affect more or less damage to the kernel. During conditioning and storage, kernel moisture
is also an important factor because it has been found that grain is damaged differently at different moisture levels.
The equipment used during transportation in silos and warehouses, consisting of bucket elevators, screw and chain
conveyors, can damage the grain during transfer (Boumans, 1980). An increase in the proportion of cracked and
broken grains can cause problems during storage, on the one hand, due to increased moisture absorption, and on the
other hand, due to increased in the presence of insects and molds on the grains (Fox and Manley, 2009). According to
Chen et al. (2020) during harvesting and handling, grain kernels are subject to complex loading conditions consisting
of a combination of impact, shear, and compression forces. The main damage mechanisms include impact, which
causes external and internal cracks or even fragmentation of the kernel; attrition, which generates fine material;
jamming, which deforms and breaks kernels due to high compressive forces; and fatigue, which produces broken
kernels and fine material via repeatedly applied loads. The proportion of damaged kernels increases from harvest to
the place or point where the grain will be used or processed. By studying the forces at which maize kernels break or
crack, useful information can be obtained about when and how to carry out a certain procedure or operation. The
data on crushing strength of the kernel and rupture energy are useful for designing size reduction machines. These
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properties relate to the moisture content, type of the grain and grain orientation (Verma and Prasad, 2000). Babi¢
et al. (2011) concluded that kernel compressive strength properties decreased as the moisture content increased.
Data concerning the physical and mechanical properties of agricultural food materials are of importance to plant
breeders, engineers, machine manufactures, food scientists, processors and consumers. Those properties are useful
in postharvest unit operations for the design of cleaning, grading, sorting, transportation, handling, aeration, sizing,
storing, size reduction, packaging and other processing equipment (Sharma et al., 2017). Maize kernel breakage is
something that is inevitable in today’s technologies used in harvesting, processing and storage, and that is why it is
necessary to do everything to reduce the proportion of cracked and broken kernels as much as possible. The aim
of this study was to determine the breaking forces of a maize kernel that will be exposed to a different number of
impacts (from 0 to 40).

Material and methods

The study was conducted on one maize hybrid (PIONEER CORTEVA Agriscience; P9958). Maize grain samples were
provided by the company EKOPATENT plus d.o.o0., which conducts its own research with the aim of determining
the impact of the application of different fertilizers on grain yield and soil properties. Before harvest, ears were taken
manually from one field divided in four parts (four different variants of fertilization). The ears were hand-shelled
to avoid kernel damage (kernels free from stress cracks). One grain sample (5 kg) was taken from each fertilization
variant. Samples were cleaned of impurities and the moisture content was determined. Grain samples are naturally
dried. From these samples, grain samples of 120 grains each were taken, which were placed in smaller paper bags
which were kept at cool space (air temperature between 8 and 10°C). Samples of different moisture levels (10%,
14%, 18%, 22% and 26%) were prepared for measuring breaking forces at which kernels were broken. Considering
the aforementioned moisture range, one part of the samples had to be conditioned (rehydrated) i.e., increase the
moisture content in the kernel, one part of the samples was immediately ready for testing (=14% moisture), and part
of the samples had to dry naturally to a moisture content of approximately 10%.

The rehidration procedure was carried out by adding distilled water according to the following formula (1):

W=M X -------mmmmo- (%) (1)

where W — is the amount of water added (ml); w, — moisture content of the sample before rehidration (%); w, -
moisture content of the sample after rehidration (%); M, - initial mass of sample (g).

Rehidration process lasted 72 hours. After rehydration, kernels were exposed to a different number of impacts (from
5 to 40). For this purpose, equipment was made, consisting of a metal stand, a metal tube, a metal base and a stick
with a metal head, on the top of which there was an incised cross. Before exposure to impacts, kernel was placed in
a groove located in a metal base in the position germ up side down. A stick with a metal head fell through a metal
tube onto the kernel from a height of 20 cm. Kim (2000) also used similar equipment in his research. Weight of the
stick was 25.5g. Each time when the stick fell on the kernel, kernel was acted upon with 0.05] [Potential (impact)
energy; Wp = 0.2m x 0.0255kg x 9.81 m/s = 0.05]]. This means that the kernels were acted upon from 0.25 to 2.00].
A total of 100 kernels, divided into 9 subsamples of 10 kernels each. Out of a total of 9 samples, in 8 samples, 10
kernels were exposed to impacts (from 5 to 40 impacts). In one sample, kernels were not exposed to impacts and
immediately used to determine the breaking force. After impact exposure, the breaking force was determined in the
aforementioned 8 samples. During impact exposure, part of the kernels cracked and it was not possible to determine
the breaking force on such kernel or on their remains. Equipment used to determine the breaking force is shown in
Figure 1. Maize kernel was placed between two parallel plates and compressed. The kernel was placed on the bottom
plate, which was fixed (static), and in such a way that the germ was facing down (germ up side down). A small metal
rod is attached under the upper plate, which is used to press the kernel. The upper plate was moved down by hand,
and the force at which the kernel was broken was determined.
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Dynamometer

Moving plate
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Figure 1. Equipment for measuring breaking force

The forces were measured by the data acquisition system, which included dynamometer HBM (Hottinger Baldwin
Messtechnik GmbH, Darmstadt, Germany), amplifier HBM Quantum MX 840 B and personal computer (Figure 1).
Balala et al. (2023) used a similar method of determining the breaking force and similar equipment. Statistical data
analysis was performed using SAS software (SAS Institute, 2004).

Results and discussion

It is interesting to note that the force at which the kernels are broken decreases from the lowest to the highest
moisture content. The average breaking force at which the kernels were broken at the lowest moisture (on average
11.76%) was 0.60 kN, and at the highest moisture (on average 25.98%) the average force was 0.41 kN (Figure 2).
Likewise, it is interesting to note that the force at which the grain broke did not change much depending on the
number of impacts (Table 1). Thus, it can be determined from Table 1 that the average force at which the kernels that
were not exposed to impacts were broken was 0.46 kN, and that the average force at which the kernels were broken
after 40 impacts was 0.45 kN, which is slightly less compared to kernels that were not exposed to impacts. But the
truth is that the average force at 30, 35 and 40 impacts was obtained from less data because, many kernels did not
withstand a greater number of impacts.

It can be seen from Figure 1 that there was a significant difference in the average forces between moisture levels
chosen in this study. The average breaking force in this study (all kernel moisture levels, all kernels that were not
exposed to impacts and all kernels that were exposed to impacts) was 0.46 kN. This can be useful information,
provided that there is information about the forces acting on the kernel from harvest to processing, that is, where
and when an increase in kernel breakage can be expected.
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Figure 2. Breaking forces at different moisture content

From available literature, it can be determined that maize kernals are exposed 20 to 40 times to various mechanical
influences (impacts, friction, falling from a height, etc.) from harvest to the place where they will be used for a
specific purpose.

Trend that with increasing of kernel moisture content, decreased breaking forces is in agreement with the available
literature (Verna and Prasad, 2000; Maksoud, 2009; Barnwal et al., 2012; Lupu et al., 2016; Chandio et al., 2021).
In addition to the forces at which kernel breakage occurs it is also useful to determine how many kernels remain
undamaged after being exposed to a certain number of impacts.

Table 1. Average number of undamaged grains and average force (F) at which kernels were broken in relation to
number of impacts and potential energy (WP)

Number of undamaged

Number of impacts Potential energy (WP) Kernels Force (F) (kN)
0.00 10.0 0.46
0.25 8.7 0.45

10 0.50 7.1 0.45

15 0.75 6.7 0.46

20 1.00 6.2 0.45

25 1.25 5.5 0.50

30 1.50 4.1 0.50

35 1.75 3.3 0.49

40 2.00 2.5 0.45

As can be seen from Table 1, the average number of undamaged kernels decreases with increasing number of impacts
(from 5 to 40 impacts). Already after 5 impacts, out of 10 kernels that were exposed to impacts, an average of 1.3
kernels were no longer whole or were broken.
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Figure 3. Number of undamaged kernels (UDK)

After 40 impacts, only an average of 2.5 grains out of 10 remained whole or not broken. By increasing kernel moisture,
number of whole or undamaged grains increased (Figure 3).

At an average moisture content of 11.76%, the number of undamaged kernels was on average 27.5, while at an
average grain moisture of 25.98%, the number of whole (unbroken) grains was on average 78.0 (Figure 3).

Conclusion

Based on the data obtained from the research, the following can be concluded:
1. With increasing in moisture, breaking forces at which the kernels were broken decrease.
2. With increasing in moisture, the number of whole (undamaged) kernels increases.

3. 'The average force at which the kernels that were not subjected to impacts were broken was slightly higher
than the average force at which the kernels were broken after 40 impacts. However, fewer kernels remained
undamaged (entirely) after 40 impacts without being destroyed. The average force did not decrease with
increasing number of impacts.
4. The average number of undamaged (whole) kernels decreases with an increase in the number of impacts
(from 5 to 40 impacts).
The obtained data can help in estimating how many broken kernels can be expected when performing certain
procedures at the moisture levels selected in the research.
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SaZetak

PSenica (Triticum aestivum L.) je jedna od najvaznijih svjetskih usjeva za proizvodnju hrane. Prinos
zrna je s ekonomskog aspekta najvaznije agronomsko svojstvo u proizvodnji pSenice, a ve¢a vrijednosti
hektolitarske mase ukazuju na vedi prinos brasna. Opce je poznato da su prinos i hektolitarska masa
pSenice znacajno pod utjecajem genotipa, vremenskih prilika i primijenjenih agrotehnickih mjera
tijekom uzgoja. Cilj istrazivanja bio je utvrditi prinos i hektolitarsku masu deset analiziranih kultivara
psenice tijekom visegodisnjeg razdoblja (2015.-2019.). Kroz petogodi$nji period najveci prosjecan
prinos (9,86 t ha!) postignut je 2017. koja je po koli¢ini oborina (435 mm) i srednjoj temperaturi
zraka (8,5 °C) bila najsli¢nija visegodiSnjem prosjeku (475 mm i 8,1 *C). Najmanji prinos (6,73 t ha™)
ostvaren je 2016. godine tijekom koje je u vegetacijskom periodu zabiljeZzeno 120 mm oborina viSe i 1,5
*C vi$a temperatura u odnosu na visegodisnji prosjek. U istom periodu, najveca razlika u hektolitarskoj
masi zrna zabiljezena je takoder 2017. (82,2 kg hL'), dok su 2015., 2018. i 2019. bile na istoj razini
znacajnosti s najmanjim vrijednostima za hektolitarsku masu (78,9-79,2 kg hL'!) bez obzira na razli¢itu
distribuciju oborina i razli¢ite temperaturne varijacije tijekom vegetacijskih perioda.

Klju¢ne rijeci: psenica, prinos, hektolitarska masa, kultivari, vremenske prilike

Uvod

Prinos psenice je kompleksno kvantitativno svojstvo pod utjecajem razli¢itih gena s aditivnim, dominantnim
i epistatickim ucincima, kao i pod utjecajem razli¢itih okoli$nih ¢imbenika. Povecanje prinosa postize se putem
razli¢itih komponenti, kao §to su povecanje mase zrna, broja zrna po klasu i po biljci, te utjecaja na vanjske ¢cimbenike
(Spani¢, 2016). Klima je jedan od najvaznijih faktora, kako za formiranje tla, tako i za formiranje visokih prinosa
i tehnoloskih svojstava Zitarica (Dudkina i Dolgopolova, 2022). Cilj uzgoja pSenice je razviti nove genotipove s
poboljsanim karakteristikama, $to doprinosi ve¢em potencijalu za urod zrna, stabilnijim prinosima i boljoj kvaliteti
pseni¢nih proizvoda (Iljki¢ i sur., 2019). Temperatura igra klju¢nu ulogu u formiranju mase zrna, sintezi ugljikohidrata
i proteina. Ozima p$enica zahtijeva izloZenost niskim temperaturama, ali bez teSkih mrazeva u fazi rasta, kako bi se
potakla reproduktivna faza u prolje¢e (Huzsvai i sur., 2022). Povoljne temperature tijekom faze nalijevanja zrna za
psenicu obi¢no uklju¢uju dnevne temperature oko 25°C i no¢i hladnije od 10 °C, jer to poti¢e akumulaciju suhe tvari
u zrnu péenice (Spani¢, 2016). Tijekom vegetacije, visoke temperature, posebno iznad 30 °C, mogu negativno utjecati
na prinos p$enice, dovode¢i do sterilnosti klasi¢a i manje hektolitarske mase (Pospisil, 2010). Kovacevi¢ (1998) je
analizirao utjecaj oborina i temperatura na prinos kukuruza i pSenice u Isto¢noj Hrvatskoj te je ustanovio da su
varijacije u prosje¢nim prinosima povezane s vremenskim uvjetima te su iznosile do 19% za kukuruz i do 23% za
psSenicu. Marijanovi¢ i sur. (2010) analizirali su utjecaj padalina i temperature na prinos p$enice u Isto¢noj Hrvatskoj
te su utvrdili da je u povoljnim godinama prosje¢ni prinos iznosio 5,53 t ha!, dok je u nepovoljnim godinama bio
za 24% nizi, s indikacijama da umjerene padaline i blage zime povoljno utjecu na prinos psenice. Hektolitarska
masa je vazan parametar koji utjece na kvalitetu pSenice, a na nju takoder utje¢u svojstva genotipa, klimatski uvjeti i
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agrotehnicke prakse tijekom uzgoja (Jukic i sur., 2020). Cilj rada bio je ispitati utjecaj vremenskih uvjeta tijekom pet
vegetacijskih sezona (2014./2015. - 2018/2019. godine) na prinos i hektolitarsku masu zrna ozime psenice.

Materijal i metode

Tijekom petogodisnjeg razdoblja od 2015. do 2019. godine, na Poljoprivrednom institutu Osijek provedeni su sortni
pokusi na 10 sorata psenice. Sjetva je obavljena u optimalnim rokovima u listopadu, uz sjetvenu normu od 330 zrna/
m?. Sortni pokusi su postavljeni prema slu¢ajnom blok rasporedu, s tri ponavljanja na parcelama veli¢ine 7,56 m? (7
m duljine i 1,08 m $irine). Obrada tla i priprema prije sjetve provedene su prema standardnim postupcima za uzgoj
ozime p$enice. Ukupna koli¢ina primijenjenih gnojiva, uklju¢uju¢i osnovnu gnojidbu i prihrane, varirala je ovisno
o predkulturi i kretala se u rasponu od 101 do 114 kg N, 80 kg P,O, i 120 kg K,O ha™'. Na pokusima se provodila
standardna zastita od korova i §teto¢ina primjenom uobicajenih kemijskih preparata. Prinos zrna ocijenjen je Zetvom
cijele parcele uz koristenje specijaliziranog pokusnog kombajna, a vaganjem je odredena ukupna masa koja je zatim
preracunata na prinos ha' uz pretpostavku da je vlaga zrna iznosila 13,5%. Osim toga, na uzorcima je izmjerena
vlaga zrna i hektolitarska masa pomocu brzog analizatora zrna Infratec 1241 (Foss, Svedska). U istraZivanju su
kori$teni podaci o mjese¢nim koli¢inama oborina (mm) i srednjim mjese¢nim temperaturama zraka (°C) tijekom
pet vegetacijskih godina, te viSegodis$nje prosjecne vrijednosti s meteoroloske postaje Osijek. Svi podaci obradeni su
uz pomo¢ rac¢unalnog softvera, dok je analiza varijance napravljena pomocu statistickog programa SAS Enterprise
guide 7.1.

Rezultati i rasprava

Prosje¢ne temperature i koli¢ina oborina za ispitivanu lokaciju Osijek prikazane su u tablicama 1 i 2 (Drzavni
hidrometeoroloski zavod, 2020). Prosjecne temperature svih vegetacijskih sezone su bile toplije od visegodisnjeg
prosjeka (tablica 1) i varirale su od +5% do + 25%.

Tablica 1. Mjese¢na temperatura zraka (°C) tijekom ispitivanog razdoblja

Temperatura zraka (°C) za postaju Osijek

X XI XII I IT I11 v A% VI Prosjek  Suma
2014./2015. 13,3 8,3 3,5 2,9 2,5 7,5 12,1 17,8 20,8 9,9 88,7
2015/2016 11,1 7,5 3,2 0,8 6,9 7,5 13,1 16,5 21,0 9,7 87,6
2016/2017 10,4 6,2 -0,1 -5,1 4,2 9,5 11,3 17,5 22,4 8,5 76,3
2017/2018 11,8 6,7 3,6 4,2 0,9 4,6 17 20,6 21,7 10,1 91,1
2018/2019 14,4 7,6 1,5 0,5 4,2 91 12,8 14,0 23,1 9,7 87,2
VGP71.-01. 11,1 51 1,3 -0,2 1,8 6,4 11,2 16,7 19,6 8,1 73,0

Sto se tice koli¢ine oborina, dvije vegetacijske sezone imale su iznadprosje¢nu koli¢inu oborina, dvije su imale
prosje¢nu, dok je jedna imala ispodprosje¢nu koli¢inu oborina (tablica 2).

Tablica 2. Mjese¢na koli¢ina oborina (mm) tijekom ispitivanog razdoblja

Mjese¢na koli¢ina oborine (mm) za postaju Osijek

X XI XII I II III IV v VI Suma
2014./2015. 87,9 8,8 66,0 73,7 57,1 50,5 12,9 113,4 17,1 487,4
2015/2016 142,1 45,1 1,9 67,0 68,3 68,2 39,8 63,1 99,5 595,0
2016/2017 65,4 57,1 0,5 25,2 74,4 67,6 49,7 50,6 454 435,9
2017/2018 68,7 33,0 51,7 61,7 70,2 83,4 21,0 27,4 126,8 543,9
2018/2019 12,2 25,2 26,7 42,4 26,8 8,4 68,6 150,8 112,8 473,9
VGP' 71.-01. 55,9 61,5 48,8 41,6 34,5 40,5 51,0 59,2 82,0 475,0

*VGP - visegodisnji prosjek 1971.-2001.
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Prinos zrna psenice je najvaznije svojstvo u proizvodnji, stoga je svakom proizvodacu primarni cilj ostvariti §to
bolje rezultate za to svojstvo. Prosje¢ni ostvareni prinos analiziranih 10 sorata psenice bio je 7,9 t ha (tablica 3.).
Analizirane sorte su pokazale razli¢ite prosje¢ne prinose tijekom petogodi$njeg ispitivanja. Sorta Ficko ostvarila je
najveci prosjecni prinos od 8,75 t ha™', dok je sorta Srpanjka imala najnizi prosje¢ni prinos od 7,22 t ha™’.

Tablica 3. Prinos zrna ozime pSenice (t ha') ) tijekom ispitivanog razdoblja

Sorta 2015 2016 2017 2018 2019 Prosjek + SD
Zitarka 9,04 7,44 10,10 7,75 8,06 8,47 £ 1,095
Srpanjka 7,23 6,54 8,83 7,04 6,49 7,22 + 0,954

Golubica 6,62 5,80 9,37 7,69 7,61 7,41 + 1,344

Lucija 8,21 7,59 10,79 6,83 7,00 8,08 + 1,6145¢
Alka 591 5,59 9,55 7,41 8,13 7,31 £ 1,634

Ficko 9,70 8,20 10,75 8,64 6,45 8,75 £ 1,62¢

Renata 8,00 7,06 9,83 7,96 7,43 8,06 £ 1,0748¢
Katarina 7,10 6,31 10,24 7,89 8,56 8,02 £ 1,5048¢
Felix 7,69 6,74 9,46 8,08 7,20 7.83 £ 1,044

OS Olimpija 7,33 6,02 9,68 8,53 7,71 7,85 £ 1,3648¢
Prosjek 7,68° 6,734 9,86¢ 7,78° 7,46° 7.90

*Razlika izmedu vrijednosti u kolonama koje sadrZe istu slovnu oznaku nisu statisticki znacajne (p < 0,05)

Najveci pojedinacni prinos zabiljezen je 2017. godine, kada je sorta Lucija ostvarila prinos od 10,79 t ha. S druge
strane, najnizi pojedina¢ni prinos zabiljezen je 2016. godine, kada je sorta Alka imala prinos samo 5,59 t ha™. Na
temelju podataka iz tablice 3, moze se zakljuciti da postoji statisticki znacajan utjecaj godina i sorti na prinos zrna
ozime p$enice. Sto$i¢ i sur. (2017) navode da godina uzgoja ima najveci utjecaj na prinos psenice, slijedi na¢in obrade
tla, a tek na kraju razina dusika u opskrbi. Drezner i sur. (2006) su tijekom 2005./2006. na 4 lokacije analizirali
13 kultivara pSenice i utvrdili znacajan utjecaj okoline na prinos i parametre kvalitete te su izdvojili nekoliko
kultivara koji su pokazivali najmanju varijabilnost prinosa. Ako usporedimo 2016. 1 2017. godinu, kada je ostvarena
najveca razlika u prinosu, utjecaj vremenskih prilika na prinos p$enice je znacajan. U listopadu 2015./2016. godine,
zabiljezena je koli¢ina oborina od 142 mm (86,2 mm iznad vi$egodi$njeg prosjeka), sto je pomaklo optimalne rokove
sjetve i produljilo razdoblje od sjetve do nicanja, dok je u istom periodu 2016./2017., koli¢ina oborina iznosila je
65,4 mm (9,5 mm iznad viSegodisnjeg prosjeka). U travnju 2015./2016. godine, zabiljezena koli¢ina oborina bila
je 11,2 mm manja, a temperature za 1,9°C viSe u odnosu na visegodisnji prosjek, $to je nepovoljno za psenicu koja
se tada nalazi u fazi vlatanja, a koja je kriti¢na jer tijekom nje dolazi do intenzivnog rasta biljne mase, odredivanja
broja klasica i broja cvjetova u klasi¢ima. Za razliku od 2016., u travnju 2017. godine, temperature i oborine bile su
gotovo na razini viSegodisnjeg prosjeka. Hektolitarska masa zrna Cesto se primjenjuje u kontekstu ocjene kvalitete
zrna prilikom trgovine kru$aricama. Na temelju podataka iz tablice 4, mozemo zakljuciti da je hektolitarska masa
bila najveca u 2017. godini, dok je najmanja vrijednost hektolitarske mase ostvarena 2015., 2018. 1 2019., pri ¢emu
izmedu tih godina nije bilo statisti¢ki znacajnih razlika. Drenjancevi¢ i sur. (2017) su tijekom dvije vegetacijske
godine (2013./2014. i 2014./2015.) proveli istrazivanje na 120 kultivara krusne pSenice u agroekoloskim uvjetima
isto¢ne Slavonije, pri ¢emu je ispitivan utjecaj klimatskih prilika na komponente prinosa krusne pSenice, te su
utvrdili visoko znacajne razlike izmedu svih ispitivanih svojstava i znacajan utjecaj dvije klimatski razli¢ite godine
na sva ispitivana svojstva, osim za hektolitarsku masu. U nasem istrazivanju sorta OS Olimpija ostvarila je najvisu
prosjecnu hektolitarsku masu zrna (82,45 kg hL"), dok je sorta Alka imala najnizu (78,07 kg hL™') tijekom pet godina
ispitivanja (tablica 4).
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Tablica 4. Hektolitarska masa zrna ozime ps$enice (kg hL") ) tijekom ispitivanog razdoblja

Sorta 2015 2016 2017 2018 2019 Prosjek = SD
Zitarka 84,00 79,6 82,33 78,30 82,00 81.25 + 2,28
Srpanjka 76,15 79,9 80,75 77,70 76,40 78,18 £ 2,0748
Golubica 79,10 81,5 82,88 81,20 80,50 81,04 + 1,395¢PE
Lucija 78,55 79,0 81,03 77,90 77,10 78,72 + 1,48ABCP
Alka 74,43 77,5 80,30 78,90 79,20 78,07 £ 2,26*
Ficko 83,30 82,8 83,40 79,30 78,00 81,36 + 2,53PFF
Renata 78,03 79,2 81,75 79,00 76,60 78,92 + 1,894BCPE
Katarina 74,05 79,3 82,28 78,70 80,80 79,03 £ 3,1148¢
Felix 78,65 80,6 83,58 80,10 78,20 80,23 + 2,12PFF
OS Olimpija 81,63 81,4 84,1 82,0 83,1 82,45 + 1,13"
Prosjek 78,794 80,088 82,24¢ 79,314 79,194 79,92

*Razlika izmedu vrijednosti u kolonama koje sadrZe istu slovnu oznaku nisu statisticki znacajne (p < 0,05)

Kada promatramo godine, najve¢u hektolitarsku masu postigla je sorta OS Olimpija 2017. godine, a najnizu ostvarila
je sorta Katarina 2015. u vegetacijskoj godini 2016./2017., tijekom koje je ostvarena najveca hektolitarska masa,
zabiljeZeno je 499,9 mm oborina, §to je 13,6 mm manje od visegodi$njeg prosjeka, uz nesto viSe temperature zraka
od prosjecne (tablica 11 2). U usporedbi 2017. godine s 2015., 2018. i 2019, tijekom vegetacije 2016./2017. godine
koli¢ina oborina od vlatanja do zriobe bila je slicna visegodisnjem prosjeku. Tijekom 2014./2015., koli¢ina oborina
u fazi vlatanja bila je znacajno niza od prosjeka, dok je u 2017./2018. koli¢ina oborina u istoj fazi bila ispod prosjeka,
a2018./2019. znatno vi$a od prosjeka. Dekic i sur. (2015) ispitivali su utjecaj godine na prinos i kvalitetu zrna ozime
psenice te navode da je utjecaj godine na hektolitarsku masu zrna ozime p$enice statisticki znacajan.

Zakljucak

Temeljem provedenog petogodi$njeg istrazivanja na 10 sorti ozime p$enice moze se zakljuciti da su vremenske prilike
statisticki znacajno utjecale na ispitivane parametre. Prosje¢an prinos psenice iznosio je 7,9 t ha™' a hektolitarska masa
79,92 kg ha''. Analizom varijance prinosa utvrdene su vece razlike izmedu ispitivanih godina (A=3,13 t ha') nego
izmedu sorti (A=1,53 t ha'), dok je najveca razlika utvrdena u interakciji godina x sorta (A=5,2 t ha'). Sto se tice
hektolitarske mase, analizom varijance utvrdene su vece razlike kod sorti (A=4,38 kg hL") nego izmedu ispitivanih
godina (A=3,45 kg hl), dok je najvece odstupanje takoder utvrdeno u interakciji godina x sorta (A=9,95 kg hl*).
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Yield and hectolitre mass of wheat grain (Triticum
aestivum L.) under the influence of weather
conditions over a multi-year period

Abstract

Wheat (Triticum aestivum L.) is one of the world’s most important crops for food production. Grain
yield is the most significant agronomic trait in wheat production from an economic perspective,
while higher hectolitre mass values indicate a greater flour yield. It is widely recognized that both the
yield and hectolitre mass of wheat are significantly influenced by genotype, weather conditions, and
applied agronomic practices during cultivation. The aim of this research was to determine the yield and
hectolitre mass of ten analysed wheat cultivars over a multi-year period (2015-2019). Over the five-
year period, the highest average yield (9.86 t ha') was achieved in 2017. This year had a rainfall amount
of 435 mm and an average air temperature of 8.5 °C, which was most similar to the multi-year average
(475 mm and 8.1 °C). The lowest yield (6.73 t ha™') was recorded in 2016, during which the vegetative
period experienced 120 mm more rainfall and 1.5 °C higher temperatures compared to the multi- year
average. In the same period, the greatest difference in hectolitre mass of grain was also observed in
2017 (82.2 kg hL™"), while 2015, 2018, and 2019 had similar hectolitre mass values (78.9-79.2 kg hL'),
regardless of variations in rainfall distribution and temperature during the vegetative periods.

Keywords: wheat, yield, hectolitre mass, varieties, weather conditions
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Kakvoca pcelinjeg voska na medunarodnom
trzistu

Lidija Sve¢njak, Gloria Ledinski, Sasa Prdun, Dragan Bubalo
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SaZetak

Zbog nedostatka zakonske regulative i obvezne kontrole kakvoce, pcelinji je vosak cesta meta
patvorenja i rastu¢i problem diljem svijeta. Cilj je ovog rada bio utvrditi kakvocu pcelinjeg voska na
medunarodnom trzistu. Uzorci péelinjeg voska (satnih osnova i blokova voska) prikupljeni su iz 33
zemalja (n=300) te analizirani metodom infracrvene (FTIR-ATR) spektroskopije. Rezultati su pokazali
kako je 166 (55,3 %) uzoraka bilo patvoreno parafinom (51 %) i stearinom/stearinskom kiselinom (4,3
%). Udio parafina u patvorenim uzorcima kretao se od 3,5 do 100 %, a stearina/stearinske kiseline
od 1,5 do 29,2 %. Najvisi udjeli parafina (> 90 %) utvrdeni su u uzorcima iz Bosne i Hercegovine,
Srbije i Kine, a stearin/stearinska kiselina su detektirani u uzorcima iz Belgije i Nizozemske. Rezultati
ovog istrazivanja ukazuju na hitnu potrebu za rjeSavanjem problema patvorenja pcelinjeg voska na
medunarodnoj razini.

Klju¢ne rijeci: péelinji vosak, kakvoca, patvorenje, medunarodno trziste

Uvod

Patvorenje pcelinjeg voska (satnih osnova) velik je i rastuci problem diljem svijeta. Niz je ¢imbenika koji doprinose
patvorenju, a primarno je to visoka cijena pcelinjeg voska, niska cijena lako dostupnih patvorina pcelinjeg voska
(primarno parafina) te nedostatak zakonske regulative koja definira kriterije kakvoce i rutinsku kontrolu autenti¢nosti
pcelinjeg voska (Sve¢njak i sur., 2019a.). Danas se za patvorenje pcelinjeg voska koristi vi$e od 15 supstanci razli¢itog
podrijetla (biljnog, zivotinjskog, mineralnog) (Bogdanov, 2017.). Najucestalije koristene patvorine pcelinjeg voska
su parafin i stearin i/ili stearinska kiselina (Reybroeck i Van Nevel 2018.; Was i sur. 2016.; Sve¢njak i sur. 2015,
Maia i sur. 2013.; Serra Bonvehi i Orantes Bermejo, 2012.), no u posljednje je vrijeme na trzi$tu prisutna i pojava
vi§estrukog patvorenja, odnosno patvorenje kombinacijom dviju ili viSe patvorina (Tanner i Lichtenberg-Kraag,
2019.). Patvorenje uzrokuje degradaciju sastava pcelinjeg voska, a unosom patvorenog voska (satnih osnova) u
kosnice ugrozava se dobrobit pcelinje zajednice u vidu narusene kemijske komunikacije, destrukcije izgradenog
saca te narusenih uvjeta za normalan fizioloski razvoj legla (Chec i sur., 2021; Reybroeck i Van Nevel 2018.; Wallner,
2005.). Takoder, utvrdeno je kako patvorenje pcelinjeg voska negativno utjece i na sastav i kavo¢u meda (Sve¢njak
i sur,, 2019b.). Uz navedeno, patvorine pcelinjeg voska (posebice parafin) mogu sadrzavati brojne kontaminante pa
se patvorenjem u pitanje dovodi zdravlje pcela, ali i javno zdravlje buduéi da pcelinji vosak (sace) predstavlja prvu
prirodnu ambalazu za med, odnosno medij u kojem se med skladisti i dozrijeva. Na ovu je problematiku nedavno
ukazala Europska agencija za sigurnost hrane koje je nedavno provela detaljnu procjenu rizika koje patvorenje
pcelinjeg voska predstavlja za zdravlje ljudi i pcela (EFSA, 2020).

U pcelarskom je sektoru péelinji vosak klasificiran kao nusproizvod zivotinjskog podrijetla koji nije namijenjen
prehrani ljudi (Uredba komisije 1069/2009), a koristi se u obliku satnih osnova i blokova voska (pretopljenog saca)
za njihovu izradu te kao takav ne podlijeze obaveznoj kontroli kakvoce niti ispitivanju autenti¢nosti prije stavljanja
na trziste. S ciljem pronalaska pouzdanih metoda za otkrivanja patvorenja pcelinjeg voska u possljednja su dva
desteljeca razvijene dvije instrumentalne analiticke metode za kvalitativno i kvantitativno otkrivanje patvorenja
pcelinjeg voska: plinska kromatografija-spektrometrija masa (engl. gas chromatography-mass spectrometry, GC-MS)
(Was isur., 2015; 2016.), plinska kromatografija s plameno-ionizacijskim detektorom (engl. gas chromatography with
flame ionization detector, GC-FID) (Maia i Nunes, 2013.; Serra Bonvehi i Orantes Bermejo, 2012.)

i infracrvena spektroskopija s Fourierovom transformacijom (engl. Fourier transform infrared spectroscopy, FTIR)
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(Maia i sur., 2013.; Sve¢njak i sur., 2015.; 2019.). Navedene su metode pokazale pouzdane rezultate u otkrivanju
pojedinih patvorina u pcelinjem vosku jer pruzaju dobre granice detekcije (LoD < 5%) u usporedbi s fizikalno-
kemijskim metodama koje karakteriziraju visoke granice detekcije (LoD = 5-50%) (Sve¢njak i sur., 2021; Bernal
i sur., 2005.). U otkrivanju patvorenja pcelinjeg voska posebice se istice FTIR spektroskopija koju karakterizira
niz prednosti, uklju¢ujuéi pouzdanost u detekciji svih vrsta patvorina. Iako je brojnim prethodno navedenim
istrazivanjima potvrdena prisutnost razli¢itih patvorina pcelinjeg voska na EU trzistu (uglavnom na nacionalnoj
razini), sustavno i sveobuhvatno istrazivanje kakvoce (autenti¢nosti) pcelinjeg voska na medunarodnom trzistu
dosad nije provedeno. Stoga je cilj ovog rada bio utvrditi kakvoc¢u pcelinjeg voska na medunarodnom trzistu
kvalitativnom i kvantitativnom FTIR spektroskopskom analizom (utvrdivanjem tipa i udjela patvorina) uzoraka
pcelinjeg voska prikupljenih iz 33 zemalje svijeta.

Materijal i metode

Ukupno 300 uzoraka pcelinjeg voska (satnih osnova i blokova voska namijenjenih za njihovu proizvodnju)
prikupljeni su iz 33 zemlje svijeta; iz 17 zemalja ¢lanica Europske unije (Austrija, Belgija, Ceska, Cipar, Francuska,
Hrvatska, Italija, Latvija, Luksemburg, Madarska, Nizozemska, Njemacka, Poljska, Rumunjska, Slovenija, Spanjolska
i Svedska), drugih zemalja s podru¢ja Europe koje nisu EU ¢lanice (Bosna i Hercegovina, Crna Gora, Srbija i
Ujedinjeno kraljevstvo) te drugih zemalja/kontinenata (Australija, Brazil, Etiopija, Juzna Koreja, Kamerun, Kanada,
Kina, Kongo, Novi Zeland, Ruanda, Rusija i Vijetnam) u razdoblju od 2016. do 2019. godine. Uzorci su prikupljani
sukcesivno tijekom navedenog razdoblja s domaceg i medunarodnog trzista (od pcelara i proizvodaca satnih osnova,
s pcelarskih sajmova ili iz specijaliziranih pcelarskih trgovina). Uzorci su ¢uvani na tamnom mjestu pri sobnoj
temperaturi (23+2 °C) do analize.

Za kvalitativno i kvantitativno utvrdivanje patvorina u pcelinjem vosku primijenjena je metoda FTIR spektroskopije.
Spektralna analiza je provedena sukladno metodologiji Sve¢njak i sur. (2019a.). Infracrveni spektri prikupljenih
uzoraka pcelinjeg voska s medunarodnog trzista snimljeni su pomocu infracrvenog spektrometra Cary 660 (Agilent
Technologies) s DTGS (deuterirani triglicin sulfat) detektorom, a za snimanje spektara primijenjena je tehnika
jednorefleksijske prigusene totalne refleksije (engl. attentuated total reflectance — ATR) koriste¢i Golden Gate
(Specac) ATR instrumentalni dodatak s dijamantom kao internim refleksijskim elementom. Apsorpcijski spektri
ispitivanih uzoraka pcelinjeg voska snimljeni su na sobnoj temperaturi (23+2 °C) pri spektralnoj rezoluciji od 4 cm™.
FTIR-ATR spektri analiziranih uzoraka pohranjeni su pomocu softverskog paketa Agilent ResolutionsPro (version
5.3.0, Agilent Technologies), kojim je provedeno i kemometrijsko modeliranje te kvantitativna analiya podataka
s ciljem utvrdivanja to¢nog udjela patvorina u pcelinjem vosku. Analiza i graficki prikaz podataka (distribucije
uzoraka s obzirom na tip utvrdenih patvorina, razinu patvorenja i zemlju podrijetla) provedeni su programom Excel
(Microsoft 365).

Rezultati i rasprava
Distribucija analiziranih uzoraka pcelinjeg voska prema tipu patvorina

Kako je prikazano na Grafikonu 1., rezultati su pokazali kako je ukupno 166 (55,3 %) od ukupno 300 analiziranih
uzoraka pcelinjeg voska bilo patvoreno parafinom (51 %) i stearinom/stearinskom kiselinom (4,3 %). Manje od
polovine analiziranih uzoraka (44,7 %; 134 uzoraka) identificirano je kao autenti¢an nepatvoreni pcelinji vosak,
odnosno vosak koji sadrzi < 3,5 % parafina i < 1,5 % stearina/stearinske kiseline (uvazavajuci utvrdene granice
detekcije za patvorine i prirodne varijacije sastava pcelinjeg voska iz prethodnih istrazivanja - Maia i sur. 2013,
Sveénjak i sur. 2019a.; Sve¢njak i sur. 2020.). Ovi rezultati potvrduju kako je parafin najucestalija patvorina pcelinjeg
voska na medunarodnom trzistu i u skladu su s rezultatima dosadasnjih istrazivanja na nacionalnoj (Serra Bonvehi
i Orantes Bermejo 2012., Maia i sur. 2013., Sve¢njak i sur. 2015., Was i sur. 2016.) i medunarodnoj razini (Tanner
i Lichtenberg-Kraag 2019.) kojima je takoder potvrdena dominacija parafina kao najzastupljenije patvorine te
sporadi¢na pojava stearina/sterinske kiseline. U analiziranim uzorcima nisu utvrdene primjese drugih patvorina
(govedeg loja, karnauba voska i/ili drugih stranih tvari) niti kombinacije mje$avina patvorina (vi$estruko patvorenje).
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W Autentican plelinji
vosak

m Plelingi vosak patvoren
parafinom

w Plelingi vosak patvoren
stearinom/stearinskom
kiselinom

Grafikon 1. Zastupljenost autenticnog i patvorenog pcelinjeg voska na medunarodnom trzistu (n=300; uzorci
prikupljeni iz 33 zemlje svijeta)

Distribucija analiziranih uzoraka pcelinjeg voska prema razini patvorenja

Tablica 1. prikazuje rezultate analize patvorenih uzoraka péelinjeg voska (n=166) kategoriziranih s obzirom na
razinu patvorenja parafinom i stearinom/stearinskom kiselinom. U 153 (92,2 %) od ukupno 166 patvorenih uzoraka
utvrdena je prisutnost razlicitih udjela parafina (udio se kretao od 3,5 do 100 %), dok je stearin/stearinska kiselina
utvrdena u znatno manjem broju uzoraka (n=13). Udio stearina/stearinske kiseline kretao se od 1,5 do 29,2 %.
Rezultati su pokazali kako je ve¢ina patvorenih uzoraka (63,9 %) sadrzavala niZi udio patvorina (5 - 20 %), 17,5 %
uzoraka sadrzavalo je 20 - 40 % parafina ili stearina/stearinske kiseline, dok je 18,6 % uzoraka sadrzavalo vise od
40% parafina. Izuzetno visoka razina patvorenja (> 80 % parafina) utvrdena je u 15 % uzoraka.

Tablica 1. Kategorizacija patvorenih uzoraka pcelinjeg voska (n=166) prema razini patvorenja parafinom i
stearinskom kiselinom

Razina patvorenja Prisutnost parafina (broj Prisu.tno_st steari.na/ stearinske % u.zgraka prema
uzoraka) kiseline (broj uzoraka) razini patvorenja

>80 % 25 - 15

60-80 % 2 - 1,2

40-60 % 4 - 2,4

20-40 % 19 10 17,5

3,5-20 % 103 3 63,9

g/l:)upno patvoreno 92,2 78 100

Distribucija analiziranih uzoraka pcelinjeg voska prema zemlji podrijetla

U Tablici 2. prikazana je distribucija analiziranih uzoraka pcelinjeg voska prema zemlji podrijetla te tipu i udjelu
utvrdenih patvorina. Spektralnom je analizom utvrdeno kako je vec¢ina analiziranih uzoraka satnih osnova (manjim
dijelom i blokova voska namijenjenih za njihovu izradu) podrijetlom iz 17 zemalja ¢lanica EU te zemljama izvan
EU bila patvorena parafinom, dok su stearin/stearinska kiselina utvrdeni u samo 13 uzoraka podrijetlom iz Belgije
i Nizozemske. U vedini tih uzoraka su utvrdene zabrinjavajuce koli¢ine stearina/stearinske kiseline (do 29,2 %)
obzirom da je recentnim istrazivanjima utvrdeno kako i male koli¢ine stearina u satnim osnovama (10 %) mogu
uzrokovati visoke stope mortaliteta pcela u li¢inackoj fazi razvoja (Chec¢ i sur., 2021.; Reybroeck i Van Nevel 2018.).

Od brojnih zemalja Europe uklju¢enih u ovo istrazivanje, patvorine nisu utvrdene samo u uzorcima iz Luksemburga
(n=1), Svedske (n=9) i Ujedinjenog kraljevstva (n=1). Uz navedene europske zemlje, nepatvoreni uzorci autenti¢nog
pcelinjeg voska zapazeni su i na drugim kontinentima, a pritom se posebice se isti¢u uzorci péelinjeg voska prikupljeni
iz Novog Zelanda i Australije (n=25) u kojima nisu utvrdene primjese niti jednog tipa patvorine. Ovaj svijetli primjer
slijede i uzorci iz africkih zemalja (Kamerun, Kongo, Etiopija) te uzorci iz Kanade, Rusije i Vijetnama koji su takoder
identificirani kao autenti¢an péelinji vosak bez primjesa patvorina.
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Najvisi udjeli parafina utvrdeni su u uzorcima podrijetlom iz Bosne i Hercegovine, Crne Gore, Srbije i Kine. Svi
uzorci prikupljeni iz BiH (n=6) i vec¢ina uzoraka iz Srbije (n=11) bili su patvoreni razli¢itim udjelima parafina, a
posebice visokim udjelima parafina (> 90 %). Visoki udjeli parafina detektirani su sporadi¢no i u jednom uzorku
iz Poljske (99,6 %) i Crne Gore (95,3 %) te $est uzoraka iz Hrvatske (86,3 — 90,1 % parafina). Kineske satne osnove
najbolje odrazavaju zabrinjavajucu situaciju u vidu nekontroliranog plasmana satnih osnova upitnog kemijskog
sastava na medunarodno trziste. Naime, rezultati analize satnih osnova prikupljenih s pcelarskog sajma u okviru
Medunarodnog péelarskog kongresa ,, Apimondia“ u Montrealu 2019. godine su pokazali kako je velik broj kineskih
satnih osnova sadrzavao visok udio parafina (> 90 %), a mnoge su osnove bile izradene od 100 % parafina te sadrzavale
i umjetna bojila.

Tablica 2. Distribucija analiziranih uzoraka pcelinjeg voska (satnih osnova i blokova voska) prikupljenih s
medunarodnog trzista (n=300) s obzirom na zemlju podrijetla, tip i udio prisutnih patvorina

Autentican Patvoreni . . .
Zemlja podrijetla pcelinji vosak  pcelinji vosak Udio ;())araﬁna U.dlo ste.a e /
(n)* (n) (%) stearinske kiseline (%)

Australija (n=1) 1 - - -
Austrija (n=3) 1 2 5,1-19,6 -
Belgija (n=14) 6 8 9,5 1,5-27,9
Bosna i Hercegovina (n=6) - 6 77,4 - 93 -
Brazil (n=1) - 1 94,7 -
Cegka (n=1) 1 4,7 -
Cipar (n=12) 6 6 4,1 - 28,2 -
Crna gora (n=1) - 1 95,3 -
Etiopija (n=1) 1 - - -
Francuska (n=8) 5 3 3,7-7,2 -
Hrvatska (n=76) 11 65 3,6 - 90,1 -
Italija (n=20) 17 3 3,6 - 23,7 -
Juzna Koreja (n=4) 3 1 39 -
Kamerun (n=6) 6 - - -
Kanada (n=4) 4 - - -
Kina (n=14) 3 11 5,8~ 100 -
Kongo (n=1) 1 - - -
Latvija (n=4) 3 1 11,6 -
Luksemburg (n=1) 1 - - -
Madarska (n=2) - 2 3,6 - 39,7 -
Nizozemska (n=14) 2 12 3,6 - 6,9 20 - 29,2
Novi Zeland (n=24) 24 - - -
Njemacka (n=3) 1 2 41,2 - 43,1 -
Poljska (n=28) 16 12 3,8-99,6 -
Ruanda (n=1) - 1 7,1 -
Rumunjska (n=1) - 1 11,2 -
Rusija (n=2) 2 - - -
Slovenija (n=22) 7 15 3,5-11,6 -
Srbija (n=12) 1 11 11,5-94,3 -
gpanjolska (n=1) - 1 6,5 -
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Svedska (n=9) 9 - _ _
Ujedinjeno Kraljevstvo (n=1) 1 - - -
Vijetnam (n=2) 2 - - -
Ukupno 134 166 3,5 -100 % 1,5-29,2%

Iz Tablice 2. je razvidno kako je vec¢ina uzoraka pcelinjeg voska patvorenih parafinom, neovisno o podrijetlu,
sadrzavala umjerene koli¢ine parafina (do 20 %). U francuskim i slovenskim uzorcima detektirani su relativno niski
udjeli parafina koji su rijetko prelazili 10%, a sli¢no je zamije¢eno i u uzorcima iz Belgije, Ceske, Latvije, Nizozemske,
Rumunjske i Spanjolske. Takoder, od ukupno 20 uzoraka prikupljenih iz Italije, 17 je nije sadrzavalo patvorine, dok
je u samo jednom uzorku detektirano viSe od 10 % parafina (23,7 %), a preostala dva uzorka sadrzavala manje od 5
% parafina.

Radi malog broja uzoraka (< 3) prikupljenih iz pojedinih zemalja, nije moguce donijeti sud o stanju glede patvorenja
u doti¢nim zemljama, no generalno se moze zakljuciti kako pojavnost patvorenog péelinjeg voska ne poznaje granice
s obzirom da je ista utvrdena u zemljama diljem svijeta, s rijetkim izuzecima.

Zakljucak

Rezultati istrazivanja su pokazali kako je 166 (55,3 %) od ukupno 300 analiziranih uzoraka pcelinjeg voska
prikupljenih iz 33 zemlje svijeta bilo patvoreno parafinom (51 %) ili stearinom/stearinskom Kkiselinom (4,3 %).
Ovi rezultati potvrduju kako je parafin najucestalija patvorina péelinjeg voska na medunarodnom trzistu. Rezultati
analize su takoder pokazali kako je u 153 (92,2 %) od ukupno 166 patvorenih uzoraka utvrdena prisutnost razlicitih
udjela parafina (udio se kretao od 3,5 do 100 %), dok je stearin/stearinska kiselina utvrdena u znatno manjem broju
uzoraka (n=13) podrijetlom iz Belgije i Nizozemske. Udio stearina/stearinske kiseline kretao se od 1,5 do 29,2 %.
Vecina patvorenih uzoraka (63,9 %) sadrzavala je nizi udio patvorina (5 — 20 %). Najvisi udjeli parafina (> 80 %
parafina) utvrdeni su u uzorcima iz Bosne i Hercegovine, Srbije i Kine. Patvorine nisu utvrdene samo u uzorcima
iz Novog Zelanda, Australije, Kanade, Rusije, Vijetnama, africkih zemalja (Kamerun, Kongo, Etiopija) te nekoliko
europskih zemalja (Luksemburg, Svedska i Ujedinjeno Kraljevstvo).

Radi malog broja uzoraka (< 3) prikupljenih iz pojedinih zemalja, nije moguce donijeti sud o stanju glede patvorenja
u doti¢nim zemljama, no moze se zakljuciti kako pojavnost patvorina ne poznaje granice s obzirom da je ista utvrdena
diljem svijeta. Nedostatak zakonske regulative glede kontrole kakvoce voska u pcelarskom sektoru te nekontroliran
uvoz/izvoz satnih osnova svakako doprinosi patvorenju i diseminaciji kontaminiranog pcelinjeg voska diljem svijeta.
Navedeno ukazuje na hitnu potrebu za izradom zakonske regulative koja definira kriterije kakvoce/¢istoce za pcelinji
vosak namijenjen primjeni u pcelarstvu uz obavezno rutinsko ispitivanje kakvoce prije stavljanja na trziste.
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Quality of beeswax on the international market

Abstract

Due to the lack of legislation and mandatory quality control, beeswax is a frequent target of adulteration
and a growing problem worldwide. The aim of this study was to determine the quality of beeswax on
the international market. Beeswax samples (comb foundations and beeswax blocks) were collected
from 33 countries (n=300), and analysed by infrared (FTIR-ATR) spectroscopy. The results have
revealed that 166 (55.3%) samples were adulterated with paraffin (51%) and stearin/stearic acid (4.3%).
The proportion of paraffin in adulterated samples ranged from 3.5 to 100%, and of stearin/stearic acid
from 1.5 to 29.2%. The highest proportions of paraffin (> 90%) were detected in samples from Bosnia
and Herzegovina, Serbia and China, while stearin/stearic acid were detected in samples from Belgium
and Netherlands. The results of this study indicate an urgent need to resolve the problem of beeswax
adulteration on international level.

Keywords: beeswax, quality, adulteration, international market
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SaZetak

Poliheti roda Polydora najceséi su uzrok vidljivih o$tecenja na ljuSturama kamenica §to rezultira
smanjenom trziSnom vrijednosti, a mogu uzrokovati slabiju kondiciju, usporeni rast i povecani
mortalitet. Cilj ovog istrazivanja bio je odrediti indeks kondicije i intenzitet infestacije kamenica,
Ostrea edulis 1 Magellana gigas, polihetom Polydora sp. na podru¢ju Medulinskog zaljeva kao
pokazatelje njihove kvalitete. Uzorkovane su divlja populacija M. gigas te divlja i uzgojna populacija
O. edulis u kolovozu 2023. godine. Najnizi indeks kondicije bio je kod uzgojne populacije O. edulis,
dok su vrijednosti bile slicne kod M. gigas i divlje populacije O. edulis. Najnizi prosje¢ni broj poliheta
po kamenici te nizi broj infestiranih jedinki utvrden je kod M. gigas. Vrlo niska negativna korelacija
izmedu indeksa kondicije i broja poliheta kod sve tri istrazivane skupine pokazuje da utvrdeni stupanj
infestacije ne utjece znacajno na kondiciju jedinki.

Klju¢ne rijeci: europska plosnata kamenica, Crassostrea gigas, pacificka kamenica, kvaliteta kamenica,
kondicija kamenica

Uvod

Europska plosnata kamenica (Ostrea edulis Linneaus, 1758) autohtona je vrsta u Jadranu koja se kroz povijest
uspjesno uzgajala i sakupljala iz divljih populacija (Airoldi i Beck, 2007). Kako bi se zadovoljila potraznja kamenice
na europskom trzistu, 1960-ih godina na podrucje Mediterana u uzgoj je uvedena pacificka kamenica, Magellana
gigas (Thunberg, 1793), ranije poznata pod imenom Crassostrea gigas (Thunberg, 1793). Pacificka kamenica podnosi
veca kolebanja okoli$nih uvijeta i manje je osjetljiva u odnosu na europsku plosnatu kamenicu zbog ¢ega se ubrzo
nakon unosa uspjela prosiriti i formirati stabilne populacije (Ezgeta-Bali¢ i sur., 2019). Unato¢ dugoj tradiciji uzgoja,
zbog rastuce potraznje na trzistu, klimatskih promjena i strogih trzi$nih zahtjeva za kvalitetom proizvodnja kamenica
je sve izazovnija (MacKenzie i sur., 1997).

Kamenice se konzumiraju najcesce sirove, servirane na vlastitoj ljusturi zbog cega kvalitetom moraju zadovoljiti
stroge trzi$ne i zdravstvene zahtjeve (Santeramo i sur., 2017).

Uspjesan plasman i postizanje povoljne cijene na trzistu odreduju vanjski izgled i veli¢ina te koli¢ina i svojstva mesa.
Ostecenja ljusture umanjuju trzisnu vrijednost proizvoda zbog estetskih nepravilnosti koje mogu izazvati gadenje
potros$aca iako kvaliteta mesa ne mora nuzno biti umanjena (Loose i sur., 2013). Vidljiva ostecenja ljustura najcesce
su uzrokovana polihetima roda Polydora. Iako infestirane kamenice nisu rizi¢ne za ljudsko zdravlje, prisutnost
mulja u kanali¢ima izaziva neugodan miris i moze promijeniti okus mesa (Morse, 2015). Osim smanjene trzi$ne
vrijednosti, posljedice infestacije su povecani mortalitet i usporeni rast $to uzrokuje znacajne ekonomske gubitke
(Sato-Okoshi, 2013).

Za ocjenu kvalitete mesa, odnosno mekog tkiva kamenica, klju¢ni su boja i koli¢ina mesa, odnosno mekog tkiva
(Loose i sur., 2013). Postotak koli¢ine mesa unutar ljustura iskazuje se kao indeks kondicije (Mann, 1978). Ovaj
parametar varira ciklicki tijekom godine ovisno o biotickim i abioti¢kim ¢imbenicima kao $to su razdoblje mrijesta,
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zdravstveno stanje, dostupnost hrane, temperatura, salinitet, pH, koncentracija otopljenog kisika, onecis¢enje okolisa
i dr. (Mann 1978; Gavrilovi¢ i sur., 2010). Osim §to predstavlja odraz svih navedenih ¢imbenika, indeks kondicije se
koristi kao pokazatelj trzi$ne kvalitete $koljkasa i rentabilnosti uzgojnog podrudja (Marusi¢ i sur., 2009).

Podruéje Medulinskog zaljeva ima izrazito dugu tradiciju izlova i uzgoja skoljkasa (Hrs-Brenko, 1980). Trenutno se na
podrudju zaljeva nalaze dva uzgajalista Skoljkasa, a cijeli zaljev ¢ini sastavni dio ekoloske mreze Natura 2000. Unato¢
dugoj tradiciji uzgoja i ekoloskoj vaznosti podruéja, podaci o infestaciji polihetima roda Polydora i kondicijskom
stanju kamenica u Medulinskom zaljevu ne postoje. Stoga je cilj ovog rada istraziti spomenute parametre za europsku
plosnatu kamenicu iz uzgojne i divlje populacije te pacificku kamenicu iz divlje populacije na podrué¢ju Medulinskog
zaljeva.

Materijal i metode

Uzorkovanje je provedeno 19. kolovoza 2023. godine na tri postaje u Medulinskom zaljevu (Slika 1). Na svakoj
postaji prikupljeno je 30 kamenica. Na postaji ,,Rt Kasteja“ europske plosnate kamenice prikupljene su na 12 m
dubine, na postaji ,,Porti¢“ pacificke kamenice prikupljene su s podruéja izmjene plime i oseke, a europske plosnate
kamenice iz uzgajalista u Pomeru prikupljene su s 3 m dubine.

Slika 1. Medulinski zaljev oznacenim postajama uzorkovanja

Za odredivanje indeksa kondicije kamenice su oc¢i$¢ene od obrastaja, ocjedene na upijajuéem papiru te potom
vagane digitalnom vagom preciznosti £0.01g. Svaka kamenica je otvorena presjecanjem misi¢a aduktora, meso je
odstranjeno i su$eno na 105°C u trajanju od 24 sata. Indeks kondicije (CI) je ra¢unat po formuli (Margus, 1985):
Cl=masa suhog mesa/masa cijelog $koljkasax100.
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Kako bi se odredio broj poliheta u ljusturi, obje ljusture su odlozene u staklene posude ispunjene 2M otopinom
klorovodicne kiseline, zatvorene poklopcem i ostavljene 48 sati da se otope. Nakon 48 sati otopina klorovodi¢ne
kiseline je procjedena kroz metalno cjedilo kako bi se prebrojali poliheti. Biljezen je broj poliheta za svaku kamenicu
iz obje ljusture zajedno, na temelju Cega je racunat srednji broj parazita za svaku postaju po formuli: srednji broj
parazita=ukupan broj parazita/ukupan broj kamenica. Takoder je izra¢unan postotak infestiranih kamenica za svaku
postaju prema formuli: % infestiranih kamenica=broj infestiranih kamenica/broj pregledanih kamenica.

Rezultati su obradeni racunalnim programom R (2023). Tip distribucije odreden je pregledom histograma i
kori$tenjem Shapiro-Wilk testa. Za odredivanje homogenosti varijanci modela koristen je Fligner-Killeen Test.
Za statisticku analizu indeksa kondicije koristen je Tukey post hoc test, dok je za analizu srednjeg broja parazita
na razli¢itim postajama koristen Dunn post hoc test buduéi da vrijednosti ne prate normalnu distribuciju. Za
odredivanje korelacije izmedu broja poliheta u svakoj kamenici i CI kori$tena je Spearmanova korelacija.

Rezultati i rasprava

Srednja vrijednost CI bila je najniza kod O. edulis iz uzgojne populacije (0.75 £ 0.29), dok su ove vrijednosti bile
sli¢ne kod M. gigas (1.14 £ 0.30) i divlje populacije O. edulis (1.18 + 0.38) (Grafikon 1).
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Grafikon 1. Indeks kondicije (CI) za M. gigas te uzgojnu i divlju populaciju O. edulis

Tukey post hoc testom utvrdeno je da se indeks kondicije O. edulis iz uzgojne populacije statisticki razlikovao od
ostalih kamenica (p<0.05) (Tablica 1).

Tablica 1. Parametri Tukey post hoc testa koriStenog za statisticku analizu indeksa kondicije (CI)

Usporedbe parova diff lwr upr p adj

Divlja O. edulis - M. gigas 0.03243 -0.1675 0.2325 0.9209
Uzgojna O. edulis — M. gigas -0.3937 -0.6013 -0.1861 0.0001
Uzgojna O. edulis - Divlja O. edulis -0.4261 -0.6337 -0.2186 0.00001
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Tako vrsta M. gigas zbog obitavanja u pojasu izmjene plime i oseke dobiva hranu periodi¢no, prosje¢na vrijednost CI
u ovom istrazivanju je sli¢na ili visa u odnosu na vrstu O. edulis koja je konstantno uronjena. Mercado-Silva (2005)
takoder nije utvrdio razlike u CI kod kamenica vrste Crassostrea virginica izmedu konstantno uronjenih populacija
i populacija koje obitavaju u pojasu izmjene morskih mjena. Kao obja$njenje autor navodi niz fizioloskih prilagodbi
na smanjeni period ishrane i razlike u dostupnosti hrane na razli¢itim dubinama. CI se kod $koljkasa mijenja s
obzirom na sezonalnost i promjene u okoli$nim ¢imbenicima, no najnizi je neposredno nakon mrijesta (Gosling,
2003; Gavrilovi¢ i sur., 2010). Uz odgovarajucu koli¢inu hrane, vrsta M. gigas se u sjevernom Jadranu mrijesti ljeti
(Ezgeta-Bali¢ i sur., 2020), a vrsta O. edulis u proljece (Carlucci i sur., 2010). U ovom istraZivanju zabiljeZena je jedna
jedinka vrste O. edulis u sivom sjemenu, dok je u ostatku kamenica iste vrste konzistencija mesa bila vodenasta, a
gonade su izostajale $to je uobicajeno za period nakon mrijesta. Osim navedenog, na CI mogli su utjecati debljina
i oblik ljustura kamenica, koji je znatno varijabilniji u divljim populacijama velike gustoée zbog medusobnog
prerastanja, dok se u uzgoju nastoji odrzati ¢im pravilniji i ujednaceniji. Kod O. edulis iz uzgojne populacije je
pri otvaranju kamenica primjecena izrazita krhkost ljustura. Na jedinkama s izrazito krhkim lju$turama, osim
intenzivnije infestacije polihetima roda Polydora, zabiljeZena je infestacija spuzvama roda Cliona i $koljkasima vrste
Hiatela arctica (Linnaeus, 1767) $to je takoder moglo utjecati na CI. Osim toga, narusena ¢vrstoca i struktura ljusture
povecava podloznost kamenica predaciji i uzrokuje dodatne gubitke u proizvodnji (Handley, 1992).

Srednji broj poliheta po kamenici bio je najveéi kod O. edulis iz divlje populacije (14.5 * 5.16), a najmanji kod vrste
M. gigas (3.00 £ 3.24), dok je vrste O. edulis iz uzgojne populacije iznosio 10.00 * 4.40 (Grafikon 2).
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Grafikon 2. Srednji broj poliheta po kamenici za M. gigas te uzgojnu i divlju populaciju O. edulis

Dunn post hoc testom utvrdene su statisti¢ki znacajne razlike izmedu svih analiziranih skupina (p<0.05) (Tablica 2).
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Tablica 2. Parametri Dunn post hoc testa koristenog za statisticku analizu srednjeg broja poliheta po kamenici

Statisticki znacaj

Usporedbe parova Uocena razlika Kriti¢na razlika

testa (p<0.05)
M. gigas - divlja O. edulis 45.46667 15.43452 Znacajno
M. gigas — uzgojna O. edulis 27.86026 16.01716 Znacajno
divlja O. edulis - uzgojna O. edulis 17.60641 16.01716 Znacajno

Postotak infestiranih jedinki je kod M. gigas iznosio 90%, dok je kod obje skupine O. edulis (uzgojne i divlje
populacije) bio 100%.

Koeficijent Spearmanove korelacije izmedu CI i broja poliheta u svakoj kamenici iznosio je -0.05 kod vrsta C. gigas i
O. edulis iz uzgojne populacije te -0.07 kod O. edulis iz divlje populacije.

Tako ¢imbenici koji utjeCu na stupanj infestacije kamenica polihetima roda Polydora nisu potpuno razja$njeni, smatra
se da ona primarno ovisi o vjerojatnosti susreta poliheta i $koljkasa, odnosno o rezimu strujanja mora, zbog ¢ega su
opcenito pridnene populacije podloznije infestacijama (Bower i sur., 1994). Navedeno podupiru izjave uzgajivaca
da su vedi gubitci zbog parazitizma na pridnenim kulturama. Takoder, kamenice koje su ranije bile infestirane ovim
parazitom imaju ve¢u $ansu za ponovu infestaciju (Cole, 2020). Periodi¢no susenje ljustura kamenica sukladno
ciklusima plime i oseke snizava intenzitet infestacija (Morse, 2015). Posljedi¢no, M. gigas uzorkovana u pojasu
izmjene morskih mjena u ovom istrazivanju imala je najnizi srednji broj parazita po kamenici i nizi postotak
infestiranih jedinki. Kod vrste O. edulis iz uzgojne i divlje populacije koje su obitavale u suspenziji, blize sedimentu,
utvrden je znacajno vedi srednji broj poliheta po kamenici, a infestacija je kod obje skupine uzorka bila stopostotna.
Usto, Lemasson (2019) je opisao preferencijalni parazitizam vrste Polydora ciliata (Johnston, 1838) prema vrsti O.
edulis, dok M. gigas pokazuje vecu otpornost.

Intenzivne infestacije polihetima roda Polydora uzrokuju velike gubitke energije kamenica u procesu zacjeljivanja
ljustura $to rezultira slabijim rastom, poveéanom osjetljivosti na bolesti, lo$ijom kondicijom i kvalitetom mesa te
povecanim mortalitetom (Handley, 1992). S obzirom na razlike u promatranim parametrima, M. gigas iz divlje
populacije pokazala je jednako, odnosno bolje kondicijsko stanje i nizi supanj infestacije polihetima roda Polydora
u odnosu na O. edulis iz divlje i uzgojne populacije. Medutim, stupanj infestacije kod sve tri istrazivane skupine
kamenica nije znacajno utjecao na kondiciju $koljkasa.

Zakljucak

Utvrdene su znacajne razlike u indeksu kondicije, srednjem broju parazita po kamenici i postotku infestiranih
jedinki. Najnizi indeks kondicije bio je kod uzgojne populacije O. edulis, dok su vrijednosti bile slicne kod M. gigas
i divlje populacije O. edulis. Najnizi prosjecni broj poliheta po kamenici te nizi broj infestiranih jedinki utvrden
je kod M. gigas. Vrlo niska negativna korelacija izmedu indeksa kondicije i broja poliheta kod sve tri istrazivane
skupine pokazuje da utvrdeni stupanj infestacije ne utjece znacajno na kondiciju jedinki. Za potpunu analizu ovih
parametara potrebno je provesti istrazivanje koje obuhvaca sve sezone.
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Condition index and infestation of the shell of
the oysters, Ostrea edulis (Linneaus, 1758) and
Magellana gigas (Thunberg, 1793), with the
polychaete Polydora sp. in the Medulin Bay

Abstract

Polychaetes from the genus Polydora are the most common cause of visible damage to oyster shells,
resulting in reduced market value, and can cause poorer condition, slower growth, and increased
mortality. The aim of this research was to determine the condition index and intensity of infestation
of oysters, Ostrea edulis and Magellana gigas, by Polydora sp. in the Medulin Bay area as indicators of
their quality. The wild population of M. gigas and the wild and breeding population of O. edulis were
sampled in August 2023. The lowest condition index was found in the breeding population of O. edulis,
while the values were similar in M. gigas and wild population of O. edulis. The lowest average number
of polychaetes per oyster and the lowest number of infested individuals were found in M. gigas. The
very low negative correlation between the condition index and the number of polychaetes in all three
investigated groups shows that the established degree of infestation does not significantly affect the
condition of the specimens.

Keywords: European flat oyster, Crassostrea gigas, pacific oyster, oyster quality, oyster condition
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Abstract

False indigo (Amorpha fruticosa L.) is one of the nectariferous plants present mostly in the area of
continental Croatia. It grows in semi-natural and natural habitats, mostly along river banks. Though
its invasive growth nature, it is very important plant species for the bees because of its rich nectar
production. The aim of this study was to contribute to the characterization of false indigo honey by
covering melissopalynological, physicochemical, sensory aspect, so as antioxidant capacity (FRAP and
DPPH assay) and total phenolic content. Analysed parameters showed that this unifloral honey type is
valuable product, regardless of the invasiveness of the plant from which it originates.

Keywords: false indigo honey, characterization, sensory profile, pollen spectrum, physicochemical
properties

Introduction

False indigo (A. fruticosa) was first used in Europe as ornamental plant, but due to its fast spreading because of
production of numerous offsprings which have ability to disperse to a large distance it became invasive shrub
(Richardson et al., 2000; Sarateanu et al., 2008). It’s characterised with 1 — 3(6) m high with impair-pinnate leaves,
bright green, with 5 - 12 elliptic — oblong leaflets dotted on the back. Flowering period is from May to July and it
grows in meadows, riverbanks and along the roads. Plant is indifferent to soil reactions and it can survive extreme
climatic conditions (Dumitrascu et al., 2010). Despite its invasive nature and negative impact upon environment
(Sarateanu, 2008) there is a wide range of uses of different plant organs from flower to roots (medicinal, food and
industrial application). This leads that A. fruticosa is quite controversial plant because of its invasive nature and
possibility for exploitation for various purpose (Grabi¢ et al., 2022).

One of the positive sides of false indigo plant is production of nectar which is highly attractive to bees thus enabling
production of honey whose characteristics need to be more described. Honey is a natural sweet substance produced
by honey bees (Apis mellifera L.) from the nectar of plants, secretion of living parts of the plants or excretions of
plant-sucking insects and its price depends on its botanical and geographical origin. Unifloral honeys stand out as
valuable, high-quality honeys with higher price comparing to multifloral honeys. In Europe more than 100 species
produce different unifloral honey types. Some of the most popular unifloral honey types, from the aspect of their
abundance and commercial relevance, are lime, black locust, chestnut, honeydew honey etc. Because honey is often
target of fraud, it is very important to determine its botanical origin, and that is one reason why it is important to
know characteristic properties of unifloral honey types.

Due to the lack of information about unifloral honey from A. fruticosa, the aim of this study was to determine main
pollen, physicochemical and antioxidant properties of this honey type and to contribute to its characterisation.

Material and methods
Samples

Seven samples of A. fruticosa honey was collected in continental Croatia in the beekeeping season 2018. Samples
were provided from local beekeepers and they were placed in the glass bottles, labelled and stored in the dark at room
temperature until analyses.
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Melissopalynological analysis

Melissopalynological analysis was conducted according to DIN 10760:2002-05. After preparation of specimen,
pollen grains were identified and then 500 pollen grains were counted. Analyses were done in duplicate and results
were expressed as the percentage of pollen of the required plant species in relation to the pollen from nectar plants.
Requirement for false indigo honey is more than 45% of A. fruticosa pollen grains (Ministry of Agriculture, Fisheries
and Rural Development, 2009).

Physicochemical analyses

Determination of physicochemical parameters were conducted in accordance to official methods for honey analysis
(International Honey Commission, 2009; AOAC International, 2002) soon after honey collection. Refractometric
method was used for water content determination at DR-A1 refractometer (Atago, Tokyo, Japan) and conductometric
method for electrical conductivity determination with SevenEasy conductometer (Mettler-Toledo GmbH, Ziirich,
Switzerland) in 20% honey solution (dry matter basis) using ultra-pure distilled water at 20°C (results expressed as
milliSiemens per centimeter - mS/sm). Hydroxymethylfurfural (HMF) content was determined by spectrophotometric
method after White using UV1800 spectrophotometer (Shimadzu, Kyoto, Japan) (results expressed as milligrams
per kilogram of honey). Honey diastase activity was determined with Phadebas method where blue water-soluble
fragments were determined using the spectrophotometer at 620 nm. Lovibond Honey Color-Pod (Amesbury, UK)
was used for the determination of color grading and results were expressed as mm in the Pfund scale. The pH and free
acidity, were determined using the titrimetric method with Mettler Toledo pH meter (GmbH, Ziirich, Switzerland).
Carbohydrate content was determined using Shimadzu (Kyoto, Japan) high pressure liquid chromatography (HPLC)
system consisting of an LC-20AD Prominence solvent delivery module, a DGU-20A5R degassing unit, an SIL-10 AF
automatic sample injector, and an RID-10A refractive index detector. The instrumental system was coupled with a
computer equipped with LabSolutions Lite Version 5.52 software.

Phenolic content and antioxidant capacity

Phenolic content was determined using modified Folin-Ciocalteu method by Beretta et al. (2005) (mg gallic acid/kg
honey). Ferric Reducing Antioxidant Power (FRAP) was determined according to Benzie and Strain (1996) method
(1M Fe(II)). Antioxidant capacity by DPPH assay was determined using method described by Brand-Williams et
al. (1995) and Beretta et al. (2005) where IC, was calculated (honey concentration that causes a decrease in the
initial DPPH radical concentration by 50%). All analyses were conducted in duplicates. Average values and standard
deviations were calculated using Microsoft Excel 2021 (Microsoft Corp.) software.

Results and discussion

Melissopalynological analysis of false indigo honey samples showed that A. fruticosa pollen (Figure 1) is present in
the range 43.7 - 59.0%. (Table 1). Requirement for classification of honey as unifloral is > 45% of specific pollen type
(if not specified differently by national legislation (Ministry of Agriculture, Fisheries and Rural Development, 2009).
Ragi¢ et al. (2018.) analysed in their research honey from north-eastern Croatia where A. fruticosa pollen frequency
of occurrence was around 70%. Two samples (A1 and A6) had slightly lower share of A. fruticosa pollen, but due to
characteristic sensory and physicochemical properties they were included in this study. Other pollen types present in
almost all samples were Apiaceae, Brassica sp., Rosaceae, Robinia pseudoacacia L. and Trifolium sp. Which were also
present in A. fruticosa sample in the research of Sabo et al. (2008). In all samples honeydew elements were present
in lower amount.
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Figure 1. Pollen grain of Amorpha fruticosa (800x magnification)

Table 1. Pollen analysis of Amorpha fruticosa honey samples

Pollen type %

Al A2 A3 A4 A5 A6 A7
Amorpha fruticosa L. 43.7 45.8 59.0 46.2 49.8 43.8 54.0
Apiaceae 15.6 6.4 0.8 3.6 7.2 - 5.3
Asteraceae (other) 3.1 - - - - 7.8 -
Bellis sp. 2.5 2.0 0.6 1.8 1.2 - -
Boraginaceae 0.6 - - 0.2 - - -
Brasicaceae (other) - - - - - - 3.7
Brassica sp. 4.2 7.4 4.2 5.8 - 12.8 3.7
Carex sp.* - - - - - - -
Castanea sativa Mill. - - - 5.0 4.2 2.4 -
Cornus sanguinea L. - 10.4 3.0 6.4 - 7.2 -
Euphorbia sp. - - - - - 2.2 2.0
Fagopyrum sp. 12.8 6.2 - 3.6 - - -
Helianthus annuus L. - - 2.4 - - - -
Loranthus europaeus Jacq. 3.3 1.8 - - - - -
Potentilla sp. - 1.8 - - - - -
Roasceae 5.0 7.4 5.2 4.2 4.8 4.2 -
Robinia pseudocacia L. 1.4 1.2 7.8 - 5.4 2.0 2.7
Salix sp. - - - - 7.0 5.8 -
Taraxacum officinale (L.) Weber 3.1 - 1.0 - - - -
Tilia sp. - 0.4 12.2 12.2 - 0.8 -
Trifolium sp. - - 24 3.8 9.4 6.4 22.6
HDE + + + + + + +
Other 4.7 9.2 1.4 7.2 11.0 4.6 6.0

*nectarless pollen type
HDE (+) honeydew elements present

Results of physicochemical parameters are shown in Table 2. All analysed samples had water content below 20%
(criteria prescribed by Ministry of Agriculture, 2015) which ranged from 15.5 — 18.1%. Water content mostly
depends on beekeeping technology and weather conditions in the beekeeping season and it is important quality
parameter. Electrical conductivity of analysed samples ranged from 0.14 - 0.28 mS/cm with average value 0.20 mS/
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cm. These values are comparable with values for rape honey (Bili¢ Rajs et al., 2017) and black locust honey who is
characterised with even lower electrical conductivity values (Ur$ulin-Trstenjak et al., 2017). In the research of Hrg
Matusin (2018) obtained average value for electrical conductivity for this honey type were slightly higher (0.32
mS/cm), while Sve¢njak et al. (2015) and Sabo et al. (2008) obtained similar results (0.22 mS/cm). (Parameters
which indicate proper honey processing (hydroxymethylfurfural - HMF and diastase activity - DN) were in ranges
prescribed by Ministry of Agriculture (2015). Color expressed as mm Pfund ranged from 10 - 30 with average value
19 which classifies false indigo honey in category of white honey types (Figure 2). This honey has from sensory
aspect week odour and pale yellow color with reddish reflection. Average pH and free acidity values were 3.91 and
9 mmol/kg, respectively, which is also similar to the values for black locust honey (Ursulin-Trstenjak et al., 2017),
so as for false indigo honey reported by Sve¢njak et al. (2015) and Sabo et al. (2008). Carbohydrate profile, fructose
and glucose ratio (average value 1.3) showed that false indigo honey does not have high tendency to crystalize. The
phenolic content and antioxidant capacity (FRAP and DPPH assay) are presented in

Table 2. Physicochemical parameters of Amorpha fruticosa honey (n =7)

Parameter Unit of Measurement Average Minimum Maximum SD*
Water content % 17.0 15.5 18.1 0.91
EC* mS/cm 0.20 0.14 0.28 0.06
Diastase activity (DN) / 27.5 20.5 41.0 6.89
HMF mg/kg 3.5 0 6.8 2.52
Color mm Pfund 19 10 30 6.58
pH / 3.91 3.71 4.05 0.12
Free acidity mmol/kg 9 5.75 12.8 2.34
Fructose g/100 g 39.9 39.1 40.9 0.62
Glucose g/100 g 30.7 29.7 33.1 1.26
Sucrose g/100 g 0.7 0.1 2.2 0.96
Maltose g/100 g 2.6 1 2.2 0.96
Melezitose g/100 g 0.6 0.1 1.1 0.44
Raffinose g/100 g 0.2 0.1 0.2 0.05
Xylose g/100 g ND* ND* ND* ND*
F+G g/100 g 70.5 69 72.5 1.34
F/G / 1.3 1.2 1.4 0.06

EC* - electrical conductivity; ND*—not detected; SD*—standard deviation.

Table 3. The phenolic content varied between 115.40 mg gallic acid/kg of honey and 160.46 mg gallic acid/kg of
honey with an average of 131.81 mg gallic acid/kg of honey. FRAP values were between 66.83 uM Fe (IT) and 226.00
uM Fe (II), with an average of 129.93 uM Fe (II), while DPPH-IC_ values were from 22.02 mg/mL to 50.80 mg/
mL with average value 40.11 mg/mL. Obtained results for phenolic content are higher than those for well-known
honey types (sage, black locust and lime honey) reported by Flanjak et al. (2016). Average FRAP values were higher
than those reported by Flanjak et al. (2016) for black locust honey (36.1 uM Fe (II)), but lower in comparison to
other honey types in the same research. DPPH reported as IC, value (honey concentration that causes a decrease
in the initial DPPH radical concentration by 50%) average value is comparable to those for lime honey, but higher
than sage, chestnut and honeydew honey (Flanjak et al., 2016) which was expected as they are known for their high
antioxidant activity.
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Table 3. Phenolic content and antioxidant capacity of Amorpha fruticosa honey (n =7)

Parameter Unit of Measurement Average Minimum Maximum SD *
Phenolic content mg gallic acid/kg honey 131.81 115.40 160.46 15.71
FRAP value uM Fe (II) 129.93 66.83 226.00 50.80
DPPH -1IC_| mg/mL 40.11 22.02 50.80 9.77

DPPH-IC50 honey concentration that causes a decrease in the initial DPPH radical concentration by 50%.
*SD—standard deviation

Figure 2. Color of analysed samples of Amorpha fruticosa honey

Conclusions

This research is contribution to the characterisation of false indigo (A. fruticosa) honey, covering melissopalynological,
physicochemical and antioxidant aspect. This honey is characterised with low electrical conductivity values
comparable with those for black locust and rape honey, low crystallisation tendency, week odour and yellow
color with reddish reflection. Its antioxidant capacity and phenolic content is not negligible, quite the opposite, in
comparison to other well-known honey types some parameters are higher. False indigo honey abundance could be
exploited in a good manner as it could represent cheap source of valuable nutrients. Taking into account A. fruticosa
invasive nature and positive effects (e.g., honey production) there is arising need for smart management of spreading

and growing areas for this plant.
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Abstract

Monitoring of marine fauna with non-destructive methods may provide strategic data for the
ecological management of policy important sites, such as Natura 2000 areas. In this paper, images from
a stationary underwater camera at 5 meters depth in Martinska Bay (Sibenik, Croatia) were analyzed.
Captured during daylight in selected weeks of January, April, July, and October 2019, the dataset
included 91,758 photographs, with 2,911 removed due to camera obstructions. A total of 54 animal
species were identified, 82% of which were fish, with the largest percentage (72.2%) being economically
significant species. Invertebrate species were also recorded. Other faunal iconic items observed were:
Phalacrocorax aristotelis (Linnaeus, 1761) with 11 recorded occurrences, Caretta caretta (Linnaeus,
1758) with 8 recorded occurrences, and Pecten jacobaeus (Linnaeus, 1758) with 2 recorded occurrences.

Keywords: Stationary video cameras, Natura 2000, seasonality, monitoring

Introduction

Natura 2000 is a coherent European ecological network composed of areas of inhabited types of natural habitats and
habitats of wild species of interest to the European Union. It allows for the conservation or, where necessary, the
re-establishment of a favourable natural state of certain types of habitats and habitats of species in their natural area
of distribution. The monitoring of coastal areas is often poor or non-existent (Bakran-Petricioli, 2011), despite the
legal obligation for the Natura 2000 ecological network (OG 127/19). Aguzzi et al. (2020) emphasize the importance
of continuous surveillance of fragile and high-biodiversity ecosystems, such as those in the Natura 2000 network.
Monitoring the biodiversity of residing and migrating fauna on a spatiotemporal scale can be crucial for the
preservation of marine ecosystems, as it can serve as an indicator of ecosystem functioning (Tittensor et al., 2010;
Costello and Chaudhary, 2017). Assessment of marine fauna populations using conventional sampling methods such
as towed fishing gears or set nets can provide useful data, however, it is limited by the selectivity of the tool (Mallet
and Pelletier, 2014). Video monitoring is a viable, cost-effective alternative to improve ecosystem management,
especially in areas where fishing is not allowed (Aguzzi et al., 2020). Information obtained in high frequency with
underwater cameras is highly valuable, as the abundance of marine fauna varies greatly over time (Guidetti et al.,
2003; Azzurro et al., 2010). It has proven useful for monitoring the deep sea (Stefanni et al., 2022) and coastal areas
(Francescangeli et al., 2022).

The aim of this research is to monitor the seasonal presence and frequency of various marine fauna in Martinska bay
near Sibenik (East Adriatic) and to compare the results with previous research in the same area.
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Material and methods

This research was conducted in Martinska Bay near Sibenik, in the Natura 2000 ecological network area (HR3000171)
(Figure 1A, 1B). The area is combined with the mainland and covers a total of 4423.8 hectares. The mouth of the
Krka River is a karst-type estuary with specific oceanographic characteristics: stratification of the water column,
maximum underground temperature, and long periods of saltwater retention in the estuary (Aguzzi et al., 2020).
The estuary is inhabited by a biocenosis of algae growing on the solid bottom of the infralittoral. Its depth limits are
determined by the amount of light, which is often enough in these habitats. It spreads from the sea surface to a depth
of 30 meters. A large number of primary producers is the basis of the lives of many consumers, and the biomass in
these communities can reach very high values (Bakran-Petricioli, 2011).

This area is also protected as a Significant Landscape named “Channel - Port”. A significant part of the Krka River
watercourse is protected as a national park “Krka”, which include the estuarine part of the park covering 13.64% of
the total protected area (Aguzzi et al., 2020).

The photographs were collected using a stationary Hikvision video camera, model DS-2CD2020F-I, which was
software programmed to capture images on every movement. The sampling rate was conducted in 30-minute
intervals. The camera was cable-powered and it was deployed near the Martinska research station (by the Ruder
Boskovi¢ Institute; coordinates: 43°44’9.85”N and 15°52’37.62”E) at a depth of 5 m. (Figure 1).
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Figure 1. The research area in Croatia (A), a close-up of the locality of the video camera in relation to the estuary
(B), a close sight of the underwater video camera placement, embedded and disguised in an artificial reef (C);
and finally, an example of an imaged fish, Diplodus vulgaris (D).

The images were collected in daylight from morning to dusk, seasonally in 4 central months (January, April, July, and
October of 2019).

Prior to the analysis, images that were unusable due to camera obstruction by organisms or blurring were eliminated.
Species determination in each individual photograph was conducted according to Froese and Pauly (2009) and
the precise classification of species relied on the observer’s experience, therefore images were deemed appropriate
for later analyses only when the morphological characteristics of the individuals were clearly visible. Less vagile
benthic fauna members (such as polychaetas and sea urchins) were not recorded due to their high abundance and
the impossibility of precise counting. Fish and other vagile species populations were analysed using the methodology
of Aguzzi et al. (2011; 2012). To avoid errors in the determination of morphologically similar species based on
photographs, in cases where species determination was not possible, the final determination was made at the genus
level. The images where the identification of fish and/or other organisms could not be accurately determined and/or
classified into the appropriate family were excluded from further analysis.
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To avoid the multiple counting of the same individual, organisms that were clearly present in consecutive records
were excluded from the count. When a shoal of fish with more than 100 individuals appeared in the photographs, it
was recorded as 100 individuals, following the methodology of Condal et al. (2012). Commercially important species
were determined according to the Regulation on the Form, Content, and Method of Keeping and Submitting Data on
Catch in Commercial Sea Fishing (NN 38/2018), while other species were classified separately.

Results and discussion

During a four-month period of the year 2019 a total of 94 669 photographs were collected, of which 91 758 (97%)
were usable, and 2911 (3%) were discarded due to water turbidity from primary production, sediment resuspension
or camera malfunction. A total of 54 species of marine fauna were identified, of which 82% were fish. The largest
percentage (72.2%) consisted of economically significant fish species and invertebrates (39 species) (Figure 2). Aguzzi
et al. (2020) monitored the area of Martinska bay during a four-month period from January to April of 2018 and
recorded fewer species of commercial importance (24 species), while the total number of recorded species was 35.
The data confirm the importance of monitoring throughout the year for a more comprehensive sampling of richness
present at the mouth of the Krka River and similarly in all coastal Natura 2000 areas.

The family Sparidae was the most common with 12 recorded species. The most represented economically important
species was the blotched picarel Spicara maena (Linnaeus, 1758) (13168 individuals or 23% of the total number),
followed by Spicara smaris (Linnaeus, 1758) with 11290 individuals (20% of the total number). S. smaris was most
abundant in January (7070 individuals) and April (4565 individuals), while only 3 individuals were recorded in July
and October. S. maena occurrences were elevated during all seasons except in summer when only 40 individuals
were recorded. The most numerous non-economically significant species were Serranus scriba (Linnaeus, 1758) and
Serranus hepatus (Linnaeus, 1758). In Aguzzi et al. (2020) S. hepatus was reported at high count numbers, with 11.5%
of the overall fish count for this species. High occurrences of this member of the Serranidae family may be explained
by its territorial behavioural regimen, therefore, this species tends to have a restricted range of movement, resulting
in frequent appearances of the same individual in front of the camera.

In addition to the ichthyofauna, other species of organisms were also observed: the European shag (Phalacrocorax
aristotelis, Linnaeus, 1761) with 11 recorded occurrences, the loggerhead sea turtle (Caretta caretta, Linnaeus,
1758) with 8 recorded occurrences, and the commercially important Mediterranean scallop (Pecten jacobaeus,
Linnaeus, 1758) with two recorded occurrences. Three commercially significant species of cephalopods were
present, comprising 19 recorded individuals (Eledone sp.; Loligo vulgaris, Lamarck 1798; Sepia officinalis, Linnaeus,
1758). One non-commercial crab species (Maja crispata, Risso 1827) with a total of 14 individuals, and two species
of starfish with a total of 119 recorded individuals (Echinaster sepositus, Retzius 1783 and Marthasterias glacialis,
Linnaeus 1758) were recorded.
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Figure 2. Total number of species in the four monitored seasons of 2019 (species with commercial significance are
marked with an asterisk; protected species are marked with two asterisks).
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The highest number of species was recorded in January, and the lowest in July (Figure 3). The low-
er species count in the summer and autumn period may be connected with antropogenic activities
in this area (Radeljak and Pejnovi¢, 2008). Tourism and boating are more frequent in summer and
autumn than in winter and spring, thus affecting the number of species present in the studied area.

40
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o
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Figure 3. Seasonal species count in 2019 (January, April, July and October)

This paper presents the most comprehensive video-monitoring of the area and contributes to long-term data collection
in Martinska bay. Various authors emphasized the importance of continuous monitoring through the adoption of
new technologies (Rountree et al., 2020; Mirimin et al., 2021; Ruppert et al., 2019; Zaiko et al., 2018). This type of
monitoring leads to a better understanding of the relevant processes in fish communities such as seasonal rhythms of
species activity. The collected data suggest that the research area is an important habitat, a possible migration route
of some species, and possibly a breeding ground for certain species, many of which are commercially important and
some of them protected. The use of underwater cameras for the identification of marine fauna has proven highly
beneficial due to the year-round data availability and the low percentage (1.6%) of undetermined individuals. The
methodology used in this research can be helpful for future monitoring and consequently management plans.

Conclusions

Based on the results of this paper, a seasonal variation in species count can be noticed. The number of species is
highest in winter and spring and decreases in summer and autumn. Several species appear to be territorial and linger
in an area in front of the camerass field of view, while others can be seen in fewer numbers, appearing only once. For
those species with rare occurrences, Marine Protected Areas such as Martinska bay possibly serve as a migratory
route or feeding ground. While our study presents the first seasonal analysis of this type of monitoring for the area
and shows clear variations, confirming precise seasonal patterns requires multiple years of observation. Continued
monitoring is essential for this purpose.
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Abstract

Bluefish, Pomatomus saltatrix (Linnaeus, 1766) is a thermophilic apex piscivore species that is
increasingly common in fishing catches in the northern Adriatic. Since, according to the available
literature, there is no data on the study of classic bluefish morphometry, the aim of this work was to
determine the morphometric characteristics of bluefish in the northern Adriatic, as a basic tool for
measuring variability in ecological functions among different populations. Research was conducted
from April 2022 to April 2023 on 102 individuals of bluefish, 27 morphometric variables were
measured, and ratios of morphometric parameters were calculated. Total body length (TL) of bluefish
ranged from 31 to 84.8 cm (54.88 £ 12.08 cm). Statistical differences between sexes were recorded in
the following ratios of morphometric parameters: second dorsal fin base length and total length (D2/
TL, t = 2.16), anal fin base length and total length (LA/TL, t = 1.99), pre-anal length and total length
(PA/TL, t = 1.99), maximum body width and total length (BW/TL, t = 2.35) and snout height and head
length (SH/CL, W = 941) (P<0.05). The catch of relatively large specimens compared to other studies
probably derives from the unexploited population of bluefish in the eastern Adriatic.

Keywords: thermophilic species, fish morphometry, functional morphology, Mediterranean

Introduction

Bluefish, Pomatomus saltatrix (Linnaeus, 1766) is a pelagic, migratory and thermophilic apex piscivore that inhabits
the Atlantic, Indian, and Pacific Oceans as well as the Mediterranean and Black Sea (Tortonese, 1986; Briggs, 1960).
In the Mediterranean it is more common in the southern and eastern parts, but knowledge about its biology in the
Mediterranean is very scarce (Tortonese, 1986). Some authors reported on the spawning and distribution of bluefish
on the Catalan coast (Sabates and Martin, 1993) and Black sea (Gordina and Klimova, 1996). As for the Adriatic
Sea, from 1887 to 2003 there were several records of its presence (Dulci¢ et al., 2005). Recently, Dul¢i¢ et al. (2005;
2019) reported unusually large catches of bluefish in Tarska Cove (northern Adriatic).

Morphometric analysis of fish presents an important tool for comparison of variability in ecological functions
among different populations (Antonucci et al., 2009). Data regarding morphometric characteristics of bluefish in the
Adriatic were not found in the available literature. In the Mediterranean and Black Sea some morphometric studies
were carried out using the truss network method (Turan et al., 2006; Bal et al., 2021), while there are no references on
classical morphometry. As the bluefish population obviously spread over the whole Adriatic in the last few decades,
the aim of this paper was to investigate its morphometric characteristics, as a basic tool for measuring variability in
ecological functions among different populations.
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Materials and methods

In total, 102 bluefish samples were obtained from local fishermen operating in the area of the north Istria and
Kvarner from April 2022 to April 2023. The sex of the fish was determined macroscopically by examining the shape
and color of the gonads. Twenty seven morphometric variables were measured: TL- total body length, SL- standard
length, FL- fork length, D1- first dorsal fin base length, D2- second dorsal fin base length, LA- anal fin base length,
LP- pectoral fin base length, LV- ventral fin base length, LC- caudal fin length, PD- pre-dorsal length, PA- pre-anal
length, PV- pre-ventral length, PP- pre-pectoral length, H- maximum body height, h- minimum body height, BW-
maximum body width, CL- head length, CH- head height, ML- mouth length, EH- eye height, EW- eye width,
PO- preocular length, SH- snout height, IO- interocular length, OLO- post-ocular length, MH- mouth height and
MW- mouth width (Figure 1). Each morphometric variable was measured using an ichthyometer and a digital hand
caliper with the precision of + 0.1 mm. Ten morphometric parameters CH, ML, EH, EW, PO, SH, 10, OLO, MH,
MW are expressed as a percentage of CL, while others are expressed as a percentage of TL. The coefficient of variation
was calculated to analyze the dispersion of morphometric parameters and their ratios.

LC

EH

PA

SL

FL

TL

Figure 1. Stylised drawing of measured morphometric characteristics of bluefish, Pomatomus saltatrix (Linnaeus,
1766).

To process all data sets; minimum, maximum, average, and standard deviation values were calculated. In order
to evaluate whether the data set is normally distributed, Shapiro - Wilk test (p<0.05) was used. The Student t -
test (P <0.05) and Wilcox test (P<0.05) were used to determine the statistical differences between morphometric
characteristics between genders. All the data were analyzed using Microsoft Excel 2023 and RStudio 2021.09.0+351.

Results and discussion

Values of measured morphometric parameters are shown in Table 1. Shapiro - Wilk test showed that all measurements
of morphometric characteristics did not have a normal distribution (P< 0.05), except the mouth height (MH) and
mouth width (MW) (P>0.05). No statistically significant differences between sexes were found for any morphometric
parameter (P>0.05)

Table 1. Values of morphometric parameters for all individuals and both sexes separately (min = minimum values,
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max = maximum values, mean = average values, SD = standard deviation), Test score = values for comparing the
average of males and females and percentage of the coeflicient of variation (V).

Sex Min Max Mean SD Test score P V%

| e M 325 848 54.98 11.61 21.11

(TC‘;:‘) body length TL F 37 802 54.78 12.69 1290 092  23.16

Total 31 848 54.88 12.08 22.02

_— M 253 665 43.02 9.35 21.72

(Sctzi‘)dard ength SL F 284 631 42.82 10.30 1286 094 2407

Total 232 665 42.92 9.77 22.77

M 292 763 49.52 10.59 21.39

Fork length FL (cm) F 328 723 49.19 11.48 1290 092 2334

Total 273 763 4936 10.98 22.24

_ " M 41 102 6.98 1.51 21.58

First dorsal fin base F 42 105 7.04 1.63 1261 093 2311
length D1 (cm)

Total 41 105 7.01 1.56 22.24

" M 77 195 12.80 2.75 21,51

Second dorsal finbase 79 188 12.58 3.00 1346 063  23.86
length D2 (cm)

Total 72 195 12.69 2.86 22.56

" M 7 18 12.25 2.53 20.66

Anal fin base length F 76 175 11.96 2.72 1375 05 2275

LA (cm)

Total 7 18 12.11 2.62 21.60

M 48 10 723 1.28 17.65

Pectoral fin base F 5 10.4 727 1.46 1243 084  20.03
length LP (cm)

Total 45 104 7.25 1.36 18.75

- M 3 72 5.08 1.01 19.93

Ventral fin base F 33 75 5.10 1.08 1284 095  21.24
length LV (cm)

Total 3 75 5.09 1.04 20.48

- M 72 197 11.82 2.38 20.12

(C;‘l‘)a nlength LC F 78 172 11.87 2.63 1254 089 2221

Total 72 197 11.84 2.49 21.05

N M 104 28 17.24 3.64 21.10

f::l') orsal length PD F 116 253 17.37 411 1242 083  23.64

Total 9.7 28 17.30 3.85 22.27

et M 16 448 27.63 6.06 21.93

f:;’;‘“a ength PA F 179 421 27.82 6.80 1226 087 2445

Total 148 448 27.72 6.40 23.09

eneth M 79 218 13.67 2.80 20,51

fcrr‘:)"e“tr ength PV 93 205 13.80 3.22 1282 096 2333

Total 7.9 218 13.73 3.00 21.83

et M 73 21 13.09 2.76 21.08

Pre-pectoral lengt F 87 196 13.17 3.04 1264 095  23.07

PP (cm)
Total 7.3 21 13.13 2.88 21.96
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. M 67 177 10.75 2.13 19.82
ﬁ?;ﬁ?lﬁn(zﬁ?y F 75 155 10.82 2.04 1225 074  18.89
Total 67  17.7 10.79 2.08 19.28

o M 22 52 3.43 0.61 17.84
ﬁ;’g‘;’:‘ﬁﬁ;‘;d" F 25 46 3.40 0.61 1275 1 18.04
Total 21 52 3.41 0.61 17.85

. . M 29 89 5.19 1.23 23.78
ll;qvifxz?l;l)m bodywidth . . .4 531 1.24 1198 061  23.34
Total 29 89 5.25 1.23 23.48

M 75 194 12.12 2.55 21.07

HeadlengthCL (cm) F 8.1 18 12.14 2.89 1271 098  23.80
Total 7 19.4 12.13 271 22.32

M 64 16 9.86 1.95 19.73

Head height CH(cm) F 68 143 9.92 1.94 1241 0.83  19.59
Total 6.3 16 9.89 1.94 19.57

M 33 92 5.50 1.26 22.93

x;‘;th length ML F 35 89 5.55 1.41 1223 073 2538
Total 3 9.2 5.52 1.33 24.04

M L1 24 1.54 0.24 15.57

Eye height EH (cm) F 11 2 1.53 0.22 1295 0.89 1433
Total 1.1 2.4 1.54 0.23 14.92

M 12 23 1.62 0.24 14.73

Eye width EW (cm) F 12 23 1.62 0.26 1239 081 1633
Total 1.1 23 1.62 0.25 15.45

M 22 63 3.69 0.83 22.50

i‘;’;)" cularlength PO ., 5 3.68 0.91 1288 093 2478
Total 22 63 3.69 0.87 2351

M 34 101 5.50 1.25 22.69

Snout height SH (cm) F 3.7 8.2 5.61 1.25 1178 0.52 22.33
Total 3.1  10.1 5.56 1.25 22.42

M 22 63 3.74 0.84 22.44

:L‘Itlf)mc“lar length1O . 5, 6 3.78 0.95 1258 092  25.01
Total 22 63 3.76 0.89 23.62

M 43 122 7.53 1.71 2272

PO"LSS ‘Zﬁﬁffr length F 46 123 7.52 201 1305 0.84 2673
Total 3.9 123 7.52 0.89 11.82

_ M 36 9 571 1.14 20.05

?:I‘l’:;th height MH F 39 8 5.78 1.15 -0.29 077  19.97
Total 3.5 9 5.74 1.14 19.92

_ M 3 7.8 5.08 1.10 21.54

?:;‘;th width MW F 34 85 5.11 1.10 0.13 0.89  21.58
Total 3 8.5 5.10 1.09 21.43
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The ratios of morphometric parameters are displayed in Table 2. Shapiro — Wilk test showed that ratios of H/TL,
h/TL, CH/CL, ML/CL, SH/CL and I0/CL didn’t have a normal distribution (P<0.05), while others did. T-test and
Wilcox test showed statistically significant differences between sexes for the following ratios: D2/TL (t = 2.16), LA/
TL (t=1.99), PA/TL (t=1.99), BW/TL (t = 2.35) and SH/CL (W = 941) (P<0.05) (Table 2). In the available literature,
we did not find the results of research on the classical morphometry of bluefish, so this paper very likely brings the
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first results on this topic.

Table 2. Values of ratios of morphometric parameters for all individuals and both sexes separately (min = minimum
values, max = maximum values, mean = average values, SD = standard deviation), Test score = values for comparing
the average of males and females (statistically significant differences in averages are marked with *, P<0.05) and

percentage of the coefficient of variation (V).

E::;ﬁ;iz"“’hmemc Sex ~ Min  Max Mean SD :ffrte V%
M 76.49 79.94  78.05 0.95 1.21

SL/TL F 75.79 80.54  77.99 1.22 0.29 0.77 1.57
Total 75.79 80.54  78.02 1.09 1.39

M 87.83 94.17  90.00 1.16 1.29

FL/TL F 87.65 92.25  89.75 1.11 1.08 0.28 1.24
Total 87.65 94.17  89.88 1.14 1.24

M 11.55 14.63  12.69 0.69 5.42

D1/TL F 11.06 14.15  12.87 0.71 -1.35 0.18 5.48
Total 11.06 1463 12.78 0.70 5.47

M 21.42 2578  23.28 0.77 3.31

D2/TL F 20.41 2455  22.93 0.84 2.16* 0.03 3.65
Total 20.41 2578  23.11 0.82 3.54

M 19.39 24.62 2232 1.69 7.55

LA/TL F 19.74 24.64 2191 1.10 1.99* 0.04948 5.02
Total 19.39 2464 22.12 1.05 4.75

M 11.61 14.77  13.27 0.73 5.49

LP/TL F 11.38 1526  13.38 0.75 -0.76 0.45 5.59
Total 11.38 1526  13.32 0.74 5.53

M 7.75 10.77 9.35 0.54 5.75

LV/TL F 8.29 10.39 9.36 0.49 -0.92 0.36 5.24
Total 7.75 10.77 9.32 0.52 5.53

M 19.26 23.59  21.79 1.02 4.70

LC/TL F 18.99 23.64 21.73 0.99 -0.67 0.50 4.57
Total 18.99 23.64 21.66 1.01 4.65

M 28.42 3434  31.69 1.01 3.17

PD/TL F 29.98 33.39  31.68 0.86 -1.54 0.13 2.71
Total 28.42 3434  31.53 0.94 2.99

M 47.54 53.86 50.11 1.40 2.80

PA/TL F 47.27 5296  49.42 1.34  -1.99¥  0.04935 2.72
Total 47.27 53.86  50.36 1.39 2.77
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PV/TL

PP/TL

H/TL

h/TL

BW/TL

CL/TL

CH/CL

ML/CL

EH/CL

EW/CL

PO/CL

SH/CL

I0/CL
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22.05
22.78
22.05
21.56
22.07
21.56
17.29
16.08
16.08
5.60
5.32
5.32
8.03
8.81
8.03
20.40
20.35
20.35
74.58
71.59
71.59
42.37
41.67
41.67
10.14
9.14
9.14
11.49
10.80
10.80
27.38
27.87
27.38
41.53
42.14
41.53
27.70
26.44
26.44

27.56
28.72
28.72
25.85
25.59
25.85
21.69
25.00
25.00
7.30
7.37
7.37
10.98
11.39
11.39
23.69
23.95
23.95
96.25
94.12
96.25
50.00
54.10
54.10
16.25
16.05
16.25
16.05
16.05
16.05
34.00
32.54
34.00
52.06
51.22
52.06
35.16
36.59
36.59

25.17
25.21
25.07
24.06
24.06
23.94
19.84
20.00
19.83
6.43
6.64
6.29
9.50
9.64
9.56
22.27
22.15
22.10
81.77
82.58
82.16
45.24
45.56
45.40
12.96
12.91
12.94
13.56
13.60
13.58
30.42
30.30
30.36
45.42
46.46
45.92
31.87
31.47
31.00

1.21
1.08
1.15
0.89
0.75
0.83
1.07
1.65
1.39
0.41
0.42
0.42
0.66
0.62
0.65
0.66
0.69
0.67
3.69
4.90
4.31
1.56
2.06
1.82
1.36
1.65
1.50
1.21
1.28
1.24
1.39
1.25
1.32
2.44
2.34
2.44
1.83
2.92
2.01

-1.24

-1.38

1138

1174

-2.35%

-0.64

1114

1156

-0.18

0.18

0.44

941*

1179

0.22

0.17

0.36

0.50

0.02

0.52

0.28

0.42

0.86

0.86

0.66

0.02

0.52
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4.81
4.26
4.59
3.72
3.12
3.47
5.39
8.26
6.99
6.43
6.35
6.60
6.97
6.38
6.84
2.98
3.12
3.05
4.51
5.93
5.25
3.44
4.52
4.00
10.52
12.79
11.61
8.89
9.39
9.10
4.55
4.12
4.33
5.38
5.04
5.31
5.75
9.27
6.47
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M 54.69 67.24 61.98 2.76 4.45

OLO/CL F 54.76 69.89 6l.61 3.13 0.62 0.53 5.08
Total 54.69 69.89  61.80 2.93 4.75

M 38.51 53.41 46.24 2.65 5.73

MH/CL F 40.74 54.55  47.66 3.06 -0.90 0.37 6.41
Total 38.51 54.55  47.39 2.85 6.02

M 36.50 4898 41.08 2.78 6.78

MW/CL F 32.70 49.42  42.13 3.06 -0.42 0.67 7.25
Total 32.70 4942  42.00 291 6.92

The total body length (TL) of the bluefish in this study ranged from 31 to 84.8 cm (54.88 + 12.08 cm), which is
similar to the findings of Dul¢i¢ et al. (2019). The average length of bluefish from the eastern Adriatic differs from
the investigated populations in other areas of the Mediterranean. In size composition studies conducted on the
Turkish coast of the Sea of Marmara (Kalayci et al., 2019) and the Black Sea (Ozdemir et al., 2009), the analyzed fish
length ranged from 12.9 to 26.3 cm (17,7 + 0.086 cm ), respectively 9.2 — 23.4 cm (18.04 + 0.223). Bluefish fishing in
Turkish waters dates to 1959 (Turgan, 1959). Studies on the consumption of fish products in Turkey have shown that
bluefish is one of the most preferred types of fish (Saka and Bulut, 2020), and the research conducted by Erdogan et
al. (2011) showed that bluefish is the most preferred seafood for 39.34% of respondents. In 2002, the bluefish fishery
in Turkey reached 25,000 tons, approximately half of the world’s annual catch of this species (Akyol and Ceyhan,
2007), only to drop to 5,804 tons in 2021 (FAO, 2021). The consumers preference for bluefish, which resulted in long-
term fishing pressure, is the reason for the decline in catches and the catch of smaller specimens in Turkish waters.
On the contrary, in the eastern Adriatic large catches of bluefish were reported only recently by Dulcic¢ et al. (2005
and 2019) and in 2021 the bluefish landings in Croatia were only 2 tonnes (FAO, 2021). The unexploited population
of bluefish in the eastern Adriatic could be the reason for the catch of relatively large specimens in this study. In order
to encourage the consumption of bluefish and further develop bluefish fishing in Croatia, it is necessary to educate
the public and encourage fishermen to adapt their fishing tools for catching bluefish.
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Conclusion

The relatively larger size of bluefish (31 to 84.8 cm in total length) compared to other studies probably derives from
the unexploited population of bluefish in the eastern Adriatic. Bluefish from the North Adriatic showed statistically
significant differences between sexes in the following ratios of morphometric parameters: D2/TL, LA/TL, PA/TL,
BW/TL and SH/CL. The results of research into the classical morphometry of bluefish were not found in the available
scientific literature, so this paper very likely brings the first results on that topic.
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Abstract

The development of the fisheries and aquaculture sector has raised many sustainability issues. Effective,
internationally recognised standards help to address various sustainability issues and promote
sustainable and responsible fishing and farming practises. Standards in fisheries and aquaculture are
critical to strengthening the resilience of the sector as a whole. As there are a multitude of private
standards that can cause confusion among stakeholders (governments, fish producers, buyers, etc.),
this paper aims to provide an insight into the main standards in fisheries related to environmental
sustainability.

Keywords: sustainability, environmental standards, fishing industy, responsible fishing, farming

Introduction

Fisheries and aquaculture are an important sector for global economic development and food supply (FAO, 2022a).
However, the rapid development of the sector has triggered many issues related to the economic and social viability,
but also the environmental sustainability of the sector (FAO, 2022b; Garlock et al., 2022; Akbari et al., 2023;
Bertheussen and Vassdal, 2023).

Standards in fisheries and aquaculture are essential for promoting the Blue Economy and the Sustainable Development
Goals (SDGs) (Potts et al., 2016; FAO, 2018). Standards can cover different aspects of sustainability: environmental
protection, food safety and quality, seafood traceability, labour ethics, etc., and can be developed by different public
and private organisations (FAO, 2009; Washington and Ababouch, 2011; FAO, 2011; FAQ, 2022b). Eco-labelling in
the sector has developed significantly since the 1970s and the first ecolabels for tuna (Oosterveer, 2010; Guttierez
et al,, 2016; Potts et al., 2016; Schiller and Bailey, 2021). Ecolabels confirm that a product has been produced in
an environmentally responsible way and theycan also improve a corporate reputation and avoid negative publicity
(Murphy et al., 2021; FAO 2922b; Pierucci et al., 2022). Growing consumer awareness of sustainability issues has led
producers and retailers to adopt the myriad of different public standards (UNEP, 2009; Hojnik et al., 2019; Penca,
2020; UNCTAD, 2020; Giacomarra et al., 2021; Bimbo et al., 2022)

As there are a multitude of private standards that can cause confusion among stakeholders (governments, fish
producers, buyers, etc.), this paper aims to provide an insight into the most important standards in fisheries in the
context of environmental sustainability.

International legal framework in eco-labelling
Following of the international and national law is an essential prerequisite for the award of an ecolabel. All fisheries
should abide by international agreements, such as:

+ the United Nations Convention (UN) on Fishing and Conservation of the Living Resources of the High Seas
(1966)

o the UN Convention on the Law of the Sea (1982),

o Agenda 21 of the Rio Declaration, Section 17.1 (1992),
o the FAO Compliance Agreement (1993),

o the UN Fish Stocks Agreement (1995),
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o+ the FAO Code of Conduct for Responsible Fisheries (1995),

+ Reykjavik Declaration on Responsible Fisheries in the Marine Ecosystem (2001),

o the FAO Guidelines for the Ecolabelling of Fish and Fishery Products From Marine Capture Fisheries (2009),
o the FAO Guidelines for the Ecolabelling of Fish and Fishery Products From Inland Capture Fisheries (2011),
o the FAO International Guidelines on Bycatch Management and Reduction of Discards (2011),

o the FAO Voluntary Guidelines on the Responsible Governance of Tenure of Land, Fisheries and Forests in
the Context of National Food Security (2012).

In 1996, the Committee on Fisheries (COFI) of the Food and Agriculture Organisation (FAO) first discussed the
issue of eco-labelling, when some countries raised questions about the transparency and possible impact of the
Marine Stewardship Council (MSC) certification scheme. In 2001, FAO Fisheries Technical Paper 422 Product
certification and ecolabelling for fisheries sustainability was published. In 2003, it was agreed that FAO should adopt
guidelines for fish and seafood eco-labelling to address the problem of the ineffectiveness of many voluntary private
standards, and in 2005 the guidelines were adopted the Guidelines for the Ecolabelling of Fish and Fishery Products
and the Technical Guidelines on Aquaculture Certification (Washington and Ababouch, 2011; Potts et al., 2016).
The Technical Guidelines on Aquaculture Certification contain minimal requirement including animal health and
welfare; food safety; environmental and socio-economic aspects.

In 2022, the FAO adopted the Framework for Environmental and Social Management (FESM), which replaces the
Environmental and Social Management Guidelines adopted in 2015 and complements the Compliance Reviews
Following Complaints Related to the Organization’s Environmental and Social Standards Guideline. In addition to
the above documents, FAO has also published the following documents on environmental sustainability (FAO, 2023):
Interim guidance: sustaining FAO’s commitment to Environmental and Social Standards during the COVID-19
pandemic (2020), Operational Guidelines for Stakeholder Engagement (2017) and FAO Environmental Impact
Guidelines (1999).

All eco-labelling schemes should also comply with the rules and mechanisms of the World Trade Organization
(WTO).

Private standards in fisheries and aquaculture

Public standards which relate to sustainability, safety and compliance with international treaties, are developed by
national authorities (governments), while private standards are developed by non-governmental actors (Green,
2014) to solve the problems that are not or not satisfactorily solved by public regulatory frameworks (Berliner and
Prakash, 2013). Public and private standards are voluntary but can become mandatory to target specific markets.
The development of private standards is important for international fish trade and is encouraged by food industry
coalitions, integration and complexity of supply chains, consumer demand for ethical products and corporate
policies (Washington and Ababouch, 2011; Potts et al., 2016). Private environmental standards serve as insurance
against bad publicity and boycotts, but can also provide an advantage over competitors (Sainsbury, 2010; Roheim et
al., 2011; Thorlakson et al., 2018). Despite their sometimes questionable effectiveness (Hadjimichael and Hegland,
2016; Ramachandran and Parappurathu, 2020), there are large number of private standards worlwide..

Table 1. contains the list of public and private standards in the sector related to eco-labelling according to FAO (2009)
and Washington and Ababouch (2011).

Table 1. The list of public and private standards (S), codes (C), guidelines (G), labels (L) and certificates (CS) in
fisheries and aquaculture related to environmental issues according to FAO (2009) and FAO (2011)

Issue addressed
Name Type Orli\/elzi';(teiton Food Animal Environment Social/ Food
safety health ethic quality
Alter-Trade Japan (ATI) C L Japan + + ?
Agriculture Biologique S,L Europe + + +
Aquaculture Stewardship Council (ASC) CS,L global + + + + +
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Bio Gro, New Zealand S,L global + + +

Bioland, Germany CS,L Europe + + +

BioSuisse CL Switzerland + + +

COC-certified Thai shrimp, Thailand S, 1 Europe, USA + + + +

Debio, Norway CS,L UK, Europe + + +

Fair-Fish S,L Switzerland + + +

Federation of European Aquaculture C + + + + +
Producers (FEAP) code of conduct Europe

Fishmeal and fish oil Code fo Responsible C,CS + + +
Practice (CORP) global

Friend of the Sea (FOS) G, S global +

Global Aquaculture Alliance (GAA)/Aquaculture  CS,L USA + + +

Certification Council (ACC)

GLOBALG.A.P S, CS Europe + + + +
International Federation of Organic Agriculture S,L UK, Europe + + + + +
Movements (IFOAM)

International ~ Social ~and  Environmental S,C,L + +
Accreditation and Labelling Alliance (ISEAL) global

Irish Quality salmon and trout C L Europe + + +

ISO 22000 S global + + +
ISO 9001/14001 N global + +
KRAY, Sweden CL Europe + + +

Marine Stewardship Council (MSC) CS, L global +

National Association for Sustainable Agriculture, CL + + +

Australia (NASAA) global

Naturland CS, L Europe + + + +
Norge seafood, Norway S,L Europe +

Peche responsible Carrefour C, L global +

Qualite aquaculture de France S,L France, EU + +
Scottish Salmon Producers’ Organisation (SSPO), C L + + + +
Code of Good Practice (COGP) global

Seafood Watch CL USA +

SIGES Salmon Chile CS,L Europe, USA + + + +
Shrimp quality guarantee ABCC, Brasil CS,C,L UK, Europe + + + + +
Shrimp Seal of Quality, Bangladesh S,L global + + + +
Soil Association S,L UK + + + + +
The Responsible Fishing Scheme C,CS UK + +

Different eco-labelling and certification schemes in fisheries have different criteria, assessment procedures, levels of
transparency, developers of standards (non-governmental organisations (NGOs), private companies, industry groups,
etc.), and cover different topics: fishing techniques, bycatch, sustainability of stocks, conservation of ecosystems, etc.
(Washington and Ababouch, 2011). Anyway, public and private eco-labelling and certification schemes must be
clear, powerfull and in line with FAO Guidelines (FAQO, 2011).

Naturland has been a regional standard for organic agriculture since 1982 and a global standard since 1986. The
first private organic label standard in the fisheries and aquaculture sector was Naturland Standard for Organic
Aquaculture, introduced in 1996, and for wild catch in 2006. Naturland was initially used for standardising carp
aquaculture in Germany but has also developed a standard for sustainable capture fisheries that takes into account
environmental aspects (fish stocks and fishing gear), but also social and economic aspects of fishing (Naturland,
2023). The standard for aquaculture includes mussels, shrimp, finfish, and macroalgae. The wild catch standard
includes all freshwater and marine organisms.

In 1997, the Marine Stewardship Council (MSC) is founded as a global non-profit organisation by Unilever and the
World Wildlife Fund (WWE). In 1998, the MSC established a global standard for eco-labelling of all wild caught
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species (MSC, 2023). Founding stakeholders include civil society and the private sector. The MSC blue fish label
encourages fisheries, retailers and restaurants, the supply chain and consumers towards a sustainable seafood market.

The Global Aquaculture Alliance (GAA)/The Global Seafood Alliance (GSA) was founded in 1997 by shrimp farmers
and aquafeed and seafood companies in the USA, but the Standards for Best Aquaculture Practices (GAA BAP) were
not developed until 2004 (GSA, 2023). The GAA is an industry-led trade organisation in the aquaculture sector.
Founding members include civil society, the private sector and producers.

EUREPGAP was founded in 1997 as an initiative of the Euro-Retailer Produce Group (EUREP) in Germany. In 2007,
EUREPGAP was renamed the Global Partnership for Good Agricultural Practice (GLOBALG.A.P.). GLOBALG.A.P.
is a label for smart agriculture and covers a wide range of aquatic organism groups. (GLOBALG.A.P, 2023)

ChinaG.A.P. was established in 2005 and has been certifying farming production in China since 2008, with specific
checkpoints for some taxa (such as eel, tilapia, etc.) (Potts et al., 2016).

In 2008, Friend of the Sea (FOS) was established by the Earth Island Institute, initially for the Tuna Dolphin Safe
Project. The first edition of the standards for both wild catch and aquaculture dates from 2013 and covers all species
of fish, abalone, shellfish and crustaceans (FOS, 2023).

The Aquaculture Stewardship Council (ASC) was established in 2010 by the Dutch Sustainable Trade Initiative
(IDH) and WWF Netherlands (ASC, 2023). The ASC has produced standards for fish farming for various taxa, as
well as standards for shellfish, abalone and shrimp.

The International Federation of Organic Agriculture Movements (IFOAM) is an international organisation for
organic agriculture founded in 1972. The aim of the organisation is to facilitate the transition to organic agriculture
and sustainable production and consumption (IFOAM, 2023). The standardisation of organic production began in
the 1970s, while the standards for aquaculture were developed in 2012.

The EU has its own ecolabel, the EU Ecolabel Flower, for a wide range of consumer products (EU, 2023). The idea
of creating a European ecolabel for fisheries products dates to 1997 and the Communication from the Commission
to the Council and the European Parliament — The future for the market in fisheries products in the European
Union: responsibility, partnership and competitiveness (COM/97/0719 final). In 2005, the Communication from
the Commission to the Council, the European Parliament and the European Economic and Social Committee —
Launching a debate on a Community approach towards eco-labelling schemes for fisheries products (COM(2005)
275 final) highlighted the need for a consistent EU policy on eco-labelling in fisheries to solve the problem of the
development of different eco-labels (Bloom, 2023). In 2016, the European Commission adopted a report on options
for an EU eco-label scheme for fisheries and aquaculture products (COM(2016) 263 final). Nevertheless, private
certification does not provide entry to some markets, e.g. the EU market, if the exporting country does not have a
licence to export to the EU (Potts et al, 2016).

Conclusions

The growing demand for various high-quality seafood products has increased pressure on marine ecosystems, and this
demand will probably increase in the future, posing various sustainability challenges. To address these challenges in
the fisheries and aquaculture sector, effective, internationally recognised standards are essential. Standards can cover
various aspects of sustainability: environmental issues, food safety and quality, seafood traceability, labour ethics,
etc. As consumer awareness of sustainability issues and demand for ethical products increases, so does the number
of different voluntary standards. The wide acceptance of environmental standards has increased their impact at the
global level.,, but a large number of standards can be confusing for stakeholders. Governments, producers, retailers
and consumers are trying to figure out which standard is the most beneficial from their perspective. Despite the
large number of private standards, the confusion they create and their sometimes questionable effectiveness, they are
becoming more common as they can fill the gaps in public standards and help companies improve their reputation
and avoid negative publicity. Although standards are not mandatory, they can also become mandatory to address
specific markets. Different standards and certification schemes in fisheries cover different topics and have different
criteria, assessment procedures and levels of transparency, but whether public or private, eco-labelling schemes
should be clear, powerfull and comply with FAO Guidelines (FAO, 2011). Standards in fisheries are crucial not only
for the conservation of ecosystems and biodiversity, but also for strengthening the resilience of the entire sector.
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Morfometrijska obiljezja sipe, Sepia officinalis
Linnaeus, 1758, u Jadranskom moru
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Sveuciliste u Splitu, Sveucilisni odjel za studije mora, Rudera Boskovica 37, Split, Hrvatska (ssifner@unist.hr)

SaZetak

Cilj rada je opisati morfometrijske znacajke kljuna i sipovine vrste Sepia officinalis u Jadranu. Uzorci
su prikupljeni tijekom 2017. i 2018. godine na podrugju srednjeg Jadrana. Utvrdeno je da pove¢anjem
duzine plasta kod oba spola na donjem i gornjem kljunu najviSe raste duzina krijeste, a najsporije
rostrum. Ustanovljene su statisticki znacajne razlike medu spolovima za morfometrijske odnose Sirine
sipovine i duzine plasta, $irine unutarnjeg konusa i $irine sipovine te $irine vanjskog konusa i Sirine
sipovine. Dobiveni rezultati mogu posluziti za diferencijaciju kljunova i sipine kosti vrsta iz porodice
Sepiidae, a korisni su i za istrazivanja hranidbenih mrezZa, posebice prehrane predatora glavonozaca.

Kljucne rijeci: Sepia officinalis, morfometrija, kljun, sipovina, Jadransko more

Uvod

Obicna sipa, Sepia officinalis Linnaeus, 1758, je vrsta glavonosca koja obitava na podrucju sjeveroisto¢nog Atlantika,
od Baltickog i Sjevernog mora do Juzne Afrike i Mediterana (Roper i sur., 1984). Zivi na pjeskovitom i muljevitom
dnu kontinentalnog Selfa, najces¢e na dubinama od 100 do 200 metara (Guerra, 2006).

To je vrsta velikog gospodarskog znacaja, jedna od najvaznijih medu glavonoscima (Jereb i sur., 2015). Ulovi svih
sipa ¢ine 12 do 16 % ukupnog ulova glavonozaca ili izmedu 300 000 i 500 000 tona godi$nje, a najvise se love na
podrudju Azije, sjevero-zapadnog Indijskog oceana i na podruc¢ju Mediterana (FAO, 2023). Ukupni godi$nji ulovi
sipe u Jadranu 2020. godine iznosili su 2 147 tona, a najvise sipe lovi Italija (1 956 tona). Ulovi Republike Hrvatske
2020. godine su iznosili ukupno 103 tone (STECEF, 2021).

Na podru¢ju Mediterana i isto¢nog Atlantika, sipa se najviSe lovi pridnenom povla¢énom mrezom koéom i
jednostrukim mrezama stajacicama (Lefkaditou i sur., 2007). Na trziste se plasira svjeza ili smrznuta i vrlo je cijenjena,
poglavito u Japanu, Koreji, Italiji i Spanjolskoj. U Jadranu se primarno lovi povla¢nom mrezom koc¢om, kao ciljana
vrsta ili prilov pridnenog ribolova. Lovi se i raznim vrstama ribolovnih alata u malom obalnom ribolovu, primjerice
jednostrukim i trostrukim mrezama stajac¢icama, vr§ama i ostima, ¢esto kombiniranim s upotrebom svjetla.

Na podrudju Jadrana dosadasnja istrazivanja uglavnom su se bavila rasprostranjenoscu, abundancijom i strukturom
populacije ove vrste (vidi Krstulovi¢ Sifner i sur., 2011). Istrazivana je i struktura sipovine S. officinalis (Cade? i sur.,
2017; Ivankovi¢ i sur., 2010; Milovac i sur., 2014), ali prema dostupnoj literaturi do sada nisu detaljno istrazena
morfometrijska obiljezja sipovine i kljuna ove vrste. Stoga je glavni cilj ovog rada bio ispitati i opisati medusobne
morfometrijske odnose kljunova i sipovine kao i odnose mjerenih veli¢ina ove dvije ¢vrste tvorbe i duljine plasta
sipe. Sipovina i kljunovi su pouzdan alat za diferencijaciju glavonoZaca $to je osobito znacajno kod istrazivanja
prehrane njihovih predatora obzirom da se radi o rijetkim tvrdim tvorbama u tijelu glavonozaca te se ¢esto mogu
nadi kao jedini njihov ostatak u probavilima predatora (Clarke, 1987; Neige i Boletzky, 1997). Ovakva istrazivanja,
osim $to su znacajna su za procjenu poloZaja i znacaja vrste u hranidbenim mrezama, predstavljaju i vazan alat
za otkrivanje morfoloskih varijacija medu stokovima te indirektno sluze boljem dugoro¢no odrzivom upravljanju
ribolovnom resursima.
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Materijal i metode

Za biometrijsku analizu sipe kori$teni su uzorci ulovljeni u vodama otoka Visa, Palagruze i Hvara te uz obale Murtera
i Primostena tijekom 2017. i 2018. godine. Ribolovni alati koji su koristeni pri izlovu su migavica, koca, trostruke
jednopodne mrezZe stajacice i poponica (tzv. mrizica).

Gornje i donje Celjusti, tzv. kljunovi, izolirani su iz analiziranih jedinki te su oprani i pohranjeni u oznacene epruvete
s ¢istom vodom do obrade. Prilikom analize svi su kljunovi izvagani s to¢nos¢u od 0,01 g, a veli¢ine na gornjem
i donjem kljunu izmjerene su digitalnom mjerkom s to¢no$éu od 0,01 mm. Izmjereno je ukupno 7 razlic¢itih
morfoloskih znacajki (Slika 1). Odvojeno za Zenke i muzjake napravljena je uspredba rasta pojedinih dijelova kljuna
u odnosu na duzinu plasta jednostavnom linearnom regresijom: y = ax + b, gdje je graf linearne funkcije pravac ¢iji
je nagib jednak a, odsjecak na osi y jednak je b, y predstavlja mjereno morfometrijsko obiljeZje, a x dorzalnu duzinu
plasta. Za svaki opisani odnos naveden je koeficijent determinacije (R?) kao pokazatelj reprezentativnosti dobivenih
regresija.

A B

Slika 1. Mjerene morfometrijske znacajke gornjeg A) i donjeg B) kljuna vrste Sepia officinalis (mm): duzina
kape (HL), duZina krijeste (CL), duzina rostruma (RL), duzina krila (WL), Sirina Celjusti (JW), Sirina lateralne
stijenke na gornjem kljunu (Lwa), duzina bazne linije na donjem kljunu (BL) (prema Mangold i Fioroni, 1966).

Sipovina vrste S. officinalis izolirana je iz jedinki u uzorcima, isprana u vodi, osusena te pohranjena u papirnate
omotnice s pripadaju¢im identifikacijskim oznakama. Sve sipovine su izvagane, a prilikom analize na svakoj je
digitalnom mjerkom s to¢nos¢u od 0,01 mm izmjereno 11 razli¢itih veli¢ina (Slika 2). Napravljena je usporedba
medusobnih omjera pojedinih izmjerenih morfometrijskih znacajki sipovine za muzjake i Zenke, a uz to su izra¢unati
omjeri izmedu duZine i Sirine sipovine (CL i CW) i duzine plasta (DML). Dobivene morfometrijske vrijednosti
ispitane su pomocu t-testa kako bi se utvrdile eventualne razlike izmedu zenki i muzjaka.
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B

Slika 2. Morfometrijske mjere sipovine vrste Sepia officinalis (mm): A) Sirina sipovine (CW), duzina i Sirina
fragmokona (FL, FW), Sirina unutarnjeg i vanjskog konusa (ICW, ECW), duzina unutarnjeg konusa (ICL),
duzina isprugane zone (SZL), duZina lokulusa (LocL), B) duzina sipovine (CL), visina sipovine (CH) i duzina
bodlje (LS) (prema Guerra i sur., 2001).

Rezultati i rasprava

Analizirano je ukupno 45 primjeraka (m/z = 1,14), dorzalne duljine plasta (DML) u rasponu od 83 do 283 mm i
ukupne mase tijela (BW) od 86,6 to 1400 g. Masa analiziranih kljunova sipe kretala se od 0,05 do 0,21 g (0,12 + 0,04
g). U tablici 1 prikazane su izmjerene vrijednosti duzine pojedinih dijelova kljuna.

Tablica 1. Raspon (min-max), srednje vrijednosti sa standardnom devijacijom ( £ SD) i standardna pogreska (SE)
morfometrijskih znacajki donjeg (d) i gornjeg (g) kljuna (mm) sipe (puni nazivi kratica mjera kljunova navedenih u
tablici nalaze se na slici 1).

znacajka raspon (mm) +SD SE
HL d 3,28 -12,65 5,06 +1,93 0,26
g 9,76 — 26,23 13,28 + 3,46 0,52
CL d 7,86 - 26,23 10,42 + 96 0,45
g 13,57 - 36,05 18,17 £ 4,58 0,69
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RL d 2,21 -6,17 3,1+0,78 0,12
g 2,16 - 5,60 3,52+0,76 0,12
WL d 6,94 - 21,19 10,05 + 2,66 0,4
g 4,33 - 12,67 6,05+ 1,5 0,22
JW d 2,19 - 6,05 3,17 £ 0,74 0,11
g 1,41 - 4,04 2,32 +£0,53 0,08
BL d 1,77 - 26,68 13,09 + 3,97 0,6
Lwa g 2,54 - 13,86 7,27 £ 1,76 0,26

Prema dobivenim korelacijama i vrijednostima koeficijenta a, kod oba spola se na donjem kljunu s porastom duzine
plasta najvise povecava duzina krijeste (CL) i duzina bazne linije (BL) dok duzina rostruma (RL) i $irina celjusti (JW)
imaju najsporiji rast (Tablica 2). Najbrzi rast gornjeg kljuna s porastom duzine plasta kod muzjaka i Zenki imaju
duzina krijeste (CL) i duzina kape (HL), a najsporije s pove¢anjem duzine plasta raste duzina rostruma (RL) i $irina
Celjusti (JW).

Tablica 2. Linearna regresijska analiza za morfometrijske odnose mjera kljunova muzjaka i zenki sipe u odnosu na
duzinu plasta (DML) odvojeno za donji (DK) i gornji kljun (GK), prikazano dobivenom formulama s koeficijentima
determinacije (R?) (puni nazivi kratica mjera kljunova navedenih u tablici nalaze se na slici 1).

Zenke muZjaci

CL = 0,057DML+3,7076, R*= 0,7707 CL =0,0774DML+1,9313, R*=0,8200

BL =0,092DML+2,1136, R*= 0,2856 BL = 0,0836DML+3,9787, R* =0,7637
DK WL = 0,0518DML+3,0865, R*= 0,6039 WL = 0,0675DML+2,4146, R*= 0,7778
HL = 0,0349DML+0,7773, R*= 0,6488 HL = 0,0455DML-0,1766, R*= 0,8269

JW = 0,0203DML+0,9847, R*= 0,3079 JW =0,0175DML+1,1349, R*= 0,8080

RL = 0,0093DML+2,0438, R*= 0,0871 RL =0,0167DML+1,11562, R*=0,5895

CL =0,0923DML+7,4181, R*=0,7451 CL =0,1186DML+4,8991, R*= 0,7939

HL = 0,0893DML+2,9347, R*=0,7953 HL = 0,087DML+3,3257, R*= 0,8055

GK Lwa = 0,0426DML+2,5549, R*= 0,5693 Lwa = 0,0417DML+2,4508, R*=0,6601
WL =0,0441DML+1,3124, R*=0,5144 WL = 0,0379DML+1,6024, R?=0,8264

JW =0,0134DML+0,8451, R*= 0,2737 JW = 0,009DML+1,2835, R*= 0,4434

RL =0,0122DML+2,1359, R?=0,1496 RL =0,0148DML+1,8381, R?= 0,5062

Unato¢ velikom broju istrazivanja vrste S. officinalis na podrudju Atlantika i Mediterana (Boletzky, 1983; Relini i sur.,
1999), jako malo je studija koje se obave analizama kljunova (Xavier, 2022). Na temelju istrazivanja odnosa veli¢ina
dijelova kljuna i plasta za ovu vrstu na podrucju sredi$njeg Mediterana (juzno Tirensko more) ispostavilo se da
krijesta gornjih i donjih kljunova raste brze od ostalih parametara (Giordano i sur., 2006), a isto pokazuju i rezultati
ovog rada za ukupni uzorak te odvojeno za muzjake i Zenke.

Analiza morfometrijskih odnosa sipovine ukazuje na znacajne razlike izmedu muzjaka i Zenki za odnos Sirine
sipovine i duzine plasta (CW/DML), odnos $irine unutarnjeg konusa i $irine sipovine ICW/CW) te odnos $irine
vanjskog konusa i §irine sipovine (ECW/CW) (Tablica 3). Za ostale odnose nije utvrdena razlika izmedu spolova, a u
prosjeku su oni ve¢i kod Zenki nego kod muzjaka, osim srednjih vrijednosti odnosa duzine bodlje i duZine sipovine
(LS/CL) te $irine fragmokona i $irine sipovine (FWL/CL) koji su ve¢i kod muzjaka.
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Tablica 3. Morfometrijski odnosi sipovine za muzjake, zenke i ukupni uzorak S. officinalis; raspon % vrijednosti
odnosa (raspon), srednja vrijednost sa standardnom devijacijom ( £ SD), standarna pogreska (SE), varijanca (V),
znacajnost razlike medu spolovima prema t-testu (s), naznacena sa * (puni nazivi kratica mjera sipovine navedenih
u tablici nalaze se na slici 2).

omjer (%) spol N raspon x-+SD SE A% s
Q 24 88,43 - 99,89 95,81 + 2,95 0,67 5,29
CL/DML 38 21 80,37 - 98,75 95,10 +4,59 1,14 5,03
ukupno 45 80,37 - 99,89 95,47 + 3,72 0,63 6,74
Q 24 31,10 - 45,76 38,10 + 2,64 0,54 6,94
CW/DML I3 21 28,89 - 40,27 35,33 £2,43 0,53 6,88 *
ukupno 45 28,89 - 45,76 36,81 +2,88 0,42 7,82
Q 24 90,56 - 96,54 92,46 + 1,33 0,27 2,74
FL/CL 3 21 85,07 - 96,92 92,45 + 2,27 0,51 5,06
ukupno 45 85,07 - 96,92 92,46 + 1,81 0,28 3,96
Q 24 4,00 - 9,29 6,96 + 1,35 0,32 19,42
LS/CL I3 21 5,49 - 9,33 7,68 +1,22 0,31 15,96
ukupno 45 4,00-9,33 7,27 £1,28 0,21 17,67
Q 24 21,71 - 45,18 32,53 +4,39 0,90 5,29
LocL/CL 3 21 23,06 - 44,40 32,19 £5,33 1,16 5,03
ukupno 45 21,71 - 45,18 32,37 + 4,80 0,72 6,74
Q 24 81,85 -91,70 87,84 + 2,18 0,44 2,48
FW/CW I3 21 86,48 - 92,41 88,95 + 1,57 0,34 1,77
ukupno 45 81,85 - 92,41 88,35 + 2,00 0,29 2,27
Q 24 48,08 - 69,52 60,92 + 4,86 0,99 7,98
SZL/CL a 21 52,92 - 71,65 60,82 + 4,98 1,08 8,19
ukupno 45 48,08 - 71,65 60,88 + 4,86 0,72 7,98
Q 24 29,24 - 45,43 39,70 £2,79 0,57 7,03
ICL/CL I 21 31,27 - 47,25 38,58 + 3,06 0,66 7,94
ukupno 45 29,24 - 47,25 38,51 + 3,48 0,51 9,05
Q 24 6,92 - 15,81 10,76 + 1,66 0,34 15,49
ICW/CW a 21 6,31 - 13,25 9,15 +1,62 0,35 17,71 *
ukupno 45 6,31 - 15,81 9,73 £2,06 0,30 21,22
Q 24 24,31 - 36,06 28,73 £ 3,24 0,66 11,29
ECW/CW I3 21 20,19 - 30,60 26,90 +2,07 0,45 7,72 *
ukupno 45 20,19 - 36,06 27,48 + 3,25 0,48 11,85

Sipovina je prepoznata kao koristan alat za odredivanje vrsta porodice Sepiidae (Neige i Boletzky, 1997). Rast
sipovine povezan je s parametrima poput temperature, dostupnosti nutrijenata i dubine na kojoj jedinke obitavaju,
medutim oni ne bi trebali u ve¢oj mjeri utjecati na morfometrijske odnose. Khromov (1998) je dao detaljne opise i
deskriptivna obiljezja sipovine za diferencijaciju vrsta S. officinalis i S. hierreda. Morfometriju sipovine tih istih vrsta
s podrucja senegalskih voda i obala Pirenejskog poluotoka opisali su Guerra i suradnici (2001) te takoder nalaze i
razlike odredenih omjera izmedu muzjaka i zenki.

Zakljucak

Rezultati ovog rada predstavljaju prilog poznavanju morfometrijskih obiljezja sipe u Jadranu te ukazuju na
specifi¢nosti vrste za analizirane odnose kao i na odredene razlike medu spolovima. Analiza morfometrije kljuna
sipe pokazala je da se kod oba spola na donjem kljunu s porastom duzine plasta najvise povecava duzina krijeste i

248 59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia



Session 6 . Fisheries, Wildlife Management and Apiculture

duzina bazne linije dok duZina rostruma i $irina Celjusti imaju najsporiji rast. Najbrzi rast gornjeg kljuna s porastom
duzine plasta kod muzjaka i zenki imaju duzina krijeste i duzina kape, a najsporiji duzina rostruma i $irina celjusti.
Analizom morfometrije sipovine utvrdene su razlike medu spolovima za odnos $irine sipovine i duZine plasta, odnos
$irine unutarnjeg konusa i $irine sipovine te odnos $irine vanjskog konusa i Sirine sipovine.
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Morphometric traits of the common cuttlefish,
Sepia officinalis Linnaeus, 1758, in the Adriatic Sea

Abstract

The aim of the study is to describe the morphometric characteristics of the cuttlebone and beaks of the
species Sepia officinalis in the Adriatic Sea. Samples were collected during 2017 and 2018 in the central
Adriatic. It was found that in lower and upper beaks of both sexes, with an increase of the mantle length
there is the highest increase of crest length, while the lowest increase for rostrum length was found.
There are significant differences between sexes for cuttlebone width and dorsal mantle length, internal
cone width and cuttlebone width, and external cone width and width of cuttlebone rations. The obtained
results can be used for the differentiation of beaks and cuttlebones of species from the Sepiidae family,
and are also useful in studies of food webs, especially feeding of the cephalopod predators.

Keywords: Sepia officinalis, morphometry, beaks, cuttlebone, Adriatic Sea
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Abstract

Bee pollen is a high-quality supplement used in human and bee nutrition. Data about its mineral
composition are important for proper asssessment of its nutritional quality and safety. In this research
we analysed the contents of calcium (Ca) and magnesium (Mg) in the bee pollen collected from the
three locations in the area of Eastern Bosnia: Bijeljina, Lopare and Zvornik. Determination of calcium
and magnesium was done by method of atomic absorption spectrophotometry after acid digestion
(HNO,+HCIO,) of pollen. The lowest contents of both elements were found in the bee pollen from
Zvornik (1350,18 mg kg for Ca, 541,59 mg kg for Mg), while the highest contents were found in the
samples from Bijeljina (1643,91 mg kg™ for Ca, 670,29 mg kg™ for Mg). Determined statistically high
significant differences in the content of both elements between pollen originating from all three tested
apiaries indicated that the location of appiaries had significant impact on the content of calcium and
magnesium in tested pollen samples. Considering that the location of the apiary was mainly determined
by the predominant bee forage, it is necessary for future research to specify in more detail the honey
plant species and their presence at any particular microlocation.

Keywords: bee products, pollen, minerals, bee forage

Introduction

Bee pollen is one of the most valuable apicultural products, directly produced by honey bees (Apis mellifera), which
collect pollen from various flowering plants by their back legs (Altunatmaz et al., 2017). Bees use pollen as teir
primary food, during which pollen is mixed with bees oral secretion and some nectar. Finally, getted bee pollen is
not the same as flower pollen because it contains some nectar, saliva and honey (De-Melo et al., 2015). Therefore,
the content of mineral elements in the bee pollen is lower than their amount in flower pollen (Stanciu et al., 2011).

According to Salzar-Gonzales and Diaz-Moreno (2016), bee pollen contains a variety of nutrients and compounds,
including proteins (10-40%), carbohydrates (13-55%), lipids (1-13%), dietary fiber (14-20%), minerals, vitamins,
and several other bioactive compounds. Mineral content in pollen is usually expressed as ash content (Human
and Nicolson, 2006) or as the content of macro- and microelements (Kosti¢ et al., 2015; Aylin et al., 2021). Pollen
contains macronutrients such as potassium (K), phosphorus (P), calcium (Ca), sodium (Na), magnesium (Mg),
and microelements like iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), and others (Salzar-Gonzales and Diaz-
Moreno, 2016). According to Kosti¢ et al. (2015), three most common elements in bee pollen are potassium (K),
calcium (Ca) and magnesium (Mg). Campos et al. (2008) reported about the mineral content of bee pollen with the
average percentage of four individual macroelements: K 60%, Mg 20%, 10% Na and Ca.

Calcium and magnesium are both alkaline-earth metals essential for the everyday bodily functions of humans and
animals, particularly for the health of bones and teeth (Ciosek et al., 2021). Prolonged deficiency of both elements
in the human body is responsible for osteoporosis (Farag et al., 2023). Furthermore, a huge lack of calcium leads to
kidney and liver disorders, while excessive retention can result in kidney stones (Ali, 2023). Magnesium is present
in over 300 enzymes involved in the metabolism of carbohydrates, proteins, and lipids (Swaminathan, 2003).
Therefore, its deficiency in the human body, apart from osteoporosis, leads to various disorders such as muscle
spasms, cardiovascular diseases, and diabetes (Ciosek et al., 2021). The recommended daily allowances (RDAs) in
the human diet include 1000 mg of calcium and 300-400 mg of magnesium (Farag et al., 2023).
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Bee pollen is a good source of minerals for humans, including calcium and magnesium. Although the content of
individual elements can vary considerably, the order of mineral elements share in pollen is similar. Thus, in 27
bee pollen samples collected in Poland, South Korea and China, the decreasing order of macro- and microelement
amounts was reported as K>Mg>Na>Ca>Fe>Mn>Zn>Cu (Szczesna, 2007). In another study, this line-up was
K>P>Ca>Mg>Na>Fe>Mn>Zn>Cu (Morgano et al., 2012). In the case of 25 bee pollens examined in the research
conducted in Serbia, the following trend was determined: K>Ca>Mg>Fe>Mn>Zn (Kosti¢ et al., 2015). During the
examination of 71 bee pollen samples in Spain, Valverde et al. (2023) observed a similar general trend regarding
minerals: P>K>Ca>Mg>Na. The main reason for minor differences in the amount of mineral elements in pollen
from different geographical areas is the fact that the mineral composition of bee pollen depends on its botanical
origin and environmental conditions, such as geographic and climatic characteristics (Kosti¢ et al., 2015; Liolios et
al., 2019; Aylanc et al., 2021).

Additionally, climatic conditions during the harvesting period have a great influence on the mineral composition of
bee pollen (Taha et al., 2020; Valverde et al., 2023). During the study done in Saudi Arabia, Taha et al. (2020) found
the highest values of essential elements (Na, K, Ca, Mg, P, and Mn) in pollen loads trapped during the spring and
winter seasons.

Bosnia and Herzegovina has suitable environmental conditions for beekeeping and the production of various bee
products (honey, pollen, propolis, etc.). The quantification of macroelements such as Ca and Mg in bee pollen is
valuable for the proper assessment of its quality and health indicators. Therefore, the aim of our study is to determine
the content of calcium (Ca) and magnesium (Mg) in the bee pollen collected at three locations (Bijeljina, Lopare and
Zvornik) in the northeastern part of our country, known as Eastern Bosnia.

Material and methods

This research was conducted in an area situated in the northeastern part of Bosnia and Herzegovina, commonly
called Eastern Bosnia. It is characterized by a moderate continental climate and developed agricultural and industrial
activities. The area dominates the plains with hills and low mountains (Motajica, Javornik). In the plains, especially
in Semberija, the biggest plain in the area, located near the town of Bijeljina, intensive agricultural production is
developed, which includes the application of pesticides and other chemical amendments (artificial fertilizers,
nutritional supplements, etc.). Besides, the sampling area abounds in long-lasting and diverse bee forage during the
whole year (particularly during the spring and early summer), which includes fruit, rapeseed, acacia, linden and
meadow plants pasture.

Samples of pollen were collected at the three apiaries located in the municipalities of Bijeljina, Zvornik, and Lopare
during the summer of 2022 (from July to August). The same type of pollen trap was used in all examined apiaries.
This was an external pollen trap integrated into the subfield. These apiaries were located in the rural parts of the
sampling area, far from industrial facilities, roads, and intensive agricultural production, which is ideal for organic
agricultural production.

The apiary of Bijeljina is located in the village of Popovi (44°45°54.67”N, 19°17°38.51”E), at an altitude of 90 m. This
apiary has a capacity of 150 bee colonies in LR hives. The most abundant forage for the bees during the sampling
period was fruits, Amorpha fruticosa L., and popy flowers. The second examined apiary belongs to the municipality
of Zvornik and is located in the village of Drinjaca (44°16’44.69”N, 19°8°8.88”E), where bee forage of medow plants
predominates. This apiary is located at an altitude of 200 m, and its capacity is 170 production bee colonies in LR
hives. The third apairy of Lopare is in the village of Tobut (44°38'28.26”N, 18°55’5.98”E), at an altitude of 212 m. The
apiary has a capacity of 60 bee colonies in LR hives, and it is characterized by predominant bee forage from various
meadow plants.

Sampling of the pollen was done from three different bechives randomly selected in the apiary at each of the three
sampling locations. The samples were collected using external pollen traps placed at the entrance of LR hives. An
average of 100 g of bee pollen samples were taken from each beehive and kept in plastic containers at -4°C prior to
analysis.

Quantification of calcium (Ca) and magnesium (Mg) in the samples of pollen was done by the method of flame
atomic absorption spectrophotometry (AAnalyst 400, Perkin Elmer USA). Previously, pollen samples were digested
with concentrated nitric acid (HNO,) with the addition of 70% pérchloric acid, HCIO, (Altunatmaz et al., 2017).
Both examined elements were quantified in the air-acetylen flame at wavelengths of 422,67 nm for Ca and 285,21 nm
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for Mg. Standard solutions were prepared using a single-element stock solution for AAS (1000 mg L, Perkin Elmer,
USA) and an appropriate diluent extractant. All analytical procedures were triplicated and made with glassware and
plastic materials prewashed with 10% HNO,. The obtained results were analyzed and graphically presented using the
statistical software package SPSS 22 (IBM 2013).

Results and discussion

The measured contents of calcium and magnesium in the analyzed samples of bee pollen are represented in Table
1. The average contents of calcium and magnesium in the polen for all three examined apiaries were in the range of
1350,18-1643,91 mg kg™ for Ca and 541,59- 670,29 mg kg for Mg. Considering the daily consumption of common
15-20 g doses, tested bee pollens can supply the RDAs of 1000 mg Ca and 300-400 mg Mg (Farag et al., 2023) for
both elements at quite high rates.

Table 1. Measured contents of calcium (Ca) and magnesium (Mg) in bee pollen samples

. Ca (mg kg™) Mg (mg kg™)
Location
mean + SD mean + SD
Bijeljina 1643.91 + 33.26 670.29 + 16.62
Lopare 1530.71 + 21.77 589.51 + 23.95
Zvornik 1350.18 + 11.13 541.59 + 37.31
tocation® Plocation 347.62**, p<0.001 50.95**, p<0.001
HSD 28.06 32.18

location

The lowest contents of both elements were found in the bee pollen from Zvornik (1350,18 mg kg for Ca, 541,59 mg
kg for Mg). On the other hand, the highest contents of calcium and magnesium were found in the pollen samples
from Bijeljina (1643,91 mg kg for Ca, 670,29 mg kg for Mg). These findings are generally in the range of their
contents found in Serbia by Kosti¢ et al. (2015) during the study that included 25 bee polen samples, in which 856-
2032 mg kg for Ca, and 503-964 mg kg™ for Mg were determined. In addition, during the same research, in the area
of Western Serbia, which borders the area of East Bosnia, a similar average calcium content (1447,98 mg kg') was
found, as in our study. However, the determined average content of magnesium (800,2 mg kg) was slightly higher
compared to our results.

Besides, a determined range of values for the content of calcium and magnesium (491,85-1472,1 mg kg for Ca and
271,1-1278,3 mg kg™ for Mg) in bee polen from Turkey (Altunatmaz et al., 2017). During the examination of 71 bee
pollen samples in Spain, Valverde et al. (2023) found 580-2800 mg kg for Ca and 360-1300 mg kg for Mg. All these
findings, together with our results and the reports of other authors (Szczesna, 2007; Morgano et al., 2012; Kosti¢ et
al., 2015), indicate the general trend of a higher amount of calcium compared to magnesium in the bee pollen.

Additionally, we compared the determined contents of Ca and Mg in the analyzed samples using general linear
models, and in the case of observed statistically significant differences, comparisons were made using the LSD
(least statistical difference) test (Table 1). Analyzing the Ca contents in pollen originating from apiaries at different
locations (Table 1), statistically highly significant differences in determined contents are observed (F= 347.62**,
p<0.001). Furthermore, it was found that there was a higher content of calcium in pollen from Bijeljina compared to
Lopare (p<0.001), as well as in pollen samples from Lopare compared to Zvornik (p<0.001).

Regarding Mg cotents in pollen from the studied locations (Table 1), the same situation was observed as for Ca, i.e.,
there were statistically highly significant differences in the content of this element (F=50,95, p<0.001) between the
locations. Besides, there is a higher content of magnesium in pollen from Bijeljina compared to Lopare (p<0.001), as
well as in the samples from Lopare compared to those from Zvornik (p<0.001).

Conclusion

According to our results, bee pollen collected in the area of East Bosnia is a valuable source of calcium and magnesium,
indicating its high nutritional quality due to the presence of these macroelements. Statistical analysis of the obtained
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results revealed statistically highly significant differences in the content of both elements in pollen samples from
different locations (apiaries). It is clear that climatic factors are not the primary reason for the variation in the Ca and
Mg amounts in the examined pollen samples because all three of the investigated apiaries are located in the same
agroecological area and are relatively close to one another. Besides, the technology of pollen collecting and handling
is the same in all examined apiaries.

However, differences in bees forage at the investigated locations were probably the most likely reason for the
determined differences in Ca and Mg amounts in the examined bee pollen samples. Therefore, it is necessary to
continue with this research in terms of specifying the honey plants at each investigated microlocation. Also, it would
be interesting to expand the research to include more apiaries with the same or different types of hives and polen
traps from the same or broader region.
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Abstract

This experimental study was carried out in the southern Adriatic Sea (Mali Ston), to determine the
distribution of settlement of the O. edulis together with other shellfish in the water column at different
depths on collectors made of mussel socks.The results revealed significant differences between the
abundance of settled European flat oysters compared to other settled bivalves. The higher recruitment
rate of O. edulis was mainly observed at depths of 4, 5 and 6 metres, while M. galloprovincialis settled
in the upper layer of the water column.The results point out that these collectors could be a suitable
substrate for the settlement of O.edulis in the southern Adriatic.

Keywords: settlement, collectors, mussel socks, Ostrea edulis, Adriatic Sea

Introduction

While shellfish farming in the Adriatic has a centuries-old tradition, the huge potential of shellfish aquaculture in
Croatia is insufficiently exploited. In retrospect, the classical technique of collecting European flat oyster larvae from
the collector and rearing them in the natural environment until they reach consumption size is still used in these
areas (Basioli, 1968, 1981; Zavodnik and Hrs-Brenko, 1987; Benovi¢, 1997). The European flat oyster O. edulis is
one of the shellfish species with the longest tradition of harvesting and aquaculture (Caceres-Martinez et al., 1993;
Elizieere-Papayanni, 1993; Goulletquer and Heral, 1997; Goulletquer 2004; Colsoul et al., 2021).

Ostrea edulis is a sessile, filter-feeding bivalve mollusc with a distribution ranging from Norway to Morocco in the
Atlantic and Mediterranean Seas and extending to the Black Sea (Perry et al., 2017). In the wild, O. edulis lives from
the intertidal zone to depths of 90 m and on different types of bottoms. Larval development is strongly influenced by
temperature and food (Korringa, 1957; Dekshenieks et al., 1996; Roncarati et al., 2023). Insufficient food quantity or
quality significantly delays development (Dekshenieks, 1996; Robert et al., 2017). Higher temperatures in the water
could lead to faster larval development (Korringa, 1940; Robert et al., 2017). During the pelagic period, the ocean
current brings mature oyster larvae onto the collectors, signalling the start of the rearing process. The collectors are
installed when there is a sufficient concentration of oyster larvae in the water column. Oysters are able to settle on
different types of hard substrates such as rocks, gravel or silty sand with cultch (Shelmerdine and Leslie, 2009), but
have different preferences for certain materials used to obtain abundant recruitment material. The most commonly
used substrates for oyster recruitment include tree branches, empty mussel shells (cultch), ropes, coco ropes, hemp
ropes, ribbons, so-called coupelles: Chinese hats, tubes and tiles - sometimes covered with quicklime (Basioli, 1981;
Colsoul et al., 2020; Roncarati et al., 2023). Sheaves made of wooden branches were used in the southern Adriatic
(Basioli, 1968, 1981; Benovi¢, 1997), and nowadays collectors made of plastic nets are mostly used. Ostrea edulis has
a short pelagic larval period and larval settlement plays an important role in connectivity and successful recovery of
the stock. Wieczorek and Todd (1998) pointed out that larvae are unable to metamorphose unless they are attached
to a suitable substrate. The availability of suitable settlement substrate is considered one of the most important factors
in the recruitment success of European flat oyster populations (Korringa, 1946; Low et al., 2007; Smyth et al., 2018;
Colsoul et al., 2021).

This study was conducted to determine the distribution of O. edulis spat together with other shellfish in the water
column at different depths on collectors made of mussel socks in Bistrina Bay, Croatia.
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Material and methods

This study was conducted in the southern Adriatic Sea, in the Bay of Mali Ston, Bistrina station (Figure 1). The Bay
of Mali Ston is an elongated, sparsely populated, unpolluted area and a traditionally important shellfish farming area
in the south-eastern part of the Adriatic coast. Three net collectors were deployed at a depth of 8 m in October 2022.
Each collector consisted of 50 mussel socks of 6 m length. The pergolar nets are fixed at the ends with a 16 mm thick
reinforcement bar, which was anchored in the park. At the bottom of the collector was an “anchor” made of stones
to keep the collector stable in the sea. After 4 months, in February 2023, the shellfish were easily removed from the
collectors. Samples of 30 mussel socks were taken from each collector, taking into account depth (1, 2, 3, 4, 5, 6 m).
The collected bivalves were identified during the fieldwork, for certain smaller individuals the identification was
done later in the laboratory according to Tebble (1966), Nordsieck (1969), Parenzan (1974, 1976).

Descriptive indicators (mean, standard deviation, median, minimum, maximum, lower quartile and upper quartile)
were calculated for all bivalves. Due to the non-parametric nature of the data, Kruskal-Wallis ANOVA test was used
to examine statistical differences between the abundance of bivalves settled. Furthermore, pairwise comparisons
were performed and the significance of the differences between all pairs were examined, with special emphasise
on O. edulis. All calculations were performed using the statistical data analysis software Statistica 14.0.1. (TIBCO
Statistica’, 2023). In addition, for each depth (1, 2, 3, 4, 5, 6 m), the proportion of European flat oysters was compared
with the proportion of all other bivalves, and the significance of the differences in proportion was examined. Type I
error was set at 5 % for all calculations.

E 17’45'1

Figure 1. Geographic location of Mali Ston Bay and the Bistrina Station (map from: Dupli¢ Radic, 2014).

Results and disscusion

A total of 169 individuals were sampled, of which 6 species were presented: Aequipecten opercularis (AEQ), Flexopecten
glaber (FLE), Hiatella arctica (HIA), Limaria hians (LIM), Musculus subpictus (MUS), Mytilus galloprovincialis
(MYT), Ostrea edulis (OST) and Parvicardium sp. (PAR). The most abundant species was Ostrea edulis (60 %),
followed by Mytilus galloprovincialis (24 %) and Flexopecten glaber (8 %). The descriptive indicators for sampling
bivalves are shown in Table 1. As this study is preliminary, the descriptive indicators are given.

Significant differences between O. edulis and other setled shellfish: A. opercularis, H. arctica, L. hians, M. subpictus
and Parvicardium sp. were identified (Table 2).

The exact timing for settling the collectors is crucial for the successful recruitment of oyster spat. If the collectors
are set too early in the season, they may be heavily fouled before the start of the settlement season. Conversely,
if collectors are set too late in the year, oyster recruitment may be missed (Manning, 1952; Morales-Alamo and
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Mann, 1990). The peak of spawning colonisation depends on the ecological conditions of the site. In this study, the
collectors were planted in October, when the peak of mussel settlement is expected.

Temperature is probably the most important controlling factor for recruitment (Sparck, 1951; Korringa, 1940, 1946).
Under laboratory conditions, Hrs-Brenko (1989) observed O.edulis in the phase of settlement and found increased
recruitment at temperatures of 20 to 22°C. The same authors observed in nature a large number of mature larvae in
situ on the substrate at a temperature of 20°C, which is similar to the results observed in this experiment.

Numerous studies have already been conducted on settlement cues and the search of pelagic marine invertebrate
larvae for suitable substrates (Lok and Acarli, 2006; Rodriges et al., 2021). Larval settlement is generally a critical
bottleneck in the life cycle of marine invertebrates. Although the preferred settlement substrate for European flat
oyster larvae is the hard substrate (Ulanowicz et al., 1980; Smyth et al., 2018), mussel socks collectors, which were
used in this study, could be a suitable substrate for European flat oyster settlement in the southern Adriatic. Recently,
these type of collectors, which are made of mussel socks, have been used in the Bay of Mali Ston (Brato$ Cetini¢ and
Bolotin 2016) and in the Bay of Kotor in Montenegro (Pera$ et al., 2018).

Table 1. Descriptive indicators of bivalves abundance without considering depth of recruitment.

Species Mean+SD Median Min. Max. qu:l(;‘;‘Vtei:fe q[izf teﬂre
AEQ 0.67+1.03 0.00 0.00 2.00 0.00 2.00
FLE 2.33+1.63 2.00 1.00 5.00 1.00 3.00
HIA 0.17+0.41 0.00 0.00 1.00 0.00 0.00
LIM 0.17+0.41 0.00 0.00 1.00 0.00 0.00
MUS 0.83+1.33 0.00 0.00 3.00 0.00 2.00
MYT 6.67£2.16 6.50 4.00 10.00 5.00 8.00
OST 17.20+9.45 18.50 6.00 27.00 7.00 26.00
PAR 0.17+0.41 0.00 0.00 1.00 0.00 0.00

Aequipecten opercularis (AEQ), Flexopecten glaber (FLE), Hiatella arctica (HIA), Limaria hians (LIM), Musculus subpictus
(MUS), Mytilus galloprovincialis (MYT), Ostrea edulis (OST), Parvicardium sp. (PAR).

Table 2. Multiple Comparisons of p values between all bivalves.

Depend.: OST MYT FLE AEQ PAR LIM MUS
MYT 1.00

FLE 1.00 1.00

AEQ 0.03* 0.19 1.00

PAR 0.01* 0.04* 1.00 1.00

LIM 0.01* 0.04* 1.00 1.00 1.00

MUS 0.04* 0.23 1.00 1.00 1.00 1.00

HIA 0.01* 0.04* 1.00 1.00 1.00 1.00 1.00

Aequipecten opercularis (AEQ), Flexopecten glaber (FLE), Hiatella arctica (HIA), Limaria hians (LIM), Musculus
subpictus (MUS), Mytilus galloprovincialis (MYT), Ostrea edulis (OST), Parvicardium sp. (PAR); (*) statistically significant
differences (p < 0.05).

The significance of the differences between the proportions of European flat oysters and other bivalves at different
depths (1, 2, 3, 4, 5, 6 m) was investigated. The higher recruitment rate of O. edulis was mainly observed at depths
of 4, 5 and 6 meters, while the Mediterranean mussel species (M. galloprovincialis) settled in the upper layer of the
water column (Table 3). In this comparison, the 3 bivalves species (L. hians, H. arctica and Parvicardium sp.) were
excluded due to their low abundance. These results are in agreement with those of other authors, as the behaviour
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of Mediterranean mussel larvae is also influenced by gravity and light, namely positively phototactic (Bayne 1964).
European flat oyster larvae are negatively phototactic, which is well documented by other authors (Cole and Knight-
Jones, 1939; Cole, 1956; Walne, 1974; UMBSM, 2007) and was also demonstrated in this study.

Table 3. Significance of differences in proportions at a given depth between European flat oysters and other bivalves.

Depth (m) OST-MYT OST-FLE OST-AEQ OST-MUS
1 0.01% 0.77 0.62 0.58
2 <0.01 <0.01 0.59 0.55
3 0.56 0.26 0.43 0.38
4 0.27 0.55 0.05* 0.10
S5 0.19 0.02* 0.25 0.50
6 0.19 0.03* 0.20 0.23

O_strea edulis (OST), Mytilus galloprovincialis (MYT), Flexopecten glaber (FLE), Aequipecten opercularis (AEQ) Musculus
subpictus (MUS); (*) statistically significant differences (p < 0.05).

Conclusion

The number of oyster larvae ready to settle and the availability of suitable substrates are among the most important
factors determining recruitment success in oyster populations.

Considering that Bistrina Bay is a natural bed (“conservation” site) for the European flat oyster (Ostrea edulis), the
following connection could be established. This pilot study has shown that collectors made of mussel socks are a
suitable material for settelment of bivalves, especially oysters. In this study, collectors made of mussel socks, in the
southern Adriatic Sea called ‘curtains’ were used for the first time and a new net was used. However, the settlement of
Ostrea edulis could also take place on reused mussel socks, which could also serve as a suitable collector. Considering
the reuse of the net, the final cost of oyster production could be reduced. Furthermore, the settlement of other
bivalves on this type of collector shows that they do not compete with the oysters, as other bivalves settle in smaller
quantities or in other depths of the water column. Further studies on settlement dynamics using the collectors of
mussel socks could extend the duration of settlement. It would certainly be desirable to test other types of collectors
to find the most suitable material for settling European flat oyster spat.
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SaZetak

Cilj ovoga rada je utvrditi rasprostranjenost, vrijednosti duzinsko-masenog odnosa i faktora kondicije
glavocica okrugljaka u donjem toku rijeke Kupe.

Uzorci su prikupljani na trilokaliteta metodom ribolova udicom tijekom srpnja i kolovoza 2021. godine.
Ukupno je analizirano 115 jedinki u rasponu ukupne duzine tijela od 48,26 do 139,81 mm. Utvrden
je pozitivan alometrijski rast populacije s najve¢im faktorom regresije b=3,27 na lokalitetu Lasinja,
prosje¢nog faktor kondicije K=1,12. Na uzorcima s lokaliteta Novo selo Lasinjsko utvrdena je infestacija
obli¢ima iz roda Eustrongylides. Istrazivani lokaliteti trenutno su najzapadnija rasprostranjenost i
podrugéje pojavljivanja ove vrste u Hrvatskoj.

Klju¢ne rijeci: alometrijski rast, faktor kondicije, parazitizam, strana invazivna vrsta, rijeka Kupa,
CPUE

Uvod

Glavoci¢ okrugljak je bentoska, euritopna, ponto-kaspijska vrsta, a u Hrvatskoj nastanjuje vodotoke dunavskog
sliva (Caleta i sur., 2019). Prvi puta je utvrden u rijeci Dunav (Mustafi¢ i sur., 2005) te u rijeci Savi na lokalitetima
Racinovci, Zupanja, Babina greda (Piria i sur., 2011), Slavonski Brod, Gornja Varos i Jasenovac (Jakovli¢ i sur., 2015).
Brojna populacija je utvrdena 2011. godine na 12rkm rijeke Drave i kod Aljmasa u rijeci Dunav (Sanda i sur., 2013).
Prema FISK (Fish Invasiveness Scoring Kit) metodi s 28 bodova ocijenjen je kao vrsta visokog rizika invazivnosti
u Hrvatskoj (Piria i sur., 2016). Ova vrsta posjeduje viSe invazivnih osobina: visoku toleranciju na salinitet vode
te nastanjuje morska, bocata i slatkovodna stanista (Skora i sur., 1993; Cross i Rawding, 2009), toleranciju na
temperaturu od 1 do 30°C (Moskal’kova, 1996) te mozZe nastanjivati stanista s niskom koncentracijom otopljenog
kisika (Charlebois i sur., 1997).Vrsta se smatra otpornom na zagadenja (Pinchuk i sur., 2003), konzumira $iroki
raspon hrane, iskazuje agresivno teritorijalno ponasanje i brine o gnijezdu s oplodenom ikrom (BaldZova i Kovac,
2007).

U nedavnim istrazivanjima na podrucju Baltickog mora glavoci¢ okrugljak je utvrden kao jedna od vrsta s najve¢im
utjecajem medu 18 taksona invazivnih stranih vrsta (Ojaveer i Kott, 2015). Glavoci¢ okrugljak je predator ikre
zavic¢ajnih vrsta i komercijalno vrijednih ribljih vrsta te cesto ima bolje kompeticijske sposobnosti zauzimanja
stani$ta mrijesta, zaklona i hrane od zavi¢ajnih vrsta (Lauer i sur., 2004; Sapota 2004; Balshine i sur., 2005; Karlson
i sur., 2007; Lederer i sur., 2008).

Osim negativnog utjecaja ove vrste nakon koloniziranja novih stanista, glavoci¢ okrugljak u novim stani$tima
moze utjecati na vecu brojnost zavicajnih ribojednih vrsta riba (Oesterwind i sur., 2017) i ptica koje se njima hrane
(Behrens i sur., 2019).
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Analize ukazuju na potencijalno pozitivne utjecaje prisutnosti ove vrste na zlatnog vijuna (Sabanejewia balcanica)
i negativne na obi¢nog klena (Squalius cephalus) i velikog vretenca (Zingel zingel) u Hrvatskoj (Piria i sur., 2016).
Zbog mogucih negativnih, ali i pozitivnih utjecaja na zavi¢ajnu ihtiofaunu vazno je utvrditi i pratiti rasprostranjenost
i stanje glavocic¢a okrugljaka u hrvatskim vodotocima. Cilj ovoga rada je utvrditi Sirenje, duzinsko-maseni odnos i
faktor kondicije glavocic¢a okrugljaka u donjem toku rijeke Kupe. Prijasnji radovi s podacima o prisutnosti, vrijednosti
duzinsko-masenog odnosa i faktora kondicije za ovu vrstu u rijeci Kupi nisu poznati.

Podrucje istrazivanja

Rijeka Kupa pripada dunavskom slivu, izvire u Gorskom Kotaru te joj je us¢e kod grada Siska u rijeku Savu. DuzZine
toka od 296 km Kupa je najdulja rijeka koja cijelim svojim tokom prolazi kroz teritorij Republike Hrvatske. U gornjem
toku rijeka Kupa je tipi¢na krska rijeka kanjonskog tipa. Prema morfologiji, hidroloskim karakteristikama i sastavu
riblje zajednice njezin donji tok pocinje na isto¢nim rubovima grada Karlovca. Istrazivano podrudje ukljucuje tri
lokaliteta (Slika 1.) prema kordinatnom sustavu UTM (WGS84):

1. Novo Selo Lasinjsko (45°32’03”N, 15°49’16”E)

2. Lasinja (45°32’49”N, 15°51°42”E)

3. Desno Sredicko (45°31°47”N, 15°54’11”E).

Slika 1. Kartografski prikaz lokaliteta uzorkovanja i najzapadnije rasprostranjenosti glavocica okrugljaka u rijeci
Kupi

Udaljenost od prvog do treceg lokaliteta uzorkovanja iznosi priblizno 9600 m vodotoka. Svi lokaliteti nalaze se
unutar podrucja Natura 2000 HR2000642 te su prema Nacionalnoj klasifikaciji stanista (NKS) stanisni tip A.2.3.2.2.
srednji i donji tokovi sporih vodotoka.

Na prvom lokalitetu uzorkovanja supstrat je mulj s gustom submerznom vegetacijom i priblizne dubine 6 m. Drugi
lokalitet je takoder muljevitog supstrata, ali s mjestimi¢nom rjedom submerznom vegetacijom i priblizne dubine 4,5
m. Tre¢i lokalitet uzorkovanja je sljunkovitog supstrata s gustom submerznom vegetacijom, priblizne dubine od 3 m.

Od devet endemskih vrsta riba dunavskog sliva ovo podruéje rijeke Kupe nastanjuje njih sedam (Caleta i sur., 2019).
U neposrednoj blizini lokaliteta uzorkovanja utvrdene su tri invazivne vrste riba koje izazivaju zabrinutost u EU te
jedna ponto-kaspijska vrsta rijecni glavoci¢ (Neogobius fluviatilis) (Petravié i sur., 2020).

Materijali i metode

Uzorci su prikupljani sveukupno 12 puta tijekom 11 razli¢itih dana u mjesecu srpnju i kolovozu 2021. godine, odnosno
na prvome lokalitetu tri puta, na drugome detiri te pet puta na tre¢em lokalitetu. Jedinke su lovljene ribolovnim
$tapom i metodom kavezne hranilice (feeder metoda). Kao prihrana i mamci su koristene larve Musca domestica.

59th Croatian & 19th International Symposium on Agriculture I 11 - 16 February 2024, Dubrovnik, Croatia 263



Session 6 . Fisheries, Wildlife Management and Apiculture

Koristene su veli¢ine udica 16 i 18. Sve ulovljene jedinke su determinirane prema klju¢u (Kottelat i Freyhof, 2007).
Nakon determinacije sve jedinke glavoci¢a okrugljaka su zamrznute istoga dana, a ostale vrste u najkracem vremenu
su vracene u vodu na lokalitetu gdje su ulovljene. Prije mjerenja standardne (SL) i ukupne duZine (TL) te mase (W)
tijela sve jedinke su odmrznute. Za izmjeru duzina tijela koristena je pomi¢na mjerka preciznosti 0,0lmm marke
Westward, a za masu digitalna vaga marke FA-6405 preciznosti 0,01 g.

Duzinsko-maseni odnos izra¢unat je jednadzbom W=a L* (Ricker, 1975.), a faktor kondicije K=100W/ L* (Ricker,
1975). Koordinate lokaliteta utvrdene su GPS Garmin uredajem te je napravljena analiza karte rasprostranjenosti
pomocu programa QGIS, koristene su podloge OSM Standard, Vodena tijela Karta stanista 2016 i Podrucja prema
Direktivi o stani$tima. Vrijednost ulova po jedinici napora (CPUE) izracunata je brojem svih jedinki ulovljenih
jedinki u vremenu u minutama (Treer i Piria, 2019). Za izra¢un udaljenosti $irenja vrste Hrvatskom koriten je
“Daljinar rijeke Save i njenih plovnih pritoka” (Medunarodna komisija za sliv rijeke Save, 2005).

Nakon odmrzavanja u PVC vredici uoceni su paraziti crvenkaste boje, duguljastog tijela.

Vizualnim pregledom nakon odmrzavanja i mjerenja jedinki, potvrdena je prisutnost parazita, crvenkaste boje
i tankog duguljastog tijela u visceralnim $upljinama ulovljenih jedinki. Za determinaciju parazita koriStena je
binokularna lupa Zeiss Stemi 305, a determinirani su prema karakteristi¢cnim dvanaest kruznih cefali¢nih papila
u dva reda. U vanjskom redu vrhovi papila su poput kvrzica, a u vanjskom redu vrhovi papila su nalik na bodlje
(Pekmezci i Bolukba, 2021).

Rezultati

U donjem toku rijeke Kupe na lokalitetima Lasinja, Novo Selo Lasinjsko i Desno Sredi¢ko utvrdena je prisutnost i
brojna populacija glavoci¢a okrugljaka.

Ukupno je analizirano 115 jedinki glavodi¢a okrugljaka iz donjeg toka rijeke Kupe. Raspon mase ulovljenih jedinki
jeod 1,39 do 31,56 g, prosjecne mase 10,51 g. Najmanja, najveca i prosjecna vrijednost ukupne duzina tijela uzoraka
su 48,26 mm, 139,81 mm i 92,48 mm.

Iz jednadzbe duzinsko-masenog odnosa o¢itana je vrijednost faktora regresije b koja iznosi 3,17 i pokazuje pozitivni
alometrijski rast. Dobivena vrijednost koeficijenta determinacije r* =0,9513 ukazuje da 95,13% varijacije mase potice
od varijacije ukupne duzine tijela.

Na cjelokupnom uzorku najmanji faktor kondicije K od 0,81 utvrden je na lokalitetu Lasinja, dok najve¢i iznosi 1,45
na lokalitetu Novo Selo Lasinjsko. Prosjec¢an faktor kondicije cjelokupnog uzorka iznosi K=1,12 (Tablica 1.).

Tablica 1. Raspon i prosje¢na masa, standardna i ukupna duzine tijela, duzinsko-maseni odnosi i ulov po jedinica
napora glavoci¢a okrugljaka prema lokalitetima.

) Wi(g) SL(mm) TL(mm) CPUE
LOkahtet N e raspon . raspon . raspon b K )
prosjecna+SD prosjecna+SD prosjecna+SD min
Novo Selo 3 1,39-31,56 40,06-117,65 48,26-139,81 3,09 1,20 650
Lasinjsko 12,31+8,43 79,18+19,93 92,48+23,73
. 1,99-24,73 48,54-109,28 57,91-132,55 3,27 1,12 785
Lasinja 40
11,04+7,38 78,28+18,11 93,34+21,83
Desno 4 1,8-18,81 45,86-102,19 55,18-121,74 3,10 1,05 1150
Sredicko 8,7845,31 75,50+15,14 90,22+18,11
Ukupni 115 1,39-31,56 40,06-117,65 48,26-139,81 3,2 1,12 2585
uzorak 10,51£7,14 77,46x17,65 92,48+21,13

Broj ulovljenih jedinki glavocica okrugljaka po jedinici vremena iznosi 115 jedinki u 2585 minuta, odnosno u 60
minuta prosjecan broj ulovljenih jedinki iznosi 2,66 jedinki.

Osim glavocica okrugljaka u istrazivanju je istom metodom ribolova jednakim ukupnim lovnim naporom ulovljeno
je 10 razlicitih vrsta riba koje pripadaju srednjem i donjem toku rijeke Kupe, njih ukupno 336 jedinki: obi¢na
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uklija (Alburnus alburnus) 25,00%, plotica (Rutilus virgo) 15,48%, babuska (Carassius gibelio) 8,93%, mrena (Barbus
barbus) 4,76%, krupatica (Blicca bjoerkna) 4,17%, nosara (Vimba vimba) 3,57%, bodorka (Rutilus rutilus) 2,68%,
$aran (Cyprinus carpio) 1,19%, som (Silurus glanis) 0,30%, klen (Squalius squalus) 0,30%. Udio glavoci¢a okrugljaka
¢ini 34,23% u ukupnoj brojnosti ulova.

Na lokalitetu Novo Selo Lasinjsko 14. srpnja 2021. godine od 21 ulovljene jedinke glavoci¢a okrugljaka njih 81,00%
bili su infestirani li¢inac¢kim stadijem obli¢a roda Eustrongylides. U ostalim uzorcima nije zabiljezena infestacija.
Infestirane jedinke imale su prosje¢nu vrijednost faktora kondicije K=1,16 i nizu vrijednost koeficijenta regresije
b=2,99.

Rasprava

U Hrvatskoj je vrsta prvi puta utvrdena 2005. godine u rijeci Dunav (Mustafi¢ i sur., 2005). Sirenje Hrvatskom
prema zapadu nastavilo se pritokom Dunava, odnosno rijekom Savom do Slavonskog Broda i kanala Sava-Odra
(Piria i sur., 2011) gdje je i najzapadniji lokalitet rasprostranjenosti ove vrste. Vrsta je zabiljezena kasnije u rijeci
Savi kod Jasenovca (Jakovli¢ i sur., 2015). Od prvog nalaza u Hrvatskoj, u sljede¢ih 17 godina, glavoci¢ okrugljak
se prosirio od u$ca rijeke Save u Dunav do Novog Sela Lasinjskog u donjem toku rijeke Kupe, odnosno 702,7 km
rije¢noga toka. Sirenje vrste moze se ocekivati uzvodno rijekom Kupom od Novog Sela Lasinjskog, ali i kanalom
Kupa-Kupa do grada Ozlja. Brane MHE Ozalj i MHE Ilovac mogu predstavljati fizicku barijeru uzvodnog $irenja
vrste rijekom Kupom. U dosadasnjim viSegodi$njim istrazivanjima ihtiofaune rijeke Kupe kod MHE Ilovac nije
utvrdena prisutnost glavoci¢a okrugljaka (Petravi¢ i sur., 2019., 2020., 2021). U budu¢nosti je vrlo vjerojatno $irenje
vrste i pritokama rijeke Kupe, odnosno rijekama Koranom, Dobrom, Kup¢inom i Radonjom.

Razlika u vrijednostima najmanje ukupne duzine tijela glavoci¢a okrugljaka utvrdene u ovom radu i uzoraka iz rijeke
Save (Jaksi¢, 2016) mogu biti zbog selektivnosti ulova ribolovnim alatom, odnosno veli¢ina udice koja je koristena
u ovom istrazivanju. Najveée ukupne duzine tijela uzoraka iz rijeke Kupe i rijeke Save, kao i faktora kondicije
podjednake su vrijednosti. Vrijednosti koeficijenta regresije sa sva tri lokaliteta i cjelokupnog uzorka ukazuju na
pozitivan alometrijski rast, odnosno ve¢i rast u masu nego u duzinu i podjednake su vrijednosti kao i koeficijent
regresije u rijeci Savi (Jaksi¢, 2016). Dobiveni rezultati duzinsko-masenih odnosa, koeficijenata kondicije i mrijest
glavocica okrugljaka u rijeci Kupi ukazuju na dobre bioticke uvjete stanista i brzu prilagodbu.

Istrazivanje parazitofaune kod glavocic¢a okrugljaka u Baltickom moru (Ojaveer i sur., 2020) potvrduju ovu vrsta kao
domacina i medudomacina 28 vrsta parazita, medu kojima su i dvije vrste roda Eustrongylides. U prija$njim radovima
eustrongilidoza kod glavocic¢a okrugljaka u Hrvatskoj nije opisana. Zbog specifi¢cnog viSestadijskog nacina razvoja
Eustrongylides spp. (Orai¢ i sur., 2023) visoki postotak infestacije moze indicirati prehranu glavoci¢a okrugljaka
malocetinasima (Oligochaeta) na pojedinim lokalitetima u odredeno razdoblje godine.

Infestacija ovim parazitima na lokalitetu Novo Selo Lasinjsko u manjem znacaju je negativno utjecala na vrijednost
duzinsko- masenog odnosa, ali ne i na faktor kondicije sto indicira dobru prilagodbu glavocic¢a okrugljaka na ovu
vrstu parazita u donjem toku rijeke Kupe.

Zakljucci

Glavoc¢i¢ okrugljak ima tendenciju brzog Sirenja i nastanjivanja novih stani$ta te postizanja brojne populacije u
hrvatskim rijekama i njihovim pritokama. ZabiljeZena prisutnost vrste na istrazivanim lokalitetima potvrduje
Sirenje glavocic¢a okrugljaka zapadno rijekom Kupom §to je trenutno najzapadnija rasprostranjenost i podrucje
pojavljivanja ove vrste u Hrvatskoj. Pozitivni alometrijski rast, brojnost i mrijest potvrduju dobru prilagodljivost
vrste i povoljne stani$ne uvjete u hrvatskim vodotocima. Glavoci¢ okrugljak moze biti medudomacin i parateni¢ni
domacin obli¢a roda Eustrongylides te sudjelovati u njihovom prostornom $irenju. Zbog negativnog utjecaja na
zavicajne vrste, visoku rizicnost invazivnosti i prijenosa parazita potrebno je pratiti daljnje Sirenje vrste i njezin
utjecaj na zavicajne vrste i staniste.
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Distribution, length-mass ratio and
eustrongylidosis of the roundhead Neogobius
melanostomus (Pallas, 1814) in the lower reaches
of the Kupa River

Abstract

The aim of this work is to determine the distribution, length-weight relationship and the condition
factor of Roundhead goby (Neogobius melanostomus) in the lower reaches of the Kupa River. The
samples were collected on three localities using the fishing gear method during July and August 2021.
The total of 115 individuals were analyzed in the range of total body length from 48.26 to 139.81 mm.
The positive allometric growth of the population was determined with the largest regression factor
b=3.27 in the Lasinja locality. The average fitness factor of the entire sample is K=1.12, while the lowest
fitness factor was determined in the locality Desno Sredicko K=1.05. The number of Roundhead roby
caught per unit of time (CPUE) is 115 individuals in 2585 minutes. The samples from the Novo selo
Lasinjsko locality were found to be infected with molds from the genus Eustrongylidae. The investigated
localities are currently the westernmost distribution and area of occurrence of this species in Croatia.

Keywords: allometric growth, condition factor, parasitism, foreign invasive species, Kupa River, CPUE
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Metode razrojavanja pcelinjih zajednica
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SaZetak

Péele su socijalni kukci koji Zive u velikim zajednicama, gdje svaka jedinka obavlja svoju ulogu. U
povoljnim vremenskim uvjetima pcelinja zajednica broj¢ano raste te uslijed nedostatka prostora dolazi
do rojenja pri ¢emu se zajednica dijeli na dva dijela. Rojenje broj¢ano oslabljuje zajednicu, a samim
time i prinosi pcelinjih proizvoda su manji. Stoga rojenje u suvremenom pcelarstvu nije pozeljno.
Péelari nastoje sve uzroke rojidbenog nagona svesti na minimum. Za povecanje péelinjih zajednica
sluze se pouzdanim metodama razrojavanja koje im omogucavaju stvaranje novih pcelinjih zajednica
u vrement i koli¢ini koja im najviSe odgovara.

Kljucne rijeci: Apis mellifera, pcelinja zajednica, rojenje, metode razrojavanja

Uvod

Uloga pcela u odrzavanju ekosustava i bioloske raznolikosti je neprocjenjiva. U oprasivanju poljoprivrednih kultura
posebno se istice medonosna péela (Apis mellifera L.), p¢ela koja danas nastanjuje gotovo sva podrudja svijeta u
kojima se ljudi bave pcelarstvom. Najbolje je opisana i ekonomski gledano, za ljude je najvaznija vrsta pcele (Lakti¢ i
Sekulja 2008). Najpoznatije su pasmine europske medonosne péele: siva péela (Apis mellifera carnica Pollman, 1879),
zuta talijanska pcela (Apis mellifera ligustica Spinola, 1806), tamna europska pcela (Apis mellifera melifera Linnaeus,
1758) i kavkaska pcela (Apis mellifera caucasica Pollman, 1889). Na podrud¢ju Hrvatske, koja ima dugu tradiciju
pcelarenja, najzastupljenija je siva pcela, nasa izvorna pasmina pcela. Uzgoj drugih pasmina u Republici Hrvatskoj
zakonski je zabranjen (Brence-Lazarus, 1998). Po svojim osobinama spada medu najbolje pasmine medonosne pcele
(Cerimagi¢, 1990). Karakterizira je velika produktivnost, mala potrosnja hrane, dobro prezimljavanje, relativno blag
temperament, brz proljetni razvoj i tolerantnost na bolesti (Jasi¢ i sur., 2016). Pored izuzetno dobrih proizvodnih
osobina pceli A. mellifera carnica se pripisuje i manje pozeljna osobina sklonosti rojenju (Plavsa i Nedi¢, 2015).
Tradicionalno péelarenje s ko$nicama fiksnog volumena, bez pokretnog saca razvilo je kod sive pcele izrazenu
sklonost rojenju koje je u to vrijeme bila poZeljna odlika, dok je u suvremenom nacinu pcelarenja rojenje nepozeljna
odlika. Prirodno rojenje broj¢ano oslabljuje pcelinju zajednicu, a samim tim i prinosi meda se smanjuju. Péelarenjem s
kos$nicama promjenljivog volumena i pokretnim sa¢em nastoji se suzbiti prirodno rojenje svim poznatim postupcima
(Kezi¢ i sur., 2014). Medutim, i suvremeni pcelar ima potrebu povecati svoj plelinjak, obnoviti zimske gubitke ili
ponuditi trzistu visak rojeva (Puskadija i sur., 2008). U suvremenom pcelarstvu primjenom pravilne tehnologije
mozemo proizvesti znacajan broj pomo¢nih pcelinjih zajednica (nukleusa) razli¢itim metodama razrojavanja. Kako
bi sprijecili prirodno rojenje pcelinje zajednice u vrhuncu njenog razvoja, zajednicu umjetno dijelimo na dva ili vise
nukleusa. Proizvodnja i koriStenje pomoc¢nih péelinjih zajednica vazna je mjera u tehnologiji pcelarenja. Cilj ovog
rada je dati pregled istrazivanja o rojidbenom nagonu pcelinjih zajednica i time doprinijeti boljem razumijevanju
ponasanja pcela tijekom rojenja, opisati ¢imbenike koji poti¢u, odnosno suzbijaju rojidbeni nagon te navesti metode
razrojavanja.

Rojenje i rojidbeni nagon

Rojenje je temeljni nagon za razmnozavanje péelinje zajednice kojim dolazi do dijeljenja zajednice na dva dijela. Iz
kosnice izlazi dio pcela sa starom maticom, a sa pcelama koje ostaju u kos$nici ostaje nova matica. Bez rojenja, kao
nacina prirodnog razmnozavanja, pcele bi nestale, usprkos tome $to péelinja zajednica moze Zivjeti neograniceno, jer
se ne bi uve¢avao njihov broj, a iz puno razloga pojedina zajednica moze i propasti (Kezi¢ i sur., 2014). Vise je uzroka
koji kod pcela poti¢u pojavu prirodnog nagona za rojenje. Nasljedna sklonost za rojenje, nedovoljna prisutnost
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mati¢nog feromona, obilje pase, skucenost prostora u kosnici, nedostatak prostora za polaganje jaja, smjestaj nektara
i gradnju novog saca te dob matice, samo su neki od njih (Plavsa i Nedi¢ 2015). Za sivu pcelu je svojstveno da u
proljece naglo povecava broj radilica. Pripreme za rojenje po¢inju priblizno dva do Cetiri tjedna prije izlaska prvog
roja, tijekom razdoblja kad ko$nica postaje prenapucena uslijed intenzivnog rasta radilicke populacije (Winston
1987). Mati¢ni feromon je odgovoran za odrzavanje zajednice na okupu. Ukoliko se razvije preveliki broj pcela u
ko$nici, smanjuje se frekvencija kontakata izmedu matice i radilica zaduZenih za prenos$enje feromona na druge
radilice. Proslijedena doza feromona nije dovoljna i po¢inje uzgajanje nove matice $to je prva faza ulaska pcelinjeg
drustva u rojidbeni nagon, dok je druga faza samo rojenje (Fefferman i Starks 2006).

Rojenje se dogada kad je u prirodi obilje hrane, posebno peludne hrane koja doprinosi kvalitetnom radu mlije¢nih
zlijezda. Prisutan viSak mati¢ne mlije¢i u zajednici te nedostatak prostora u plodistu dovode do posebnog raspolozenja
koje se odrazava u nagonu za rojenje. Zajednice sa starijim maticama se ¢e$ce roje. Prvi znak rojidbenog nagona je
pojacana gradnja trutovskog saca iznad okvira. Péele grade 10 do 20 mati¢njaka u koje matica postupno polaze jaja,
rijetko kada u sve odjednom. Matica je ucestalo hranjena te leze puno jaja sve do tjedan dana prije rojenja. Pojavom
rojidbenog nagona radilice poti¢u maticu na kretanje te je sve rjede hrane mati¢cnom mlijeci radi ¢ega matica manje
nese jaja i postaje vitkija i sposobna za let s rojem (Allen 1960). Istovremeno pocinje se sama hraniti medom $to joj
povecava koncentraciju $ecera u krvi neophodnu za rad letnih misica.

Za lijepa vremena, nakon $to se nasi$u meda u dovoljnoj koli¢ini da imaju rezerve za nekoliko dana i poklope prve
mati¢njake, pocinje rojenje. Kad izade polovica pcela pridruzuje im se i matica. Zatim se roj skupi na prikladnom
mjestu, najcesce na obliznjem stablu, u obliku grozda. Taj prvi roj se naziva prvenac. Dok je dio pcela u izvidnici, u
potrazi za prikladnim mjestom za podizanje novog gnijezda, $to traje par sati do nekolika dana, pcelar je u moguénosti
stresti roj. Roj slobodno moze staviti u ko$nicu pored stare, bez bojazni da ¢e pcele ulaziti u staru kosnicu. Ukoliko
matica ne moze letjeti tada se roj vrati u staru kosnicu (Katalini¢ i sur.,1968). Ako se pcelar nade na pcelinjaku pri
izlasku roja, treba suziti leto da se taj izlazak $to vise odulji. Tako se pcele kruzenjem zamore i uhvate na nize mjesto.
Dobro je takoder da ima pri ruci kavez u koji ¢e uhvatiti maticu. Kavez moze staviti na leto pripremljene ko$nice
te ¢e se roj vratiti i naseliti u tu ko$nicu (Bel¢i¢ i sur., 1985). U novoj kos$nici roj aktivno gradi novo sace, a matica
polaze jaja u nove stanice. Kako prve mlade péele izlaze tek nakon 21. dana u prvim tjednima novi roj je broj¢ano
slab i zajednica se Cesto ne stigne dovoljno razviti i pripremiti za zimu.

U kosnici iz koje je roj izagao u pogodnim vremenskim prilikama ima puno tek izlezenih pcela koje brane mati¢njake.
Matice ne napustaju mati¢njake vec ih péele hrane kroz otvor na stjenci. Za ovog dogadanja se ¢uje pjevanje matica.
Slobodna matica proizvodi visoko TI-TI-TI, a matice iz mati¢njaka muklo KVA-KVA-KVA. U takvim uvjetima
kosnicu ubrzo napusta i drugi roj, drugak ili drugenac. Takav roj najce$ce se podjeli na vie manjih rojeva buduci
da se u njemu nalazi viSe mladih nesparenih matica. Za nekoliko dana se moze izrojiti i treci, pa ¢ak i cetvrti roj,
brojc¢ano slabiji. U izobilju pase te kod pcela koje imaju izrazenu sklonost rojenju moze se dogoditi i da se prvenac
izroji i dade novi roj, paroj. Ukoliko se u istoj sezoni izroji paroj, daje roj pcela koje se zovu bijele pcele (Katalini¢ i
sur., 1968).

U vrijeme jakih proljetnih pasa svaki pcelar zeli imati dobro razvijenu pcelinju zajednicu koja ¢e iskoristiti tu bogatu
i ¢esto kratkotrajnu pasu. Rojenje je stoga u suvremenom pcelarstvu nepozeljno, jer oslabljuje pcelinju zajednicu
te je proizvodnja meda nedostatna. Zajednice koje su se dva do tri puta dijelile jedva prikupe dovoljno hrane i
za svoje potrebe. Kako bi se sprijec¢ilo rojenje mora se raditi protiv rojidbenog nagona, i prije i za vrijeme glavne
pase. Matici je nuzno osigurati dovoljno mjesta za polaganje jaja. Ako matica zalijeze bit ¢e otvorenog legla koje
¢e mlade péele modi hraniti. Dodavanjem satne osnove mlade pcele ¢e aktivirati vostane Zlijezde gradedi sace, a
dodavanjem izgradenog saca sakupljacice ¢e imati gdje odlagati nektar. Pravovremeno prosirenje pcelinjeg gnijezda
je vrlo djelotvorna mjera protiv ulaska pcelinje zajednice u rojidbeni nagon (Kriz 2014).

Razrojavanje pcelinjih zajednica

Prirodno rojenje nastupa pod odredenim uvjetima i u ograni¢enom vremenskom periodu. Osim negativnog utjecaja
na prinos meda, prirodni roj ¢esto puta odlazi u potragu za novim mjestom gdje ¢e se smjestiti, jer pcelar nije u
moguénosti stalno biti u pcelinjaku. Suprotno tome, kod umjetnog rojenja, odnosno razrojavanja péelinjih zajednica,
pcelar kontrolira kad ¢e i koliki broj rojeva proizvesti i s kojim maticama. Posebno je vazno planirati rojenje nakon
§to je glavna pasa prosla, ali i dovoljno rano kako bi se novi rojevi razvili prije zavrsetka pcelarske sezone i tako
pripremili za uspjesno prezimljavanje. Umjetni se rojevi mogu dobiti na dva nacina: izdvajanjem dijela legla i pcela
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s maticom iz osnovne zajednice ili stresanjem pretezno mladih pcela sa okvira s leglom u ko$nicu s pripremljenim
okvirima ili satnim osnovama. Izdvajanjem dijela legla s pcelama osigurava se kontinuitet u razvoju zajednica, dok
kod stresenog roja matica pocinje iz pocetka sa polaganjem jaja, kao kod prirodnog roja (Kulincevi¢ 2012). Kod
pravilne primjene umjetnog rojenja prinosi meda na p&elinjim zajednicama se ne smanjuju (Lakti¢ i Sekulja 2008).
Postoji vise razradenih metoda za razrojavanje pcelinjih zajednica.

Taranova metoda

Taranova metoda razrojavanja temelji se na formiranju umjetnog roja bez uzimanja sa¢a na nacin da se napravi
kosi stalak, od daske $irine 30 cm, a duzine 50 cm, pod kutom od 45°. Stalak se postavi ispod leta ko$nice koju
zelimo razrojiti, tako da bude odmaknut 10 cm od leta kosnice, a onda se na donji dio kosine stalka strese cijela
pcelinja zajednica, zajedno s maticom (Reli¢ 2006). Pritom stare pcele vratit ¢e se u ko$nicu iz koje su streSene. Mlade
pcele, ukljucujuci i one aktivno rojevne, takoder se penju stalkom prema kosnici, ali ih sam razmak (10 cm) do leta
zaustavlja i one se malo pomalo sakupljaju u klupko ispod stalka gdje ostaju mirno visiti poput roja. Tako uhvaceni
roj se kasno poslije podne smjesti u novu kosnicu kao i svaki drugi prirodni roj. Ako je u zajednici iz koje je istresen
roj bila matica koja je zalijegala, takva matica mora biti u istresenom roju. Ako je bila nesparena, roj ¢e prihvatiti i
takvu maticu.

Pelletova metoda

Ovaj nacin razrojavanja primjenjuje se samo na jakim zajednicama. Na podnicu zajednice postavi se prazan
nastavak. U taj se nastavak, u sredinu, stavi okvir s leglom i starom maticom te se jo§ doda 9 okvira sa sa¢em i satnim
osnovama. Na taj nastavak se stavi mati¢na reSetka sa letom. Na mati¢nu resetku se stavi drugi nastavak s praznim
sa¢em i satnim osnovama. Na taj, medi$ni nastavak se postavi nastavak u kojem su okviri s leglom, pcelama i medom.
Na mjesto okvira koji je prethodno uzet zajedno s maticom se dodaje jedan prazan okvir. Na tom tre¢em nastavku,
bivéem plodistu, se obavezno otvara leto. Za 24 sata se u taj nastavak s otvorenim letom doda zreli mati¢njak izmedu
okvira legla. Kada se matica izleze, kroz gornje leto odlazi na oplodnju. Nakon oplodnje matica polaze jaja u tom
svom gornjem plodistu, dok ¢e stara matica sve to vrijeme nesti jaja u svom nastavku koje se nalazi na podnici
kosnice (Lakti¢ i Sekulja 2008). Za tri tjedna izle¢i ¢e se u gornjem plodistu sve leglo koje potjece od stare matice.
Kad je veéina okvira popunjena leglom mlade matice, moze se taj nastavak prenijeti na novo mjesto, jer je u njemu
kompletan roj. Vecina pcela koje potjecu od stare matice vratit ¢e se na staro mjesto, a mlade ¢e nastaviti razvoj
(Bel¢i¢ 1985). Pelletovim na¢inom umjetnog razmnozavanja pcelinjih zajednica se ne smanjuju prinosi meda u
osnovnoj zajednici (Reli¢ 2006).

Belciceva metoda

Ova se metoda primjenjuje u proljece kad se péelinje zajednice razviju u dva nastavka. Tri tjedna prije bagremove
pase se pripremi treci nastavak sa izgradenim sa¢em te se potrazi matica. Pronadena matica sa dva okvira najmladeg
legla i pcela se prenese u pripremljeni nastavak. Umjesto dva okvira legla, pcelinjoj zajednici se vrate dva okvira s
izgradenim sa¢em. Ko$nicu, odnosno prva dva nastavka se prekrije s Hanemanovom resetkom, , sa zatvorenim
letom. Na pregradu se postavi tre¢i nastavak s maticom i dva okvira otvorenog legla i pcela i osam okvira saca.
Tijekom tri tjedna, do pocetka bagremove pase, radilice su u dodiru s maticom jedino preko Hanemanove resetke.
Za to vrijeme sve se leglo u donjim nastavcima izleze, pa pcele imaju na raspolaganju dva cijela nastavka kao medisni
prostor. Upravo taj ve¢i medi$ni prostor i oslobadanje pcela od grijanja i othranjivanja legla rezultira pove¢anim
prinosom. Na pocetku bagremove pase skine se gornji, tre¢i, nastavak i odlozi u stranu. Na Hanemanovu resetku
postavi se zicana mreza ili najlon te se nastavak s maticom vrati na svoje mjesto, s tim da se leto na pregradi otvori.
Péele koje od matice odu na pasu kroz novootvoreno leto na pregradi, vide se nece vratiti matici. Kako su navikle u
kosnicu ¢e ulaziti na donje leto, a postavljena zi¢ana mreza onemogucavat ¢e im pristup matici. Radi toga ée tre¢i
nastavak ostati bez svih skupljacica koje ¢e svojima radom u donjem medi$nom dijelu kosnice pridonijeti vec¢em
prinosu meda, od ve¢ zapocete bagremove pase. lako odvojene od matice zicanom mrezom (najlonom), pcele ¢e
ostati motivirane za rad, jer ¢e osjecati njezinu prisutnost. U najgornjem nastavku s maticom ostaju samo mlade
kuc¢ne pcele. One njeguju leglo i u nesto ranijoj dobi postaju skupljacice na $to ih prisile potrebe zajednice i njihov
urodeni nagon. Nakon bagremove pase, oduzimanja i vrcanja meda, ako je u najgornjem nastavku mlada i kvalitetna
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matica, ukloni se samo pregrada i matici omoguci nesmetan pristup cijeloj kosnici. Time se opet dobije normalna
pcelinja zajednica (Belci¢ 1985).

Demarijeva metoda

Demarijev nacin ili demariranje je postupak u péelarstvu koji se koristi prvenstveno za sprjecavanje pojave
rojidbenog nagona iako puno péelara ovu metodu koristi i nakon $to péele izgrade mati¢njake. Metoda je iznimno
popularna, a ime je dobila po francuskom péelaru Demareu, koji ju je 1884. godine poceo primjenjivati. Ovaj
postupak razrojavanja mogu primjenjivati pcelari na ko$nicama s nastavcima jednakih visina. U plodistu se ostavlja
matica s jednim do dva okvira mladog legla, a u gornji nastavak se premjeste svi ostali okviri s leglom i medom. Oba
nastavka se dopune okvirima sa praznim sa¢em ili satnim osnovama. Izmedu plodista i gornjeg nastavka se umetne
mati¢na reetka. Trutovima iz gornjeg nastavka treba omoguciti slobodan izlaz kroz otvoreno leto na mati¢noj
resetki. Neki pcelari postavljaju iznad mati¢ne resetke, ispod gornjeg nastavka s leglom i medom, nastavak s praznim
sacem ili satnim osnovama. Donji nastavak predstavlja novoformirani roj, a gornji izrojenu zajednicu. Nakon deset
dana potrebno je unistiti mati¢njake u gornjem nastavku. Primjena ove metode omogucuje veci prinos meda, jer
u ko$nici u narednom periodu, nema puno otvorenog legla pa ¢e hraniteljice preuzeti ulogu skupljadica nektara.
Takoder, primjena ove metode trebala bi sprijeciti pojavu rojidbenog nagona. Ova metoda se moze primijeniti ¢ak
i kod zajednice koja je usla u rojidbeno stanje, pa i nakon §to su pcele izgradile mati¢njake. Prema Dolovcu, (2005)
metoda se zasniva na odvajanju matice od legla prevjeSavanjem okvira, odnosno na razbijanju pcelinjeg legla, ¢ime
se stvara stanje izrojene zajednice. Ako se u kos$nici nadu zalezeni ili zatvoreni mati¢njaci, uzme se jedan okvir s
leglom i mati¢njacima, tako §to se ostave samo dva najbolja, i okvir stavi u sredinu donjeg nastavka,. Na krajeve
se stavi po jedan okvir s izgradenim sa¢em, a ostatak nastavka se popuni sa satnim osnovama. Donji nastavak se
prekrije mati¢cnom re$etkom te se na njega postavi drugo plodiste. Na drugi nastavak se stavi tre¢i nastavak sa starim
leglom. Drugi dan se u nastavcima iznad mati¢ne reSetke potrazi matica. Ukoliko je pronadena, matica se odstrani.
Ne pronalazak znaci da je matica ostala u nastavku s mati¢njacima. Matica koja se prva izleze ¢e ju likvidirati. Nakon
nekoliko dana bit ¢e unisten i drugi mati¢njak. Rojidbeni nagon ¢e se zaustaviti. Demarijeva metoda kod zajednice
koju je ve¢ zahvatio rojidbeni nagon se pokazala uspjeSnom. Zajednica nije broj¢ano oslabljena, a u kosnici ostaje
mlada matica (Colak 2015).

Snelgrova metoda

Snelgrova metoda temelji se na primjeni Snelgrove daske. To je horizontalna pregradna daska ugradena u okvir ¢ije
su unutarnje i vanjske dimenzije jednake dimenzijama LR - kosnice. Uporabom ove pregradne daske, moguce je
usmjeravanje péela iz gornjeg nastavka u donji ili obrnuto. Osim leta, za ovu dasku karakteristi¢no je i to da ima otvor
u sredini veli¢ine 15x15 cm, zatvoren dvostrukom mrezom. Péele se usmjeravaju otvaranjem i zatvaranjem pojedinih
leta pregradne daske. Na prednjoj strani pregradne daske nalaze se dva para leta Sirine 10 cm. Leta su izrezana
tako da gornja leta usmjeravaju pcele u gornji nastavak, a donja leta ih usmjeravaju u donji nastavak. Na suprotnoj
strani izgradena su jos§ po dva leta, $irine 5 cm po istom principu kao ona na prednjoj strani. Ovom metodom se
umnozavaju pcelinje zajednice nakon vrcanja bagremovog meda. Nastavak iz kojeg je izvrcan med se postavi na
podnicu zajednice. U tom nastavku je predvideno razvijanje novoformiranog roja. U njega se stavi oplodena matica
u kavezu. Nastavak se prekrije maticnom reSetkom te se na resetku stavi nastavak s medom. Na taj nastavak se
postavi snelgrova daska. Potom se na pregradnu dasku stavi plodi$ni nastavak sa starom maticom i njezinim leglom.
Na kraju se doda drugi izvrcani nastavak. Na straznjoj strani snelgrove daske otvori se leto kroz koji ¢e pcele, iz tog
nastavka, izlaziti van. U kosnicu ¢e se vracati na leto u podnici, kako su navikle ulaziti prije ove podjele. Uslijed toga
roj na podnici s mladom maticom ¢e dobiti sve pcele koje su pripadale osnovnoj zajednici. Nakon 15 do 20 dana roj
¢e ve¢ imati 4 do 5 zalezanih okvira. Za to vrijeme broj¢ano ¢e se razviti i gornja zajednica bududi da je ve¢ imala
leglo. Gornju zajednicu mozemo premjestiti na novo mjesto te ju dobro prihranjivati dvadesetak dana. Prednost ove
metode je i §to se ne trazi matica po okvirima, ve¢ se uspjesno radi s kompletnim nastavkom (Lakti¢ i Sekulja 2008).

Paketni rojevi

U suvremenom nacinu pcelarenja povecanje broja pcelinjih zajednica preporucljivo je raditi paketnim rojevima i
dodavanjem selekcionirane matice. Pri selekciji se uzimaju u obzir osobine pcelinje zajednice kao $to su mirnoca
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pcela, sklonost rojenju te otpornost na bolesti. Rojidbeni nagon ima izuzetno visok heritabilitet, $to je negativna
karakteristika sive pcele. Izlu¢ivanjem iz uzgoja rojivih zajednica (matica), sklonost rojenju ¢e biti kroz nekoliko
generacija znacajno potisnuta (Kezi¢ i sur., 2014). Sirenje bolesti i nametnika su stalna opasnost za péele te p&elari
ulazu veliki trud i materijalna sredstva u prevenciji i suzbijanju bolesti. Stoga se posebna paznja pridaje istrazivanjima
i razvoju metoda testiranja i uzgoja pcela tolerantnijih na bolesti (Buchler 2000; Harris i Harbo 2000). U Hrvatskoj
se zadnjih godina, uglavnom, koristi Multibox kutija, izradena od plasti¢ne resetke. Osim $to se moze viSekratno
koristiti, ova kutija sadrzi i spremnik za teku¢u hranu s polupropusnim ¢epom §to osigurava hranu péelama i do
tjedan dana. Takoder, ovi paketi se mogu medusobno povezati i sloziti u vozilo. Paketni rojevi pcela, teski 1,5 -
2,0 kg, formiraju se iz zdravih, dobro razvijenih zajednica s velikim brojem mladih péela. Mlade péele imaju vecu
vrijednost, manje su agresivne i puno je lakSe njima manipulirati, pa je iz tog razloga pcele najbolje vaditi za lijepog
vremena kad je ve¢ina skupljacica u pasi. U medunarodnom prometu, trutovi nisu pozeljni, $to se rjesava natresanjem
pcela iz medista, jer im se tako smanjuje broj u paketnim rojevima. U lokalnim uvjetima, trutovi se mogu odvojiti
kombinacijom tri medusobno spojene nepotpune Multibox kutije, tako da se na donju, sa pcelama, stavi mati¢na
reSetka. U paketnom se roju ne bi smjela na¢i mlada nesparena matica, jer ¢e rojevi s mladom nesparenom maticom
uglavnom ubiti kasnije dodanu maticu u kavezu. Stoga se izbjegava formiranje paketnih rojeva iz zajednica koje su u
uznapredovalom rojidbenom stanju. Péele se natresaju s okvira iz jedne ili viSe zajednica pomocu sipaonika za pcele.
Potrebno ih je dodatno prskati vodom ako temperatura prelazi 20 °C. Paket je potrebno ukloniti sa sunca i staviti
ga na mirno mjesto. Sljedece jutro se dodaje sparena matica, selekcionirana na pozeljna svojstva, u kavezu. Kavez se
na zici objesi uz hranilicu. Péele odmah prihvacaju novu maticu, $to potvrduju promjenom zujanja i formiranjem
klupka oko nje. Tijekom prijevoza treba osigurati odgovarajucu ventilaciju i kontrolirati temperaturu. Temperatura
iznad 37 °C je opasna za pcele. Pcele se rashladuje rasprsivanjem vode po transportnim kutijama. Pozeljno je prije
utovara navlaziti i pod transportnog vozila (Reli¢ 2006). Prije stavljanja pcela u transport potrebno je osigurati sva
propisana uvjerenja i certifikate (zdravstvena uvjerenja, uvjerenje o porijeklu) za stavljanje pc¢ela u promet (Kezi¢ i
sur., 2014). Kad pcelar primi paketne rojeve, potrebno ih je ostaviti do sutra navecer da se umire i profunkcioniraju
kao prirodan roj, pa ih tek onda, narednu vecer smjestiti u kos$nicu. U protivnom, smjestanjem tijekom dana, radi
nedovoljne adaptiranosti, odnosno nedostatka vremena za preciznu orijentaciju moglo bi do¢i pri uzdizanju pcela
oko kosnice do njihovog ulijetanja u susjedne kosnice ili da dio pcela odleti (Krsti¢ 2006). Kosnica treba imati pet
okvira s nesto meda, a ostali prazni prostor sluzi za smjestaj roja. Prije nego $to se paketni roj istrese, potrebno je
izvaditi kavez s maticom i objesiti u novu kosnicu. Vazno je zajednicu hraniti i ne uznemiravati je narednih 6 - 8
dana. Nakon tog razdoblja kavez se uklanja i provjerava stanje matice. Da se zajednica dobro razvija potvrduje unos
peludi potrebnog za leglo (Kezi¢ i sur., 2014). Kod nukleusa formiranog od paketnog roja kriti¢no razdoblje nastaje
nakon 10-ak dana, jer nema dovoljno pcela koje bi hranile leglo i brinule se za maticu, zato $to stare pcele poc¢inju
umirati, a nove se jo$ nisu razvile. Stoga nukleuse s izrazenim gubitkom pcela treba pojacati dodavanjem mladih
pcela, uz neutralisanje njihovog mirisa, te im prvi mjesec osigurati dohranu (Puskadija 2008).

Zakljucak

U suvremenom pcéelarstvu prirodno rojenje pcelinjih zajednica nepozeljna je osobina. Kod prirodnog rojenja pcelar
nema utjecaja niti na vremensko razdoblje u kojem se dogada, niti na broj rojeva. Medutim, kod razrojavanja pcelar
moze organizirati kada ¢e obaviti umjetno rojenje, s kojim maticama te odrediti koliko rojeva treba za povecanje
svog pcelinjaka, a koliko za potrebe trzista. Uglavnom kod pravilne primjene razrojavanja prinosi meda na pcelinjim
zajednicama se ne smanjuju. Razrojavanje je pozeljno vrsiti samo na onim zajednicama koje su se kroz visegodisnje
pracenje pokazale najboljim na pcelinjaku.
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