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PLENARY LECTURE

Advances in lactation biology

Minja Zorg, Peter Dov¢
University of Ljiubljana, Biotechnical Faculty, Groblje 3, 1230 Domzale, Slovenia (e-mail: peter.dovc@bf.uni-lj.si)

Abstract

Lactation is an important physiological function in mammals aiming to provide nutrition and immune
protection to the new-borns in their first period of life. The biology of lactation in farm animals is
dealing with mammary gland function and health in livestock species that were substantially changed
by genetic selection for production traits. Development of the mammary gland, hormonal stimulation
oflactation, optimisation of milk yield and quality, modification of milk composition and improvement
of manufacturing properties of the milk are important research challenges in different animal species.
The availability of genomic data for the majority of farm animal species opened the possibility for
comparative study approach of lactation associated genes and genetic mechanisms, which are involved
in development and function of the mammary gland. Rapid development of molecular genomic
methodology and bioinformatics tools recently opened a completely new research horizon in lactation
biology.

Keywords: cattle genome, mammary gland, primary cell culture, RNA splicing, single cell RNA
sequencing

Introduction

Lactation is an important physiological function in mammals, devoted to production of optimized nutrition and
immune protection for the new-borns in their first period of life. In some ruminant species, domestication and
breeding have increased milk yield in dairy animals significantly over the nutritional needs of the progeny (Ritter
et al., 2019). However, in some other species, the increased number of offspring requires an exceptional lactation
performance, which in some cases limits the reproductive capacity. The expansion of research in the field of lactation
allowed rapid increase of milk produced per dairy cow in the second half of the 20" century (Collier and Bauman,
2017). This development helped significantly to meet the permanently growing nutritional needs of the human
population (Fig. 1). Biology of lactation in farm animals is therefore a complex and important research field focused
on mammary gland function and health, especially in livestock species that experienced substantial changes caused
by intense selection for milk production.
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Figure 1: The number of people per dairy cow in the US, adapted from “Triennial lactation symposium/Bolfa:
Historical perspectives of lactation biology in the late 20th and early 21st centuries” by (Collier and Bauman,
2017)
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Development of the mammary gland, hormonal stimulation of lactation, optimisation of milk yield and quality,
modification of milk composition and improvement of technological properties of the milk are research challenges
in different farm animal species. The ability of the mammary gland to produce large amounts of high quality bioactive
peptides is an important prerequisite for a number of biotechnological applications, especially for the pharmaceutical
industry. Therefore, the mammary gland is since almost three decades considered also as a potent bioreactor for
efficient production of high quality recombinant proteins using genetically modified animals (Henninghausen,
1994).

Mammary gland development and function

The evolutionary origin of the mammary gland represent the apocrine sweat glands associated with hair follicles
(Oftedal, 2002). The modification of milk composition during lactation in monotremes and some marsupials,
progressing from milk with low nutritional value and high proportion of water at the beginning of lactation, to
the high-oligosaccharide and high-lipid milk in the subsequent lactation stages, may reflect the evolution of milk
composition within the class of Mammalia (Urashima et al., 2001). The evolutionary record of milk proteins
suggests that appearance of milk protein genes preceded the development of mammals and mammary glands. The
core mammary gland expressed genes are highly conserved in the class Mammalia, especially those associated with
milk secretion (Capuco and Akers, 2009). However, a greater mutation rate was characteristic for protein genes
associated with immune function of the mammary gland and nutritional value of milk (Lemay et al., 2009a). In the
lactating mammary gland, five main cell types are present: i) secretory and ductal epithelial cells, ii) myoepithelial
cells, iii) adipocytes, iv) fibroblasts and v) smooth muscle cells. These five cell types represent the building bricks of
parenchyma (i) and stroma (ii - v). The organisation of alveolar and ductal structures, contributing to the formation
of lobules is very similar in the majority of mammalian species, but the number of mammary glands, their size and
capacity to store milk varies significantly among species. Since the metabolic rate of mammary secretory tissue is
limited, the increase in milk output can be only achieved by higher growth rate of the mammary tissue (Martin,
1984). In the development and function of the mammary gland play important role also transcription factors STAT3
and STAT5, which are necessary for the initiation of transcription of many mammary gland expressed genes (Akers,
2017)2017. Milk composition varies significantly among mammalian species as well as during the course of lactation,
and is adapted to the growth rate of the neonate.

The major hormonal stimuli governing development of the mammary gland are oestrogen, progesterone, matrix
metalloproteinase, plasminogen activator (Rabot et al., 2007), somatotropin and IGF-1 (Sejrsen, 1989). The most
important lactogenic hormones are prolactin, glucocorticoids, growth hormone and insulin. The stimulation of the
central nervous system and pituitary secretion of oxytocin is necessary for contraction of myoepithelial cells and milk
secretion. Recently, it has been shown that adaptive immune system participates in remodelling of the mammary
gland during pubertal and post pubertal development through the action of antigen presenting cells, CD4+ T cells
and interferon g signalling (Plaks et al., 2015).

Impact of genetic variants of lactoproteins on milk manufacturing traits

Six major milk proteins in ruminants are encoded by four casein genes, beta lactoglobulin- (f-LG) and alpha
lactalbumin- (a-LA) gene. In all mammalian species the four casein genes (aS1-CN, B-CN, aS2-CN, k-CN) are
clustered on the same chromosome occupying a genomic region of about 250 kb. The gene order and transcriptional
orientation are highly conserved among ruminant species (Rijnkels et al., 1997)a. While casein genes are present in
ruminants only as single copy loci, pseudogenes for $-LG exist in cattle, goat and sheep. In addition, a pseudogene for
a-LA, flanked by two directly repeated LINE sequences, was found in cattle. The availability of genomic sequences
for all lactoprotein genes in different species allowed identification of genetic variants at all lactoprotein loci in
different mammalian species. In cattle, some 40 genetic variants at six major lactoprotein loci have been identified
(Dovc, 2000). In addition to mutations in the coding regions, several mutations have been found also within the
non coding regions. It has been shown that the deletion of 13 aa in bovine aSI-CN A is caused by exon 4 skipping
due to the point mutation within the splice donor site and not by deletion of genomic DNA (Mohr et al., 1994)
¥¥p. Similarly, shorter variants of ovine and caprine aS1-CN are associated with exon 16 skipping and differential
splicing of exons (Ferranti et al., 1997). The presence of relatively conserved splicing regulatory elements has been
shown in the equine B-CN gene, leading to co-transcriptional alternative splicing of B-CN primary transcripts
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(Lenasi et al., 2006). The consequence of this mechanism is increased number of milk protein variants in mare’s
milk, due to alternative splicing. Mutations within the noncoding regions might have important quantitative effects
as demonstrated by the occurrence of the LINE element in the exon 19 of the goat aS1-CN E allele. The presence of
the LINE element could be responsible for the reduced mRNA stability and consequently for the threefold reduction
of aS1-CN E expression (Perez et al., 1994). Allele A and B specific polymorphisms were identified in the proximal
promoter region of the B-LG gene, causing differential expression of both alleles due to the different AP-2 binding
affinity (Lum et al., 1997). It has been shown that this mutation significantly affects the B-LG level in the milk of
Holstein Friesian and Simmental dairy cows (Kuss et al., 2003)2003. Significant research effort was focused on the
identification of associations between lactoprotein genetic variants and manufacturing properties of the milk. The
significant positive effect on rheological properties of the milk could be shown for k-CN allele B and p-CN allele B
(reviewed in (Buchberger and Dovc, 2000). The analysis of different lactoprotein gene promoters revealed similar
organisation of transcription factor binding sites suggesting similar mechanism for induction of transcription of
different lactoprotein loci (Debeljak et al., 2005). The growing body of genomic information and milk traits associated
markers led to the identification of important candidates for quantitative trait loci (QTL) for lactation traits. A point
mutation K232A in the bovine DGATI gene was the first significant lactation associated QTL affecting milk yield
and composition (Grisart et al., 2002). The genome regions, affecting lactation traits and susceptibility for mastitis,
are present at all bovine chromosomes and represent a considerable part of the cattle genome (Ogorevc et al., 2009).

Bovine genome revealed

The availability of genomic data for all major dairy species, opened the possibility for comparative study approach
focusing on lactation associated genes and genetic mechanisms, which are involved in development and function
of the mammary gland (Elsik et al., 2009). The significant reorganisation of milk protein coding genes in cattle
resulted in the insertion of the histatherin (HSTN) gene in the casein gene cluster on BTA6. The HSTN gene is in
cattle genome juxtaposed to a regulatory element important for CSN2 expression, therefore is HSTN gene regulated
like the casein genes during the course of lactation. In cattle, two members of serum amyloid A gene cluster, SAA3.1
and SAA3.2, located at BTA29, are expressed in the mammary gland. The SAA3.2 is important inhibitor of microbial
growth and contributes to the prevention of microbial infections of the mammary gland. IgG is the predominant
immunoglobulin in cow’s milk, allowing calves to acquire passive immunity by ingestion of IgG in milk. A core set
of 6,469 genes (Lemay et al., 2009b), associated with mammary gland development and function, was established in
cattle to allow molecular interpretation of about 240 milk quantitative trait loci, associated with lactation.

The four significant milk protein gene clusters comprise the immunoglobulin genes, casein genes, fibrinogen genes,
and genes that encode milk fat globule proteins. Only 6.6% of the milk protein genes were found within the milk
protein-specific cluster, however, 27.9% could be found within one of the mammary gene clusters. The milk protein
genes in principle do not form clusters with each other but rather with other mammary genes. Milk protein genes
are regulated along with other lactation genes without regards to the final destination of the gene product. Different
alignments of the bovine genome (UMD3.1, Btau4.6, BtOM1.0), originating from the same animal, were published
and can now be used as a comprehensive guide for the comparative genomic studies of different cattle breeds (Zhou
etal., 2015).

Mammary cell culture models

Several mammary epithelial cell cultures (mEC) were established in the past, however, the permanent cell cultures often
change their phenotype and adapt to cell culture conditions. They also often lose their ability to react to stimulation by
lactogenic hormones. In order to enable the study of cellular mechanisms, involved in development of the mammary
gland and lactation in vitro, primary mECs represent a valuable surrogate for complex and expensive animal
experiments (Ogorevc et al., 2011). The mEC model is especially suitable for studying the hormonal responsiveness
of mECs and their ability to respond to infections. The responsiveness to infections can be studied successfully at
different time points after infection and in the same genetic background. Using the primary mammary cell culture
model and RNA sequencing we can establish expression profiles for almost all genes expressed in the mammary
epithelium (Ogorevc et al., 2015). Primary mEC cultures have an advantage over established mammary gland cell
lines also because of their retained lactogenic hormone responsiveness. They are able to organize spontaneously into
alveolar and duct-like structures to a greater extent than permanent cell cultures. Primary cultures usually contain
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several cell types (alveolar and ductal epithelial cells, myoepithelial cells and fibroblasts). In combination with animal
models, we can study the regeneration / repopulation ability of mECs in recipient’s biological niche. A particularly
interesting is murine model where the mammary structures were previously surgically removed, so called cleared fat
pad model, where the development of mammary gland structures after mEC transplantation can be observed. The
characterisation of different cell types in the primary mammary cell culture allowed identification of the mammary
progenitor cells (Prpar et al., 2012), which showed impressive regeneration potential in the heterologous mouse
system. Using specific markers, different cell types in the primary mammary gland cell culture can be distinguished.
Cytokeratin 14, for instance, indicates myoepithelial cells and cytokeratin 18 denotes luminal epithelial cells, whereas
EpCAM is an appropriate marker for luminal cells.

Mammary gland gene expression

During the last three decades, different study approaches were applied to dissect physiological, genetic and
environmental effects on mammary gland function and health (Fig. 2). These research efforts contributed significantly
to better understanding of mammary gland biology and opened numerous possibilities for further improvement of
lactation performance. Whole-genome level gene expression profiling of mammary tissue has been extensively used to
characterize roles of genes expressed in different physiological states of the mammary gland, such as different stages of
lactation, mammary gland development, tumorigenesis and intramammary infections. Studies reported differences
in expression level of several hundreds of genes in response to infection of mammary gland by pathogens such
as Echerichia coli (Mitterhuemer et al., 2010)Animal/*metabolism/microbiology</keyword><keyword>Mastitis,
Bovine/*genetics/metabolism</keyword><keyword>Oligonucleotide ~Array Sequence Analysis</keyword></
keywords><isbn>1471-2164</isbn><custom2>PMC2846913</custom2><titles><title>Escherichia coli infection
induces distinct local and systemic transcriptome responses in the mammary gland</title><secondary-title>BMC
Genomics</secondary-title></titles><pages>138</pages><contributors><authors><author>Mitterhuemer, ~ S.</
author><author>Petzl, W.</author><author>Krebs, S.</author><author>Mehne, D.</author><author>Klanner,
A .</author><author>Wolf, E.</author><author>Zerbe, H.</author><author>Blum, H.</author></authors></
contributors><edition>2010/02/27</edition><language>eng</language><added-dateformat="utc’>1576416573</
added-date><ref-type name="Journal Article’>17</ref-type><auth-address>Laboratory for Functional Genome
Analysis (LAFUGA and Mycoplasma agalactiae (Ogorevc et al., 2015). Expression profiles for subpopulations of
mammary epithelial cells were analysed at a population level using expression microarrays and RNA-sequencing
(Kendrick et al., 2008; Sheridan et al., 2015) revealing different gene expression patterns and transcription regulators
in mammary epithelium. In mammary gland transcriptomic studies, biopsies of tissue, laser dissection as well
as milk cells have been used. Milk transcriptome studies revealed thousands of polymorphisms associated with
lactation which can be used as markers for marker assisted selection (Canovas et al., 2010). Milk fat globules and
antibody captured milk mammary epithelial cells allowed precise separation of cell-subtypes (Divari et al., 2018).
Recently, it has become possible to investigate transcriptomes at the single cell level (Tang et al., 2009). Since then,
mammary single-cell transcriptomes in humans (Bach et al., 2017) and mice (Han et al., 2018) have been examined
and revealed much higher heterogeneity of the mammary epithelium cell composition than previously reported
(Cristea and Polyak, 2018).

6 55th Croatian & 15th International Symposium on Agriculture | February 16-21, 2020, Vodice, Croatia



Advances in lactation biology

Physiclogy @
and function Differential allelic ]
L, expression Alternative
" splicing
Regulation of T 2006
@ gene expression B
Promoter L

variation .
(=) )

@ Bos taurys gencme sequence
QTL and lactoprotein ' 2011

database Mammospheres and

regenerative potential

=
2015

Establishment of

RNA sequencing,
primary cell culture d &

single cell RNA sequencing
2012
Transcriptome in

infection experiment

Figure 2: The road map of different research approaches in mammary gland biology in the last three decades.

Future perspectives

Rapid development of molecular genomic methodology and bioinformatics tools opened recently a completely
new research horizon in lactation biology. Identification of transcriptomic profiles of single mammary gland
cells demonstrated the complexity of gene expression in the mammary gland and shed a new light on the genetic
background of lactation (Zorc et al., 2018). Transcriptomic profiling of individual cells, establishment of methylation
profiles, detection of local and genomic histone modifications and better understanding of the regulatory role of non-
coding RNAs will allow much more complex understanding of genetic and environmental mechanisms, involved in
development and function of the mammary gland. The high-density genotyping using SNP chip technology paved
the fundament for effective genomic selection, however, the next generations of high throughput DNA sequencing
could replace SNP chip genotyping with at least shallow DNA sequencing of virtually entire breeding populations.
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SaZetak

Cilj istrazivanja bio je utvrditi koncentracije teskih metala Fe, Zn, Cu, Cr, Ni, Pb, Cd i Hg te
bioakumulacijski potencijal jestive gljive poljske pecurke (Agaricus campestris L.) na podrudju
kontinentalne Hrvatske. Analiza teskih metala provedena je na optickom emisijskom spektrometru
s induktivno spregnutom plazmom - ICP-OES, dok je koncentracija Zive odredivana na zivinom
analizatoru AMA-254. Koncentracija esencijalnih metala bila je znatno ve¢a u odnosu na toksi¢ne metale
na svim lokalitetima uzorkovanja. Najveca prosjecna koncentracija toksi¢nih metala u analiziranoj
vrsti ustanovljena je za Cd (2,87 mg kg'), Pb (1,84 mg kg") i Hg (1,49 mg kg'). Bioakumulacijska
svojstva vrste A. campestris utvrdena su prema metalima Zn, Cu, Cd i Hg (BCF>1).

Kljuéne rijeci: teski metali, jestive gljive, bioakumulacijski potencijal, ekologija

Uvod

Gljive su zasebna mikrobioloska skupina organizama znacajne nutritivne, farmaceutske i ekoloske vrijednosti.
Mnogobrojne samonikle jestive gljive su cijenjene zbog jedinstvenog okusa, arome i prehrambene vrijednosti, gdje
se ubraja analizirana vrsta Agaricus campestris L. S ekoloskog stajalista gljive su vazni bioloski indikatori onecis¢enja
okolisa (Garcia i sur., 2005) i biologki Cistaci tla zagadenog policikli¢kim aromatskim ugljikovodicima (Eggen i Sasek,
2002). Poznato je da samonikle gljive akumuliraju visoke koncentracije teSkih metala, metaloida i radionuklida
(Kala¢, 2010, Siri¢ i sur., 2016, Tucakovi¢ i sur., 2018). Akumumulacija teskih metala u gljivama je kompleksno
svojstvo koje ovisi o brojnim vanjskim ¢imbenicima; mehanizmima unutar gljiva, njihovoj interakciji i genetskim
karakteristikama vrste. Micelij gljiva sposoban je akumulirati sve teske metale u znatno veéoj koncentraciji nego $to
ih sadrzi supstrat na kojem se razvija i zivi (Campos i sur., 2009). Gustoca i dubina micelija koji Zivi u tlu nekoliko
mjeseci ili godinama utjece na sadrzaj teskih metala u plodnim tijelima gljiva. Pored toga, razni ekoloski ¢imbenici
i svojstva tla (pH-vrijednost i organska tvar) mogu utjecati na koncentraciju teskih metala u gljivama (Garcia i sur,,
2009). Iako se koncentracija teSkih metala u gljivama (jestivim) povezuje s mineralogijom supstrata (Aloupi i sur.,
2012) ili s jako zagadenim podrucjima poput velikih gradova ili industrijskih sredista (Petkovsek i Pokorny, 2013),
sadrzaj teskih metalaizmedu vrstai podrudja prikupljanja gljiva je nedovoljno prou¢avan. Spoznaje o akumulacijskom
potencijalu jestivih saprotrofnih gljiva u Republici Hrvatskoj su jako skromne. Aktualna znanstvena istrazivanja
ukazuju na moguénost koristenja vrijednosti sadrzaja teskih metala u pojedinim vrstama gljiva (Agaricus sp., Boletus
sp., Macrolepiota sp.) kao bioindikatora oneci$¢enja okolisa. Pored toga, izrazito visoke koncentracije toksi¢nih teskih
metala u jestivim gljivama mogu imati negativne u¢inke na zdravlje ljudi. Stoga je cilj ovog istrazivanja utvrditi
koncentracije teskih metala (Fe, Zn, Cu, Ni, Cr, Pb, Cd i Hg) u jestivoj gljivi A. campestris te prikladnost navedene
vrste gljiva kao bioloskog pokazatelja onecis¢enja okolisa.

Materijali i metode

Uzorci gljiva i supstrata tla prikupljeni su na tri lokaliteta kontinentalne Hrvatske (Trako$¢an, Medvednica i Petrova
gora). Na navedenim lokalitetima prikupljeni su uzorci vrste Agaricus campestris slu¢ajnim odobirom. Ukupno je
prikupljeno 57 uzoraka, od ¢ega 19 na podrucju Trako$c¢ana, 17 na podrucju Medvednice i 21 na podrucju Petrove
gore. Istodobno s prikupljanjem uzoraka gljiva, prikupljeni su uzorci supstrata tla gornjeg horizonta (0-10 cm) nakon
uklanjanja povrsinskog sloja. Nakon prikupljanja, uzorci gljiva su o¢i$¢eni i osuseni na 50 °C kroz 48 h do konstantne
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tezine. Nakon su$enja uzorci su samljeveni na laboratorijskom mlinu (Retsch SM 200) kroz sito promjera otvora 1,00
mm i spremljeni u hermeticke vrecice do ocitanja koncentracije teskih metala. Prikupljeni uzorci supstrata rastreseni
su u plasti¢ne posude i prosuseni na sobnoj temperaturi kroz dva tjedna te samljeveni i prosijani kroz sito promjera
otvora 2,0 mm. U pripremljenim uzorcima supstrata izvrSeno je ocitanje pH-vrijednosti supstrata u H,O, sadrzaj
organske tvari te koncentracija teSkih metala Fe, Zn, Cu, Ni, Cr, Pb, Cd i Hg.

Laboratorijsko posude kori$teno u pripremi uzoraka za odredivanje teskih metala namakano je 24 h u otopini
etilendiamintetraoctene kiseline (EDTA; Kemika, Hrvatska) koncentracije 5 % (w/v) i nakon toga 24 h u 10 % (v/v)
HNO, (Merck, Njemacka). Masa uzorka od 0,5 g razgradena je s 5 mL HNO, (65 %, Suprapur, Merck, Njemacka) u
zatvorenim PTFE posudama u mikrovalnoj peci za razaranje (Milestone microwave laboratory system, MLS 1200
mega, SAD). Program razaranja sadrzavao je nekoliko koraka: snaga razaranja od 100 W i trajanje 5 min, snaga od
0 W i trajanje 2 min, snaga od 250 W i trajanje 5 min, snaga od 400 W i trajanje 5 min, snaga od 600 W i trajanje 5
min. Nakon razaranja uzorci su hladeni u vodenoj kupelji te nakon toga odmjereni u tikvice od 25 mL, nakon ¢ega
su tikvice dopunjene destiliranom vodom. Iz odmjernih tikvica uzorci su prebaceni u epruvete od umjetne mase
za mjerenje na optickom emisijskom spektrometru s induktivno spregnutom plazmom (eng. Inductively coupled
plazma - optical emission spectrometry, ICP-OES, Optima 8000, Perkin Elmer, SAD) opremljenim automatskim
uredajem za uzorkovanje, na kojem su analizirani metali. Ziva u uzorcima gljiva i tla je mjerena bez razgradivanja u
kiselini koriste¢i AAS analizator zive (AMA-254, Advanced Mercury Analyser, Leco, Poland) koji koristi neposredno
izgaranje uzorka u atmosferi bogatoj kisikom. Vrijednost pH uzoraka supstrata odredena je potenciometrijski u
suspenziji supstrata tla i destilirane vode (aktualna kiselost) u omjeru 1:5, a napravljena je prema Thomas (1996),
pomocu prijenosnog pH-metra IQ 150 (IQ Scientific Instruments, USA). Sadrzaj organske tvari u uzorku supstrata
odreden je gravimetrijski nakon spaljivanja organske tvari (2 g supstrata osuSenog na zraku) na 550 °C kroz 16 h u
peci (Select — Horn. SELECTA).

Rezultati i rasprava

Osobine tla (pH-vrijednost i sadrzaj organske tvari) te prosje¢ne koncentracije analiziranih metala na lokalitetima
kontinentalne Hrvatske prikazani su u tablici 1. Iz navedene tablice vidljivo je da se prosjecne vrijednosti navedenih
svojstava tla razlikuju izmedu lokaliteta uzorkovanja. Tako je prosjecna pH-vrijednost na lokalitetu Trako$¢an
iznosila 6,75, zatim na Medvednici 7,22, a na Petrovoj gori 6,38. Ustanovljene srednje pH-vrijednosti ukazuju na
blago kiselu reakciju tla. Postotak organske tvari na lokaciji Trako$¢an iznosio je 11,34 %, na Medvednici 4,78 % te
6,94 % na Petrovoj gori. Ustanovljene prosjecna vrijednost organske tvari u tlu odgovara kategoriji jako humoznih
tala (>5,00 %). Analizom koncentracija teskih metala u tlu na istrazivanim lokalitetima ustanovljena je znatno veca
koncentracija esencijalnih elemenata Fe, Zn i Cu u odnosu na toksi¢ne (tablica 1). Najveca prosje¢na koncentracija
olova zabiljezena su u uzorcima tla na lokalitetu Petrova gora (22,72 mg kg'), dok su na podruc¢ju Medvednice
ustanovljene najvece koncentracije kadmija (0,61 mg kg) i zive (0,086 mg kg™).

Tablica 1. Koncentracija teSkih metala u tlu na istrazivanim lokalitetima, mg kg™

Trakos¢an Medvednica Petrova gora
pH H20 6,57 + 1,13 7,22 0,70 6,38 + 0,51
O.T, % 11,34 £ 12,52 4,78 + 3,56 6,94 + 7,87
Zeljezo - Fe 8839 + 310 7673 218 8622 + 231
Cink - Zn 52,36 + 34,15 75,17 £ 15,26 87,22 £ 29,18
Bakar - Cu 21,39 £ 8,41 19,38 4,12 28,79 £2,01
Nikal - Ni 14,92 + 6,14 12,53 £ 1,71 11,97 £ 1,34
Krom - Cr 18,73 £ 8,13 17,95+ 1,38 9,22 +0,78
Olovo - Pb 18,37 £ 6,21 14,71 £ 2,26 22,72 £1,95
Kadmij - Cd 0,57 £ 0,24 0,61 +0,17 0,39 + 0,06
Ziva - Hg 0,055 0,01 0,086 + 0,004 0,067 + 0,02

Rezultati su prikazani kao prosjeci suma najmanjih kvadrata + standardna devijacija.
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Prosjecne koncentracije analiziranih teskih metala u vrsti A. campestris na tri lokaliteta uzorkovanja prikazane su u
tablici 2. Iz navedene tablice razvidno je kako je analizirana vrsta akumulirala razli¢ite koncentracije teskih metala
izmedu lokaliteta uzorkovanja. Znacajno najveca (P<0,05) prosje¢na koncentracija zeljeza utvrdena je u uzorcima s
podrucje Medvednice. Vrsta A. campestris akumulirala je najvece prosje¢ne koncentracije cinka i bakra na lokalitetu
Petrova gora. Uzorci sa podrudja Trako$¢ana sadrzavali su najvece koncentracije nikla (3,88 mg kg') i kroma (3,67
mg kg'). Takoder, na navedenom lokalitetu utvrdene su znacajno najvece koncentracije (P<0,05) toksi¢nih metala
kadmija i zive (2,87 i 1,49 mg kg'). Suprotno tome, najnize koncentracije navedenih metala ustanovljene su u
uzorcima na lokalitetu Petrova gora (2,31 i 1,03 mg kg'). Koncentracija toksicnog metala olova bila je razli¢ita u
uzorcima poljske pecurke izmedu istrazivanih lokaliteta, pri ¢emu je najveca prosjecna koncentracija utvrdena u
uzrocima sa Petrove gore (1,84 mg kg™).

Tablica 2. Koncentracija teskih metala u gljivi Agaricus campestris L. (mg kg!)

Trakos$can Medvednica Petrova gora
Zeljezo - Fe 111,25 + 66,23b 151,22 + 33,53a 117,25 +27,54b
Cink - Zn 72,84 +21,41b 89,56 + 14,23a 96,33 £ 16,92a
Bakar - Cu 41,33 +13,21b 38,56 £12,47b 47,87 £16,33a
Nikal - Ni 3,88 £0,53a 3,63 £ 0,64ab 3,27 £2,48b
Krom - Cr 3,67 £0,94a 3,04 £ 0,85b 2,69 £ 0,77b
Olovo - Pb 1,56 + 0,41ab 1,38 £ 0,34b 1,84 +0,47a
Kadmij - Cd 2,87 +0,53a 2,71 £0,46b 2,31 +0,39¢
Ziva - Hg 1,49 £ 0,21a 1,29 + 0,24b 1,03 + 0,12¢

“bs Vrijednosti oznacene razlicitom slovom znacajno se razlikuju (P < 0,05)

U tablici 3. prikazane su vrijednosti biokoncentracijskog faktora (BCF) analiziranih metala. Najvi$e vrijednosti
biokoncentracijskog faktora vrste A. campestris utvrdene su za zivu (27,09) na lokalitetu Trakos$c¢an, zatim 15,00 na
Medvednicii 15,37 na Petrovoj gori. Takoder, vrijednosti BCF za kadmij bile su visoke, a iznosile su 5,04 (Trako$¢an),
4,44 (Medvednica) 1 5,92 (Petrova gora). S druge strane, prema utvrdenim vrijednostima biokoncentracijskog faktora
analizirana vrsta gljive ima jako slab bioakumulacijski potencijal za Zeljezo, krom, nikal i olovo (tablica 3).

Tablica 3. Vrijednosti biokoncentracijskog faktora

BCF
Trakos$¢an Medvednica Petrova gora
Zeljezo - Fe 0,01 0,02 0,01
Cink - Zn 1,39 1,19 1,10
Bakar - Cu 1,93 1,99 1,66
Nikal - Ni 0,26 0,29 0,27
Krom - Cr 0,20 0,17 0,29
Olovo - Pb 0,08 0,09 0,08
Kadmij - Cd 5,04 4,44 5,92
Ziva - Hg 27,09 15,00 15,37

BCF - biokoncentracijski faktor

Koncentracije analiziranih metala u vrsti A. campestris bile su razli¢ite izmedu lokaliteta uzorokovanja. Razvidno
najveca zastupljenost metala u analiziranoj vrsti ustanovljena je za metale Zeljezo, zatim cink te bakar (esencijalni
elementi), dok su medu toksi¢nim elementima najzastupljeniji olovo i kadmij. Navedeno je u skladu sa rezultatima
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istrazivanja brojnih autora (Kala¢, 2010, Hartikainen i sur., 2012, Siri¢ i sur., 2016). Hertikainen i sur. (2012) u
provedenom istrazivanju o utjecaju cinka i bakra na rast gljiva zakljucuju kako razlic¢ite grupe gljiva imaju vecu
toleranciju na cink u odnosu na bakar, to je vidljivo i u ve¢im koncentracijama cinka kojeg usvajaju. Koncentracije
toksi¢nih metala olova, kadmija i Zive bile su razli¢ite izmedu lokaliteta, ali i izmedu samih metala unutar analizirane
vrste. Tako su najviSe koncentracije izmedu navedenih metala ustanovljene za kadmij > olovo > Zivu. Pritom je
bitno naglasiti kako su koncentracije olova utvrdene u analiziranoj vrsti znatno nize u odnosu na koncentracije
u supstratu tla, dok je za metale kadmij i Zivu utvrden suprotan omjer. Sli¢ne rezultate za metale olovo, kadmij i
zivu navode i drugi autori (Garcia i sur., 2009, Melgar i sur., 2009, Kala¢ i sur., 2010, Siri¢ i sur., 2017). Medutim,
bitno je napomenuti da koncentracija metala u gljivama moze biti znatno razli¢ita izmedu lokaliteta uzorkovanja,
a §to potvrduju rezultati istrazivanja Petkovseka i Pokornya (2013). Autori navode znatno vece koncenentracije
kadmija i olova u brojnim vrstama gljiva, a ¢iji su uzorci prikupljeni u blizini izvora oneci$¢enja kao sto su topionice
i talionice. Nadalje, iako analizirana vrsta akumulira vece koncentracije esencijalnih u odnosu na toksi¢ne metala,
njen bioakumulacijski potencijal prema esencijalnim elementima je uglavnom slab, a razlog nevedenom su znatno
vece koncentracije teSkih metala utvrdene u tlu. Suprotno tome, dobra bioakumulacijska svojstva ustanovljena su za
metale kadmij i Zivu, pri ¢emu je ziva okarakterizirana kao metal iznimno pristupacan vrsti A. campestris. Navedeno
potvrduju razultati istrazivanja (Melgar i sur., 2009, Kala¢, 2010, Siri¢ i sur., 2016, Siri¢ i sur., 2017). S druge strane,
iznimno slab bioakummulacijski potencijala ustanovljen je za toksi¢ni metal olovo, pri ¢emu su vrijednosti BCF
znatno nize od 1. Na temelju navedenoga moze se re¢i da je bioakumulacijski potencijal analizirane vrste uvjetovan
samim metalom, ali i lokalitetom uzorkovanja, odnosno stupnjem oneciséenja pojedinih lokaliteta.

Zakljucak

Provedenim istrazivanjem utvrdene su koncentracije teskih metala te bioakumulacijska potencijal vrste A. campestris.
Ustanovljene su znatno vece koncentracije esencijalnih elementata Zeljeza, cinka i bakra, u odnosu na toksi¢ne
kadmij, olovo i Zivu, a §to analiziranu vrstu ¢ini odlicnom nadopunom prehrani. Koncentracije toksi¢nih teskih
metala utvrdene u ovom istrazivanju odgovaraju razinama na nezagadenom podrudju te konzumcija analizirane
vrste ne predstavlja opasnost za zdravlje ljudi. Utvrdene vrijednosti biokoncentracijskog faktora ukazuju da vrsta
A. campestris ima velika odstupanja bioakumulacijskog potencijala prema pojedinom metalu, pri ¢emu su dobra
bioakumulacijska svojstva ustanovljena za metale cink, bakar, kadmij i zivu (BCF > 1).
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Bioaccumulation potential of field mushroom
Agaricus campestris L.

Abstract

The aim of this study was to determine the concentration of heavy metals Fe, Zn, Cu, Cr, Ni, Pb, Cd,
Hg and bioaccumulation potential of edible mushroom (Agaricus campestris L.) in continental Croatia
area. The analyses were carried out by Inductively Coupled Plasma- Optical Emission Spectrometry
(ICP-OES), while the concentration of mercury was determined on mercury analyzer AMA-254. The
concentration of essential metals was considerably higher than toxic metals at all sampling areas. The
highest concentrations of toxic metals in analyzed species have been shown for Cd (2.87 mg kg*), Pb
(1.84 mg kg') and Hg (1.49 mg kg). Bio-accumulation features were established in analyzed species
for metals Zn, Cu, Cd and Hg (BCF>1).

Keywords: heavy metals, edible mushroom, bioaccumulation potential, ecology
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Abstract

Intercropping involves combining more plant species on the same parcel of land at the same time. The
significance of intercropping is in the cultivation of plant species in systems that are less susceptible
to different stress conditions. The aim of our research is to investigate buckwheat yields intercropped
between alleys of grafted walnuts. The field trial was conducted at two sites in eastern Croatia where
on one site walnuts were four years old and on the other eleven years old. Buckwheat yields were
significantly lower in intercropped 11-yr old orchard compared to the control plot without walnuts.
However, in 4-yr old walnut orchard there was no significant difference between buckwheat yields in
the intercropped system and on the control plot. Such results suggest that the shading effect could be
the driving force controlling buckwheat yields in such intercropped systems.

Keywords: agroforestry, buckwheat, land equivalent ratio, silvoarable, walnut

Introduction

Intercropping agricultural crops with wood species, such as walnut, can have positive effects on crops. Combining
permanent wood species with agricultural crops influences the microclimate conditions, which improves the plant
resistance to stress conditions such as climatic extremes (drought, flooding), better use of the production area,
positive influence on soil fertility, diversity of production in one vegetation, protection against plant disease, pests
and weeds, better use of nutrients and water in soil as well as increased biodiversity. However, the question is how
profitable or productive intercropped system can be i.e. how would such combined cultivation affect the yields of
agricultural crops?

At the same time, this kind of cultivation can promote allelopathic relationships between plants. In intercropping
systems with walnut, it is desirable to choose orchards with grafted plants since the walnut tree secretes juglone
that may have a toxic effect on the germination of other plants. In the orchards of walnuts with grafted trees, the
secretion of juglone is not so intense and the activity of juglone in such orchards has no significant toxic effect in
the first 15 years (Scott and Sullivan, 2007). Furthermore, an introduction of organic matter or organic fertilizers is
recommended because it promotes microbiological activity that enhances juglone decomposition (Schmidt, 1987).
Another important factor in walnut intercroppedsystems is the selection of plants resistant to low-pH, since the
walnuts can acidify the soil. By raising such systems we create stable agroecosystems resistant to negative climatic
extremes (Quinkenstein et al., 2009).

Buckwheat (Fagopyrum esculentum Moench) is the plant from the Poligonaceae family. It originates from Central
and Northeast Asia, Manchuria and the Himalayas (Farooq et al., 2016). It was brought to Europe at the end of the
fourth century, and it is mainly produced in China, Russia, Ukraine and Kazakhstan.. Buckwheat is grown mainly
in post-sowing for a short life cycle, mainly as a pre-sowing crop for vegetables, barley and wheat, it is rarely grown
as a main crop. The intensity of buckwheat production at the Mediterranean level is in line with the increased search
for healthy food with low environmental impact (Small, 2017). Since buckwheat has short vegetation period and low
demand for agrotechnical operations, it was chosen in our filed trial as a crop to be intercropped in walnut orchard.
The aim of our research is to investigate possibility of intercropping buckwheat between alleys of grafted walnuts and
to determine its yields in two orchards of different age. In addition, we wanted to examine the productivity of such
systems by calculating the land equivalent ratio (LER).
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Material and methods

The field trial was set up in eastern Croatia on two sites: Ivankovo with 4-yr walnut orchard and Pakovo with
11-yr old walnut orchard. Alleys in Dakovo were 8m wide while in Ivankovo 10m. Within the alleys a 6m strip of
buckwheat was sown in Dakovo and an 8m strip in Ivankovo. Each of two sites consisted of three plots; a) control plot
of buckwheat without walnuts, b) walnut orchard with intercropped buckwheat and ¢) sole walnut orchard without
intercropped wheat. Soil and climatic parameters were measured and monitored during the vegetation period.

Land equivalent ratio

From the crop and walnut fruit yields, land equivalent ratio (LER) was estimated. The land equivalent ratio is defined
as the ratio of the area under monoculture production to the area under intercropping needed to give equal yields at
the same management level (Ong & Kho, 2015). It is calculated as the ratio of tree yield from intercropped system to
the tree monoculture yield plus the ratio of crop yield from the intercropped system to the crop monoculture yield,
as shown in Equation 1:

eq 1 LER - walnut intercropped yield N buckwheat intercropped yield

walnut pure orchard yield  buckwheat monculture yield

When LER < 1, there is no agronomic advantage of intercropping over sole cropping, but when LER is >1, production
in the intercropped system is higher than in the separate sole crops.

Results and discussion

The walnut orchard in Dakovo has 10 equally long rows of walnuts. However, so far, walnut yield of first five rows was
always around 30% of the total walnut yield, while the last five rows had around 70% of total walnut yield i.e. higher
productivity. Walnut orchard in Ivankovo is still too young and it has not produce any walnut yield so far. In Pakovo,
we have decided to sow buckwheat in the 4 alleys in between first five rows of trees to increase the productivity of
this low productive area. After growing buckwheat in the alleys of first five tree rows the system had walnut yield of
378 kg/ha and buckwheat yield 1.8 t/ha. However since only 75% (6m out of 8m) of area in alleys was covered with
buckwheat (the rest 25% was walnut rows) the actual buckwheat yield per ha in intercropped system was actually
1.35 t/ha. Walnut control plot had walnut yield of 746 kg/ha and buckwheat control plot had buckwheat yield of 2.5
t/ha. In relative numbers, the walnut yield in intercropped system was 51% (0.51) of the walnut yield in the walnut
control plot and buckwheat yield was 54% (0.54) of the buckwheat yield in the buckwheat control plot. Altogether, it
comes out that intercropped plot had land equivalent ratio (LER) of 1.05 (eq. 2) which means that by intercropping
buckwheat in between these low productivity rows of walnut we have increased the production of this area by 5% in
comparison to high productive area (last five rows of walnut trees).

_ 378kg/ha 135t/ ha

eq.2 LER = + =
746kg / ha 2.5t/ ha

1.05
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Figure. 1 - Dakovo site: a) intercropped walnut orchard, b) buckwheat control plot

Even though the buckwheat yield in intercropped system in Pakovo was significantly lower than in agricultural field
(Table 1.), such lower yield still increased the total productivity of the area (eq. 2). In younger orchard - Ivankovo
there was no significant difference between buckwheat yields grown in the walnut alleys and on the agricultural
control plot (Table 1).

Analysis of soil parameters indicated that in Dakovo there were significantly higher levels of available potassium as
well as significantly higher percentage of soil organic matter (SOM) in intercropped orchard than in agricultural field
(Table 1.). However, the buckwheat yields were still lower. Such results indicate the importance of light and shading
effect, which are more important than soil properties (Dufour et al., 2013; Talbot et al. 2014). In Ivankovo, where the
shading effect was negligible due to young trees with small canopy area, there was no significant difference between
buckwheat yields in intercropped system in comparison to agricultural field.
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Table 1. Soil parameters and buckwheat yields on two sites

DAKOVO IVANKOVO
n

pH Orchard 8 5.9m 8 7.3%

Agri. field 16 5.7™ 4 6.0°
AL-PO, Orchard 8 7.9m 8 16.1™
mg/100g Agri. field 16 9.3 4 13.4m
AL-K,O Orchard 8 17.1° 8 18.20
mg/100g Agri. field 16 11.9° 4 21.9°

SOM Orchard 8 2.2° 8 1.5%

% Agri. field 16 1.7° 4 1.7°
Buckwheat Yield Orchard 8 1.8* 8 2.5m
t/ha Agri. field 16 2.5° 4 1.77

n-number of samples, ™ indicates no significant differences, “ and® indicate significant difference between
orchard and agricultural field for each site separately, SOM -soil organic matter

Further economic analysis is necessary to investigate the economic aspect of such production, i.e. profitability. For
how long can intercropping be profitable in walnut orchards? Previous research that conducted investigating effect of
light on crop yield has shown that crop yields in agroforestry system usually drastically drop around year 8-10 from
planting (Talbot et al. 2014).

Conclusion

Intercropping of buckwheat in low productive rows of walnut orchard can increase the productivity of such area even
if the buckwheat yields are significantly lower compared to yields in agricultural land. In younger walnut orchards
(4-yr old orchard) there was no difference in buckwheat yields. However, how long can such intercropping in walnut
orchards be profitable, needs to be investigated in more details. At some point the walnut trees will provide too much
shade and the production of agricultural crops within walnut rows, such as buckwheat, will not be feasible anymore.
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Prinos heljde u konsocijaciji nasada oraha i heljde

SaZetak

Konsocijacija podrazumijeva kombiniranje viSe biljnih vrsta na istoj povrsini u isto vrijeme. Znacaj
konsocijacije je u uzgoju biljnih vrsta u sustavima koji su manje osjetljivi na abiotski i biotski stres.
Kombinacija trajnih nasada s poljoprivrednim kulturama na istoj povrsini pozitivho utje¢e na
mikroklimatske uvjete, $to poboljsava otpornost biljaka na ekstremne klimatske uvijete suse i poplave.
Ciljnasegistrazivanjaje odrediti prinose heljde unutar nasada oraha. Pokus je proveden na dvije lokacije.
Na jednoj lokaciji orasi su stari cetiri godine (Ivankovo), a na drugoj jedanaest godina (Pakovo). Pokus
na obje lokacije se sastojao od tri parcele - kontrolne parcele heljde bez oraha, voénjaka oraha s usijanom
heljdom izmedu redova i vo¢njakom oraha bez usijane heljde. Svojstva tla i agroklimatski parametri
mjereni su i praceni tijekom vegetacijskog razdoblja. Prinosi heljde u 11-godi$njem nasadu oraha bili
su statisticki znacajno nizi u usporedbi s kontrolnom povrsinom bez oraha. Medutim, u 4-godi$njem
vo¢njaku oraha nije bilo statisticke znacajne razlike izmedu prinosa heljde u voé¢njaku i na kontrolnoj
parceli bez oraha. Takvi rezultati ukazuju na to da je moguce uzgajati poljoprivredne kulture poput
heljde u konsocijaciji s orahom, no takva proizvodnja je isplativa do odredene starosti oraha.

Klju¢ne rijeci: agroSumarstvo, heljda, iskoristivost zemljista, silvoarabilno, orah
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Abstract

A field study was conducted to evaluate the efficacy of enhanced tobacco for phytoremediation of
contaminated soils. The experiment was performed on an agricultural field highly contaminated
(2544.8 mg/kg Zn, 2429.3 mg/kg Pb and 51.5 mg/kg Cd) by the Non-Ferrous-Metal Works near
Plovdiv, Bulgaria. The concentration of heavy metals in different parts of three varieties of enhanced
tobacco (NBCul08F3, NBCul04F3, BAGF3) was determined by ICP. A clearly distinguished species
peculiarity existed in the accumulation of heavy metals in the organs of tobacco. Cd levels occur in the
order, lower leaves > middle leaves > upper leaves > stalks > roots, Pb - middle leaves > lower leaves >
upper leaves > stalks > roots, and Zn- upper leaves > middle leaves > lower leaves > stalks > roots. The
translocation factor for all metals is greater than 1 (TF Pb -13.7-14.8, TF Zn -8.8-10.1, TF Cd -5.5-6.5).
None of these varieties of enhanced tobacco was specified as a hyperaccumulator; nevertheless, all
varieties show potential for phytoextraction of Pb, Zn, and Cd.

Keywords: heavy metals, enhanced tobacco, translocation factor, bioaccumulation factor,
phytoextraction

Introduction

Remediation can be defined as the combined use of plants, soil amendments and agronomic practices to remove
pollutants from the environment or to decrease their toxicity (Salt et al., 1998). This technique has many advantages
compared with other remediation procedures - low economic costs and the possibility of being applied to soils, causing
a minimum environmental impact. As a technology based on the use of plants, the success of phytoremediation
will mainly depend on the proper selection of plants. An ideal plant for phytoextraction should possess several
characteristics: tolerance to excessive heavy metals concentrations in soil, fast growth and high biomass and high
efficiency in heavy metals uptake and translocation to aboveground parts, low water requirement, no invasiveness,
resistance to pests and pathogens, phytomanagement with low inputs, and ease of harvest (Herzig et al. 2014).
Phytoextraction efficiency can be significantly improved by combining selected and genetically improved cultivars
of high biomass plants and relevant agronomical techniques (Nehnevajova et al. 2007, Herzig et al. 2014).

Tobacco is a crop that has an exceptional ability to accumulate more Cd in its leaves than any other crop (Mench and
Martin, 1991, Mench et al.,1994) and is an efficient cadmium accumulator (Guadagnini, M., 2000). Guadagnini et
al. (2000) developed by means of conventional in vitro-breeding and selection techniques, 106 somaclonal variants
of tobacco (Nicotiana tabacum ssp.) with increased metal tolerance, accumulation and extraction properties. The
authors found that 17 of these somaclonal tobacco variants showed an improved heavy metal shoot uptake and
phytoextracted 1.2-2.0 times more Cd and Zn than non-modified mother-plants. Herzig et al. (2003) confirmed
enhanced shoot metal removals up to a factor 1.8 for Cd, 3.2 for Zn and 2.0 for Pb in soil contaminated by industrial
sewage sludge and up to a factor 12.4 for Cd, 13.7 for Zn and 13.5 for Pb in acid sandy soil contaminated by deposits
from a zinc smelter for best tobacco variants NBCul08F1 and NBCu 104F1 (PHYTAGC, 2005).

The main objective of this paper is to conduct a systematic study, which will allow us to determine the uptake of the
heavy metals (Pb, Cd and Zn) by three varieties of enhanced tobacco (NBCul08F3, NBCul04F3, BAG F3), as well as
the potential of the enhanced tobacco for phytoremediation of heavy metal contaminated soils.
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Materials and methods

The test plant were three varieties of enhanced tobacco (NBCul08F3, NB104F3, BAGF3) grown at a distance
of 0.5 km from the vicinity of the area contaminated by the Non-Ferrous-Metal Works (MFMW) near Plovdiv,
Bulgaria. Field trials were set under the block method in four repetitions. Seeds of the plants were germinated in
the greenhouse under controlled conditions. Three week old seedlings were transferred to pots, acclimatized outside
before planting in the field. A planting distance of 15 cm in the row and 55 cm between the rows was followed.
Technically senescenced leaves of various stem positions were taken for analysis. As the leaves of tobacco ripen
sequentially, harvesting is done in stages /harvests/ by following the sequence of senescence of leaves. Harvesting
of leaves is carried out for 3 harvests (1-lower leaves, 2-middle leaves, and 3- upper leaves, The collected technically
senescenced leaves were strung on a single needle and dried in natural conditions, observing the technology of solar
drying of oriental tobacco.

The concentration of heavy metals were determined in the different parts of three varieties of enhanced tobacco
- roots, stalks and leaves (lower, middle and upper). The plant samples were treated by the method of microwave
mineralization.

The pseudo-total concentration of metals in soils was determined in accordance with ISO 11466. The available
(mobile) heavy metals concentration in soil were extracted in accordance with ISO 14870 by a solution of DTPA.

To determine the heavy metal concentration in the plant and soil samples, inductively coupled emission spectrometer
(Jobin Yvon Horiba ,,ULTIMA 2% France) was used.

Results and discussion
Chemical characteristics of soils are shown in Tables 1 and 2. The soil used in this experiment was slightly alkalic,

with moderate concentration of organic matter and essential nutrients (N, P and K).

Table 1. Characterization of the soil used in the experiment.

pH EC Organic N, % P, mg/kg K, mg/kg
matter, %
Soil 7.6 0.3 3.99 0.22 731 4675

Table 2. Total and DTPA extractable Pb, Zn and Cd (mg/kg) in soil sample.

Parameter Pb Cd Zn
Total concentration 2429.3 51.5 2544.8
DTPA extractable 868.0 31.7 279.8
DTPA/total, % 35.7 61.6 11.0
MPC (pH 6.0 -7.4) 100 2.0 320

The psedo-total concentration of Zn, Pb and Cd is extremely high (2544.8 mg/kg Zn, 2429.3 mg/kg Pb and 51.5 mg/
kg Cd, respectively) and exceeds the maximum permissible concentrations (320 mg/kg Zn, 100 mg/kg Pb and 2.0
mg/kg Cd). The extremely high soil total metal concentration was a prerequisite for also high available concentration
(for all investigated metals), as confirmed by the results of DTPA-extracted Pb, Cd and Zn (moderate for Pb and Zn,
and high for Cd).

Table 3 presents the results obtained for the concentration of heavy metals in the vegetative organs of three varieties
of enhanced tobacco NBCul08F3, NBCul04F3 and BAGF3. The root system is a major route for the absorption
of heavy metals into plants. Once they have entered the roots, they can be stored or moved to the stems. The
obtained results show that a significant portion of Pb, Zn and Cd is accumulated at the roots of the enhanced
tobacco NBCul08F3, NBCul04F3 and BAGF3. The lead concentration in tobacco roots varies from 69.8 mg/kg in
NBCul08F3 to 132.2 mg/kg in BAGF3, Cd from 17.7 mg/kg in NBCul08F3 to 28.1 mg/kg in BAGF3, Zn - from 97.6
mg/kg in NBCul08F3 to in 185.1 mg/kg in BAGF3. These results are contrary to the results obtained by del Piano
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(2008), who found that Pb accumulated mainly in the roots of tobacco.

The concentration of heavy metals was higher in tobacco stalks than in the root system, with the exception for the
BAGF3 cultivar for Pb and Zn. The lead concentration in tobacco stalks varies from 75.6 mg/kg in NBCul04F3 to
100.2 mg/kg in BAGF3, Cd from 28.2 mg/kg in NBCul04F3 to 33.4 mg/kg in NBCul08F3, Zn stalks 164.4 mg/kg in
NBCul04F3 to 184.3 mg/kg in BAGF3 (Table 3).

Table 3. Concentration of Pb, Cd and Zn (mg/kg) in vegetative organs of enhanced tobacco (NBCul08F3, NB104F3,
BAGF3).

Roots Stalks Leaves

Lower Middle Upper Average
Pb
NBCul08F3 69.8 96.9 927.8 1062.6 888.4 959.6
NB104F3 74.2 75.6 1062.5 1403.1 838.0 1101.2
BAGEF3 132.3 100.2 1074.5 1044.3 930.2 1016.3
Cd
NBCulO8F3 19.8 33.4 155.6 120.9 66.4 114.3
NB104F3 17.7 28.2 155.8 129.0 61.1 115.3
BAGF3 28.1 29.2 132.9 135.2 75.8 114.6
Zn
NBCul08F3 97.6 176.3 860.1 936.7 1147.9 981.6
NB104F3 124.9 164.4 922.2 1173.0 1134.5 1076.6
BAGF3 185.1 184.4 949.2 1000.7 1065.1 1005.0

The concentration of heavy metals were higher in the tobacco leaves than in the root system and stalks, which is
in line with the results of other authors (Wagner and Yergan, 1986; Mench et al., 1989; Keller et al., 2003; Fassler
et al., 2010). The average Pb concentration in tobacco leaves varied from 959.6 mg/kg in NBCul08F3 to 1101.2
mg/kg in NB104F3 (Table 3). The concentration of lead was the highest in the middle leaves with the exception
for the BAGF3 cultivar. Visible symptoms, caused by high levels of Pb, which occur in tobacco (dark green leaves,
leafroll of old leaves, dark brown and short roots), were not observed in our experiments. Obviously, Pb can be
incorporated in plant tissues in enhanced tobacco in a way so that they do not pose an issue for plant physiological
processes. According to Tso (1991), the concentration of Pb in tobacco leaves varies widely from 0 to 200 mg/kg, and
depends largely on the soil characteristics, the type and variety of tobacco, as well as the place of cultivation and total
concentration of Pb in soil (Lugon-Moulin, 2004).

The average Cd concentration in tobacco leaves varies from 114.3 mg/kg in NBCul08F3 to 115,3 mg/kg in NB104F3.
Visible symptoms caused by the increased concentration of Cd in plants, such as growth arrest, damage to the root
system, chlorosis on leaves, reddish to dark brown colour on their edges, were not observed. Obviously, Cd can be
incorporated in plant tissues in enhanced tobacco in a way so that they do not pose an issue for plant physiological
processes. According to Golia et al. (2007) the concentration of Cd in tobacco ranges from 0.5 to 3.5 mg/kg, while
Tso (1991) reports values reaching up to 11.6 mg/kg. According to Mench et al. (1994) and Sappin-Didier et al.
(1997), Cd concentration in tobacco leaves varies from 40 to 120 mg/kg depending on the soil characteristics and
Cd soil total concentration, plant cultivar and environmental conditions (which affect temperature, moisture, etc.).
The results obtained were consistent with the values reported in other literature sources (Adamu et al., 1989, Bell et
al.,1992) and higher than the concentrations considered critical for plants to have developmental issues (which were
not visually observed) (5-30 mg/kg) (Kabata Pendias and Pendias, 2001). The greater accumulation of Cd in tobacco
leaves is probably due to Cd absorption from the soil through the root system of the plant and their movement
through the conductive system. It has been found that cadmium can be accumulated in tobacco leaves in an amount
10 times higher than that in the soil (Anonymous, 1995). This is consistent with what was found by Yeargan et
al.(1992), who found that tobacco had an extraordinary ability to accumulate Cd as compared to other plants when
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grown on Cd contaminated soils.

The concentration of cadmium is the highest in the lower leaves with the exception for the BAGF3 cultivar. Our
results confirm the results of Wagner (1994), according to whom the highest values of Cd are found in the leaves
from the lower zone of tobacco and significantly lower in the leaves of top zone, assuming gradual accumulation
over time.

The average Zn concentration in tobacco leaves varies from 981.6 mg/kg in NBCul08F3 to 1076.6 mg/kg in NB104F3.
According to Jones et al. (1991) and Campbell (2000) the optimum amount of Zn in the tobacco is in the range from
20 to 60 (80) mg/kg, and excess were observed in values above 80 to 100 mg/kg. Symptoms of zinc toxicity which
manifest themselves as chlorosis and necrosis at the edges of the leaves, inter-veinal chlorosis in young leaves, plant
growth arrest as a whole, damage to the roots, were not observed as well. The concentration of zinc is higher in the
upper leaves, in comparison with the leaves of the lower and middle leaves with the exception for NB104F3.

The distribution of heavy metals in the organs of enhanced tobacco has selective character specific for individual
elements. Cd levels occur in the order, lower leaves > middle leaves > upper leaves > stalks > roots, Pb - middle leaves
> lower leaves > upper leaves > stalks > roots, and Zn- upper leaves > middle leaves > lower leaves > stalks > roots
(Table 3).

For comparing phytoextraction efliciencies of enhanced tobacco, translocation and bioconcentration factors were
calculated. The translocation Factor (TF=Cshoots/Croots) provides information on the ability of plants to uptake
heavy metals through the roots and to move them to the above-ground mass (leaves). The translocation factor for
all metals is greater than 1. The results we obtained show that, with respect to Pb, the translocation factor for plants
varies from 7.7 to 14.8, for Cd from 4.1 to 6.2 and for Zn from 5.4 to 10.1 (Table 4).

Table 4. Translocation (TF) and Bioconcentration factors (BCF roots, BCF shoots) in enhanced tobacco (NBCul08F3,
NB104F3, BAGF3).

TF BCF
NBCul08F3 NB104F3 BAGEF3 NBCul08F3 NB104F3 BAGF3
Pb 13.7 14.8 7.7 1.1 1.3 1.2
Zn 10.1 8.6 54 3.5 3.8 3.6
Cd 5.8 6.5 4.1 3.6 3.6 3.6

Translocation factor (TF=Cshoots/Croots),
Bioconcentration factor (BCFshoots=Cshoots/Cavailable soil concentration)

When compared with the BAGF3, the NBCul08F3 and NB104F3 showed an improved translocation from roots to
shoots that was 2 times greater for lead and zinc and 1.5 times for cadmium, the bioconcentration factor (BCFshoot
=Cshoots/Cavailable soil concentration) values reached to 1.1-1.3 for Pb, 3.5 - 3.8 for Zn and 3.6 for Cd. Higher
values for Pb, Cd and Zn are probably a consequence of the greater ability of these elements to accumulate in
the above-ground mass than in the roots, which is consistent with the results of Féssler et al. (2010) for Cd. The
high concentration of Cd, Zn and Pb in the leaves and the high translocation factor indicate the possibility of
enhanced tobacco to be used in phytoextraction of Pb, Cd and Zn from highly contaminated soil. Higher root to
shoot translocation of investigated metals indicated that enhanced tobacco have vital characteristics to be used for
phytoextraction of these metals. None of these varieties of enhanced tobacco was specified as a hyperaccumulator;
nevertheless, all varieties show potential for phytoextraction of Pb, Zn, and Cd. Further studies are required to
determine the utilization of residual products of the enhanced tobacco when growing on industrially polluted soils.

Conclusions

Based on the results obtained regarding the uptake of the heavy metals by enhanced tobacco, as well as the potential
of the plant for phytoremediation of heavy metal contaminated soils, the following conclusions can be made:

1. A clearly distinguished species peculiarity existed in the accumulation of heavy metals in the organs of enhanced
tobacco. Generally, Cd levels occur in the order, lower leaves > middle leaves > upper leaves > stalks > roots,
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Pb - middle leaves > lower leaves > upper leaves > stalks > roots, and Zn - upper leaves > middle leaves > lower
leaves > stalks > roots.

2. The high concentration of Cd, Pb and Zn in the leaves and the high translocation factor (TF Pb - 13.7-14.8, TF
Zn - 8.8-10.1, TF Cd -5.5-6.5) indicate the possibility of enhanced tobacco to be used in phytoextraction of these
metals.

3. The two varieties of enhanced tobacco NBCul08F3 and NB104F3 showed an improved translocation from roots
to shoots than BAGF3, that was 1.8 times greater for lead and zinc and 1.5 times for cadmium.

4. 'The concentration of Cd in upper, middle, and lower leaves reached to 62.1-75.8 mg/kg, 120.9-135.2 mg/kg,
132.0-155.8 mg/kg; Pb - to 838.0-930.2 mg/kg, 1044.3-1403.1 mg/kg, 927.8-1074.5 mg/kg and Zn - to 1065.1-
1147.9 mg/kg, 936.7-1173.0 mg/kg, 860.1-949.2 mg/kg, respectively. None of these varieties of enhanced tobacco
was specified as a hyperaccumulator; nevertheless, all varieties show potential for phytoextraction of Pb, Zn, and
Cd. Further studies are required to determine the utilization of residual products of enhanced tobacco when
growing on industrially polluted soils.
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Abstract

Pile burns are commonly used as a tool to manage agricultural residues. In this management a high
amount of biomass was carried out to mimic high severity (HS) and low severity (LS) burn, and the
impacts of burn on soil and water properties. A control plot was established to assess the impact of both
treatments. Experiment was set up near Vrana (43°58’05.9”N 15°31°26.5”E), Croatia. Mean annual
temperature is 15,1 °C, and the annual precipitation is 851 mm. The soil type is classified as Leptosols.
Slope of filed site is average 18°. Runoft pH and electrical conductivity (EC) were taken as the first
indicator of the soil and water changes affected by the pile burns. The sampling time of runoft was
1 month, 3 months and 6 months after burning. Values of both, pH and EC were significant higher
1 month after burn in HS treatment, followed by LS and control (p<0.05). After 3 and 6 months, a
continuous decrease in runoff pH and EC was identified with LS and HS treatment. Control treatment
had a similar runoff pH and EC at each sampling date without significant difference (p>0.05). Runoft
pH was significant different in LS and HS treatments among all sampling date (p<0.05). Runoft EC was
significant different in HS treatment among all sampling date (p<0.05). In LS treatment, runoff EC was
significant difference among 1 and 3 months, and 1 and 6 months after burn. Significant difference was
no observed among LS and HS treatments 6 months after burn for runoff pH and EC values (p>0.05).
Pile burn is being consider as alternative to manage agriculture residues without permanent impact on
soil and water properties.

Keywords: pile burn, low severity, high severity, runoff pH, runoff EC.

Introduction

Burning woody residues, in a pile, is a common practice in agriculture areas (Rhoades and Fornwalt, 2014). Farmers
often used pile burn, as an inexpensive method to remove agricultural residues on the field. When a pile is burned,
the soil is heated for a long time, longer than a wildfire and often has impacted at deeper soil layers (Miller et al.,
2015). Different amounts of burned fuel lead to a different impact on soil, and that can be expressed as burn severity.
Burn severity is a qualitative measure of burn effects on-site resources (Harford and Frandsen, 1992; Ryan and
Noste, 1983). Part of the nutrients accumulated in aboveground biomass, after burning, are deposited as ash, which
contains different amounts of available nutrients depending on the severity (Marion et al., 1991; Gimeno-Garcia
et al., 2004). The ash-bed effects strongly influence soil and water properties in the period immediately after the
burning (Beyers et al., 2005; Pereira et al., 2019). After burning, variable amounts of ash are left remaining on the
soil surface until the ash is either redistributed by wind and water erosion or is leached into the soil (Beyers et al.,
2005; Johansen et al., 2001; Pannkuk and Robichaud, 2003; Larsen et al., 2007). Ash is a mixture of different organic
and inorganic materials and has a different impact on soil and water (Brook and Wittenberg, 2016). As a reflection
of hydrochemical characteristics, pH is one of the important indicators to evaluate soil (Smith and Doran, 1996)
and water quality (Feng et al., 2017). pH is usually changed due to OH-losses, the complete oxidation of soil organic
matter and the release of cations (Arocena and Opio, 2003; Certini, 2005). Another indicator to get insight into
soil and water quality is electrical conductivity (EC). EC is related to the total amount of cations and anions in soil
solution. EC tends to increase in the immediate period after burning, owning to the release of soluble ions during
the combustion of soil organic matter and the incorporation of ash into the soil (Certini, 2005). In many research
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higher EC values was noted in the burning area compared to unburned (Heydari et al. 2016; Badia and Marti, 2008;
Alcaniz et al., 2016). Increase in EC values is explained as the release of base cations (Ca**, Mg** and K*) due to the
progressive loss of structural OH-groups in the exchange complex during burning (Badia and Marti 2003; Sertsu
and Sanchez 1978). The measurement of both parameters, pH and EC, provides a more complete indication of the
chemical properties of soil and water. When measured together, burn effects will be detected more easily (Smith and
Doran, 1996). Few types of research were carried out about runoft pH and EC in areas affected by pile burns. The
objective of this work is to study the effects of low severity (LS) and high severity (HS) pile burn on the quality of
runoff pH and EC.

Material and methods

The site for the experimental pile burn is located near Vrana (43°58°05.9”N 15°31°26.5”E), Croatia. Mean annual
temperature is 15.1 °C, and the annual precipitation of 851 mm (data from 1971-2000) (Zaninovi¢, et al. 2008).
The soil type is classified as Leptosols (IUSS Working Group WRB, 2015). The location is selected due to common
frequent burning agricultural residues in this region. The experiment was located on agricultural land abandoned
40 years ago. The field sites for experimental pile burn were divided into three experimental treatments; low severity
(LS), high severity (HS) and a control plot. Burned plots and control were covered with undisturbed vegetation
(Foeniculum vulgare Mill., Elymus repens (L.) Gould, Digitaria sanguinalis (L.) Scop.). Before the burn, five metal
rings with an area of 0,2 m* were set up on each experimental plot (fifteen rings in total). Two experimental burn
treatments were applied to reach different severities. The plot that represents LS treatment is filed with 100 kg/10m?
straw and HS treatment is filed with 100kg/10m* straw and 150 kg vine stem (vineyard pruning residues). The
piles were burned on 18" March 2019 at 10:13 h by the local time and it was burning for 40 min. The slope of the
experimental filed site is average 18° (min 9°, max 25°). After burning, plastic tanks were set up under rings to
collect runoft. Sampling of runoff water was carried in April (1 month after burn), June (3 months after burn), and
August (6 months after burn). In the laboratory, runoff was filtrated thoughts active carbon and prepared for pH
and EC analyse. The runoftf pH was measured with the Beckman pH-meter ®72 according to HRN ISO 11464:2004
norm. The runoft EC was measured with The Lab 960 conductivity meter according to HRN ISO 11265:2004 norm.
The mean runoff pH and EC of 5 repetitions per treatment were taken and represented the value of the treatment.
Statistical analysis was used to identify differences in the sampling period and between treatments for pH and EC
parameters. The two-way ANOVA and Tukey post-hoc tests were applied to identify the statistically significant
difference. All statistical tests were performed at the standard 5% significance level. Statistical analyses were carried
out with SigmaPlot 11. software (Systat Software Inc.).

Results and discussion

Runoff pH was not significantly different among sampling dates for control (p<0.05), but was for LS and HS
treatment (p>0.05). HS treatment had a significant highest mean runoff pH values (9.40, 8.60, 8.08), followed by
LS (8.90, 8.16, 7.85), and control (7.88, 7.60, 7.50) (Fig.1.). In post-burn period a continuous decrease in runoff
pH was observed. Runoft pH was a significantly higher in LS and HS treatments among all sampling date (p<0.05).
Runoft pH was significant different among treatments HS and control, and LS and control among all sampling dates
(p<0.05). Significant difference was no observed among LS and HS treatments 6 months after burn for runoft pH
values (p>0.05).
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The increased runoff pH after burning is usually temporary depending upon the original soil pH, amount and type of
ash produced and post-burning weather conditions (Wells et al., 1978). Previous research was observed an increase
in soil pH after the burning (Arocena and Opio, 2003; Ubeda et al., 2005). In our experiment, an explanation for the
higher runoff pH of LS and HS can be the production of the ash. In HS treatments a larger amount of biomass was
burned and that lead to thickest layer of ash. After burning, ash is remaining on the soil surface (Ulery et al., 1993;
Wells et al., 1978; Beyers et al., 2005). The incorporation of ash into the soil’s top layer has been referred to as the
main cause of changes in soil chemistry (Badia et al., 2014; Thomaz et al., 2014). After the first rainfall, it is assumed
that ash particles were transported into the tanks together with runoff. According to Pereira et al. (2019), it is not
possible to differentiate the contributions from ash and soil to runoft chemistry in burned areas. Ash pH is directly
related to the impact of burning severity on the chemical properties of the topsoil layer (Henig-Sever et al., 2001).
Soil pH increases the result of organic acid denaturation during biomass burning (Certini, 2005). Arocena and Opio
(2003) observed that during a burning H* and AI** cations are increasing the soil pH by displacing the H* and AI**
ions adsorbed on the negative charge of the soil colloids. In our experiment, the thickest layer of ash was noticed in
HS treatment which is attributed to a higher amount of biomass burned. According to Arocena and Opio (2003), a
larger amount of burned fuel results in more severe burning and that is generally related to higher concentrations of
exchangeable cations. Ash produced at LS is mainly composed of incomplete combustion of organic matter (Santin
et al,, 2012), while at HS calcium carbonate is formed (Ulery et al., 1993). In our experiment runoff pH of HS had
the highest values. Usually, ash mixed with water is higher than the water extract pH of the unburned areas (Blank
and Zamudio, 1998). This explains the higher runoff pH of LS and HS, comparing to the unburned plot, control.
Pereira et al. (2012) observed that ash pH increases with burning severity. In our experiment, 6 months after setting
up the experiment, runoff pH of LS and HS were lower than in 1 months. This is attributed to the ash leaching and
erosion (Ulery et al., 1993). EC of both burn treatments, LS and HS, was highest in 1 month after burning comparing
to control. Pardini et al. (2004) described an increscent of both parameters, pH and EC, as production of ash after
burning which is collated to the organic matter denaturation. In our experiment, HS had the highest mean runoff
EC value in each sampling date (2140.2 uS/cm, 1431.5 pS/cm, 555.4 pS/cm), followed by LS (1357.6 pS/cm, 574
uS/cm, 402.6 pS/cm). Control had the lowest runoft EC (193.3 pS/cm, 208 pS/cm, 349.5 uS/cm) (Fig.2.). Runoff
EC was significantly different among sampling date in LS and HS treatments (p<0.05). In control, no significant
difference was observed among sampling date (p>0.05). Runoff EC was significantly higher in HS treatment then
in LS treatment among sampling date 1 and 3 months, and 1 and 6 months after burn (p<0.05). In HS treatment
a significant difference was observed among all sampling date (p<0.05). In LS treatment a significant difference
was observed among sampling date 1 and 3, and 1 and 6 months after burn (p<0.05). Significant difference was
no observed among LS and HS treatments 6 months after burn for runoff EC values (p>0.05). Decreasing value of
runoff EC can be explained as erosion removal of ash particles after burn. Higher runoff EC values in HS treatment,
compared to LS and control is accordance with a higher biomass burned. In research by Alcaniz et al. (2016),
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immediately after burning, EC was significantly increased by comparing burn and control treatment. Certini (2005)
explained increased EC after burning, as the release of soluble inorganic ions during combustion of soil organic
matter, as well as the formation of black carbon and the incorporation of ash into the soil. According to Ubeda et al.
(2005) decreased EC after burning is related to leaching of soil ions. In our experiment, a decrease of runoff EC was
noted in post-burn period. Reduction in EC, after burning, is usually the result of overland flow (Badia and Marti,
2008). In our experiment 3 and 6 months after burning, runoft EC had lower values compared to the values 1 month
after burning but without significant difference (p>0.05). In research by Brye (2006), a decrease in EC after burning
was explained due to nutrient export. Badia and Marti (2003) state that the increase in EC or total dissolved solutes
in burned soil in not related to the ash from burned biomass, so it should be related to the mineralization on the soil
organic matter by heating. In research by Heydari et al. (2016), EC was higher in HS compared to LS and control.
EC was higher in HS treatments due to the release of mineral ions generated by the higher burning temperatures of
organic matter which is accordance with higher amount of biomass burned (Certini 2005; Heydari et al. 2016).

Conclusion

The most notable difference was with HS treatment between 1 and 6 months after burn and for both measured
parameters, runoff pH and EC. After 3 months, values of LS and HS were lower than 1 month after burn but still
higher than 6 months after burn. Control on each sampling date had similar runoff pH and EC values. During 6
months of sampling, both measured parameters of LS and HS were decreasing and approaching to the values of
control. Considering decreasing values, the impact of pile burns on soil and water is not permanent. Pile burn is
being consider as alternative to manage agriculture residues without permanent impact on soil and water properties.
Future measured parameters are needed to get a wider view of pile burns effects on soil and water quality
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Sadrzaj mikroelemenata u listu i cvijetu prave
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SaZetak

Obzirom na veliku zastupljenost uzgoja prave lavande (Lavandula angustifolia Mill.) i lavandina
(Lavandula x intermedia Emeric ex Loisel.) u Republici Hrvatskoj kao i ¢injenicu da se upravo
te vrste pretezno koriste za proizvodnju eteri¢nog ulja, cilj ovog istrazivanja bio je utvrditi sadrzaj
mikroelemenata u cvijetu i listu prave lavande i lavandina. Postavljen je dvofaktorijalni pokus (prava
lavanda i lavandin) po slu¢ajnom bloknom rasporedu u Cetiri ponavljanja. Kemijskim analizama
utvrdena su agrokemijska svojstva tla i koncentracije mikroelemenata u biljkama. Kemijskom analizom
istrazivanih mikroelemenata u listu i cvijetu utvrdeno je da se njihove vrijednosti smanjuju slijedom
Fe>Zn>Mn>Cu, pri ¢emu je bakar bio prisutan u najmanjoj koli¢ini (2,38 do 4,88 mg/kg), a zeljezo
kao esencijalni element bilo je najzastupljenije (186,8 do 353,2 mg/kg). Jaka negativna korelacijska
povezanost utvrdena je izmedu sadrzaja bakra u cvijetu prave lavande i listu lavandina sa bakrom u tlu
(r=-0,969; r = -0,834).

Kljucne rijeci: lavanda, zeljezo, cink, mangan, bakar

Uvod

Lavande i lavandini su viSegodisnje, kserofitne, polugrmolike biljke iz porodice Lamiaceae (Kolak i Satovi¢, 2003).
Prvi zapisi o lavandi (Lavandula angustifolia Mill.) govore da potjece iz XIII. stolje¢a i to vrijeme se smatra pocetkom
$irenja te vrste u srednjoj Europi, dok se uzgoj hibridne lavande (Lavandula x intermedia Emeric ex Loisel.) spominje
u XVL stolje¢u (Siljes i sur, 1992). Pripadaju skupini ljekovitih i aromati¢nih biljaka porijeklom iz zapadnog dijela
Sredozemlja, a uzgajaju se zbog cvjetova koji sadrze eteri¢no ulje. Naziv “lavandin” obuhvaca krizance prave ili
uskolisne lavande (Lavandula angustifolia Mill.) s drugim vrstama istog roda, Sirokolisnom lavandom (Lavandula
latifolia Medik.). Razli¢ite vrste i sorte lavande i lavandina ne razlikuju se medusobno samo po vanjskom izgledu
i ekoloskim zahtjevima, nego i po koli¢ini i sastavu eteri¢nog ulja. Eteri¢na ulja prave lavande i lavandina imaju
sli¢can kemijski sastav, no udio je pojedinih komponenti razlicit i uvelike ovisi o podneblju uzgoja (Zuti¢, 2007;
Kara i Baydar, 2013). Eteri¢na ulja se danas intenzivno koriste u kozmetickoj, prehrambenoj i parfemskoj industriji
(Lis-Balchin i Hart, 1999). Uporaba organskih gnojiva, poboljsava svojstva tla, posebice strukturu $to ima za
posljedicu bolji vodozra¢ni odnos te vecu raspolozivost svih hraniva (Bohloul i sur, 2016). Iako su biljne potrebe za
mikroelementima znatno nize u usporedbi s onima za makroelemente, mikroelementi su bitna hraniva potrebna za
pravilan rast i razvoj biljaka. Manjak mikroelemenata u biljkama najprije rezultira smanjenjem otpornosti biljaka
na Stetne ¢imbenike okoliSa, nakon cega slijedi smanjenje prinosa i njihove kvalitete (Alloway, 2008). Dugotrajna
mineralna i organska gnojidba moze znacajno izmijeniti svojstva tla kao $to su pH, sadrzaj organskih tvari ili drugo
bogatstvo tla dostupnim oblicima makroelemenata, koji odreduju dostupnost mikroelemenata biljkama (Li i sur,
2007).

Rad je izvod iz specijalistickog diplomskog stru¢nog rada Branimira Jambrisaka, bacc.ing.agr., studenta Specijalistickog diplomskog
stru¢nog studija, Odrziva i ekoloska poljoprivreda u Krizevcima
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Nekoliko studija pokazalo je da gnojidba fosforom ograni¢ava dostupnost cinka za biljke (Li i sur, 2007; Fan i sur,
2011). Rutkowska i sur. (2014) navode da su se koncentracije cinka, bora i Zeljeza u otopini tla znacajno povecale
uz primjenu stajskog gnoja. Takoder navode da sustavna i dugotrajna primjena stajskog gnoja rezultira pove¢anjem
udjela organske tvari u tlu. Odredene koli¢ine mikroelemenata poput kobalta, bakra, mangana, molibdena i selena
neophodne su za odrzavanje bioloskih funkcija u biljnom i Zivotinjskom organizmu, vece koli¢ine mogu djelovati
toksi¢no. Elementi poput Zeljeza, kroma, bakra i mangana mogu utjecati na stabilnost ulja tijekom skladistenja,
uslijed njihovog katalitickog djelovanja (Abu-Arab i Abou-Donia, 2000; Massadeh i Snook, 2002; Johnsson, 2003).

S obzirom na veliku zastupljenost uzgoja prave lavande i lavandina u Republici Hrvatskoj, kao i ¢injenicu da se te
vrste pretezno koriste za proizvodnju etericnog ulja, cilj ovog istrazivanja bio je utvrditi utjecaj organske gnojidbe na
sadrzaj mikroelemenata u cvijetu i listu prave lavande i lavandina.

Materijal i metode

Istrazivanje je provedeno 2019. godine na pokusalistu Visokog gospodarskog uilista u Krizevcima. U jesen 2018.
godine izvrSena je osnovna obrada tla za sadnju lavande i lavandina, te gnojidba. Prije osnovne obrade, uzet je
prosje¢ni uzorak tla koji je analiziran u laboratoriju Visokog gospodarskog ucilista u Krizevcima. Kemijskom
analizom je utvrdena neutralna reakcija tla (pH 6,94 u 1 M KCl-u), dobra opskrbljenost humusom (4 %), bogata
opskrbljenosti biljkama pristupa¢nim fosforom (25,55 mg P,O, 100g™ tla) i kalijem (27,04 mg K,O 100 g tla). U
jesen s osnovnom obradom primijenjeno je peletirano organsko mineralno gnojivo Proeco 5:10:10. Uneseno je 20
kg dusika, 40 kg fosfora, i 40 kg kalija. U proljece 2019. izvr$ena je priprema tla za sadnju i gnojidba organskim
dusi¢nim gnojivom Fertil Supernova 12,5. Navedenim gnojivom uneseno je 25 kg/ha organskog dusika. Na povrsini
306 m?* postavljen je dvofaktorijalni pokus (prava lavanda, lavandina) po metodi slu¢ajnog bloknog rasporeda u
Cetiri ponavljanja. Veli¢ina pokusne parcele iznosi 34 m* (10 x 3,4 m). Sadnja prave lavande i lavandina obavljena
je u travnju 2019. Svaka pokusna parcela zasadena je sa 20 biljaka, od kojih su slu¢ajnim odabirom uzeti uzorci
lista i cvijeta za kemijsku analizu. Na svakoj pokusnoj parceli posadeno je po 10 biljaka u dva reda. Uzorkovanje
tla, lista i cvijeta sa svake pokusne parcele obavljeno je u srpnju 2019. godine. Uzorkovano je po deset biljaka sa
svake parcele. Priprema uzoraka tla za kemijske analize obavljena je sukladno normi HRN ISO 11464. Analiza
zeljeza, mangana, cinka i bakra u tlu provedena je ISO 11466 (1995) metodom. Uzorci su osuseni i usitnjeni za
daljnje analize. Nakon digestije sa smjesom kiselina (1/3 HNO,+2/3 HCI), Zeljezo, mangan, cink i bakar odredeni
su na atomskom apsorpcijskom spektrometru (AAS). Podaci su obradeni statisticki analizom varijance u Statistica
13.4.0.14. programu. Srednje vrijednosti istrazivanih parametara izmedu tretmana testirane su t-testom. Utvrdeni su
i korelacijski odnosi istrazivanih parametara izra¢unom Pearsonovog korelacijskog koeficijenta.

Rezultati i rasprava

Rezultati opskrbljenosti tla mikroelementima prikazani su na tablici 1. Veci sadrzaj Zeljeza, mangana i cinka utvrden
je na varijantama gdje je uzgajan lavandin, dok je ve¢i sadrzaj bakra utvrden na varijantama gdje je uzgajana prava
lavanda. Medutim, utvrdene razlike sadrzaja istrazivanih mikroelemenata u tlu izmedu varijanata na kojima se
uzgajala prava lavanda i varijanata lavandina nisu bile statisticki opravdane (p>0,05).

Tablica 1. Sadrzaj mikroelemenata u tlu neposredno prije cvatnje lavande i lavandina

Varijante Fe (mg/kg) Mn (mg/kg) Zn (mg/kg) Cu (mg/kg)
Prava lavanda 31888 613,5 119,5 30,4
Lavandin 32439 636,8 123,4 29,3

Provedena je i kemijska analiza na sadrzaj mikroelemenata u cvijetu i listu prave lavande i lavandina. Razlike u
koncentracijama mikroelemenata utvrdenih u listu i cvijetu prave lavande i lavandina nisu statisticki opravdane
(tablica 2). Jurisi¢ i sur. (2015.) navode da sadrzaj mikroelemenata utjece na stabilnost ulja tijekom skladistenja te na
kataliticka svojstva ulja. Sadrzaj istrazivanih mikroelemenata u listu i cvijetu prave lavande i lavandina smanjuje se
ovim slijedom: Fe>Zn>Mn>Cu. Utvrdene vrijednosti Zeljeza, mangana i cinka u cvijetu prave lavande i lavandina u
skladu su s istrazivanjima Jurisi¢ i sur. (2015) i Tokalioglu (2012), dok Grzeszczuk i sur. (2018) navode znatno vece
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vrijednosti bakra. Iz tablice 2. razmjerno je da se sadrzaji mikrelemenata u listu prave lavande i lavandina smanjuje
istim slijedom kao i u cvijetu Fe>Zn>Mn>Cu. Relativno vece vrijednosti Zeljeza i mangana zabiljezene su u listu
prave lavande, dok je sadrzaj cinka i bakra relativno ve¢i u listu hibridne lavande. Imelouane i sur. (2011.) navode u
cvijetu i listu vrste Lavandula dentata (8447 mg kg™ Zeljeza, 367,4 mg kg™ mangana i 480,4 mg kg cinka).

Tablica 2. Sadrzaj mikroelemenata u listu i cvijetu lavande i lavandina

Varijante Fe (mg/kg) Mn (mg/kg) Zn (mg/kg) Cu (mg/kg)
List 353,2 38,9 45,7 2,38

Lavanda Cvijet 230,9 9,85 68,0 3,96

Lavandin List 350,5 37,7 48,5 3,19
Cvijet 186,8 10,8 49,5 4,88

Na temelju izracunatih korelacijskih koeficijenata utvrdena je jac¢ina povezanosti izmedu sadrzaja odredenih
mikroelemenata u tlu sa sadrzajem mikroelemenata u listu i cvijetu prave lavande i lavandina. U tablici 3. je vidljivo
da je sadrzaj cinka u cvijetu prave lavande u jakoj pozitivnoj korelaciji sa sadrzajem cinka u tlu (r = 0,887), Zeljeza u
srednje jakoj pozitivnoj korelaciji sa sadrzajem Zeljeza u tlu (r = 0,590), sadrzaj mangana u slaboj pozitivnoj korelaciji
sa sadrzajem mangana u tlu (r = 0,491), dok je sadrzaj bakra u negativnoj i jakoj korelaciji (r = -0,969) sa sadrzajem
bakra u tlu. Singh i sur. (2010), te Fan i sur. (2011) navode da se s povec¢anjem organske tvari primjecuje i veca
pristupacnost cinka, dok je pristupa¢nost bakrom i manganom smanjena.

Tablica 3. Vrijednosti Pearsonovih korelacijskih koeficijenta istrazivanih mikroelemenata kod prave lavande

Tlo Fe Mn Zn Cu
List Cvijet List Cvijet List Cvijet List Cvijet
Fe -0,018 0,590
Mn -0,010 0,491
Zn 0,191 0,887
Cu 0,203 -0,969*
“p > 0,05

U tablici 4. prikazana je korelacijska povezanost izmedu istrazivanih mikroelemenata u listu i cvijetu lavandina
sa sadrzajem istih mikroelemenata u tlu. Utvrdena je jaka pozitivna korelacijska povezanost mangana u cvijetu
lavandina sa sadrzajem mangana u tlu (r = 0,778), dok je sadrzaj Zeljeza i bakra u slaboj korelaciji sa sadrzajem Zeljeza
ibakra utlu (r=0,307; r = 0,437). Takoder, utvrdena je slaba pozitivna korelacija sadrzaja mangana u listu lavandina
sa sadrzajem mangana u tlu (r = 0,120). Jaka negativna korelacijska povezanost prisutna je kod sadrzaja bakra u
listu lavandina sa sadrzajem bakra u tlu (r = -0,834) $to se mozZe povezati slabom pokretljivos¢u bakra iz korijena u
nadzemne dijelove, a djelomicno i slabijim usvajanjem bakra iz tla $to raste paralelno sa porastom pH vrijednosti
(Duci¢ i Polle, 2005). Sadrzaj cinka u cvijetu lavandina je u srednje jakoj negativnoj korelaciji sa sadrzajem cinka
u tlu (r = -0,675). Nedostatak cinka djelomi¢no se moze povezati s bogato opskrbljenim tlom fosforom i slabom
pokretljivos¢u cinka u biljci. Pozitivna korelacijska povezanost vidljiva je samo izmedu sadrzaja mangana u listu i tlu
(r =0,120). Jaka negativna korelacijska povezanost izrazena je izmedu bakra u tlu i listu (r = -0,834), dok je srednje
jaka negativna korelacija prisutna kod sadrzaja Zeljeza u tlu i sadrzaja Zeljeza u listu (r = -0,619).

Tablica 4. Vrijednosti Pearsonovih korelacijskih koeficijenta istrazivanih mikroelemenata kod lavandina

Tlo Fe Mn Zn Cu
List Cvijet List Cvijet List Cvijet List Cvijet
Fe -0,619 0,307
Mn 0,120 0,778
Zn -0,302 -0,675
Cu -0,834 0,437
*p > 0,05
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Zakljucak

Istrazivanjem je utvrdeno da razlike izmedu sadrzaja istrazivanih mikroelemenata u listu i cvijetu prave lavande i
lavandina uzgajane s organskom gnojidbom nisu statisti¢ki opravdane. Rezultati pokazuju da je sadrzaj pojedinog
mikroelementa u tlu utjecao na mineralni sastav biljke, te je utvrdena jaka negativna korelacijska povezanost izmedu
sadrzaja bakra u cvijetu prave lavande i listu lavandina sa bakrom u tlu. Vrlo jaka pozitivna korelacijska povezanost
zabiljezena je izmedu sadrzaja cinka u tlu i cvijetu kod prave lavande te sadrzaja mangana u tlu i cvijetu kod lavandina.
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Content of microelements in leaf and flower of
true lavender (Lavandula angustifolia Mill.) and

lavender (Lavandula x intermedia Emeric ex
Loisel.)

Abstract

In view of the high prevalence of cultivation of true lavender (Lavandula angustifolia Mill.) and lavender
(Lavandula x intermedia Emeric ex Loisel.) in the Republic of Croatia, as well as the fact that they are
mainly used for the production of essential oil, the aim of this study was to determine the presence of
microelements in flower and leaf of true lavender and lavender. Two-factor experiment (true lavender
and lavender) was set in randomized block design in four repetitions. Agrochemical properties of soil
and the concentrations of microelements in plants were determined by standard chemical analyses.
Results revealed that concentrations of the investigated microelements in leaf and flower decrease in
order Fe> Zn> Mn> Cu, with copper present in the smallest amount (2.38 to 4.88 mg/kg) while the
iron, as essential element, was the most abundant (186.8 to 353.2 mg/kg). A strong negative correlation
was determined between the copper content of the true lavender flower and leaf of the lavander and the
copper in the soil (r = -0.969; r = -0.834).

Keywords: lavender, iron, zinc, manganese, copper
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Abstract

As a source of greenhouse gas emissions, the agricultural sector directly affects the global problem
of climate change. A research study was conducted in Western Pannonian sub-region of Croatia to
measure soil respiration and its seasonal variability influenced by vegetation presence (maize - Zea
mays L.). Soil C-CO, flux was measured 14 times during the investigated period in a field experiment
with 4 different fertilization treatments. Average daily C-CO, flux was the highest in June 2017 (38.2
kg ha' day') and the lowest in November 2017 (0.76 kg ha! day™). The results imply that season and
vegetation presence has a significant effect on soil respiration rates.

Keywords: C-CO, emission, vegetation, fertilization, season

Introduction

Over the past few decades, climate trends have been fairly rapid in many agricultural regions around the world
including Croatia too. Of the six major climate forcing radiative sources (carbon dioxide (CO,), methane (CH,),
nitrous oxide (N,0), tropospheric ozone (O,), halocarbons and black carbon) agriculture has direct influence on
CO,, CH,, N,O, O, and black carbon (IPCC, 2001). These sources are together responsible for approximately 80%
of contemporary climate forcing, and agricultural activities affect some GHGs more than others (Robertson, 2014).
According to Bilandzija et al. (2016), carbon dioxide represents an important compound that affects the processes
of global warming and is considered as an initiator of global climate change. Depending on cropping history and
contemporary management, soil carbon in agricultural lands can represent a net sink or source of CO, (Robertson,
2014). The primary process responsible for emissions releasing from the soil into the atmosphere is diffusion which is
affected by plant roots, organisms of soil respiration and soil organic matter decomposition (Buchmann, 2000; Raich
and Tufekcioglu, 2000; Epron et al., 2006; Xu and Qi, 2001). Numerous studies have shown that factors including
excessive tillage, irrigation practices, fertilization, soil temperature, soil moisture, climatic factors, crop presence
and crop density influence the GHG production and emission rates from the soil surface (Lal, 2003; Bilandzija et al.,
2014; Ball, 2013; Skiba and Ball, 2002; Ludwig et al., 2001). According to the fact that vegetation affects climate and
weather patterns, the objective of this research was to determine the seasonal fluctuations of soil respiration under
crop presence and crop absence, and determine the resulting changes in soil C-CO, emission.

Materials and methods
Study area and cover crop

A field experiment with 4 different fertilization treatments was located in the Western Pannonian sub-region of
Croatia, in Popovaca (N 45° 33° 21.42% E 16° 31° 44.62%). According to Husnjak (2014) soil is classified as deep
distric pseudogley (Stagnosol). The fertilization treatments were: I) control treatment-no fertilization; IT) 250 kg N
ha'+P+K+ 40 t ha'! of mixed solid farmyard manure; III) 300 kg N ha'+P+K and IV) black fallow-no vegetation. The
size of the plot of each treatment was 30 x 130 m? including blank space.

The cover crop at the experimental plot was maize (Zea mays L. — P0412 Pioneer). Maize was seeded on 12 April 2017
and harvest was conducted on 15 September 2017.
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Meteorological conditions

The meteorological conditions for the reference period (1961-1990) and the studied period (08.2016 — 04.2018) were
presented according to the official meteorological data from the main meteorological station of the Meteorological
and Hydrological Service of Croatia located in Sisak (DHMZ, 2019). The meteorological conditions are described by
Lang’s rain factor and Walter climate diagram. According to Gracanin’s climate classification, interpretation of Lang’s
rain factor is conducted (Gracanin, 1950).

Measurements of soil CO, concentration and agro-ecological factors

To measure the seasonal variability of soil respiration, data from winter wheat harvest (09 July 2016) to soybean
sowing (27 April 2018) were considered. During the mentioned period, soil CO, concentrations were measured 14
times (8 times in 2017) in three repetitions on each treatment. Concentrations were measured by in situ closed static
chamber method (Figure 1). At the beginning of measurement, circular frames were inserted in the soil where initial
CO, concentration close to the soil surface was measured. Afterwards, the chambers were closed and the incubation
time was 30 minutes. After 30 minutes, the soil CO, concentration was also measured with a portable infrared CO,
detector (GasAlerMicro5 IR, 2011). The soil carbon dioxide flux was calculated according to Bilandzija et al. (2014).

At the beginning and the end of each measurement date, air temperature and relative air humidity were measured
with a Testo 610 humidity and temperature meter and air pressure with a Testo 511 absolut pressure meter. Soil
temperature and soil moisture were measured with an IMKO HD2 - probe Trime, Pico64, 2011 at 10 cm depth in
the vicinity of the chambers in three replications (Figure 1c).

Figure 1. (a) Measurement of soil initial CO, concentration; (b) Chambers during the incubation time; (c) Field
measurement of soil parameters (soil temperature and soil moisture)

Statistical analysis

All measured data were analyzed using statistical Software SAS (SAS Institute Inc., USA). Variability between
months for each treatment was evaluated with analysis of variance (ANOVA) and tested with Fisher’s least significant
difference procedure. In all statistical tests the significance level was 5 %.

Results and discussion
Meteorological conditions of study area

During the 30-year-long reference period (1961-1990), mean annual amount of precipitation in Sisak was 865 mm.
The mean annual temperature was 10.6 °C indicating temperate continental climate. According to Lang’s rain factor
(Lf), the reference period was characterized by a semi-humid climate (Lf = 82) (Butorac, 1988). In the studied period
the mean precipitation amount was 1631 mm with mean temperature of 11.0 °C. According to Lang’s rain factor (Lf),
studied period was characterized by a humid climate (Lf = 148.6). According to Walter’s climate diagram, the average
climate conditions are without dry periods during the referent period (Figure 2). In the studied period, water deficit
was recorded in June, July and August in 2017 (Figure 3).
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Figure 2. Weather conditions according to Walters  Figure 3. Weather conditions according to Walter’s
climate diagram for the referent period climate diagram for investigated period 2017

Influence of vegetation on C-CO, emission

According to Schlesinger and Andrews (2000), CO, flux from soils is closely tied to plant growth, which supplies
organic residues for decomposers. Therefore, vegetation presence and type have a great influence on soil CO,
emissions. Considering that microbial activity and root respiration are the major sources of CO, production,
developed plants with powerful roots system surrounded by numerous microorganisms are responsible for high
soil respiration (Brito et al., 2009; Galic et al., 2019). Accordingly, during the investigated period, a vegetation peak
is noticeable in Figure 4 due to the presence of vegetation (02.06.17.) in a phase where nodal roots are established
in the lowest, below-ground nodes of the plant. Thus, it was significantly higher in comparison to other months
where vegetation transits to reproductive phase, not developed or absent. In this research, emissions amounted to
8.7 kg ha! day™ (Figure 4) which is lower than the results obtained by Ussiri and Lal (2009). During this research,
in period without vegetation emissions amounted to 6.4 kg ha* day” while in period with vegetation to 12.8 kg ha*
day (Figure 4). According to Bilandzija et al. (2016), the higher planting crop density in wheat resulted in higher
and denser root biomass contributed to a 40.5 % higher emission in wheat vegetation compared to maize vegetation.

Seasonal fluctuations of soil C-CO, emissions

With the change of the seasons, soil C-CO, emissions are also changing and show dependence on meteorological
conditions (Galicetal.,2019). According to the relevant literature, the seasonal fluctuation of carbon-dioxide emission
changes according to the variations in the abiotic factors meaning that precipitation and temperature variations
determine it (Brito et al., 2009; Liebig et al., 2013). Soil respiration is usually the highest in summer, decreases in the
colder months and is the lowest in winter (Bilandzija et al., 2016). Accordingly, in this research the highest emission
was recorded in June 2017 (38.2 kg ha' day™”) and the lowest in November 2017 (0.76 kg ha" day') and they were
significantly different (Figure 4). In harmony with the results of Gaumont-Guay et al. (2006) and Martin et al. (2007)
the increased emission in October 2017 can be attributed due to the extremely high rainfall during September and
first half of October, which occur in higher soil moisture (Figure 3 and 4).

In this research, during the investigated period, a significant difference between the treatments was recorded in
the followed months: September 2016, November 2016, April 2017, May 2017, June 2017, July 2017, August 2017,
September 2017, January 2018, March 2018 and April 2018.
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Figure 4. Average daily soil C-CO, emissions (kg ha day™) during the investigated period. Three horizontal
lines represent mean C-CO, emission during investigated period (1), mean C-CO, emission during the vegetation

presence (2) and mean C-CO, emissions during vegetation absence (3)

Conclusion

In this research conducted in Western Pannonian sub-region of Croatia, it was found that the time of the measurement
and vegetation presence have a significant influence on soil C-CO, emissions. The C-CO, flux was higher during the
second half of spring and in the first half of summer where the highest emission was recorded (June 2017 - 38.2
kg ha' day') and was significantly different in comparison to the lowest emission in November (0.76 kg ha™ day™).
Considering that carbon dioxide from the soil does not depend only on factors observed in this research, it is very
important to explore many other factors in agro-ecosystem by which climate change could be mitigated.
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Sezonska varijabilnost disanja tla tijekom
vegetacije kukuruza

SaZetak

Kao izvor emisija stakleni¢kih plinova, poljoprivredni sektor izravno utje¢e na globalni problem
klimatskih promjena. Istrazivanje je postavljeno u zapadno panonskom dijelu Hrvatske u svrhu
mjerenja disanja tla i njegove sezonske varijabilnosti pod utjecajem prisutnosti vegetacije (kukuruz
- Zea mays L.). CO, fluks izmjeren je 14 puta tijekom istrazivanog razdoblja na pokusnom polju s 4
razli¢ita gnojidbena tretmana. Prosje¢ne dnevne vrijednosti CO, fluksa bile je najvide u lipnju 2017.
godine (38,2 kg ha' dan™), a najnize u studenom 2017. godine (0,76 kg ha! dan™). Dobiveni rezultati
pokazuju da sezona i prisustvo vegetacije znacajno utjece na brzinu disanja tla.

Kljucne rijeci: emisija C-CO,, vegetacija, gnojidba, sezona
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SaZetak

Cilj ovog rada bio je utvrditi stanje humoznosti i kiselosti Lesiviranog tla na lesu u Panonskoj agroregiji
Hrvatske, te procijeniti utjecaj promjene klimatskih prilika na utvrdeno stanje. Osnovni pedoloski
podaci o sadrzaju humusa i reakciji tla (pH) dobiveni su iz listova Osnovne pedoloske karte RH, mjerila
1:50.000. Generalno, utvrden je trend povecanja kiselosti povrsinskog sloja tla od istoka prema zapadu
(od 4,99 do 3,99), te povecanja prosje¢nog sadrzaja humusa (1,83 % do 3,90 %), $to je u korelaciji s
povecanjem koli¢ina oborina odnosno humidnijom klimom. Radi sprjec¢avanja degradacije tih tala,
nuzno ih je koristiti na odrzivi nacin, uvazavajudi pri tome klimatske promjene.

Klju¢ne rijeci: sadrzaj humusa, reakcija tla, Panonska agroregija, lesivirano tlo

Uvod

Tlo je vrlo kompleksan medij, na koji, posebice u danasnje vrijeme, utjecu razliciti degradacijski procesi, uzrokujuci
pritom njegovo djelomic¢no ili trajno ostecenje. Ostecenje tala kod nas i u svijetu predstavlja vrlo ozbiljan problem
danasnjice, budud¢i da je tlo prirodno i dinamicko tijelo koje ima visestruku ulogu u okoli$u. Prema Husnjaku i
sur., (2011) u posljednje vrijeme svjedoci smo razli¢itim vrstama ostecenja tla koja sve cesce nastaju kao posljedica
klimatskih promjena (acidifikacija, dehumifikacija, erozija, desertifikacija). Degradacijski procesi s najizrazenijim
posljedicama u Panonskoj agroregiji Hrvatske su dehumizacija i zakiseljavanje tla (Basi¢ i Basi¢, 2007). Posljedice
dehumizacije su pogorsanje strukture tla, vodozra¢nih odnosa i bioloske aktivnosti u tlu, dok zakiseljavanje tla uz
navedeno uzrokuje jo$ i smanjenje biopristupa¢nosti hraniva i pove¢anje mobilnosti toksi¢nih elemenata aluminija,
zeljeza 1 mangana. Osim navedenog, opadanjem sadrzaja humusa, smanjuju se i zalihe organskog ugljika u tlu
(Constantini i sur., 2013). Navedeni procesi su posebno izrazeni na izvorno kiselim tlima, poput lesiviranog tla na
lesu, koje je sa 11,75 % najzastupljeniji tip tla u Republici Hrvatskoj. Takoder, ova tla su znatno vise zastupljena u
Panonskoj agroregiji, u odnosu na ostale agroregije u Hrvatskoj (Husnjak, 2014). Osim kisele reakcije, lesivirana
tla na lesu karakterizira i slaba humoznost, pa se tako ovisno o nacinu koriStenja sadrzaj humusa krece od 3 % na
poljoprivrednim orani¢nim povrsinama do 4-6 % pod prirodnom vegetacijom (Husnjak, 2014). Na promjenu pH
i sadrzaja humusa u ovim tlima, u najvecoj mjeri utjecu razli¢ite klimatske prilike u kombinaciji sa specificnim
reljefnim obiljezjima, kao i zna¢ajkama mati¢nog supstrata. Brzina mineralizacije organske tvari i koli¢ina humusa u
tlu usko je povezana sa povecanjem temperature zraka (Kirschbaum, 1995). S druge strane se, s pove¢anjem koli¢ine
oborina ubrzava zakiseljavanje, a u aridnim uvjetima, uz povecanu evapotranspiraciju, prisutno je nakupljanje Ca*
iz CaCO, (les) te porast pH i do vrijednosti 8,0 (Slessarev i sur., 2016). S tim u svezi ciljevi ovog rada bili su: utvrditi
stanje humoznosti i reakcije tla u Panonskoj agroregiji, procijeniti utjecaj klimatskih prilika na utvrdeno stanje, te
procijeniti promjene navedenih kemijskih znacajki uvazavaju¢i promjene klimatskih znacajki.

Materijal i metode

S obzirom na razli¢itost klimatskih znacajki u Panonskoj agroregiji, pH tla i humoznost lesiviranih tala na lesu
prikazane su za svaku podregiju, slika 1.
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Slika 1. Panonska agroregija Hrvatske, s podregijama
(Basic, Bogunovic, Husnjak, 2001.)

Panonska agroregija je podijeljena na cetiri podregije: P-1 (Isto¢na), P-2 (Sredi$nja), P-3 (Zapadna) i P-4
(Sjeverozapadna). Osnovni izvor pedoloskih podataka (pH i sadrzaj humusa) predstavljali su listovi Osnovne
pedoloske karte RH, mjerila 1:50:000 i tumaci tih karata. Iz postoje¢ih karata i tumaca izdvojeno je 52 reprezentativna
profila lesiviranih tala na lesu, s tim da su podaci o reakciji tla i sadrzaju humusa uzeti iz A (humusno-akumulativnog
horizonta) i E (eluvijalnog horizonta) tla. Prosje¢ne vrijednosti pH (KCl) i sadrzaja humusa (%) u svakoj podregiji
statisticki su obradeni, pomo¢u GLM /LSMEANS procedure statistickog programa SAS STAT 9.4. (SAS Institute
Inc.,2002.-2012.), a razlike izmedu navedenih kemijskih parametara analizirane su pri razini signifikantnosti p <
0,05. Podaci o srednjim mjese¢nim i godi$njim koli¢inama oborina, te srednjim mjese¢nim i godi$njim vrijednostima
temperature zraka za viSegodi$nja razdoblja (1959.-1988.11989.-2018.), za svaku podregiju dobiveni su od DHMZ-a.
Podaci su prikupljeni s meteoroloskih postaja Osijek (P-1), Pozega (P-2), Bjelovar (P-3) i Varazdin (P-4), tablice 1.i
2. Navedena razdoblja uzeta su u razmatranje radi usporedbe stanja klimatskih parametara (oborina i temperature
zraka) tijekom uzorkovanja tla (1978.-1985.), sa stanjem navedenih parametara u posljednjih 30 godina, s ciljem
procjene utjecaja njihove promjene na utvrdeno stanje humoznosti i kiselosti lesiviranih tala na lesu.

Tablica 1. Srednje mjesecne i godisnje kolic¢ine oborina za razdoblja (1959.-1988.11989.-2018.) u Panonskoj agroregiji
Hrvatske

Oborine, mm

Razdoblje  Meteo I o m v Vv VI VI VIl X X X xug Soum

postaje
1959.-1988. . 51,5 42,2 46,0 54,9 58,55 88,8 653 58,3 44,9 41,6 58,8 54,1 664,8
1989.-2018. Osijek 43,2 41,8 43,5 50,6 71,1 81,4 63,9 66,1 663 59,8 558 52,9 694,7
1959.-1988. 51,9 456 51,8 62,7 68,9 93,2 83,7 76,8 688 559 72,7 657 7924
1989.-2018.  Pozega 47,2 45,6 46,7 56,9 72,6 82,1 80,3 64,3 88,6 750 63,6 544 771,
1959.-1988. 53,9 47,0 52,5 63,5 77,6 97,6 81,0 79,1 64,3 558 86,6 64,7 823,6
1989.-2018.  Bjelovar 44,2 46,6 51,1 54,7 758 78,6 67,7 80,9 999 724 71,9 58,7 8026
1959.-1988. 46,2 44,9 54,5 70,1 83,3 99,2 950 97,7 782 689 84,4 62,8 8852

1989.-2018.  Varazdin 38,7 47,9 49,1 60,4 759 86,3 86,4 863 108,55 81,2 749 52,0 8477
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Tablica 2. Srednja mjese¢na i godisnja temperatura zraka za radzoblja (1959.-1988. i 1989.-2018.) u Panonskoj
agroregiji Hrvatske

Temperatura zraka °C

Meteo Sred.
I II 111 I\ Vv VI VII VIII IX X XI XII

Razdoblje  postaje

1959.-1988. -1,3 1,2 59 11,3 164 19,5 21,0 203 16,6 11,1 55 1,1 10,7
1989.-2018. Osijek 06 23 70 123 172 206 224 21,9 16,7 11,8 64 14 11,7
1959.-1988. -,0 1,8 63 10,8 156 190 20,4 19,5 16,0 10,8 57 1,2 10,5
1989.-2018. Pozega 08 25 71 11,8 16,6 20,3 21,9 21,5 16,2 11,5 6,2 1,5 11,6
1959.-1988. -1 1,3 58 10,7 155 18,8 20,3 194 1577 10,4 52 0,8 10,2
1989.-2018. Bjelovar 0,7 2,7 74 122 17,0 20,6 223 21,7 163 11,3 63 1,4 11,6
1959.-1988. -1,3 1,0 53 103 150 183 198 188 153 10,1 50 0,6 99

1989.-2018. Varazdin 0,6 23 6,6 11,5 162 19,7 21,3 20,6 157 109 6,1 1,3 11,1

Rezultati i rasprava
Humoznost tla

S obzirom na prosje¢ni sadrzaj humusa, lesivirana tla u Panonskoj agroregiji uglavnom su slabo humozna. Utvrdene
su znacajne razlike u sadrzaju humusa izmedu pojedinih podregija. Najmanja prosjecna vrijednost humusa u A
horizontu ovih tala utvrdena je u P-2 podregiji (1,83 %), a znacajno najve¢a humoznost u P-3 podregiji (3,90 %).
Statisti¢ki znacajne razlike izmedu P-1, P-2 i P-4 podregije nisu utvrdene, tablica 3. Minimalne vrijednosti sadrzaja
humusa uglavnom se javljaju u P-2 (0,5 %) i P-1 (1,5 %) podregijama. Nizak sadrzaj humusa, u povrsinskom
sloju lesiviranih tala sli¢cnog podneblja (0,7-1,5 %) utvrdila je i Filcheva (2015). Idu¢i prema zapadu, s obzirom na
povecanje humidnosti, na¢ina koristenja zemljista, kao i razlicit biljni pokrov, sadrzaj humusa u tlu se povecava do
maksimalnih 5,0 % u P-3 podregiji. Interesantno je navesti da je u odnosu na P-1 podregiju, P-3 podregija u razdoblju
1959.-1988. bila za ¢ak 158,8 mm vlaznija, i za 0,5 °C hladnija. Kao rezultat navedenih ¢imbenika, mineralizacija
organske tvari znacajno je manja, $to u konacnici rezultira i ve¢im sadrzajem humusa u tlu. Navedeno su potvrdili
i Koinov i sur., 1998, u lesiviranim tlima na lesu u Bugarskoj, koji su utvrdili takoder povecanje sadrzaja humusa
od 1,5 % u aridnijim podru¢jima do 2,0 % u huminijim podru¢jima. Slican trend povecanja sadrzaja humusa u
humidnim uvjetima u odnosu na aridne uvjete, u razli¢itim tipovima tala dobili su i Hristov i Filcheva (2017).
Stanje humoznosti u Panonskoj agroregiji moze se objasniti ¢injenicom da su u aridnijim uvjetima koje obiljezavaju
vi$e temperature zraka i manje koli¢ine oborina povoljniji uvjeti za mineralizaciju organske tvari. Na isti nacin,
u humidnijim uvjetima koje obiljezavaju nize temperature zraka i vece koli¢ine oborina povoljniji su uvjeti za
humifikaciju organske tvari a nepovoljniji za njezinu mineralizaciju.

Tablica 3. Sadrzaj humusa (%) u lesiviranim tlima na lesu Panonske agroregije Hrvatske

Podregije Panonske agroregije

Tio 1] P-1 P-2 P-3 P-4
ip tla i i
p :‘II;I‘IZOHU Humus (%)
min max X min. max. X min. max. X min. max. X
Lesivirano A 1,50 3,40 1]’325 0,50 2,33 1,83b 1,96 5,00 3,90a 1,60 4,50 2,36Db
nalesu
E 0,52 1,73 096b 0,73 1,08 1,33ab 0,24 2,29 1,28ab 0,80 2,10 1,74a

* razlicita slova uz prosjecne vrijednosti u istom retku upucuju na postojanje signifikantnih razlika, temeljem
LSD testa uz p < 0,05
** min= minimalne vrijednosti; max= maksimalne vrijednosti; X = prosjecne vrijednosti
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Kiselost tla

S obzirom na prosjecnu vrijednost pH, lesivirana tla Panonske agroregije uglavnom su kisela, osim u P-3 podregiji,
gdje su jako kisela. Prosje¢na pH vrijednost (u KCl) A horizonta lesiviranih tala P-2 podregije (4,99), znacajno je
bila visa u odnosu na ostale podregije dok je najmanja prosjecna vrijednost pH utvrdena je u P-3 podregiji (3,99),
tablica 4. Vidljivo je da je na prijelazu iz semiaridnih (P-2) u humidnije klimatske uvjete (P-3) ta razlika u vrijednosti
pH tla sve izrazenija. To je posljedica znatnijeg ispiranja baznih kationa sa adsorpcijskog kompleksa (zakiseljavanja
tla) u uvjetima vecih koli¢ina oborina (885,2 mm godi$nje u P-4) u odnosu na krajnji istok Hrvatske (664,8 mm
P-1 podregiji). Stanje kiselosti tla u Panonskoj agroregiji takoder se moze s opéeg aspekta objasniti ¢injenicom da
su u aridnijim uvjetima koje obiljezavaju manje koli¢ine oborina nepovoljniji uvjeti za ispiranje tvari, u odnosu na
humidnije uvjete.

Tablica 4. Reakcija tla (pH) u lesiviranim tlima na lesu Panonske agroregije Hrvatske

Podregije Panonske agroregije

) ' . P-1 P-2 P-3 P-4
Tip tla tPlI;)rlzontl pH (KCl)
min. max. X min. max. X min. max. X min. max. X
Lesivirano A 3,80 5,84 480a* 432 580 499a 340 470 399b 3,10 550 4,55a
na lesu E 4,16 690 5,07a 3,70 4,66 4,38b 3,50 4,40 3,85b 3,70 5,00 4,21b

* razlicita slova uz prosjecne vrijednosti u istom retku upucuju na postojanje signifikantnih razlika, temeljem
LSD testa uz p < 0,05

Procjena utjecaja promjena znacajki klime na stanje humoznosti i kiselosti tla

Usporedbom podataka o znacajkama klime iz razdoblja 1959.-1988. sa razdobljem 1989.-2018., utvrden je op¢i trend
smanjenja koli¢ina oborina i porasta temperature zraka. Najvece smanjenje prosje¢nih godisnjih koli¢ina oborina od
4,2 % zabiljezeno je u P-4 podregiji, dok je porast srednje godis$nje temperature zraka bio najizrazeniji u P-3 podregiji
i iznosio je 1,4 °C. Procjenjujemo da su navedene promjene mogle utjecati na povelani intenzitet mineralizacije
organske tvari i na smanjenje intenziteta zakiseljavanja u odnosu na ranije razdoblje. Takoder procjenjujemo da ¢e se
takav trend nastaviti i u buduénosti. Navedeno je nuzno provjeriti temeljem podataka o dana$njih stanju humoznosti
i kiselosti tla.

Zakljucak

Lesivirana tla na lesu u Panonskoj agroregiji slabo su humozna i uglavnom kisela. Prosje¢ni sadrzaj humusa u A
horizontu najmanjije u P-2 podregiji (1,83%), a najvec¢i u P-3 podregiji (3,90%), dok je pH najnizi u P-3 podregiji (3,99)
a najvisi u P-2 podregiji (4,99). Idu¢i od istoka prema zapadu, utvrden je trend porasta sadrzaja humusa, te povecanja
kiselosti tla. Tijekom razdoblja 1989-2018 utvrden je trend smanjenja koli¢ina oborina i porasta temperature zraka
(od istoka prema zapadu), pa se procjenjuje da ¢e takve promjene u buduénosti dovesti do povecanog intenziteta
humifikacije organske tvari i smanjenja zakiseljavanja tla. Pri tome je novim istrazivanjima nuzno utvrditi danasnje
stanje humoznosti i kiselosti tla, u cilju provjere stvarnog utjecaja navedenih promjena klimatskih prilika na ove
znacajke tla. Radi sprjecavanja daljnje degradacije ovih tala, nuzno ih je koristiti na odrzivi nacin uvazavajuéi pri
tome klimatske promjene.
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Humus content and acidity of Luvisols on loess in
Pannonian agroregion of Croatia

Abstact

The aim of this study was to determine the humus content and acidity of Luvisol on loess of the
Pannonian agroregion of Croatia and to assess the effect of climate changes on these soil properties.
Basic pedological data on humus content and soil reaction (pH) were obtained from sheets of the Basic
Pedological Map of the Republic of Croatia, scale 1: 50,000. In general, there is a trend of increasing
acidity of the surface layer of soil from east to west (from 4.99 to 3.99), and an increase in average
humus content (1.83% to 3.90%), which is correlated with an increase in rainfall . In order to prevent
the degradation of these soils, it is necessary to use them in a sustainable way, while respecting climate
change.

Keywords: humus content, soil reaction, Pannonian agroregion, luvisol
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Abstract

Understanding of the specificities of phenological dynamics is essential for the reliable estimation
and classification of crops by satellite imagery. This study analysed the seasonal dynamics of the
normalized differential vegetation index (NDVT) of alfalfa and Italian ryegrass from the Maksimir test
field at University of Zagreb Faculty of Agriculture, and explained its dynamics through utilisation and
weather conditions during 2018 and 2019. Temporally and spatially, the NDVI values ranged from
0.28 to 0.82. The results showed the specificities of vegetation index dynamics caused by mowing and
regeneration, with the highest values recorded in April and very strong positive correlation of NDVI
to dry matter of aboveground biomass y = 13.2 * x-9.2 (r = 0.951, p <0.05) suggesting the possibility
of estimating the yield of alfalfa consociation with the Italian ryegrass using Sentinel 2 imagery. By
connecting meteorological data and phenological dynamics of NDVI, the extent to which thermal
stress can influence NDVI values and dynamics of primary production respectively is shown.

Keywords: NDVI, Sentinel-2, monitoring, phenological dynamics, satellite imagery

Introduction

Insight into the specificities of the phenological dynamics of agricultural crops is important for their reliable estimation
and classification by remote sensing techniques using satellites and drones. Dynamics is driven by environmental
factors and human influence, biological traits of crops and crop rotation which again influence biophysical processes
(Fengshan et al., 2017). Understanding of phenological dynamics is crucial for the reliable assessment, classification,
mapping and modelling of crops using remote sensing methods, and the greater availability of satellite image series
such as MODIS has intensified research and comparative analyses of phenological curves of major crops such as
maize, wheat, soybeans. cheeses, alfalfa, etc. (Reeed et al., 1994; Xin et al., 2002; Kathuroju et al., 2007; Masialeti
et al., 2010; Atzberger, 2013; Wei et al., 2019). In order to advance the Common Agricultural Policy (CAP), the
European Commission adopted new rules in 2018 that will, for the first time, explicitly allow the use of a range
of modern arable crop checking technologies for the calculation of direct payments in agriculture, including the
possibility to completely replace physical checks on the farm with an automatic verification system based on the
analysis of data obtained from satellite systems (EC, 2018). One of the main prerequisites for this purpose was
achieved through Copernicus program of the European Commission and the European Space Agency, which
established the constellations of the Sentinel satellite fleet to observe Earth from space. Recordings and data are
free and publicly available. The Sentinel-2 satellite system, with its specifications, such as high spatial (wavelength
dependent, 10 - 60 m/pixel), high temporal resolution (5-day revisit) and 13 spectral channels in the visible, near-
infrared and short-wave infrared region of the electromagnetic spectrum, is suitable and meets the requirements of
agricultural monitoring. So far, little has been done in Croatia regarding remote sensing in agriculture (Ljubici¢ et
al., 2008; Kutnjak et al., 2015; Kutnjak and Karanovi¢, 2019). Although knowledge and techniques of interpreting
satellite imagery exist, there is room for progress in crop monitoring through understanding the local specificities of
climate-vegetation zones (Becker-Reshef et al., 2010). Several studies have used satellite remote sensing images and
ground-based sensors as non destructive tools for yield prediction of alfalfa and grass (Schut et al., 2002, Kayad et
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al., 2016, Noland et al., 2018).

The aim of this paper is to analyse the seasonal dynamics of the normalized difference vegetation index (NDVI) of
alfalfa and Italian ryegrass from the test field of the Maksimir Agronomy Faculty in Zagreb and to explain through
agricultural utilization and weather during 2018 and 2019.

The hypothesis of this work is the existence of a trans-seasonally strong correlation of NDVI values and above-
ground biomass of alfalfa consociation with Italian ryegrass.

Materials and methods

In this study the seasonal dynamics of normalized difference vegetation index (NDVT) of alfalfa and Italian ryegrass
from the Maksimir test field of the Faculty of Agriculture, University of Zagreb, with nett productive area of 8.8 ha
(N 45°49°55 E 16 ° 01’52 ) were analyzed. At the end of September 2017 the Italian ryegrass (Lolium multiflorum
Lam.) was directly sown in alfalfa (Medicago sativa L.) crop and in 2018 the crop mixture was mowed three times
and in 2019 four times (16 May 2018, 9 July 2018, 19 September 2018, 22 May 2019, 2 July 2019, 12 August 2019,
17 September 2019). The mowing period was presumably determined according to the optimal phenological
stage for mowing, that is, before the full flowering of alfalfa. The mowed plant material was dried baled as haylage
except second cutting in 2018 which was harvested and stored as hay. The dry matter content of haylage bales was
determined on a one-off basis in May 2018 when subsamples of vegetable mass were collected from an area of 1
m? at different locations on the field, dried in a drying room, and recalculated to the total surface of the field and
divided by the number of bales in that swath (98) to calculate the dry matter content (DM) of 144 kg per bale. A total
of 350 haylage bales were collected over the two years and one harvest of hay. Meteorological data on precipitation
and temperatures have been collected from the website of the Croatian Meteorological and Hydrological Service
(DHMZ, 2019).

Sentinel-2 satellite imagery, consisting of a constellation of two satellites in a polar orbit, that provides observation
of the Earth’s surface with an equatorial temporal resolution of 5 days, a spatial resolution of 10 m, and a spectral
resolution of 4 frequency bands within 448 nm and 912 nm of which red and closely infrared were used for NDVI.

The recordings were accessed through the Google Earth Engine (GEE) online platform (Gorelick et al. 2017), which
included the Normalized Difference Vegetation Index (NDVI) for which the red and infrared frequency bands were
used (Kriegler et al., 1969, Rouse et al., 1973). The time frame within which the recordings were collected and
processed covered 2018 and 2019. Descriptive statistics were calculated for the values obtained, and the results are
presented in tables and graphs.

Results and discussion

Between the beginning of 2018 and November 2019, 106 suitable images that were not covered by clouds were
included in the analysis. The highest maximums of NDVI values in the calendar years were recorded shortly before
the first harvest in May and decreased towards the end of the season together with the yield. The date when the last
winter minimum of NDVT was recorded was taken as the start of the growing season. Estimation of the dynamics
based on the approximate dry matter (DM) yield per day shows that it is the highest in the beginning and mid-year
when it begins to fall and before the end of the season is only 19% (2018) and 11% (2019) of the initial daily increase.
The same trend within the growing season was obtained in the correlation of the NDVI and the ordinal day of the
year when the field was mowed. A very strong positive correlation was observed between average NDVT (x) and total
dry matter mass f(x) in tonnes [t] on the test field through a linear model y = 13.2*x-9.2 (r = 0.951, p <0.05).
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Table 1. Dynamics of mowing, yield and maximum NDVI values. * - number of days of growth calculated from
the last winter NDVI minimum, ** - not applicable because hay was harvested instead of haylage, Post. min. NDVI
shows the post-harvest minimum of NDVI values. ANDVI represents the difference between the maximum and
minimum values.

Date No. lflslr([)ltg Days of gr(?vs':l(l))?lgg 1\1/1[a’1 Max. Post. Min. INDVI
bales ha] growth dan”] NDVI NDVI
16.05.2018. 98 1604 68* 23.6 0.802 0.589 0.213
09.07.2018. . . 54 . 0.714 0.331 0.383
19.09.2018. 20 327 72 4.5 0.702 0.289 0.413
22.05.2019. 130 2127 76 28.0 0.820 0.281 0.539
02.07.2019. 67 1096 41 26.7 0.769 0.306 0.463
12.08.2019. 28 458 41 11.2 0.754 0.381 0.373
17.09.2019. 7 115 36 3.2 0.698 0.446 0.252

Observing the whole phenological curve, it is evident that it reaches its maximum in April and the drop in values
accompanies each harvest by an average of 0.4 (Graph 1). The decline in NDVI was in all cases below the absolute
value of 0.4 except after the first harvest of 2018 which is likely to be due to the low ground layer of the Italian
ryegrass sown in the second half of 2017 and after the last drop of 2019 when again due to the weeds in the ground
layer this value was not lower than 0.45 (Table 1).

16-5-2018 9-7-2018 19-9-2018 22-5-2019 2-7-2019 12-8-2019 17-9-2019

NDVI
S

12 X % % gy sy Wy N s Xy W g Y g Iy T, Ty T, Wy g, Sy Sy, Sy & S S, O %

Number of days

Figure 1. Phenological curve with dynamics of NDVI values during 2018 and 2019.

Vertical range lines represent the standard deviation of NDVT values. Vertical short dashed lines indicate mowing
day, and a rectangle with dashed line indicates a period of extremely high average daily temperatures in the period
30 July- 25 August 2018.

According to data from DHMZ, the whole of 2018 was extremely warm with normal rainfall, while in 2019 it was
extremely warm in summer and was dry considering rainfall. The manifestation of the weather is illustrated by a
phenological curve that shows an interesting detail in the summer of 2018, which is a 25-day decline in the NDVI
value from 0.70 to 0.45. During this period an unusually long heat stroke occurred, characterized by high average
daily values above 25 ° C. Rain amount of 30 mm measured on 26 August 2018 and a drop in average daily temperature
below 20 ° C resulted in vegetation recovery and its regrowth. With this stress, the cycle between mowing is extended
by almost a month (Figure 1).
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Conclusions

Monitoring the phenological dynamics of NDVT alfalfa and Italian ryegrass through the analysis of time series of
Sentinel 2 satellite images showed the specificities of vegetation dynamics caused by mowing and regrowth, with
the highest values recorded in April. The very strong positive correlation of NDVI with respect to the dry matter of
aboveground biomass y = 13.2 * x-9.2 (r = 0.951. p <0.05) through the season suggests the possibility of estimating
the yield of alfalfa consociation with Italian ryegrass by remote monitoring methods and confirms the hypothesis.
By connecting meteorological data and phenological dynamics of NDVI, the extent to which thermal stress can
influence NDVI values and dynamics of primary production respectively is shown.
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Sezonska fenoloska dinamika smjese lucerne
i talijanskog ljulja bazirana na NDVI-u sa
Sentinela-2

SaZetak

Poznavanje specifi¢nosti fenoloske dinamike je bitno za pouzdanu procjenu i klasifikaciju
poljoprivrednih kultura pomocu satelitskih snimaka. U ovom istrazivanju je analizirana sezonska
dinamika normaliziranog diferencijalnog vegetacijskog indeksa (NDVI) lucerne i talijanskog ljulja sa
proizvodne table pokusalista Maksimir Agronomskog fakulteta u Zagrebu te objasnjena kroz nacin
koristenja i vremenske prilike tijekom 2018.12019. godine. NDVI se kretao od 0,28 do 0,82. Rezultati su
pokazali specifi¢nosti dinamike vegetacijskog indeksa uvjetovane ko$njom i ponovnom regeneracijom

pri ¢emu su najvise vrijednosti zabiljezene u travnju i vrlo jaku pozitivnu korelaciju NDVI-a

sa

suhom tvari nadzemne biomase y=13,2%x-9,2 (r=0,951, p<0,05) $to upucuje na mogucnost procjene
prinosa konsocijacije lucerne s talijanskim ljuljem koriStenjem snimaka Sentinela 2. Povezivanjem
meteoroloskih podataka i fenoloske dinamike NDVI-a pokazano je u kojoj mjeri toplinski stres moze

utjecati na vrijednosti NDVI-a.

Klju¢ne rije¢i: NDVI, Sentinel-2, praéenje, fenoloska dinamika, satelitske snimke
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Abstract

The aim of the study was to determine the effect of organic fertilization on the content of macroelements
in theleafand flower of true lavender and lavender. The research was conducted in 2019. The experiment
included 2 factors in 4 repetitions. Sampling of soil, leaf and flower samples of true lavender and
lavender was performed at the beginning of flowering. A relative higher concentration of K (2,96 %),
Ca (0,76 %) and Mg (0,26 %) was recorded in the true lavender leaf compared to the concentration of
the same elements in the lavender leaf. Relative higher concentrations of K (2,43 %), P (2,38 %), Ca
(1,45 %) and Mg (0,36 %) were detected in lavander flower. A significant positive correlation (r = 0.969)
p <0.05 was found between plant available K O in soil and K in true lavender leaf and a strong negative
correlation (r = -0.503) was found between Ca in soil and Ca in leaf. A significant positive correlation
for lavender was found between plant available PO, in soil and P concentration in flower (r = 0.937)
and a significant positive correlation between Ca in soil and Ca concentration in leaf (r = 0.931).

Keywords: lavender, nitrogen, calcium, magnesium

Introduction

The genus Lavandula is represented by more than 20 species that differ in morphological and chemical characteristics.
Commonly grown species are true lavender (Lavandula angustifolia Mill.) and lavender (Lavandula x intermedia
Emeric ex Loisel.). Lavender has a greater potential for yield of lavender essential oil, however, due to its higher
content of camphor, it is more often used to preserve products and less in the cosmetic industry and for therapeutic
purposes (Kara and Baydar, 2013; Andrys and Kulpa, 2016). Carovic-Stanko et al. (2016) highlight the wide range of
useful functions of plants from family of the Lamiaceae and the possibility of using them as functional foods in the
healthy diet of consumers.

Generally, application of macronutrient increases yield, growth, and quality of crops (Tripathi et al. 2014).
Kucukyumuk et al. (2015) found that amount of nitrogen applied in fertilization affects plant height, length of flowers

and P and Ca concentrations in lavender leaf. Biesiada et al. (2008) found that the level of nitrogen supply affects the
concentration of phenolic compounds and carotenoids in true lavender flower. Chrysargyris et al. (2017) found that
the concentration of K in nutrient solution of hydroponic production of true lavender affects the growth of plants,
root development and the quantity and quality of oil. As cited by Adaszynska et al. (2011), cit. Prusinowska and
Smigielski (2014) the content of biogenic macroelements depends on the lavender variety. Higher yield and quality
of aromatic and medicinal plants were achieved by fertilization with organic and biological fertilizers (Sartip et al.,
2015). Due to the slow release of nutrients, organic fertilizers have a positive effect on the quality and yield of essential
oil compared to mineral fertilizers (Silva et al., 2017). Research to date indicates widespread use of true lavender and
lavender. Emphasis is placed on the yield and quality of essential oils. However, the mineral composition of the leaf
and

The paper is co-authored with students Alanais Louis and Antoine Jouve, Lycce Agricole de Cibeins, Miseriux, France
through Erasmus* program.

54 55th Croatian & 15th International Symposium on Agriculture | February 16-21, 2020, Vodice, Croatia



Macroelement content of true lavender (Lavandula angustifolia Mill.) and lavender (Lavandula x
intermedia Emeric ex Loisel.) in organic fertilization

flower, which depends on the lavender variety, but also on the soil’s supply of biogenic elements, is less explored.
Therefore, the aim of the study was to determine the effect of organic fertilization on the content of macroelements
in the leaf and flower of true lavender and lavender.

Material and methods

The research was conducted in 2019 at the experimental field of the Krizevci College of Agriculture. A soil analysis
was performed before the experiment was set up. Neutral soil reaction was found, pH in 1M KCI was 6.94, good
humus supply (4 %), rich plant available phosphorus (25.55 mg P,0,/100g soil) and potassium (27.04 mg K,0/100
g soil). Proeco 5-10-10 pelleted organic mineral fertilizer was applied with primary tillage in the fall. The amount of
20 kg ha'! of nitrogen, 40 kg ha™ of phosphorus and 40 kg ha of potassium was applied. In the spring of 2019, the
soil was prepared for planting and fertilized with Fertil Supernova 12.5 N organic nitrogen fertilizer. This fertilizer
supplied soil with 50 kg ha™' of organic nitrogen. A two-factor experiment was set up on the plot of 306 m? (true
lavender and lavender) in 4 repetitions. The size of the test plot is 34 m? (10 x 3.4 m). Planting of true lavender and
lavender was done in April 2019. On each experimental plot 10 plants were planted in two rows. Soil, leaf and flower
sampling from each experimental plot was conducted in July 2019. Soil samples were taken from 30 cm depth.
Preparation of soil samples was carried out in accordance with the standard HRN ISO 11464. Total nitrogen analysis
was performed by the modified Kjeldahl method, HRN ISO 11261: 2004, the content of plants available phosphorus
and potassium (AL method, Egner et al., 1960) and calcium and magnesium according to ISO 11466, 1995. Plant
samples were dried and ground for further analysis. After digestion with a mixture of acids (1/3 HNO, + 2/3 HCI)
in a microwave device, phosphorus was determined spectrophotometrically, potassium on a flame photometer and
calcium and magnesium on an atomic absorption spectrometer (AAS). Data were analyzed by analysis of variance
in Statistica 13.4.0.14 program. Mean values of parameters between treatment (true lavender/lavender) were tested
using t-test. Partial correlations were computed between the content of macronutrients in the soil and the leaf and
flower of true lavender and lavender.

Results and discussion

The results of soil supply to biogenic macronutrients are shown in Table 1, and the effect of organic fertilization on
the content of macronutrients in the leaf and flower of lavender and lavender is shown in Table 2.

Table 1. Content of macroelements in soil up to 30 cm of depth at the beginning of flowering of true lavender and
lavender

Variants Total N Available form P205  Available form K20 Ca Mg
% mg/100 g of soil mg/100 g of soil % %

True lavender 0.23 27.29 29.45 1.25 0.68

Lavender 0.20 25.95 27.21 1.36 0.71

At the beginning of flowering, a rich soil supply with total N, plant available P,O, and plant available K,O was
determined and average amounts of Ca and Mg were recorded in soil on true lavender and lavender variants.
As expected, the observed differences in the content of the macroelements in soil between the variants were not
statistically justified (p> 0.05).

A higher concentration of K, Ca and Mg was found in the true lavender leaf compared to the concentration of the
same elements in the lavender leaf. (Table 2). However, these differences were not statistically justified. Regarding to
all five investigated nutrients true lavender and lavender leaves contained the most of potassium (2.96 % and 2.59 %,
respectively). In the leaves of aromatic and medicinal plants, Imelouane et al. (2011) found a higher concentration of
potassium than other biogenic macronutrients. Relative higher concentration of K in the true lavender leaf compared
to the concentration in the lavender leaf was probably influenced by the higher available KO content in the soil of
the true lavender variant. Chrysargyris et al. (2017) found out a significant effect of potassium concentration in the
nutrient solution on the K concentration in the true lavender leaf (p = 0.0014) by regression analysis and a significant
positive correlation between the K concentration in the nutrient solution and the concentration in the true lavender
leaf.
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Table 2. Influence of organic fertilization on the content of biogenic macronutrients in the leaf and flower of true
lavender and lavender

. N P K Ca Mg
Variants

(%) (%) (%) (%) (%)

True lavender Leaf 2.48 0.24 2.96 0.76 0.26

Flower 2.07 2.12 2.04 0.82 0.32

Lavender Leaf 2.56 0.25 2.59 0.71 0.18

Flower 1.75 2.38 2.43 1.45 0.36

The highest concentration of K was also detected in lavender flower compared to other biogenic elements. Grzeszczuk
et al. (2018.) reported higher K concentration in flowers of selected ornamental plant species compared to other
macroelements. Also, relative higher concentration of P was found in lavender flower than in true lavender flower.

Seidler-Lozykowska et al. (2014) reported a significant influence of year and location on P concentration in flower. Ca
content in lavender flower was relative higher than in true lavender flower. Also, Felicia et al. (2018) found out higher
calcium concentrations in lavender flower. The concentrations of P, Ca and K in lavender leaf presented in table 2
are approximately similar to those reported by Erbas et al. (2017) for fertilization with 50 kg ha™ of phosphorus. The
authors found that lavender fertilization with higher amounts of phosphorus increased concentrations of P, N, K,
Ca, and Fe, and significantly reduced the concentrations of Mg, Mn, and Zn in the lavender leaf. Tables 3 and 4 show
the correlations between the studied macroelements in the soil and the leaf and flower of true lavender and lavender.

Table 3. Pearson correlation coefficients between macroelements in soil and leaf and flower of true lavender

Soil N P K Ca Mg
Leaf Flower Leaf Flower Leaf Flower Leaf Flower Leaf  Flower
N. % 0.891 0.209
P,0_,mg/100g 0209 0491
KZO,mg/IOOg 0.969* 0.698
Ca, % -0.503 0.234
Mg, % 0.410 0.883

* indicates significant correlation p<0,05

A positive correlation was found between the investigated macroelements in soil and the concentration in true
lavender leaf and flower except between Ca in soil and Ca in leaf. A significant positive correlation (r = 0.969) p <0.05
was found between available K O in soil and K in lavender leaf and strong negative correlation (r = -0.503) was found
between Ca in soil and Ca in leaf. In lavender, mainly positive correlations were recorded between the macroelements
in the soil and leaf and flower (Table 4). A negative correlation was found between Ca in soil and Ca in flower and Mg
in soil and Mg in flower. This may be due to the limited movement of calcium by phloem and distribution within the
plant and the accumulation in the vacuole of older cells in the form of oxalate or other difficultly soluble compounds
(Kirkby and Pilbea, 2006) or maybe antagonistic effect of K on Ca. Logically, magnesium is more concentrated in
leaves. Similar results were reported by Tuma et al. (2004). A significant positive correlation was found between plant
available P O, in soil and P concentration in flower (r = 0.937) and Ca in soil and Ca concentration in leaf (r = 0.931).
Similar correlations between plant available P,O, in soil and P concentration in flower of medicinal plants have been
reported by Konieczynski and Wesolowski (2007).
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Table 4. Pearson correlation coeflicients between macroelements in soil and leaf and flower of lavender

Soil N p K Ca Mg
Leaf  Flower  Leaf Flower  Leaf  Flower Leaf  Flower Leaf Flower
N. % 0.587 0.562
P205,mg/100g 0.830 0.937*
K20,mg/100g 0.119 0537
Ca, % 0.931* -0.441
Mg, % 0.446 -0.206

* indicates significant correlation p<0,05

Conclusion

The study revealed that one year of organic fertilization did not statistically influenced on macroelements status
in the leaf and flower of true lavender and lavender Significant correlations between soil macroelements and their
concentrations in true lavender and lavender leaf and flower were partly result of plant species and fertilization, but
also some other factors. As one year of research is not sufficient for the relevant conclusion, it is recommended to
continue the research.
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Sadrzaj makrolemenata u lavandi (Lavandula
angustifolia Mill.) i lavandinu (Lavandula x
intermedia Emeric ex Loisel.) pri organskoj

gnojidbi

SaZetak

Cilj istrazivanja bio je utvrditi utjecaj organske gnojidbe na sadrzaj makroelemenata u listu i cvijetu
lavande i lavandina. Istrazivanje je provedeno 2019. godine. Pokus je uklju¢ivao dva faktora (prava
lavanda - lavandin) u ¢etiri ponavljanja. Uzorkovanje tla, lista i cvijeta lavande i lavandina izvr$eno
je na pocetku cvatnje. U listu lavande utvrdena je relativno veéa koncentracija K (2,96 %), Ca (0,76
%) i Mg (0,26 %) u usporedbi s koncentracijom istih elemenata u listu lavandina. U cvijetu lavandina
utvrdena je relativno veca koncentracija K (2,43%), P (2,38%), Ca (1,45 %) i Mg (0,36 %). Znacajna
pozitivna korelacija (r = 0,969) p<0,05 utvrdena je izmedu biljkama pristupacnog K,O u tlu i K u listu
prave lavande, a negativna korelacija (r = -0,503) izmedu Ca u tlu i Ca u listu. Znacajna pozitivna
korelacija kod lavandina utvrdena je izmedu biljkama pristupac¢nog P,O_u tlu i koncentracije P u
cvijetu (r=0,937) te znacajna pozitivna korelacija izmedu Ca u tlu i koncentracije Ca u listu (r=0,931).

Kljucne rijeci: lavanda, dusik, kalcij, magnezij
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SaZetak

Gustoca ¢vrstih Cestica tla (p,) predstavlja omjer mase i neporoznog volumena apsolutno suhog tla. Ona
je jedan od parametara potrebnih za odredivanje ukupne poroznosti tla. Standardna piknometarska
metoda odredivanja p, dugotrajna je i zahtjevna, pa je cilj rada bio, u 20 pragkasto ilovastih i slabo
humoznih uzoraka tla, ispitati da li pojednostavljenje laboratorijskog postupka utje¢e na rezultat
analize. Razlika izmedu prosje¢nih vrijednosti p, utvrdenih primjenom standardne (2,67 g cm?) i
pojednostavljene (2,64 g cm™) metode statisticki je signifikantna (p= 0,000003), ali prakti¢ki mala.
Stoga se modificirana metoda moze koristiti ako je vrijednost p, potrebna prvenstveno za izracun
ukupne poroznosti tla.

Kljuéne rijeci: gustoca ¢vrstih Cestica tla, piknometarska metoda, temperiranje, praskasto ilovasta tla,
slabo humozna tla

Uvod

Za odredivanje ukupne poroznosti tla (P) jedan od klju¢nih parametara je gustoca ¢vrstih Cestica (p,) koja predstavlja
omjer mase apsolutno suhog tla (osusenog na 105 °C) i neporoznog volumena koje to tlo ima. Vrijednosti p, ovise o
sastavu minerala i sadrzaju organske tvari u tlu. Gusto¢a minerala koji se obi¢no nalaze u tlima (silikati i alumosilikati)
kreée se od 2,60 do 2,75 g cm™. Medutim, ako su u tlu prisutne vece koli¢ine oksida Zeljeza i minerala kao $to su
magnetit i cirkon, gustoca Cestica tla moze biti ve¢a od 2,75 g cm™ (Ball i sur. 2006.). Gustoca Cestica organske tvari
daleko je manja od gusto¢e mineralnih ¢estica, a kre¢e se od 1,3 do 1,5 g cm™. S obzirom na navedeno, relativno male
koli¢ine organske tvari mogu imati znacajan utjecaj na p,. Prema Schjonningu i sur. (2017.) vrijednosti p, smanjuju
se povecanjem sadrzaja organske tvari u tlu, dok se pove¢anjem sadrzaja gline gustoc¢a povecava.

U nedostatku izmjerenih vrijednosti p, pri izracunu P i volumetrijskih odnosa vode i zraka u tlu, nerijetko se moze
koristiti konstantna vrijednost p, od 2,65 g cm” (McBride i sur. 2015.) Ipak, Redding i sur. (2006.) navode kako
se vrijednost od 2,65 g cm™ moze primijeniti samo za tla s niskom koncentracijom organskog ugljika i visokom
koncentracijom frakcija kvarcnog pijeska. To potvrduju i istrazivanja koja su proveli Bielders i sur. (1990.) te Blanco-
Canqui i sur. (2006.). Pojedini znanstvenici navode da se vrijednost p,znatno razlikuje kroz tipove tala i ukazuju na
potrebu njenog laboratorijskog odredivanja (Bielders i sur. 1990., Ball i sur. 2000., Rithlmann i sur. 2006.).

Postoje razlic¢ite laboratorijske metode za odredivanje p, tla. Tako, osim standardne piknometarske metode (SM) i
metode volumetrijske tikvice, postoje i metode plinske piknometrije (Bielders i sur. 1990.), te zamjene volumena
vlaznogisuhoguzorka (Yuyingisur. 2014.). Zajedni¢ko svim navedenim metodama je da podrazumijevaju dugotrajne
analize koje iziskuju dosta rada. Cilj ovog istrazivanja bio je, stoga, ispitati postoji i moguénost pojednostavljenja
odredivanja p,, i to modificiranjem SM na nacin da se iz postupka iskljuci kuhanje/temperiranje uzoraka tla.

Materijali i metode

Za potrebe analiza koristeno je 20 uzoraka tla iz arhive Zavoda za pedologiju Agronomskog fakulteta u Zagrebu.
Uzorci tla bili su praskasto ilovaste (Prl) teksture, a tekstura tla odredena je prema FAO teksturnom trokutu (FAO,
2006). Svi analizirani uzorci bili su slabo humozni sa 1-3 % humusa. Prije analize uzorci su osuseni u su$ioniku na
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temperaturi od 105 °C, usitnjeni i prosijani kroz sito promjera 1 mm. Analiza gustoce svakog uzorka odradena je
kori$tenjem SM (modificirana ISO 11508:1998 i JDPZ, 1971.) i pojednostavljene metode (PM) koja je iskljucivala
predtretman kuhanja/temperiranja uzorka. SM podrazumijeva vaganje 10 g tla te prelijevanje sa 30 ml destilirane
vode. Tako pripremljen uzorak kuha se uz povremeno mije$anje. Kuhanje se obavlja s ciljem eliminacije zraka iz
uzorka. Istovremeno su piknometri od 100 mL napunjeni destiliranom vodom i temperirani na 20 °C. Piknometri
su zacepljeni zabruSenim ¢epom, obrisani te izvagani pri temperaturi od 20 °C (). U ispraznjene piknometre
kvantitativno je prenesena ohladena suspenzija tla svakog uzorka te je do vrha dodana destilirana voda. Piknometri
sa suspenzijom takoder su temperirani na 20 °C, obrisani izvana te je izvagana masa svakog piknometra s tlom ().
racuna se prema formuli:

= vat
P T ¥T, — T,

gdje su: masa tla (10 g),
gustoca vode pri 20 °C (1 g cm™),
masa piknometra s vodom (g),

masa piknometra s tlom (g).

Statisticka obrada podataka odradena je t-testom za zavisne uzorke u statistickom programu SAS System for Win
ver. 9.1.3 (Copyright 2002-2003 by SAS Institute Inc., Cary, NC, USA.).

Rezultati i rasprava

Podaci dobiveni deskriptivnom statistickom analizom prikazani su u Tablici 1. Vidljivo je da je prosjecna p, nakon
primjene PM iznosila 2,64 g cm™, dok je nakon primjene SM ona iznosila 2,67 g cm. Razlika izmedu prosje¢nih
vrijednosti p, bila je statisticki signifikantna (p= 0,000003), ali realno vrlo mala. Iz Grafikona 1, vidljivo je da je
najveca razlika izmedu p,, obzirom na koristeni analiticki postupak, zabiljezena kod uzorka 6. S druge strane, kod
uzoraka 10 i 20, iznosi p, dobiveni primjenom SM i PM bili su jednaki.

Tablica 1. Deskriptivna statisticka analiza za pojednostavljeni (PM) i standardni postupak (SM) odredivanja gustoce
¢vrstih Cestica tla

ol Pojednostavljeni Standardni postupak (SM)
Statisticki parametar
postupak (PM)

Broj uzoraka (N) 20 20
Aritmeticka sredina (g cm™) 2,64 2,67

Medijan(g cm™) 2,64 2,67

Mod (g cm™) 2,64 2,67
Standardna devijacija (g cm™) 0,028 0,026

Najmanja vrijednost (MIN) (g cm™) 2,60 2,63

Najveca vrijednost (MAX) (g cm™) 2,69 2,72

60 55th Croatian & 15th International Symposium on Agriculture | February 16-21, 2020, Vodice, Croatia



Mogucnost pojednostavljenja postupka odredivanja gustoce €vrstih Cestica tla piknometarskom

e

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

2,72

2,7 4
2,68
2,66
2,64
2,62

2,6
2,58
2,56
2,54

Vrijednost gustoée (g cm3)

Broj uzorka

Grafikon 1. Vrijednosti gustoce ¢vrstih Cestica tla dobivene primjenom pojednostavljenog (PM) i standardnog
(SM) postupka odredivanja

Za oba seta podataka (PM i SM), dobivene prosjecne vrijednosti p,ne izlaze iz raspona p, definiranog prema Hillelu
(1998.), koji se krec¢e izmedu 2,60 g cm™12,70 g cm™, odnosno ne odstupaju u velikoj mjeri od konstantne vrijednosti
2,65 g cm” pretpostavljene za ve¢inu mineralnih tala (McBride i sur., 2015.). Navedeno je u skladu s ¢injenicom da
su analizirani uzorci bili slabo humozni, praskasto-ilovaste teksture. Brogowski i sur. (2014.) su, nakon izdvajanja
granulometrijskih frakcija razli¢itih tala, odredili da prosje¢na vrijednost p, za prah iznosi 2,58 g cm”. Ovdje
analizirana tla, pored praha kao dominante frakcije, uglavnom sadrze < 25 % gline te <5 % pijeska.

lako su utvrdene razlike izmedu vrijednosti p, odredene primjenom SM i PM bile signifikantne, one nisu dovoljno
velike da bi bitno utjecale na izracun P. Stoga je primjena PM odredivanja p, opravdana u slucajevima u kojima se
vrijednost p, koristi prvenstveno za odredivanje P, i to temeljem slijedeceg izracuna:

p— (1_‘;_) x 100 [%]., |

gdje su: volumna gustoca tla (g cm?),

gustoca ¢vrstih Cestica (g cm™).

Na temelju vrijednosti p, odredenih koriStenjem PM i SM i konstantne vrijednosti volumne gustoce tla (p, (1,33
g cm™), koja se podrazumijeva u povrsinskim slojevima tla ako ona nije laboratorijski odredena (Jury i Horton
2004.), izrac¢unat je P tla. Raspon P kod SM kretao se od 49,4 % do 51,1 % sa prosje¢nom vrijednosti od 49,7 %, dok
se kod PM kretao u rasponu od 49,0 % do 50,6 % sa prosjecnom vrijednosti od 50,2 %. Iz navedenog je vidljivo da
su prosje¢ne razlike izmedu izra¢unatih hipotetskih vrijednosti P zanemarive, pogotovo ako se uzme u obzir da su
interpretacijske vrijednosti za P $iroke i da se u oba slucaja analizirano tlo klasificira kao porozno (Tablica 2).
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Tablica 2. Granic¢ne vrijednosti ukupne poroznosti tla (P) sa interpretacijskim vrijednostima prema (Skori¢, 1986)

Postotak pora u tlu (% P) Interpretacijske vrijednosti

P >60% Vrlo porozno

P 45-60 % Porozno

P 30-45% Slabo porozno

P <30% Vrlo slabo porozno
Zakljucak

lako je razlika izmedu prosjecnih vrijednosti p, dobivenih primjenom SM i PM bila statisticki signifikantna, ona je
u relativnom smislu vrlo mala. PM odredivanja p, stoga se moze primijeniti u slucajevima u kojima je vrijednost p,
potrebna prvenstveno za izracun P, kao i drugih s njome povezanih znacajki (npr. kapaciteta tla za zrak). Primjena
PM tako moze pridonijeti smanjenju utroska vremena za analize, a samim time i ukupnih troskova istrazivanja.
Medutim, potrebno je provesti dodatna ispitivanja moguc¢nosti pojednostavljenja odredivanja p,, i to na vecem broju
uzoraka tala raznolike teksture i $irokog raspona sadrzaja organske tvari.
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Possibilities for simplifying soil particle density
determination by pycnometer method

Abstract

Soil particle density (p ) is the ratio of mass and non-porous volume of oven dry soil. It is one of the
parameters required to determine the total soil porosity. Standard laboratory analysis is demanding
and time-consuming, so the aim of the study was to examine, in 20 silt loam soils with low organic
matter content, whether the simplification of the laboratory procedure affected the result of the p
analysis. The difference between the average values of p_determined by the standard (2.67 g cm™) and
simplified (2.64 g cm™) method was significant (p= 0 000003) but practically small. Therefore, the
modified method can be used if the value of p_is required primarily for the calculation of the total soil
porosity.

Keywords: soil particle density, pycnometer method, sample tempering, silt loam soils, soils with low
organic matter content
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SaZetak

Cilj rada je bio pratiti parametre kvalitete komunalne otpadne vode u periodu od 2016. do 2018. god.
s aglomeracije Lipik — Pakrac koja putem odvodnog kanala Ilida dospijeva u rijeku Pakru. Komunalna
otpadna voda prije ispustanja u kanal prolazi fizikalne postupke obrade prvog stupnja. Iz dobivenih
rezultata je vidljivo da analizirani parametri (suspendirana tvar, kemijska potro$nja kisika (KPK),
bioloska potrosnja kisika (BPK,), ukupni fosfor i ukupni dusik) na ispusnom mjestu ne odstupaju
od zadanih vrijednosti propisanih Pravilnikom (NN 80/13, 43/14, 27/15, 3/16). Ovakva kvaliteta
komunalne otpadne vode ne moze se posti¢i nakon samo prvog stupnja proci$¢avanja, $to upucuje na
probleme vezane za propustanje kanalizacijskog sustava.

Kljuéne rijeci: otpadna voda, procis¢avanje, kvaliteta

Uvod

Ocuvanje vodnog bogatstva medu najvaznijim je zadacima u o¢uvanju prirodnih bogatstava neke zemlje, a tu se
osobito isti¢e o¢uvanje kvalitete povrsinskih voda. Zato jednom upotrijebljenu vodu koja postaje otpadna, prije
ispustanja u prirodne prijemnike potrebno je prethodno prodistiti. Nedovoljno procis¢ene otpadne vode koje se
ispustaju u prirodne vodne sustave mogu bitno utjecati na promjenu eko-sustava, kao i mogu¢nost koristenja
vode za razli¢ite namjene. Komunalne otpadne vode su visoko opterecene organskim ugljikom, spojevima dusika i
fosfora. Ispustanje otpadne vode opterecene hranjivim tvarima moze dovesti do pojave eutrofikacije. Jedan od nacina
uklanjanja ovih tvari iz vode je bioloska obrada otpadne vode (Tusar, 2009).

U Hrvatskoj je nedovoljna izgradenost odvodne kanalizacijske mreze, tek je 43,6 % stanovnistva prikljuceno na
sustav javne odvodnje, a samo 27 % otpadne vode prije ispustanja se proci§¢ava (Plisi¢, 2014.). Osim nedovoljne
izgradenosti kanalizacijske mreze, ¢esto je postojeca mreza dotrajala i neadekvatna te zahtjeva rekonstrukeiju.

U ovome radu su prikazani parametri kvalitete komunalne otpadne vode propisani Vodopravnom dozvolom (NN
80/13,43/14,27/15, 3/16) za ispustanje otpadnih voda. Ispitivanja se rade kvartalno na ulazu u uredaj za procis¢avanje
otpadnih voda (UPOV) i izlazu, odnosno mjestu ispustanja u prijemni kanal. S obzirom da je u tijeku priprema
projekta izgradnje procistaca I, ITi III stupnja proci$¢avanja s bioloskom obradom otpadne vode, prijemom i obradom
otpadne vode iz septickih jama, te postupci obrade aktivnog mulja. Cilj rada je bio prikazani parametre kvalitete
(BPKs, KPK, suspendirane tvari, ukupni dusik i ukupni fosfor) komunalne otpadne vode s podrucja aglomeracije
Lipik - Pakrac koja se ispusta u kanal Ilida za razdoblje od 2016. do 2018. godine.

Materijal i metode

U radu su prikazani rezultati ispitivanja otpadne komunalne vode prije i poslije prvog stupnja fizikalnog procis¢avanja
s aglomeracije Lipik - Pakrac. U ovaj sustav odvodnje skupljaju se otpadne vode iz domacinstava s podrucja gradova
Lipika i Pakraca, sela Dobrovac, Prekopakra i Filipovac, otpadne voda industrijskih pogona i javnih ustanova, kao
i oborinske vode koje se slijevaju s javnih povrsina ovih naselja. Komunalna otpadna voda prije ispustanja u kanal
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Ilidu, dolazi na UPOV u naselju Dobrovac, gdje prolazi postupke prvog stupnja fizikalnog procis¢avanja (gruba i fina
re$etka, fina sita, aerirani pjeskolov i mastolov).

Ispitivani su kompozitni uzorci za vrijeme rada procistaca na kontrolnom oknu prije i poslije procis¢avanja,
uzorkovani automatskim uzorkivacem tijekom 24 sata uzimani svakih sat vremena. Prema Vodopravnoj dozvoli
(NN 80/13, 43/14, 27/15, 3/16) uzorkovanja i ispitivanja se provode Cetiri puta godi$nje u ovlastenom laboratoriju
prema standardnim metodama: 1) ukupne suspendirane tvari sukladno HRN EN 872:2008; 2) BPK, sukladno HRN
EN 1899: 2004; 3) KPK sukladno HRN ISO 6060:2003; 4) ukupni fosfor sukladno HRN EN ISO 6878:2008 5) ukupni
dusik sukladno HRN EN ISO 11905-1:2001. Grani¢ne vrijednosti ispitivanih parametara u procis¢enoj otpadnoj
vodi propisane su prema Pravilniku o grani¢nim vrijednostima emisija otpadnih voda NN 80/13, 43/14, 27/151 3/16
(Tablica 1).

Tablica 1. Grani¢ne vrijednosti emisija otpadnih voda prilikom ispustanja u povrsinske vode (NN 80/13, 43/14,
27/15, 3/16)

Pokazatelji Jedinica Povrsinske vode
BPK, mg O,/L 25

KPK mg O,/L 125

Ukupni fosfor mg P/L 2

Ukupni dusik mg N/L 15
Suspendirana tvar mg /L 35

Rezultati i rasprava

Na slici 1 prikazani su rezultati ispitivanja suspendirane tvari u periodu od 2016. do 2018. godine. Vidljivo je da su
ulazne koncentracije suspendirane tvari u granicama kocentracija svojstvenih za pokazatelje sastava komunalnih
otpadnih voda i uglavnom su nize od minimalnih vrijednosti tijekom cijelog perioda ispitivanja.

300
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200

150 m Suspendirana tvar (2016. g.)

W Suspendirana tvar (2017. g.)
100 p | gl

Suspendirana tvar (2018. g.)
50

Lol - ala bl

ulaz izlaz  wlaz izlaz  ulaz  izlaz  ulaz  izlaz

Suspendirana tvar (mg/L)

Il mjesec  IV-VIimjesec V- IX mjesec X-XIl mjesec

Slika 1. Rezultati ispitivanja suspendirane tvari u otpadnoj vodi na ulazu i izlazu iz procistaca 1. stupnja u
razdoblju od 2016. do 2018.

Iz prikazanih rezultata na slikama 2 i 3 je vidljivo da su vece koncentracije od minimalnih vrijednosti zabiljezene
u drugom i cetvrtom kvartalu za BPK, i KPK, u 2016. godini te kod vrijednosti izlaznih koncentracija uocene su
povecane koncentracije u odnosu na MDK vrijednosti za BPK, u prvom kvartalu 2017. godine za 6,8 %. Neovisno o
povecanoj koncentraciji BPK, za 6,8 % u odnosu na MDK vrijednost, ispunjeni su zahtjevi iz Vodopravne dozvole za
minimalnim smanjenjem izlazne koncentracije za 20 % u odnosu na ulaznu vrijednost.
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Slika 2. Rezultati ispitivanja BPK, vrijednosti u otpadnoj vodi na ulazu i izlazu iz procistaca 1. stupnja u
razdoblju od 2016. do 2018.
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Slika 3. Rezultati ispitivanja KPK vrijednosti u otpadnoj vodi na ulazu i izlazu iz procistaca 1. stupnja u
razdoblju od 2016. do 2018.

Slika 4 prikazuje rezultate ispitivanja ukupnog fosfora, gdje su sve ulazne koncentracije nize od koncentracija
odredenih parametara svojstvenih za komunalnu otpadnu vodu. Kod vrijednosti izlaznih koncentracija uocene su
povecane koncentracije u odnosu na MDK vrijednosti u cetvrtom kvartalu 2017. godine za 16 %, dok u 2018. godini

je zabiljezeno poveclanje izlazne koncentracije ukupnog fosfora za 173,5 %.
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Slika 4. Rezultati ispitivanja ukupnog fosfora u otpadnoj vodi na ulazu i izlazu iz procistaca 1. stupnja u
razdoblju od 2016. do 2018.

Na slici 5 je vidljivo da koncentracije ukupnog dusika na ulazu u UPOV ne prelaze minimalne vrijednosti
koncentracija svojstvenih za komunalnu otpadnu vodu osim u drugom kvartalu 2016. godine. Izlazne koncentracije
su nize od propisanih MDK vrijednosti.
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Slika 5.Rezultati ispitivanja ukupnog dusika u otpadnoj vodi na ulazu i izlazu iz procistaca 1. stupnja u
razdoblju od 2016. do 2018.

Iz prikazanih rezultata je vidljivo da su ulazne koncentracije analiziranih tvari nize od uobic¢ajenih vrijednosti
koncentracija pokazatelja kakvoc¢e komunalnih otpadnih voda prema Tu$ar (2009), ali su u granicama vrijednosti
za: 1) krutine od 300 do 1200 mg/L; 2) BPK5 od 100 do 400 mg O2/L; 3) KPK od 200 do 1000 mg O2/L; 4) ukupni
fosfor od 5 do 20 mg/L; 5) ukupni dusik od 15 do 90 mg/L.

Svi privredni subjekti koji ispustaju vodu u gradsku kanalizaciju ili direktno u prirodni prijemnik moraju posjedovati
Vodopravnu dozvolu za ispustanje otpadnih voda, gdje im je propisano ucestalost analiza kao i vrsta i koncentracija
odredenih parametara. Vodopravnom dozvolom za ispustanje otpadne vode s aglomeracije Lipik — Pakrac, propisane
su analize Cetiri puta godi$nje uzimanjem kompozitnog uzorka i postotci smanjenja koncentracija za BPKs i ukupnu
suspendiranu tvar.

Session 1. Agroecology, Ecological Agriculture and Environment Protection 67



Ana Mrgan, Helena Marceti¢, Arijana Penava, Kornelija Perkovi¢

Zakljucak

Rezultati ispitivanja komunalne otpadne voda u razdoblju od 2016. do 2018. godine na aglomeraciji Lipik-Pakrac,
pokazuju oscilacije u vrijednostima emisija otpadnih voda na ulazu u prodista¢, ali u granicama koncentracija
karakteristicnih za komunalne otpadne vode. Ovakve oscilacije mogu biti uzrokovane koli¢inom oborina u vrijeme
uzorkovanja odnosno koli¢inom oborinskih voda koje dospijevaju u odvodni sustav, oscilacijama u dinamici
industrijske proizvodnje, kao i nekim izvanrednim situacijama. Koncentracije ispitivanih parametara u pravilu su
nize od minimalnih pokazatelja koncentracija za komunalne otpadne vode, izuzev u 2016. godini kada su zabiljezena
povecanja za BPKs, KPK, i ukupni fosfor u drugom kvartalu, te BPKs i KPK u ¢etvrtom kvartalu.

Iz ovog istrazivanja je vidljivo da koncentracije analiziranih parametara otpadne komunalne vode ne potvrduju
ocekivane vrijednosti karakteristi¢ne za ovakvu vrstu otpadne vode, budu¢i da je primijenjen samo prvi stupanj
fizikalnog procis¢avanja. Uzroci ovakvih rezultata mogu biti posljedica velikih razrjedenja otpadne vode, uzrokovane
o$te¢enjem kanalizacijske mreze i infiltracije rije¢ne vode u sustav.

Prema studijama analiza poloZaja korita rijeke Pakre i polozaja kanalizacijske mreZe vjerojatna je znatna infiltracija
rijecne vode u kanalizacijski sustav.

Izgradnja novog procistaca za otpadnu vodu nece biti dostatno rjesenje za postojeci problem, nego je potrebno
obnoviti kanalizacijsku mrezu radi spre¢avanja moguceg zagadenja podzemnih voda.
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Ocjena kvalitete komunalne otpadne vode s podrucja aglomeracije Lipik — Pakrac na mjestu ispustanja u
kanal llida

Quality assessment of municipal waste water
from the area of the agglomeration Lipik-Pakrac
measured on the site of dicharge to Ilida canal

Abstract

The aim of the paper was to monitor municipal waste water quality parameters from 2016. to 2018.
from the Lipik - Pakrac agglomeration which reaches the Pakra river via the Ilidja drainage channel.
Municipal waste water undergoes first-degree physical processing procedures before being discharged
into the sewer. From the obtained results show that the analyzed parameters (suspended substance,
chemical oxygen demand (COD), biological oxygen demand (BODS5), total phosphorus and total
nitrogen) at the discharge point do not deviate from the set values prescribed by the Regulation (NN
80/13, 43/ 14, 27/15, 3/16).

Such quality of waste water cannot be characteristic of municipal water after only the first stage of
treatment, which indicates problems related to the sewage system.

Keywords: waste water, purification, quality
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Abstract

Common bean (Phaseolus vulgaris L.) is one of the most important legumes in the world and the
lack of nitrogen in its cultivation can cause major negative changes leading to decrease in leaf protein
content, such as RuBisCO, which causes a decrease in photosynthesis capacity and ultimately results
in leaf damage and senescence. The aim of this study was to analyze the effect of nitrogen deficiency
with ‘N-’ treatment, Hoagland solution with no added nitrogen, on the chlorophyll content index,
‘greenness, digital biomass, quantum yield of photosystem II (Y (II)), maximum quantum yield of
photosystem II (F /F ) and the root system traits of Croatian common bean landraces “Tresnjevac;
“Zelencec and ‘Biser’. Nitrogen deficiency treatment caused a decrease in the chlorophyll content index
and ‘greenness; digital biomass and changes in root architecture for all three landraces. The landrace
“Zelencec” developed the largest root volume, and the landrace “Tre$njevac’ the largest average root
diameter, digital biomass and highest chlorophyll content index in nitrogen treatment (N-).

Keywords: Common bean, nitrogen deficiency, root architecture, photochemical reactions

Introduction

For normal physiological functions and development, plants need macro and micro nutrients. The lack of nutrients
such as nitrogen, potassium and phosphorus is a big problem in agricultural production (Aleksandrov, 2019).
Nitrogen is a major component of amino acids and is important in biochemistry of photosynthetic pigments and
co-enzymes (Aleksandrov, 2019; Maathuis, 2009)magnesium, nitrogen, phosphorous, potassium and sulfur in
relatively large amounts (>0.1% of dry mass. Common bean (Phaseolus vulgaris L.) forms a relationship with
nitrogen-fixing rhizobia and through a process termed symbiotic nitrogen fixation provides the plant a source of
nitrogen (George and Singleton, 1992; Wilker et al., 2019), but efficiency of process depends on soil fertility (Mufioz-
Azcarate et al,, 2017)and the most important legume for direct consumption by millions of people, especially in
developing countries. It is a promiscuous host legume in terms of nodulation, able to associate with a broad and
diverse range of rhizobia, although the competitiveness for nodulation and the nitrogen fixation capacity of most of
these strains is generally low. As a result, common bean is very ineflicient for symbiotic nitrogen fixation, and
nitrogen has to be supplied with chemical fertilizers. In the last years, symbiotic nitrogen fixation has received
increasing attention as a sustainable alternative to nitrogen fertilizers, and also as a more economic and available one
in poor countries. Therefore, optimization of nitrogen fixation of bean-rhizobia symbioses and selection of efficient
rhizobial strains should be a priority, which begins with the study of the natural diversity of the symbioses and the
rhizobial populations associated. Natural rhizobia biodiversity that nodulates common bean may be a source of
adaptive alleles acting through phenotypic plasticity. Crosses between accessions differing for nitrogen fixation may
combine alleles that never meet in nature. Another way to discover adaptive genes is to use association genetics to
identify loci that common bean plants use for enhanced biological nitrogen fixation and, in consequence, for marker
assisted selection for genetic improvement of symbiotic nitrogen fixation. In this review, rhizobial biodiversity
resources will be discussed, together with what is known about the loci that underlie such genetic variation, and the
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potential candidate genes that may influence the symbiosis’ fitness benefits, thus achieving an optimal nitrogen
fixation capacity in order to help reduce reliance on nitrogen fertilizers in common bean.;author”:[{“dropping-
particle”:”) family”:”"Muioz- Azcarate”, given”:"Olaya’, non-dropping-particle”:” parse-names”:false,’suffix”:””},{“dr
opping-particle”.”) family”:.”M Gonzélez’, given”:"Ana’, non-dropping-particle”:” parse-names”:false;’suffix”:””},{“d
ropping-particle”:”; family”:”Santalla’, given”:”"Marta”, non-dropping-particle”:”; parse-names”:false, suffix”:””}] ’co
ntainer-title”:’AIMS Microbiology’)id”:”ITEM-17issue”:”37 issued”:{ “date-parts™:[[“2017”]]},"page”:"435-
4667 publisher”:"American Institute of Mathematical Sciences (AIMS. Because of the variability of nitrogen that can
be ensured through symbiotic fixation it is necessary to add nitrogen as mineral fertilization for the initial growth of
the beans (Mufoz-Azcarate et al., 2017)and the most important legume for direct consumption by millions of people,
especially in developing countries. It is a promiscuous host legume in terms of nodulation, able to associate with a
broad and diverse range of rhizobia, although the competitiveness for nodulation and the nitrogen fixation capacity
of most of these strains is generally low. As a result, common bean is very inefficient for symbiotic nitrogen fixation,
and nitrogen has to be supplied with chemical fertilizers. In the last years, symbiotic nitrogen fixation has received
increasing attention as a sustainable alternative to nitrogen fertilizers, and also as a more economic and available one
in poor countries. Therefore, optimization of nitrogen fixation of bean-rhizobia symbioses and selection of efficient
rhizobial strains should be a priority, which begins with the study of the natural diversity of the symbioses and the
rhizobial populations associated. Natural rhizobia biodiversity that nodulates common bean may be a source of
adaptive alleles acting through phenotypic plasticity. Crosses between accessions differing for nitrogen fixation may
combine alleles that never meet in nature. Another way to discover adaptive genes is to use association genetics to
identify loci that common bean plants use for enhanced biological nitrogen fixation and, in consequence, for marker
assisted selection for genetic improvement of symbiotic nitrogen fixation. In this review, rhizobial biodiversity
resources will be discussed, together with what is known about the loci that underlie such genetic variation, and the
potential candidate genes that may influence the symbiosis’ fitness benefits, thus achieving an optimal nitrogen
fixation capacity in order to help reduce reliance on nitrogen fertilizers in common bean.;author”:[{“dropping-
particle”:”) family”:”"Muioz- Azcarate”, given”:"Olaya’, non-dropping-particle”:” parse-names”:false,’suffix”:””},{“dr
opping-particle”:”)family”:.”M Gonzélez’, given”:"’Ana’, non-dropping-particle”:” parse-names”:false;’suffix”:””},{“d
ropping-particle”:”; family”:”Santalla’, given”:”"Marta”, non-dropping-particle”:”; parse-names”:false, suffix”:””}] co
ntainer-title”:’AIMS Microbiology’)id”:”ITEM-17issue”:”37 issued”:{ “date-parts™:[[“2017”]]},"page”:"435-
4667, publisher”:”American Institute of Mathematical Sciences (AIMS. Assuming that N persists in the root zone, N
deficiency can act as external signal that affects root growth and development (Muioz-Azcarate et al., 2017)and the
most important legume for direct consumption by millions of people, especially in developing countries. It is a
promiscuous host legume in terms of nodulation, able to associate with a broad and diverse range of rhizobia,
although the competitiveness for nodulation and the nitrogen fixation capacity of most of these strains is generally
low. As a result, common bean is very inefficient for symbiotic nitrogen fixation, and nitrogen has to be supplied with
chemical fertilizers. In the last years, symbiotic nitrogen fixation has received increasing attention as a sustainable
alternative to nitrogen fertilizers, and also as a more economic and available one in poor countries. Therefore,
optimization of nitrogen fixation of bean-rhizobia symbioses and selection of efficient rhizobial strains should be a
priority, which begins with the study of the natural diversity of the symbioses and the rhizobial populations associated.
Natural rhizobia biodiversity that nodulates common bean may be a source of adaptive alleles acting through
phenotypic plasticity. Crosses between accessions differing for nitrogen fixation may combine alleles that never meet
in nature. Another way to discover adaptive genes is to use association genetics to identify loci that common bean
plants use for enhanced biological nitrogen fixation and, in consequence, for marker assisted selection for genetic
improvement of symbiotic nitrogen fixation. In this review, rhizobial biodiversity resources will be discussed,
together with what is known about the loci that underlie such genetic variation, and the potential candidate genes
that may influence the symbiosis’ fitness benefits, thus achieving an optimal nitrogen fixation capacity in order to
help reduce rehance on nltrogen fertilizers in common beanya thor”'[{“dropping particle””) family”:"Mufioz-
Azcarate”’given”:”Olaya”’non-dropping-particle”:”””parse-names”:false; sufﬁx”:””},{ ‘dropping-
particle”.”family”:”’M  Gonzalez, given”:’Ana’, non-dropping-particle”:”; parse-names”:false,’suftix”:””},{ “droppi
ng-particle”:”)family”:”Santalla”, given”:"Marta”, non-dropping-particle”.”, parse-names’:false, suffix”:””}] ’contain
er-title”:”’AIMS Microbiology’yid”:”ITEM-17issue”:”3” issued”:{ “date-parts™:[[“2017”]]},"page”:"435-
4667 publisher”:”American Institute of Mathematical Sciences (AIMS. Certain morphological traits such as length,
volume, ramification and root diameter, can increase the efficiency of the root in nutrient acquisition from the soil
(Lazarevi¢, 2018; Lynch, 2013; Sinclair and Rufty, 2012)root systems with rapid exploitation of deep soil would
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optimize water and N capture in most maize production environments. The ideotype Specific phenes that may
contribute to rooting depth in maize include (a. The need for nitrogen is also increased at the end of the growing
season due to the synthesis of proteins in the seed (Sinclair and Rufty, 2012)improved plant genetics is viewed as the
path to increased crop yields. However, in this manuscript, we argue that yield increases most often result from a
combination of improved genetics and increased availability of nitrogen and water resources. At this time, it is likely
that resource availability is the main impediment to yield increase in many cropping systems. In developing regions,
it appears that nitrogen availability limits crop yield. In developed regions, rainfall and water availability commonly
impose a substantial constraint on further crop yield increase. Strategies are examined to enhance resource
accumulation  and  use in  cropping  systems of the future. © 2012  Elsevier
B.VZVauthor”:[{“dropping-particle”.” family”:”Sinclair’, given”:” Thomas R, non-dropping-particle”:”; parse-names
7 false,suftix”:””},{“dropping-particle”:”; family”:”Rufty”, given”:” Thomas W.,non-dropping-particle”:” parse-nam
es”:falsesuffix”:””}],container-title”:"Global Food Security’;id”:"ITEM-17 issue”:”27 issued”:{ “date-parts™:[[“2012”)
127]]} page”:"94-98 title”:"Nitrogen and water resources commonly limit crop yield increases, not necessarily plant
genetics’, type”: article”, volume”™:” 17}, uris”: [ “http://www.mendeley.com/documents/?uuid=58beb228-fa18-3d4d-
9353-5a1b6dea98717]}], " mendeley”:{“formattedCitation™:”(Sinclair & Rufty, 2012. Because of nitrogen deficiency in
the soil, common bean plants become weaker and more susceptible to diseases, insects and adverse weather
conditions (Wilker et al., 2019). Under nitrogen deficiency conditions breakdown of RuBisCO occurs, which leads

to decrease in photosynthetic rate and reduction of plant growth (Aleksandrov, 2019).

Materials and methods
Plant material and experimental set up

The seeds of traditional Croatian common bean landraces; ‘Tre$njevac, ‘Zelencec’ and ‘Biser’ were obtained from the
Department of Seed Science and Technology Collection at University of Zagreb Faculty of Agriculture. Experiment
was conducted in a greenhouse. Seeds were surface-sterilized using 1.5% sodium hypochlorite for five minutes and
70% ethanol for 30 seconds and then washed with distilled water three times. The experiment was set in randomized
design with three replications. Seeds were sown into 2L plastic pots filled with vermiculite. Three seeds were planted
in each pot and 15 days after emergence two plants were removed. Half of the plants was irrigated with % Hoagland
solution (N+) and the other half with % Hoagland solution without nitrogen (N-) (Hoagland and Arnon, 1950).

Measurements

Leaf chlorophyll content index (CCI), greenness (GR), digital biomass (DB) and chlorophyll fluorescence parameters
maximum quantum yield of PSII (F/F ) and quantum yield of PSII (Y(II)) were measured non-destructively
once a week during four weeks of experiment (measurement time) on the same plants. Chlorophyll content index
was measured on the first fully expanded leaf from the top of the plant (CCM-200, Opti-Sciences Inc, USA) and
chlorophyll fluorescence measurements were done in dark and light adapted leaves using modulated fluorometers
(Plant Stress Kit, Opti-Sciences Inc, USA). GR and DB were measured using PlantEye multispectral 3D scanner
(Phenospex B.V.,, The Netherlands). At the end of the experiment roots were washed from the substrate and scanned
with an Epson Perfection V700 scanner (Seiko Epson Corporation, Nagano, Japan). Root images were used to
analyze root morphological traits (length, volume, average diameter and number of tips) using WinRHIZO Pro
software (Regent Instruments Inc., Quebec, QC, Canada).

Statistical analysis

The analysis of variance (ANOVA) was conducted in order to determine effect of nitrogen treatment, genotype,
measurement time on measured physiological traits and effect of nitrogen treatment and genotype on root system
traits. The general linear model in R software (R core team, 2017) was used and mean differences between the values
of the variables were determined by the Tukey test (P < 0.05).
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Results and discussion

N- caused significant decrease (P<0.01) of CCI through measurement time in all three examined common bean
landraces (data not shown). Hence, the lowest CCI was observed in last week of measurement time for all three
landraces (Figure 1). The decrease of GR through measurement time was also observed where N- significantly
(P<0.01) decreased GR (data not shown). DB has been calculated as the product of height and 3D leaf area assuming
that the plant is a regular body of which the volume can be computed by taking into account height and length.
Decrease in DB in last week of measurement occurred as a result of epinasty of leaves which can be caused by
stress conditions (Lazarevi¢ and Poljak, 2019), in this case nitrogen deficiency stress and changes in environmental
conditions while measuring (transferring plants from greenhouse to phenotyping laboratory). Lowered DB was
observed in all weeks of measurement time for plants grown in N- compared to N+ (Figure 2). The differences
among landraces in DB have also been observed where landrace “Tre$njevac’ both in N+ and N- had the largest DB,
and the landrace ‘Biser’ had the smallest. N- reduced (P<0.05) F /F _through the measurement time on average for
14% (data not shown). No significant differences have been observed for the parameter Y(II).
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Figure 1. Chlorophyll content index (CCI) of three Croatian common bean landraces grown with (N+) or without
nitrogen (N-). Vertical bars denote mean + S.E. of means.
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Figure 2. Differences in total digital biomass (DB) of all three genotypes between nitrogen treatment (N-) and
control (N+) through measurement time. Vertical bars denote mean + S.E. of means.

The differences among genotypes for root traits volume (V) and average root diameter (D) and between N+ and
N- for traits length (L), D, number of tips (NT) have been observed (Table 1) (Figure 3). The interaction genotype x
treatment showed significant negative effect on root trait V for all three landraces (Table 1). The landrace “Zelencec’
has developed largest V (39.8 cm?®) followed by landrace ‘“Tre$njevac’ (38.75 cm?), while landrace ‘Biser’ developed the
root with smallest V (18.68 cm?) in N-. The landrace “Tre$njevac’ developed root with larger D (0.48 mm) compared
to landrace ‘Zelencec’ (0.46 mm) and the landrace ‘Biser’ (0.39 mm) in N-.
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DF L (cm) V (cm?) D (mm) NT
Genotype 2 ns * e ns
Treatment 1 * ns * e
Genotype x Treatment 2 ns * ns ns

Table 1. Analysis of variance (ANOVA) results for measured root traits

L (cm) - length, V (cm®) - root volume, D (mm) - average root diameter, NT - number of tips, DF - degrees of freedom;
ns- not significant; *- significant at P < 0.05, **- significant at P < 0.01, ***-significant at P < 0.001.
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Figure 3. Total number of tips at the end of the experiment for control (N+) and nitrogen treatment (N-). Vertical
bars denote mean + S.E. of means.

Taken together, results of this study indicate that nitrogen deficiency reduced DB of all three genotypes. The decrease
of CCI was followed by lowered GR in N-. Lima et al. (1999)isolated or in combination, on leaf gas exchange and
fast chlorophyll (Chl reported similar reduction of CCI in 28 days old Negrito bean variety irrigated with low-
dose nitrogen, compared to plants irrigated with control (‘N+" Hoagland’s solution). NT was significantly lowered
in nitrogen deficiency treatment. The similar results occurred in nitrogen deficiency experiment with soybean
conducted by Castell (2018) where N-deficient soybean had smaller root system; diameter of roots, evidence of root
hairs, depth of taproot. While some studies, in a term of photosystem II (PSII) photochemistry, have demonstrated
that N-deficiency has no effect on the maximum quantum yield of PSII (Khamis et al., 1990), others have shown
that the lack of nitrogen reduces the maximum quantum yield of PSII photochemistry (F /F ), indicating that
N-deficiency causes damage to PSII (Huang et al., 2004; Verhoeven et al., 1997) which also occurred in this research.

Conclusions

Nitrogen deficiency decreased the CCI, GR and DB of common bean plants of all three landraces. Through the
experiment the small changes of F /F _occurred which can indicate that nitrogen deficiency caused stress that affected
photosystem II in a dark adapted state. The changes in root architecture were observed through the reduction in L,
V, D and NT when exposed to nitrogen deficiency stress. The landrace Zelencec’ developed the largest V, and the
landrace “Tre$njevac’ the largest D, DB and highest CCI in N-.
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Utjecaj nedostatka dusika na neke fizioloske
parametre i svojstva korijenovog sustava triju
hrvatskih tradicijskih kultivara graha

SaZetak

Grah (Phaseolus vulgaris L.) predstavlja vaznu mahunarku u svijetu, a nedostatak dusika u njegovom
uzgoj moze uzrokovati velike negativne promjene vodeci do smanjenja sadrzaja proteina u listovima,
poput RuBisCO-a, $to uzrokuje smanjenje kapaciteta fotosinteze i na kraju rezultira o$te¢enjem
listova i starenjem. Cilj ovog istrazivanja bio je analizirati utjecaj nedostatka dusika, tretmanom
Hoaglandovom otopinom bez dodanog dusika, na indeks sadrzaja klorofila, ‘greenness, digitalnu
biomasu, kvantni prinos fotosustava II (Y (II)), maksimalni kvantni prinos fotosustava II (F /F, ) i
svojstva korijenovog sustava triju hrvatskih tradicijskih kultivara graha ‘Tre$njevac), <Zelencecr
i Biser. Tretman nedostatkom dusika uzrokovao je pad indeksa sadrzaja klorofila. Manjak dusika
takoder je uzrokovao pad u ‘greenness’-u, digitalnoj biomasi te promijene u arhitekturi korijena za
sva tri kultivara. Kultivar “Zelencec’ razvio je najveci volumen korijena, a kultivar “Tresnjevac” najveci
prosje¢ni promjer korijena, digitalnu biomasu i najvisi indeks sadrzaja klorofila u N- tretmanu.

Kljucne rije¢i: Grah, nedostatak dusika, arhitektura korijena, fotokemijske reakcije
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Abstract

The effect of anaerobically stabilized sewage sludge and sludge compost on the chemical properties,
organic matter (OM) content and quality, and macro-nutrient amounts of acidic sand and calcareous
chernozem soils was studied. The impact on the yield and nutrient uptake of perennial ryegrass test
plant was also evaluated. The amendments were added to the soils in a proportion of 1 % and 3 % rates.
The composting process and the compost additive (green waste) increased the pH and decreased the
organic carbon and nitrogen contents of the sewage sludge. The pH of the acidic soil was increased
especially by compost treatments, while the sewage sludge application lowered the pH of the calcareous
chernozem from the alkaline range to near neutral. The OM and dissolved organic carbon (DOC)
showed moderate, total N slight, while NH,-N, NO,-N and P substantial increases as a result of the
applied treatments. Biomass yields followed a similar trend on both soils: sewage sludge amendment
showed a strong effect even at the 1 % treatment rate while increasing the compost addition to soil led
to a more gradual growth of ryegrass yields. As a result of the studied treatments, the plant N contents
also increased in some cases.

Keywords: sewage sludge, compost, organic matter quality, perennial ryegrass

Introduction

The municipal sewage sludge is a by-product of wastewater treatment process. Studies demonstrated its positive
effect on crop production as a fertiliser, primarily as an N source (Zebarth et al., 2002). However, the instability of
organic matter, high mineral nitrogen concentration as well as pollutants may hinder its application. Composting
of sewage sludge can solve these problems, resulting a material that provides plant nutrients for a more extended
period, increase soil organic matter content and improves its quality (Smith, 2009).

In our experiment anaerobically stabilized municipal sewage sludge and compost derived from the same sludge and
green waste were tested as soil amendments by considering their effect on soil OM and efficiency of fertilisation on
sandy and loamy soils. The hypothesis was that on a shorter period (one growing season) sewage sludge may provide
more beneficial effects as a fertiliser, while the compost can improve OM quality more efficiently.

Materials and Methods

The pot experiment was performed under greenhouse conditions according to standard designs in plant biometry.
Anaerobically stabilized municipal sewage sludge from domestic source was collected from wastewater treatment plant
of the city of Erd (Hungary, 47° 23’ 31” N; 18° 54’ 16.3” E) and used as a soil amendment. Furthermore, the sludge
compost produced from sewage sludge and municipal green waste (in 5:6 dry matter ratio) was also used as organic
fertilizer. For substrate preparation, sewage sludge and compost were added to soil in a proportion of 1 % w/w and 3 %
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w/w amendment rates in three replicates. Before setting up the experiment, the soils and the organic amendments were
dried, sieved, and soils were ground for the homogenization. The basic properties of calcareous chernozem and acidic
sandy soils are shown in the tables reporting the results of the treatments in the “Control” rows.

After 2 weeks of incubation of the studied soils and organic fertilisers, the seeds of perennial ryegrass (Lolium
perenne) test plant were sown into pots filled with the amended soils. Four weeks after the emergence, plants were
harvested and the biomass was weighted and total element contents were measured.

The OM quality of soils and fertilisers was investigated by two methods. The E /E ratio is a well-known and widely used
method (Kononova 1966; Chen et al. 1977). Generally, its value is favourable below 5. The Hargitai’s two-solvent humus
stability number (Q) was determined as follows: crude OM and humus fractions with less favourable properties are
primarily soluble in NaOH solution whereas high quality, high molecular weight humus material bound to calcium ions are
dissolved in NaF. The relative light absorption value of the solutions is the humus stability number (Q). This characterises
the ratio of “real” humic substances to crude OM with a lower degree of humification. For the humic substance analysis,
20 ml of 1 % NaF or 20 ml of 0.5 % NaOH was added to 2 g of soil. The absorbance of the prepared solutions was read on a
spectrophotometer between 400 nm and 750 nm at every 50 nm. At each wavelength, the absorbance of a given sample in
NaF solution was divided by that of in NaOH. This gives a stability number (Q value) for each wavelength. The more the
Q stability number exceeds 1, the better quality humic substances are present in the sample (Buzas, 1988). Unfortunately,
the E /E_ and Q value methods can give contradictory results.

The total element contents of organic fertilisers and soils were extracted using the aqua regia method (a mixture of
nitric acid, hydrochloric acid and peroxide solution), the easily soluble element content was extracted with ammonium-
lactate and acetic acid (Egner et al. 1960), and the water-soluble copper was determined in extracts of distilled water. The
element contents of the extracts were measured with an ICP-OES instrument (JY Ultima 2). For DOC measurement,
soil extracts were prepared and filtered through a membrane and then analysed with “Elementar vario TOC cube”
device. The nitrogen (N) content of the plants was measured after digestion with sulfuric acid + hydrogen peroxide,
while the contents of phosphorous (P) and potassium (K) were measured after digestion with nitric acid and hydrogen
peroxide. The data obtained in the experiment were evaluated using analysis of variance with Statistica 13.0 programme.

Results and Discussion

The characteristics of the organic fertiliser additives are summarised in Tables 1 and 2. The sewage sludge has an acidic
pH, and the highest organic carbon and total N content. Its total P and Cu contents are also outstanding. The pH of the
compost was higher, and its organic carbon and N content were lower. The total K, Ca and Mg contents increased in
the compost compared to the sewage sludge and the total Cu content significantly decreased (Table 1).

Table 1. Chemical parameters and total element content of the additives in dry weight basis

Salt Corg N, p K Ca Mg Cu

PHio % m/m% m/m% mg-kg
Sewage sludge 6.31 0.30 29.8 4.93 27087 3132 39364 7129 255
Compost 7.35 0.41 22.9 1.80 7640 8167 54199 8701 75

The sewage sludge had high ammonium and low nitrate content, whereas nitrification processes in the compost
increased nitrate content that can be most efficiently utilized by the plants, and decreased the amount of ammonium.
While practically there is no difference in the amount of easily soluble phosphorus content, the amount of easily
soluble potassium is much higher in the compost than in the sewage sludge. In sewage sludge, the amount of total
copper is high, but the ratio of available fraction is much less. The total and easily available copper content is already
much lower in compost (Table 2).
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Table 2. The easily soluble element contents of the additives
NH-N NO-N  AL-P,O, ALKO AL-Ca KCL-Mg DW-Cu

mgkg ug/l
Sewage sludge 349 56.4 7783 2558 18084 1808 48.1
Compost 291 392 7639 7615 32314 1302 35.6

AL-ammonium-lactate soluble; DW- distilled water soluble

The Q value below 1 indicates larger proportion of inferior, acidic, less complex humic substances, while above 1 refers
to higher quality composite humic substances. The Q value of the sewage sludge was 0.74, while that of the compost
was slightly higher: 0.82, thus its OM quality was better. The E, /E, ratio shows just the opposite, as it is favourable below
5, the value of 6.1 for compost indicates a deterioration in quality compared to the value of 3.7 for sewage sludge, which
has more favourable humic substances according to this method.

The change in the C/N ratio reflects the transformation and decomposition of organic waste during the composting
process. The ratio of 6 in the sewage sludge shows that the easily biodegradable constituents predominate, nitrogen
content is high. Due to composting process the total nitrogen content decreased significantly, the organic carbon
content decreased to a lesser extent; therefore the C/N ratio increased to 13 in compost.

The low pH of the acidic sandy soil was increased only up to 5.31 by the 3 % rate of the sewage sludge application, while
both the 1 % and 3 % doses of compost treatment raised the pH value above 6. The effect of compost was significantly
different compared to sewage sludge at both treatment levels. The very low OM content was increased by sewage sludge
treatment only at the highest dose by 20 %, while the compost application increased the soil OM content by 75 %,
so at the 3 % level, compost was more efficient. However, the approximately doubling of DOC content did not show
such a difference between the two fertilisers. The increase of total and easily soluble P contents of the acidic sandy soil
was similar for the two substances, while the NH,-N and NO,-N contents increased strongly due to sewage sludge
treatment. Concerning the K content, only the easily soluble K fraction could be increased significantly by the highest
level of compost addition (Table 3).

The calcareous chernozem soil generally had more favourable characteristics. The high pH of 8.14 was significantly
reduced only by the highest dose of sewage sludge application. The already high soil OM content increased by
approximately 15 % in the case of the addition of both organic amendments at the highest rate. The DOC showed only
a 20 % increase due to the treatments. The total N showed a 15-20 % increase for both fertilisers, but the NH,-N and
especially the NO,-N contents increased strongly only under the influence of sewage sludge treatment. The increase of
P content is more pronounced for sewage sludge fertilization. Although the total P content is much higher in sewage
sludge than in compost (27087 vs 7640 mg-kg™"), there is practically no difference between the easily soluble P contents.
The nearly 6-fold increase in AL-P,O, content in calcareous soil can probably also be explained by a decrease in soil
pH. In the case of K, only the easily soluble fraction increased in this soil due to the higher dose of compost treatment
(Table 3).

On the acidic sandy soil, the 3 % rate of compost addition significantly doubled the poor Q value of 0.36. However, it
also caused a negative increase in E /E_ ratio. On calcareous chernozem soil, the sewage sludge amendment reduced
the Q value of 21.1 by 20 % and the compost addition by more than 50 %. The E /E, ratio increased only due to
compost treatment, i.e. it deteriorated, but only to a minimal extent (Table 4).
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Table 3. The effect of different treatments on properties and macronutrient content of the soils

oM DOC N, NH,-N NO,-N P AL- K, ALKO
pHHZO P7O:
m/m%  mgL! m/m% mg-kg
Acidic sand
Control 5.18 0.55 5.8 0.04 1.92 0.59 248 105 1365 49.5
Sewage sludge
1% 5.17 0.62 6.4 0.05 2.80 0.88 281 152 1180 30.8
3% 5.31 0.66 10.6 0.06 8.65 102.8 394 336 1189 37.1
LSD,, 0.13* n.s. 2.85% n.s. 0.77%+* 27.5%* 75.0*  63.0%* n.s. n.s.
Compost
1% 6.32 0.64 8.3 0.04 1.92 1.03 280 170 1166 48.8
3% 7.16 0.96 12.8 0.07 1.92 1.33 374 299 1285 106.9
LSDS% 0.3%%* 0.14** 1.21%* 0.03* n.s. n.s. 65.0* 45.9%* n.s. 31.0%
Calcareous chernozem
Control 8.14 2.83 13.2 0.20 3.00 2.21 807 114 5905 165
Sewage sludge
1% 8.05 2.84 16.2 0.21 3.11 2.14 932 324 5575 151
3% 7.66 3.23 15.0 0.24 6.96 126 1139 653 5391 141
LSDS% 0.12%* 0.41* n.s. 0.02* 3.44% 45.2%% 203* 337* n.s. 15*
Compost
1% 8.14 3.03 14.6 0.21 3.78 3.11 857 225 5393 192
3% 8.08 3.35 16.2 0.23 2.84 1.74 958 392 5810 244
LSD.,, n.s. 0.18** 1.47% 0.01%*+* n.s. n.s. 68* 35%%% 212%* 28**

AL-ammonium-lactate soluble;*-p<0,1; **-p<0,05; **-p<0,01; n.s. — not significant

This shows that sewage sludge compost may improve OM quality on a poor acidic sandy soil but may degrade that
of on a chernozem soil, because its organic compounds are less complex than the original humus molecules of the
chernozem soil. Thus, in this case both sewage sludge and compost treatments have negative effect on OM quality.

Table 4. The effect of treatments on OM quality and C/N ratio of soils

Acidic sand Calcareous chernozem
Q E/E, C/N Q E/E, C/N
Control 0.36 4.8 7.5 21.1 3.7 8.4
Sewage sludge Sewage sludge
1% 0.41 4.7 7.9 19.3 3.7 8.0
3% 0.41 4.8 6.8 16.7 3.9 7.8
LSD,, n.s. n.s. n.s. 2.67* n.s. n.s.
Compost Compost
1% 0.49 4.8 8.6 14.5 3.92 8.4
3% 0.62 5.1 8.3 10.2 4.08 8.5
LSD 0.058** 0.25% n.s. 1.52%%* 0.172* n.s.

5%

*-p<0,1; **-p<0,05; n.s. - not significant

On acidic sandy soil, the effect of the 1 % dose was more pronounced for the sewage sludge fertilization, which
increased the dry air biomass production of the perennial ryegrass more than two and a half times, but the 3 %
dose resulted only a slight further increase. In the case of compost application, the lower treatment dose resulted in
a relatively moderate increase of 50%, which was further increased to more than twice the control over the 4-week
growing period. The rapid, immediate stimulating effect of raw sewage sludge addition is due to its higher N content
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and bioavailable element amounts compared to sludge compost. The N content of the plants increased significantly
with the sewage sludge treatment, while the K and P contents did not show a consistent change (Table 5).

Table 5. The effect of treatments on biomass production (g D.M. per pot) and nutrient content of perennial ryegrass
test plant

Acidic sand Calcareous chernozem

Biomass N K P Biomass N K P

(g) D.M. m/m% mg-kg'! mg-kg! (g) D.M. m/m% mgkg! mgkg!
Control 0.72 2.81 42346 9257 1.48 2.80 55013 3292

Sewage sludge
1% 1.94 5.02 26502 7797 2.23 2.23 46966 3972
3% 2.03 6.44 41108 9076 2.69 2.69 54673 5087
LSD,, 0.36** 0.73** 5800** n.s. 0.45** 0.45%* 6491* 1098*
Compost

1% 1.08 2.03 40050 7840 1.85 3.00 56319 4163
3% 1.63 2.10 47236 8106 2.29 3.56 62299 4638
LSD_, 0.22** 0.48* 5194* 1331* 0.173** 0.37* n.s. 937*

*-p<0,1; **-p<0,05; n.s. - not significant

On calcareous chernozem soil, trends in biomass yield were similar to those on the sand, i.e. sewage sludge application
showed a strong effect already at 1 % rate while increasing compost doses caused a more gradual increase. The general
yield increase was lower because on the more favourable chernozem soil the untreated control already produced
higher yields. In terms of total element contents of perennial ryegrass, only the compost addition resulted in a
significant increase in N levels. The P content showed an increase especially for soil with sewage sludge amendment.

Conclusions

With its higher pH, the compost raised the pH of the acidic sandy soil to a near-neutral range and significantly
increased the soil OM content. At the same time, the sewage sludge application was much more favourable in terms
of the mineral N content, and it provided a fast nitrogen source for the studied plants, which was also reflected in the
plant biomass yield. Thus, for short-term crop production purposes, sewage sludge amendment might be preferable,
whereas for long-term soil-based purposes, the compost addition may be ideal for acidic sandy soils. The calcareous
chernozem had better original properties, so the stronger effect of sewage sludge fertilization proved to be more
favourable for the increase of N and P contents of soil and plant biomass production. In order to better understand
the effects of municipal sewage sludge and composted sludge, further studies are needed on composts prepared with
different sewage sludge and green waste ratios added to soil types other than examined in this present study.
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Abstract

Due to its nutritional value, wheatgrass is increasingly used as dietary food supplement in the form of
fresh wheatgrass juice (WGJ), powder or tablets. The aim of this research was to examine the difference
in total and in vitro bioaccessible concentrations of K, Ca, Mg, Mn, Fe and Zn in fresh WGJ of 37 wheat
genotypes. The results of this research indicates that a selection of genotype for cultivation of wheatgrass
is important since genotype has significant effect on total and in vitro bioaccessible concentrations of
examined elements. Also, the effect of antinutrients and enhancers of bioaccessibility should be taken
into consideration when selecting genotypes for the cultivation of wheatgrass.

Keywords: bioavailability, antinutrients, functional food, biofortification

Introduction

It is well known that diet has a significant effect on human health. Nevertheless, many people’s diet is irregular and
incomplete which can cause a lack of certain nutrients in the body. Because of this, many choose to supplement their
daily diet with synthetic or natural dietary supplements. Young wheat shoots, known as wheatgrass, are used as a
natural dietary supplement in a form of fresh juice, powder or tablets.

Wheatgrass is rich in minerals (calcium, phosphorus, magnesium, potassium, zinc, boron and molybdenum),
vitamins (A, C, E and B complex), and has a high content of amino acids (Padalia et al. 2010) and chlorophylls
(Rana et al. 2011). Due to its nutritional quality, wheatgrass helps in the treatment and prevention of various
diseases, such as high blood pressure, obesity, diabetes, and pancreatic and liver problems (Wigmore, 1985).
Besides, WG] facilitates treatment therapy for patients in the terminal phase of cancer (Dey et al., 2006) and it
has an antiproliferative effect on different human carcinoma cell lines (Gore et al., 2017, Singh et al., 2012). Beside
total nutrient concentrations, bioaccessibility and bioavailability of nutrients are also important. The definitions
of bioaccessibility and bioavailability are different regarding the area of research. From the nutritional point of
view, bioaccesibility is defined as the quantity of a compound that is released from its matrix in the gastrointestinal
tract, becoming available for absorption. Bioaccessibility is often assessed by simulation of static in vitro digestion
(drawbacks and strengths of in vitro simulation methods are given in Fernandez-Garcia et al., 2009) that includes
simulation of oral, gastric and intestinal digestion.

The aim of this research was to evaluate the differences in total and in vitro bioaccessible concentrations of K, Ca, Mg,
Mn, Fe and Zn in fresh WG] of 37 wheat genotypes grown in controlled conditions.

Materials and methods

In this research 37 winter wheat genotypes, which are the part of gene collection of the Faculty of Agrobiotechnical
Sciences Osijek, were tested for their total and in vitro bioaccessible concentrations of K, Ca, Mg, Mn, Fe and Zn
in fresh WG]J. The seeds of the tested genotypes were stored in the seed storage chamber. Before sowing, the seeds
were washed three times with autoclaved water for five minutes in order to disinfect the seed surface to prevent
mildew occurrence. After the surface disinfection, the seeds were placed in jars, covered with a net, and placed
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upside down so that any remaining water can drain. The jars with seeds were kept in a dark room for two days, with
the occasional moistening of the seeds. After 48 hours seeds were sown in shallow plates filled with Brill substrate
Bio start. Wheatgrass was grown for 12 days in a plant growth chamber with a day/night cycle of 12 hours at the
temperature of 20 °C. On the twelfth day, leaves of wheatgrass were cut about 2 cm above the substrate surface and
were used for making juice on a manual wheatgrass juicer BL-30. Freshly squeezed juice was used for simulation of
in vitro digestion. Simulation of in vitro digestion has been carried out according to the Kiers et al. (2000). After the
end of the simulation of digestion, samples were centrifuged at 4,000 rpm at 4 °C for 15 minutes, and supernatant
has been transferred to 15 ml tubes and stored at -80 °C. Determination of the total concentrations of the elements
in the WG] has been done by the standard procedure for plant samples. WG] samples (1 ml) were pipetted into the
cuvettes and wet digested with 6 m1 65% (v/v) HNO, and 2 ml 30% H,O, in microwave vessels (Kingstone and Lassie,
1986). The total concentrations and in vitro bioaccessible concentrations of K, Ca, Mg, Mn, Fe, and Zn has been
determined by inductively coupled plasma - optical emission spectrometry (ICP-OES) technique. The percentage of
bioaccessibility was calculated as follows: B (%) = (in vitro bioaccessible concentration * 100) / total concentration of
element. The obtained results were analysed in the SAS 9.4 for Windows and Enterprise Guide 7.1. The experiment
was set up according to completely randomized design with four replicates. The normality of distribution of tested
variables was checked with Shapiro-Wilks test (p < 0.05). The effect of genotype on the total, in vitro bioaccessible
and on the percentage of bioaccessibility of tested elements was tested with one-way ANOVA. Correlation between
total and in vitro bioaccessible concentrations was obtained by Pearson’s correlation coefficient.

Results and discussion

Total concentrations of examined minerals in fresh WG] were decreasing in following order K > Ca > Mg > Mn >
Fe > Zn. (Table 1). Similar ordering of elemental concentrations in wheatgrass has been found by Ghumman et al.
(2017), Ozkose et al. (2016) and Kulkarni et al. (2006). In present research wheatgrass has been grown for 12 days
in controlled conditions, on organic substrate without fertilizer. During that time, the root system of young plants
has not been developed completely so the concentration of elements in wheatgrass depended mostly on the amount
of elements that have been stored in grains. The accumulation of minerals in wheat grain is specific regarding the
genotype (Clark, 1983, Sari¢, 1981), so selection of genotypes with higher amount of minerals in grain will produce
wheatgrass richer in minerals. This is supported by the results of analysis of variance that showed that examined
genotypes differed significantly in total concentration of K, Ca, Mg, Fe and Zn in fresh WG] (Table 1), indicating
that the content of the minerals in the WG] significantly depends on the genotype. Besides, duration of cultivation,
precisely, the time of harvest had significant effect on the amount of specific element in WG] (Kulkarni et al., 2006,
Ozkose et al., 2016).

Table 1. Total concentrations of K, Ca, Mg, Mn, Fe and Zn (mg kg) in fresh wheatgrass juice

Element Min. Max. Mean St. Dev. C.V. F value p

K 1930 5408 3824 804 21 1.91 <0.01
Ca 220.3 530.4 359.8 56.7 15.8 13.01 <0.001
Mg 139.5 303.5 230.2 32.1 13.9 4.37 <0.001
Mn 2.78 6.20 3.59 0.55 15.2 1.15 0.28
Fe 2.26 5.16 3.81 0.50 13.2 7.09 <0.001
Zn 1.53 2.98 2.22 0.27 12.1 6.19 <0.001

The total concentration of the elements in fresh WG] is an important trait in the production of wheatgrass, but
from the nutritional point of view, bioaccessibility of those elements is even more important. Similarly as with total
concentrations, concentrations of elements after in vitro digestion of fresh WG] were arranged in the same order as
total concentrations: K > Ca > Mg > Mn > Fe > Zn (Table 2). Again, wheat genotypes differed significantly in Ca,
Mg, Fe and Zn bioaccessible concentrations (Table 2), pointing the importance of choosing the right genotype for
cultivation of wheatgrass. In comparison to the total concentrations, in vitro bioaccessible concentrations were more
variable in the examined set of genotypes (Table 2).
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Table 2. In vitro bioaccessible concentrations of K, Ca, Mg, Mn, Fe and Zn (mg kg") from fresh wheatgrass juice

Element Min. Max. Mean St. Dev. C.V. F value P

K 1088 6762 3589 1030 15.2 1.44 0.076

Ca 165.4 427.2 290.3 55.5 19.1 3.74 <0.001
Mg 122 291.7 200.5 31 15.4 5.02 <0.001
Mn 1.96 5.14 3.04 0.52 17.1 1.76 0.013

Fe 0.72 2.43 1.43 0.38 26.2 4.35 <0.001
Zn 0.05 1.35 0.64 0.28 43.6 4.07 <0.001

For example, variability of the Fe and Zn in vitro bioaccessible concentrations were 2 and 3.6 fold (respectively)
higher compared to the variability of total Fe and Zn concentrations in the examined set of genotypes. Also, Fe and
Zn had low correlation coefficient between total and in vitro bioaccessible concentrations (Table 3), where only 37
% of variability in bioaccessible concentrations of Fe and Zn, could be explained with variability of Fe and Zn total
concentrations.

Table 3. Pearson’s correlation coefficient between total and bioaccessible concentration of K, Ca, Mg, Mn, Fe and Zn
in wheatgrass juice (n = 37)

K Ca Mg Mn Fe Zn
r 0.82 0.89 0.93 0.60 0.61 0.61
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

This results indicates that bioaccessibility of Fe and Zn is under the strong effect of other factors, most probably
antinutrients, which were not under the scope of this research. Unlike K (88.4 %), Ca (78.7 %), Mg (85.7 %) and Mn
(83.4 %) which had high percentage of in vitro bioaccesibility, the in vitro bioaccesibility of Fe (37.6 %) and Zn (28.5
%) was much lower (Figure 1). Kulkarni et al.(2007) found that the in vitro bioaccesibility of Zn, Fe and Mn are under
the effect of growing conditions and are in range between 42 -48 % for Zn, 45 - 65 % for Fe and 52 - 69 % for Mn
in fresh wheatgrass. Same authors confirmed that bioavailability of those elements is higher in fresh wheatgrass in
comparison to commercial wheatgrass tablets. Furthermore, percentage of in vitro bioaccesibility of Fe (F = 3.07; p
<0.01) and Zn (F = 2.82; p < 0.01) was under the effect of genotype, while genotype had no significant effect on the
percentage of bioaccessibility of other examined elements (K - F=1.26; p =0.178; Ca - F = 0.89; p = 0.65; Mg - F =
0.88; p = 0.65; Mn - F = 0.96; p = 0.54).
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Figure 1. Percentage of in vitro bioaccessibility of K, Ca, Mg, Mn, Fe and Zn from wheatgrass juice
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Conclusions

Wheatgrass could be a valuable source of minerals. The elemental composition of wheatgrass is highly dependent
on growing conditions and, as it is shown in this research on genotype used for the cultivation of wheatgrass. Wheat
genotypes differ significantly in the total and in vitro bioaccessible concentrations of K, Ca, Mg, Fe, and Zn in fresh
wheatgrass juice. On the other hand, only Fe and Zn percentage of in vitro bioaccessibility were under the effect of
genotype. Percentage of in vitro bioaccessibility of K, Ca, Mg and Mn is high and indicates a potential of wheatgrass
juice as a dietary source of those elements. However, the percentage of in vitro bioaccessibility of Fe and Zn is much
lower, indicating that further research is needed to establish which factors limiting the bioaccessibility of Fe and Zn
and what measures could be used to alleviate it.
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In vitro biodostupnost Ca, K, Mg, Mn, FeiZn iz
soka psSenicne trave

SaZetak

Zbog svoje hranjive vrijednosti, pSeni¢na trava se sve cesce koristi kao dodatka prehrani u obliku
svjezeg soka, praha ili tableta. Ovo istrazivanje, provedeno je s ciljem ispitivanja razlika u ukupnim i in
vitro bioraspolozivim koncentracijama K, Ca, Mg, Mn, Fe i Zn u soku pSeni¢ne trave 37 sorata pSenice.
S obzirom da genotip ima znacajan utjecaj na ukupne i in vitro biodostupne koncentracije elemenata,
izbor odgovarajuceg genotipa pSenice za uzgoj p$enicne trave je izuzetno znacajan. Uz to, antinutrijenti
i promotori bioraspolozivosti znacajno utje¢u na bioraspolozivosti pojedinih elemenata, te bi prilikom
odabira genotipova za uzgoj pSeni¢ne trave i njihov sadrzaj trebalo uzeti u obzir.

Kljucne rijeci: bioraspolozivosti, antinutrijenti, funkcionalna hrana, biofortifikacija
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Abstract

The aim of the paper was to determine the carcinogenic risk for the health of adults and children
by oral, inhalation and dermal intake of heavy metals via soil into the body. The survey
included three locations in the south part of Herzegovina, namely Capljina, Stolac, and Mostar.
The carcinogenic risk was calculated for carcinogenic and potentially carcinogenic elements (Pb, Co,
Cd, and Ni). The US Environmental Protection Agency (USEPA) considers carcinogenic risk in the
range of 1 X 107 to 1 x 10~ to be acceptable. By calculating the carcinogenic hazard index, the values
determined for oral and inhalation intake, and dermal contact of the metals through the soil for adults
and children were within the limit values that USEPA considers acceptable.

Keywords: Heavy metals, carcinogenic risk, soil, oral intake, inhalation, dermal contact

Introduction

Contamination of agricultural soil is caused by the entry of harmful substances by water, air or their accumulation on
or in the soil at concentrations above the permitted levels. Hazardous substances include: heavy metals (cadmium,
mercury, nickel, cobalt, lead, chromium, zinc, copper, arsenic), polycyclic aromatic hydrocarbons, as well as other
harmful substances introduced into the soil and which, due to improper use or application in large quantities at
an inappropriate time can lead to a variety of adverse effects on the environment. The use of mineral and organic
fertilizers (Cu, As) and the use of processed sewage sludges (Cu, Cd, Fe, Pb) contribute to the pollution of agricultural
soil by heavy metals (Gimeno-Garcia et al., 1996). In the second half of the last century, lead - arsenate was widely
used as an insecticide, while today copper and inorganic-organic fungicides based on tin, mercury, manganese,
and zinc are used (Purisi¢ - Mladenovi¢, 2012). Exposure to metals can result in adverse health effects, which is
why European and international food safety agencies define a set of health-based limit values and a risk assessment
methodology to protect human health. The risk assessment methodology for chemical contaminants is defined by
WHO (World Health Organization), US EPA (Environmental Protection Agency) and EFSA (European Food Safety
Authority) (Dorne et al., 2011) Absorption of heavy metals into the body cannot be completely avoided, but when
body deposits can cause very serious health problems (Singh, et al. 2003).

Material and method

This research included an analysis of the total form of six heavy metals (Pb, Co, Cu, Cd, Zn, and Ni) in the soil
according to the Guidelines on Determination of Allowed Hazardous Substances in Soil and Methods of Testing
(FBiH Official Gazette, No. 72/09). Soil sampling was conducted on two depths (0-30 cm and 30-60 cm) at three
locations (Mostar, Stolac, Capljina) in 2015 and 2016. A total of 32 samples were collected by random sampling (12
samples from Mostar, 12 samples from Capljina and 10 samples from Stolac) on which two cultivars of nectarine
were cultivated. After that, the samples were submitted to the Agropedological Institute in Sarajevo for analysis of
the total form of heavy metals.
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Determination of heavy metals content in soil

Samples for instrumental analysis of heavy metal content in soil were prepared to utilize an aqua regia, and then
content was determined in the extract by atomic absorption spectrometry (AAS). The extraction of heavy metals
in the aqua regia solution was performed according to the international standard ISO11464. Table 1 represents
maximum permitted values of six investigated heavy metals in soil according to Official Gazette (No. 72/09).

Table 1. Limit values for individual heavy metals in soil according to Official Gazette of FBiH, No. 72/09

Limit values (mg/kg)

Element
Sandy soil Silty loam soil Clay soil

Cadmium (Cd) 0.5 1 1.5
Copper (Cu) 50 65 80
Lead (Pb) 50 80 100
Zink (Zn) 100 150 200
Cobalt (Co) 30 45 60
Nickel (Ni) 40 40 50

Assessment of carcinogenic risk to human health

Human health risk assessment is a procedure used to evaluate the health effects that may result from exposure
to carcinogenic and non-carcinogenic chemicals. The risk assessment process consists of four basic steps: hazard
identification, exposure assessment, toxicity (dose-response) and risk characterization (USEPA, 2011). Hazard
identification aims to investigate the chemicals present at any site, their concentrations, and spatial distribution.
Pb, Cd, Co, Ni, Cu, and Zn have been identified in the test field as potential hazards to the community (Sukali¢ et
al. 2018). In the case of exposure assessment, a specific approach characteristic for human exposure to agricultural
soil was applied, taking particularly care of the different exposure rates for children and adults (usually expressed
as exposure factors). In addition, the magnitude of exposure the intake or dose (consumed or inhaled amount)
of contaminated soil is almost always different for different individuals. Therefore, the risk was calculated for the
lifetime exposure, the total exposure to a substance that a human would receive in a lifetime — usually assumed to be
70 years. All other parameter that may be site characteristic were taken to be constant through the whole calculating
procedure for all elements and all sites, since their importance becomes less significant in case of the lifetime exposure
approximation. The purpose of exposure assessment is to estimate the intensity, frequency, and duration of human
exposure to environmental pollution. In the study, exposure estimation is performed by calculating the acceptable
daily intake (ADI) of heavy metals due to swallowing, inhalation and dermal contact between adults and children
in the study area. Adults and children were separated due to their behavior and physiological differences. Given the
various adverse effects of heavy metals on human health, the corresponding carcinogenic risks were calculated for
children and adults by the USEPA (1989) risk assessment model:

| CHIRXEFXEDXCF . _ CxIRy, XEFXED I CxSAXFExABSXEFXEDXCF
ing=""BWxAT ik = pEFXBWXAT der= BWxAT

where ADIing, ADIinh, ADIdermal are chronic daily intakes or doses administered orally (mg/kg/d), inhalation
(mg/m?* for non-cancerous and g/m? for carcinogenic elements) and dermal route (mg/kg/d). C concentration of
heavy metals in mg/kg in soil, IR in mg/d ingestion factor, IRair in m*/d inhalation factor, EF in days/years exposure
frequency, ED duration of exposure per year, BW body weight in kg, AT period in to which the average dose is
expressed in days, SA skin area exposed in cm?, FE ratio of dermal exposure, AF soil adhesion factor for skin in mg/
cm?, ABS is dermal absorption factor, CF chronic conversion factor in kg/mg.

In table 2 and 3 are presented exposure parameters for different routes of heavy metal uptake from soil for children
and adults but also cancer slope factors for calculation risk assessment models.
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Tabel 2. Exposure parameters for different routes of heavy metal uptake from soil for children and adults
(according to Kamunda et.al, 2016)

Parameters Units Definition Values

Children Adults
ABS -- Dermal absorption factor 0.1 0.1
AF mg/cm2 Soil adhesion factor for skin 0.2 0.07
BW Kg Average weight 15 70
ED Year Exposure time 6 30
EF d/year Exposure frequency 350 350
FE -- dermal exposure ratio 0.61 0.61
IngR mg/d Soil ingested factor 200 100
IR air m’/d Inhalation factor 10 20
SA cm?/event Exposed skin surface 2800 5700
ATca D Average time for cancerous hazards 70 x 365
CF kg/mg Calculation factor 10°
PEF m’/kg Soil particulate emission factor - air 1.36 x 10°

For carcinogens, the risk is estimated as the incremental likelihood that an individual will develop cancer during life,
as a result of exposure to a potential carcinogen. The equation for calculating lifetime cancer risk is:

In which Risk is the likelihood that an individual will develop cancer throughout a lifetime due to an individual
metal introduced into the body. The ADI (mg/kg/day) represents the average daily intake, the CSF (mg/kg/day)
factor for the carcinogenic calculation, k represents the heavy metal and n the number of heavy metals.

Tabel 3. CSF for different heavy metals

Element Cancer slope factor (mg/kg)
Oral CSF  Inhalation CSF Dermal CSF Cancerogenic classification by USEPA
Cadmium(Cd)  3,8x10'® 6,3 1
Copper (Cu) D
Lead (Pb) 8,5x107* 4,20x10%* 8,5x10¢* B2
Zink (Zn) D
Cobalt (Co) 9,8° B2
Nickel (Ni) 9,1x1012 B2
a) USEPA, 2012
b) Kamunda et al., 2016.

¢) 1 - proven cancerogenic to humans, B2 - possible cancerogenic to humans , D -no cancerogenic effects

Results and Discussion
The concentration of heavy metals at locations

The average concentrations of heavy metals at the Capljina site in increasing range were in order: Cd (0.75 mg/kg)
< Co (31.75 mg/kg) < Ni (36.45 mg/kg) < Cu (36.45 mg/kg) < Pb (58.35 mg/kg) < Zn (116.1 mg/kg); on site Stolac:
Cd (0.8 mg/kg) < Ni (32.55 mg/kg) <Co (35.4 mg/kg) < Pb (38.85 mg/kg) < Cu (49.5 mg/kg) < Zn (99.25 mg/kg);
and at the Mostar: Cd (0.7 mg/kg) < Co (28.35 mg/kg) < (28.65 mg/kg) < Cu (31.85 mg/kg) < Pb (39.85 mg/kg) <
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Zn (79.9 mg/kg). From the above it can be seen that the concentration of Cd exceeds the limit values at the locations.
Xiao-San Luo et al. (2012) state average values of heavy metals content in soil Cd 0.04-1.25 (0.3), Co 1.3-10 (4.1),
Cr 3.7-27 (14), Cu 4.5-97 (26), Mn184-746 (347) , Ni 0.8-24 (8.4), Pb 10-270 (36), and Zn 40-233 (100) in mg/kg.

Carcinogenic risk to the health of adults and children

Tables 4 and 5 list the carcinogenic risk values for adults and children in all locations. USEPA considers carcinogenic
risk in the range of 1 x 107 to 1 x 10~ to be acceptable for regulatory purposes. Calculating the carcinogenic hazard
index the values determined for oral intake of Cd, and oral intake and dermal contact of Pb by soil for adults and
children were close to the threshold recommended by USEPA. The values of possible carcinogenic risk by inhalation
for Ni and Co were also calculated and found to be of no concern for carcinogenic effects.

In a study by Kamunda et al. (2016), the carcinogenic risk was 1.7 E-4, suggesting that one person may be affected of
5882 adults. Besides, from2725 children one child may suffer (3.67 E-4). These carcinogenic risk values were more
than acceptable. Huabin et al. (2019) reported a total carcinogenic index for Cr, Cu, Zn, As, Cd, Pb, and Hg for adults
(2.80 + 0.79) E-5 and children (1.36 + 0.39) E-5.

Table 4. Calculated carcinogenic risk values for adults

Location Pb Co Cd Cu Ni 7n

ingestion 2.91E-06 2E-06
S inhalation 4.28E-14 2.69E-08 4E-10 2.86E-09
Capljina

dermal 3.50E-06

total 6.41E-06 2E-06

ingestion 1.94E-06 2E-06

inhalation 2.85E-14 3.00E-08 4E-10 2.56E-09
Stolac

dermal 2.33E-06

total 4.27E-06 2E-06

ingestion 1.99E-06 2E-06

inhalation 2.92E-14 2.40E-08 4E-10 2.25E-09
Mostar

dermal 2.39E-06

total 4.38E-06 2E-06

Tabel 5. Calculated risk values for children

Location Pb Co Cd Cu Ni 7n

ingestion 5.44E-06 3.12E-06
. inhalation 2.00E-14 1.25E-08 1.90E-10 1.34E-09
Capljina

dermal 4.59E-06

total 1.002E-05 3.12E-06

ingestion 3.62E-06 3.33E-06

inhalation 1.33E-14 1.40E-08 2.03E-10 1.19E-09
Stolac

dermal 3.05E-06

total 6.67E-06 3.33E-06

ingestion 4.85E-06 3.33E-06

inhalation 1.78E-14 1.15E-08 2.03E-10 1.23E-09
Mostar

dermal 3.13E-06

total 7.99E-06 3.33E-06
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Conclusion

The study results show that cadmium concentrations exceed the maximum limit values at all locations. The assessment
of possible carcinogenic risk has revealed that the risk of cancer is within the limits recommended by USEPA (10-
6 to 10-4), and by other regulatory agencies. Although all values of carcinogenic effects do not exceed regulatory
values, monitoring of agricultural soil is necessary to minimize the risks. Generally, the present-day exposure risk
assessment can be used as a screening method to identify important routes of exposure and to determine the urgency
of soil remediation action.
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Abstract

The goal of this research was to determine the total concentrations of Ca, Fe, Cu and Mo in 43 referent
soil samples by means of pXRF method and to determine the accuracy and precision of pXRF analyser.
Results indicated that a Vanta handheld (portable) XRF analyser is capable of measuring Ca, Fe and
Cu in restricted ranges of concentrations (2441 -219000 mg Ca/kg; 3840 -59610 mg Fe/kg; 25 -158 mg
Cu/kg) with excellent (RPD 0-10 %) to good (RPD 10-25 %) accuracy and acceptable precision (RSD
< 20 %) especially in clay soil samples. Molybdenum was not detected although several soil samples
had concentrations of Mo higher than LOD (> 2 mg/kg). Along with extension of time analysis up to
120 seconds and same additional calibrations which will take in consideration matrix characteristics,
pXRF will become an accurate and indispensable tool for nutrient and pollutant determination in soils
because of numerus advantages including speed and low cost analysis.

Keywords: pXRE, calcium, iron, copper, molybdenum

Introduction

Soils are a major source of nutrients that are needed for plant growth. A higher plant require inorganic forms of
essential nutrients and among of three criteria which must be met in order to consider an element as plant nutrient
Mengel and Kirkby (1987) adduce that element has to be directly involved in plant nutrition, for example as a
constituent of an essential metabolite. The principal criterion is that the element must be required for a plant to
complete its life cycle (Barker and Pilbeam, 2007). Seventeen elements are considered to have met those criteria,
three of them are derived from air or water (C, H, O), while other 14 are obtained from soil or nutrient solutions (N,
P, K, Ca, Mg, S, Fe, Mn, Cu, B, Zn, Mo, Cl and Ni). Among these fourteen several of them (Cu, Ni, Zn and Mo) in
higher amounts and certain conditions in soils are considered as pollutants (Official gazette, 71/19).

In those days, rapid chemical analysis of soils and their accuracy are essential criteria for method selection. Although
most of analytical methods for characterization of nutrient status in soil involve extraction of elements and results
of those measurements represent amount of available nutrients, techniques which combines speed, real-time,
simultaneous multi-(total) element analysis become widely used in soil science for characterization of fertility and
pollution status in soil (Stockmann et al., 2016; Wan et al., 2019). One of these techniques is portable X-ray fluorescence
(pXRF) spectrometry which offer many advantages over traditional techniques including: no destructiveness in
evaluating solid samples, portability, wide dynamic range of elemental quantification, little/no need for sample pre-
treatment, simplicity, relatively low detection limits and relatively low cost (Weindorf et al. 2014). Due to all of
these advantages pXRF spectrometry is applied in many research areas, such as: soil science, geology, environmental
science, climate change, industry, mining, cultural heritage, forensic and clinical investigations (West et al., 2013).
Among of all advantages, several disadvantages were also reported, especially attenuation of the pXRF signal with
increasing content of organic matter and soil moisture (Ravansari and Lemke, 2018; Ge et al., 2005).

The goal of this research was to determine the concentrations of calcium (Ca), iron (Fe), copper (Cu) and molybdenum
(Mo) in referent soil samples by means of pXRF method and to determine the accuracy and precision of pXRF
analyser using the referent soil samples.
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Materials and method

The research included the analysis of 43 referent soil samples which texture varied from sandy to clayey mostly
sampled in the Netherlands, but also in Switzerland, Spain, the Philippines and Saudi Arabia. Soil samples were
collected from 2009 to 2019 as part of participation of Analytical laboratory of Department of General Agronomy
in worldwide Wageningen Evaluating Programme for Analytical Laboratories (WEPAL) conducted by Wageningen
University (Netherlands) within International Soil-analytical Exchange (ISE) program.

Before the pXRF measurement, dried, ground and homogenized soil samples were transferred in measuring cups
and measurement was conducted according to loose powder method (Takahashi, 2015) which involves a simple
“point and shoot” technique.

A Vanta™ handheld (portable) XRF analyser C Series (Olympus, Waltham, MA, USA, 2019) equipped with a silicon
drift detector and an Rh anode X-ray tube (50 keV) as excitation source was used during this research. Measurement
principle is based on excitation of soil sample by X-ray photons generated from Rh anode X-ray tube which result in
excitation of secondary X-ray photons characteristic for each atom present in the soil sample. After the processing
of resulted X-ray spectrum by Si-drift detector concentrations of analysed elements were displayed in ppm (mg/kg).
The detection limits of the Vanta pXRF analyser were: 30 mg/kg for Ca, 15 mg/kg for Fe, 4 mg/kg for Cu and 2 mg/
kg for Mo. When concentration was lower than above detection limits, the displaying window showed LOD (limit
of detection).

Each soil sample was measured 3 times for 30 seconds. Statistical data analysis included the calculation of: median,
relative standard deviation (RSD), Pearson correlation coeflicient (r), coeflicient of determination (R?) and root
mean square error (RMSE). Linear regression was used to correlate theoretical and measured concentrations of
three nutrients (Ca, Fe and Cu). The accuracy was estimated by the relative percent difference (RPD) between the
theoretical concentration in the referent material (RM value) and the concentrations measured by pXRF (pXRF
value) as follow: (CpXRF -Cp/Cpyp) X 100.

The theoretical values of the nutrient content represent the median of the results achieved in each year of inter-
laboratory comparison for each element with respect to the number of participants and they were detected by the
means of XRF and ICP-MS techniques.

Results and discussion

Figure 1 represents regression models of relationship between measured (pXRF values) and theoretical concentrations
(RM values) for Ca, Fe and Cu, but not for Mo. As it is already stated detection limit for Mo was 2 mg/kg. In 37 of
43 analysed referent soil samples theoretical concentrations of Mo were lower than 2 mg/kg and they were in range
from 0.242 mg/kg to 1.84 mg/kg and due to that fact not detectable. While in six remaining soil samples theoretical
values varied from 2.21 mg/kg to 4.63 mg/kg but still not detectable in this measuring conditions. For example, each
measurement lasted 30 seconds and considering these results it is recommendable to repeat measurements with
increase time of analysis in those six samples with Mo content higher than 2 mg/kg. According to US EPA (2007)
shorter source measurement times (30 seconds) are generally used for initial screening and hot spot delineation
while longer measurement times (up to 300 seconds) are typically used to meet higher precision and accuracy
requirements. The detection limit is usually dependent on measurement time or counting-time (time of sample
exposure to excitation source) (Glanzman and Closs, 2007) and it decreases by half as the counting time is increased
by a factor of four. All of that leads to conclusion that measurement time for low Mo concentrations should be set up
for minimum 120 seconds. However, Kilbride et al. (2006) reported that precision and accuracy was not gained by
extension of analysis time beyond 120 s.

Theoretical concentrations of other selected nutrients in referent soil materials (RM values) were in range from 300
to 219000 mg/kg for calcium, from 2105 to 59610 mg/kg for iron and from 5.4 to 158 mg/kg for copper (Figure 1),
while values measured by pXRF analyser (pXRF values) varied from 546.5 to 226133 mg/kg for calcium, from 3227
to 52174 mg/kg for iron and from 11 do 182.5 mg/kg for copper. Results of regression analysis reveal that within
presented concentration range, slope greater than 1 determined for Cu (1.1407) indicates that values obtained by
pXRF measurements were generally higher than theoretical RM values, while a slope less than 1 determined for
Fe (0.8663) demonstrates that values obtained by pXRF measurements were generally lower than theoretical RM
values. Slope value of 1.0208 reveals that concentrations of Ca determined by pXRF were generally consistent with
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theoretical values in referent material (RM value). The coefficients of determination (R?) for Ca, Fe and Cu were
0.9869, 0.9947 and 0.9862, respectively, which means that more that 98 % of observed variation for all three nutrients
can be explained by linear models presented on figure 1. High positive correlations were also observed between
measured and theoretical values according to presented coeflicients of correlation (r) which varied from 0.9931 (Cu)
to 0.9974 (Fe).
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Figure 1. Regression of pXRF measurements of nutrient concentrations against RM values along with Pearson
correlation coefficients (r), root mean square errors (RMSE) and RSD values

The relative standard deviation (RSD) was used to assess precision of analyser performance. For pXRF data to be
considered adequately precise, the RSD should not be greater than 20 % (US EPA, 2007). In terms of Ca and Fe from
measured data it is evident that precision was acceptable (0.33-10.0 and 0.12-20.1 respectively), while for Cu RSD
values were ranged from 2.22 % to 78.2 %. It has to be point out that in 31 of 43 analysed samples, mainly clay samples
with theoretical range of Cu from 12.4 to 158 mg/kg, RSD values were lower than 20 %, while in 12 analysed referent
material mostly sand samples with content of Cu < 9 mg/kg, RDS was greater than 20 %. Durance et al. (2014)
explained that poorer results in precision can be related to the fact that the concentrations of measured elements
are close to the LOD of pXRF analyser. Except for precision, RSD values along with R*values can be used to allocate
a data quality level to each presented relationship. According to US EPA (1998) the highest quality level, definitive
data, are data with R* = 0.85 to 1.0 and RSD < 10 %, second level are quantitative data with R* = 0.7 to 1.0 and RSD
< 20 % while third level are qualitative data with R*> < 0.7 and RSD > 20 %. All together indicate that definitive level
data was achieved across the entire range of samples tested for Ca and quantitative level for entire range of Fe. For
Cu quantitative data level was achieved in restricted range from 12.4 to 158 mg Cu/kg (R* = 0.9862, RSD < 20) and
qualitative level for Cu content < 9 mg/kg (RSD > 20 %). For example, quantitative data provide confirmed analyte
identification with relatively imprecise quantification (US EPA, 1998). These results are comparable with results of
other authors (Kilbride et al., 2006, Potts et al., 1995, Rouillon and Taylor, 2016). Data quality level is partly related
to the accuracy of measurement. In terms of Ca measurement (Figure 2a), 25 (58%) referent materials mostly clay
soil samples had an excellent to good accuracy in theoretical range of Ca from 2441 to 219000 mg/kg while 34
(79%) measured referent soil samples in the range from 3840 to 59610 mg Fe/kg had an excellent to good accuracy
(Figure 2b). Fair and poor accuracy was determined in the remaining samples especially due to fact that analyser
overestimated Ca and Fe at low and high concentrations in sandy soils. In the range from 25 to 158 mg Cu/kg results
indicated an excellent to good accuracy in 17 (40%) clay referent soil samples (Figure 2c). Fair and poor accuracy
was determined in restricted range of Cu (< 20 mg/kg) in 60% of investigated samples where overestimation of
concentrations was observed for sandy but also in clay soils. Although Kilbride et al. (2006) reported that particle
size (<2 pum, 2-63 um, >63 um) did not have a significant influence on the pXRF performance, these results indicate
that accuracy decrease with increment of particle size and it was lower in sandy soils. Glanzman and Closs (2007)
explained that as the grain size increases, the potential variability increases geometrically because of both grain size
and lack of true homogeneity of the sample exposed to the x-ray beam. Also, determined overestimations were result
of fact that X-rays that were returned to the detector are derived from all matrix material include in measured soil
sample, including the larger-grained quartz, feldspar, lithic minerals, metal complexes, and organics (US EPA, 1998).
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Figure 2. Accuracy of pXRF measurements according to relative percent difference (RPD) for calcium (a), iron
(b) and copper (c) due to following categories: excellent (RPD 0-10 %), good (RPD 10-25 %), fair (RPD 25-50 %)
and poor (RPD > 50 %)

Conclusions

Results indicated that a Vanta handheld (portable) XRF analyser is capable of measuring calcium, iron and copper
in restricted ranges, but for soil suitable, concentrations with excellent to good accuracy and acceptable precision
especially in clay soil samples. Molybdenum was not detected although several soil samples had concentrations of
Mo higher than LOD (> 2 mg/kg). Along with extension of time analysis up to 120 seconds and same additional
calibrations which will take in consideration matrix characteristics (particle size), pXRF will become an indispensable
tool for nutrient and pollutant determination in soils because of numerus advantages including speed and low cost
analysis.
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Prijenosna rengenska florescencija kao alat u
karakterizacija opskrbljenosti tla hranivima

SaZetak

Cilj ovog istrazivanja bio je utvrditi ukupne koncentracije Ca, Fe, Cu i Mo u 43 referentna uzorka
tla pomo¢u pXRF metode i odrediti to¢nost i preciznost pXRF analizatora. Rezultati su pokazali da
je Vanta rucni (prijenosni) XRF analizator sposoban izmjeriti Ca, Fe i Cu u ograni¢enom rasponu
koncentracija (2441 mg Ca/kg do 219000 mg Ca/kg; 3840 mg Fe/kg do 59610 mg Fe/kg; 25 mg Cu/
kg do 158 mg Cu/kg) s izvrsnom (RPD 0-10 %) do dobrom (RPD 10-25 %) to¢no$¢u i prihvatljivom
preciznoséu (RSD < 20 %) osobito u glinenim tlima. Molibden nije detektiran iako je u nekoliko
uzoraka tla koncentracija Mo bila ve¢a od granice detekcije (> 2 mg / kg). Uz produljenje vremena
analize na 120 sekundi i dodatnu kalibraciju koje ¢e uzeti u obzir i karakteristike analiziranih uzoraka,
pXREF analizator bi zbog brojnih prednosti, uklju¢uju¢i brzinu i niske troskove analize, mogao posluziti
kao to¢an i neophodan alat za odredivanje hraniva ali i onec¢i$¢ujucih tvari u tlu.

Klju¢ne rijec¢i: pXRE kalcij, zeljezo, bakar, molibden
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SaZetak

U radu je analizirana financijska isplativost u proizvodnji lubenica na podru¢ju dalmatinske zagore.
Prikazani su ukupni troskovi pripreme zemljista, sadnje lubenica, te kalkulacija pokri¢a varijabilnih
troskova pri redovitoj proizvodnji lubenica. Posebno su analizirani troskovi mineralnih gnojiva i
njihov utjecaj na prinose. Svi podaci za ovaj rad su dobiveni na primjeru Obiteljskog poljoprivrednog
gospodarstva, koje se ve¢ duzi niz godina bavi uzgojem lubenica i koje ima iznad prosje¢ne prinose.
Cilj rada je istraziti utjecaj troskova mineralnih gnojiva na cijenu kostanja lubenice kao i na isplativost
njene proizvodnje. Pri obradi podataka koristena je metoda kalkulacije pokri¢a varijabilnih troskova.
Dobiveni rezultati ukazuju da je proizvodnja lubenica ekonomski opravdana s ekonomi¢nos¢u od 1,81,
stopom rentabilnosti poslovanja od 44,9 i cijenom kostanja po jednom kilogramu od 0,08 €.

Kljucne rijeci: proizvodnja lubenica, investicije, ekonomska opravdanost.

Uvod

Lubenica (Citrulus vulgaris, sin. Citrulus lanatus) je pripadnik familije tikava, tj. Cucurbitaceae, porijeklom iz
Centralne i Juzne Afrike. U perifernim oblastima pustinje Kalahari i danas se mogu naci divlje forme ove vrste, koje
se brzo razvijaju nakon obilnih ki$a. Kao kulturna biljka prvo se pocela gajiti u Egiptu, zatim u Indiji, a u X vijeku
prije nove ere poceli su je uzgajati Kinezi. Stari Grei i Rimljani bili su upoznati sa lubenicama pocetkom nove ere
(Lesi¢, 2002.) Znacajnije Sirenje lubenice na europskom kontinentu pocinje u XVI vijeku.

U komercijalnoj proizvodnji lubenica koriste se gotovo isklju¢ivo hibridi. Cjenjeniji su hibridi tanje kore, sladeg
okusa i intenzivno crvene boje unutrasnjosti ploda (Matotan, 2004.)

Prema Statistickom ljetopisu Republike Hrvatske iz 2017. godine, domaca proizvodnja dinja ilubenica na povr$§inama
od 830 ha je iznosila 23,4 tisuce tona, sa prosjenim prinosom od 28,2 t/ha, $to je blizu svjetskog prosje¢nog prinosa
od 30,8 t/ha. Za zadovoljenje domaceg trzista, te godine, uvezeno je jo$ oko 15 tisuca tona.

Sto se tice prinosa i kvaliteta najpogodniji lokaliteti za proizvodnju lubenica u Hrvatskoj su u donjoj Neretvi,
medutim zbog vrlo sli¢nih agroekoloskih uvjeta lokaliteti Vrgorackog polja su takoder izuzetno povoljni za tu vrstu
proizvodnje. Prema dostupnim podatcima za Vrgorac (DHMZ za razdoblje 1981-2005. god.), srednja mjese¢na
temperatura najhladnijeg mjeseca (sije¢anj) je 5,1°C, a najtoplijeg (srpanj) 24,6 °C, dok je srednja godi$nja temperatura
14,0 °C. Na postupno smanjenje maritimnog utjecaja ukazuje godi$nja amplituda (18,9 °C) te razmjerno velika
apsolutna maksimalna (40,5 °C), odnosno apsolutna minimalna temperatura zraka (-12,0 °C). Kao najtopliji dijelovi
isti¢u se jugoisto¢ni dijelovi vrgorac¢kog podrucdja, odnosno zavale krskih polja. U toplijim podruéjima, a narocito
na Mediteranu, uzgojem lubenica moze se posti¢i dobar ekonomski rezultat (Lesi¢, 2002.). Povoljnost agroekoloskih
uvjeta uz primjenu suvremenih tehnoloskih postupaka proizvodnje omogucuje razvoj intenzivne proizvodnje
lubenica na podruéju Hercegovine ( Spuzevi¢ i Sefo, 2018.).

Suvremena proizvodnja lubenica iziskuje visoke troskove koje je moguce pokriti jedino visokim prinosima, te se za
trziste gotovo iskljucivo koriste hibridi (Matotan, 2006.). Zbog ekonomi¢nosti skupog hibridnog sjemena hibridni
kultivari se uzgajaju iz presadnica. (Les$i¢ i sur., 2004.) Za presadivanje su najbolje biljke sa otvorenim kotiledonima i
prvim pravim listom (Lesi¢, 2002.). U intenzivnom uzgoju na manjim povrsinama korisno je ograniciti broj plodova
po biljci na 3 do 4, a svi ostali se odstranjuju da bi se odabrani plodovi bolje razvili (Lesi¢, 2002.). Lubenica vrlo dobro
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podnosi susuy, ali previ$e vode smanjuje kvalitetu prinosa - sitni plod, debela kora, smanjen sadrzaj Se¢era (Matotan,
2004.). Radi boljeg toplinskog djelovanja tlo se pokriva polietilenskom folijom te se na taj nac¢in ubrzava sazrijevanje
plodova. Japickino i Gagliano (1986.) su proucavali utjecaj mal¢iranja crnog i prozirnog PE filma u proizvodnji
lubenica, te su utvrdili znac¢ajno povecanje ranije zrelosti i ukupnog prinosa i kod crnog i kod prozirnog PE filma.
Dusi¢na gnojiva temelj su za dobivanje visokih prinosa. Osim toga, primjena dusi¢nih gnojiva utjece i na koli¢inu
vitamina, minerala, proteina i esencijalnih aminokiselina u biljci (Lesi¢, 2002.).

Cilj ovoga rada je prikazati ekonomsku isplativost proizvodnje lubenica i istraziti utjecaj troskova mineralnih gnojiva
na cijenu kostanja lubenice kao i na isplativost njene proizvodnje na lokalitetu Orah-Banja u vrgorackom podrudju.

Materijal i metode

Svi podaci, koji su koristeni u ovome radu, su prikupljeni na obiteljskom poljoprivrednom gospodarstvu i
predstavljaju stvarne troskove nastale pri pripremi tla, sadnji i proizvodnji lubenica. U radu je prikazan proratun
troskova pripreme tla, troskova sadnje te troskova proizvodnje lubenica s posebnim osvrtom na troskove gnojiva
sorte Fantasy F1 na otvorenom. Od metoda je kori$tena metoda kalkulacije pokri¢a varijabilnih troskova,
odnosno obrac¢unska kalkulacija. Troskovi vlastite mehanizacije, koji inace pripadaju fiksnim troskovima sastoje
se iz tehni¢kog odrzavanja i amortizacije, a mogu im se dodati i troskovi registracije i osiguranja traktora. Oni su
izracunati metodom proracuna troskova po satu rada traktora s priklju¢nim strojem, te se u kalkulaciji oduzimaju
pri izra¢unu pokric¢a varijabilnih troskova (PVT-a).

Fantasy F1 je srednje rani hibrid. Biliku odlikuje izuzetno snazan korijen koji duboko prodire u zemlju te u
najtoplijim ljetnim danima osigurava dovoljnu koli¢inu vode i hranjiva. Snazna biljka, brzog porasta omogucava
lisnoj masi dobro zatvaranje i na taj nacin brani plodove od suncevih ozegotina. Plodovi su ovalnog oblika, jarko
crvene unutras$njosti i izuzetnog mirisa i okusa. Sadrzi vrlo visoki udjel Secera, i u standardnim agrotehnickim
uvjetima plodovi teze 9-12 kg. U intenzivnoj proizvodnji plodovi su teZine 13-17 kg. Dobro se skladisti i kvalitetan
je proizvod za izvoz na strana trzista. Iako ima tanku koru nije sklona pucanju, vrlo dobro podnosi duge transporte
i prirodna ostecenja kore.

Rezultati i rasprava

Proizvodnja lubenica se obavlja na dvije parcele ukupne povrsine od jednog hektara. Na toj povrsini ukupno je
posadeno 4.000 biljaka na 4 tisu¢e metara folije. Sadnja je obavljena u dva termina - 21.04. i 28.04., po 2.000 biljaka.
Lokacija parcela se nalazi na samoj granici Hrvatske i Hercegovine izmedu sela Banja i Orah, koja su u sastavu grada
Vrgorca. Nadmorska visina je 81m. Klima je kombinacija blage mediteranske i kontinentalne klime.

Osnovna gnojidba je obavljena sa 600 kg kombiniranog multikompleksa i hidrokompleksa, odnosno po 300 kg jedne
i druge kombinacije. U osnovnoj gnojidbi su koristene mikrogranule - Physiostart za bolje ukorjenjivanje u dozi od
25 kg.

Tijekom vegetacije ukupno je obavljeno 15 prihrana, od kojih je samo jedna bila folijarna prihrana, sve ostale (14)

su bile fertirigacijom. Prije svake prihrane obavljao se vizualni nadzor proizvodnje i fotografiranje. Nakon obilaska
proizvodnje, davane su preporuke za prihranu - formulacija i doza (g/sadnici).

Opisanom tehnologijom gnojenja su postignuti visoki prinosi u proizvodnji lubenica, znatno vi$i od hrvatskog
prosjeka koji po Statistickom ljetopisu Republike Hrvatske iz 2017. godine iznose 28,2 t/ha. Takoder je ustanovljeno
da su ovako visoki prinosi povoljno utjecali na cijenu kostanja lubenice kao i na ekonomicnost proizvodnje i
rentabilnost poslovanja.
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Tablica 1. Troskovi sata rada traktora u/€

A: Nabavna vrijednost 20.000,00

B: Likvidacijska vrijednost 2.500,00

C: Amortizacijska vrijednost (A - B) 17.500,00

D: Amortizacijski razdoblje 10 godina

E: Godisnji iznos amortizacije C/D 1.750,00

E: Planirano radnih sati godisnje 800

G: Amortizacijski iznos po satu rada E/F 2,1875

H: Godisnji iznos kamata na uloZena sredstva (5% od 20.000,00) 1.000,00

I: Kamata po satu rada H/F 1,25

J: Troskovi goriva po satu rada (101 x 0,75 € ) 7,50

K: Troskovi tehnickog odrzavanja (motorno wulje, filtri, redovito
servisiranje,potro$ni materijal, akumulator, gume, remenje) - 50% od 3,75
troskova goriva

Cijena sata rada traktora = G+I+J+K = 14,7 + PDV = 18,4 €

Tablica 2. Troskovi sata rada priklju¢nog stroja dovde u/€
A: Nabavna vrijednost 2.500,00
B: Likvidacijska vrijednost 400,00
C: Amortizacijska vrijednost (A - B) 2.100,00
D: Amortizacijska vrijednost 10
E: Godisnji iznos amortizacije (C/D) 210,00
E: Planirano radnih sati godi$nje 100
G: Amortizacija po satu rada (E/F) 2,10
H: Godi$nji iznos kamata na uloZena sredstva (5% od 2.500,00) 125,00
I: Kamata po satu rada (H/F) 1,25
J: Godi$nji troskovi odrzavanja 50,00
K: Troskovi tehnic¢kog odrzavanja po satu rada (J/F) 0,50

Cijena sata rada priklju¢nog stroja = G +I+K = 3,85 + PDV =4,8 €

Session 2. Agricultural Economics and Rural Development

29



Ivan SpuzZevi¢, Sasa Zovko

Tablica 3. Potrebno radno vrijeme za agrotehniku proizvodnje lubenica, ha

Teoretski

100

Brzina  Radni zah- udinak Iskoristivostr.  U¢inak  Broj iz- Ukupan
(km/h) vat (m) (ha/sat) vremena % ha/sat vodenja broj sati
Duboko jesensko oranje 6 0,70 0,42 65 0,27 1 3,70
Proljetno oranje 7 0,70 0,49 65 0,32 2 6,20
Drljanje 5 2,20 1,10 50 0,55 1 1,80
Tanjuranje 5 2,20 1,10 50 0,55 1 1,80
Rasipanje gnojiva 5 7,00 3,50 30 1,05 2 1,90
Zastita 5 8,00 4,00 30 1,20 12 10,00
Ukupno sati 25,40
Izvor: izrada autora prema Tursi¢ (2001.)
Tablica 3. Izra¢un materijalnih tro$kova pri proizvodnji lubenica
Troskovi materijala Jedinica mjere Koli¢ina cijena €/ha
Presadnice kom 4.000 0,55 2.200,00
Mineralna gnojiva:
a) YaraMila Complex vreca (25 kg) 300 (12 vreca) 18,75 225,00
b) Multi - Comp Base vreca (25 kg) 300 (12 vreéa) 19,75 237,00
Mikrogranule:
a) Physiostart vreca (25 kg) 25 (1 vreéa) 65,50 65,50
Vodotopiva gnojiva za prihranu
a) KSC PHYT-actyl I vreca (25 kg) 25 (1 vreca) 81,50 81,50
b) KSC PHYT-actyl IT vreca (25 kg) 25 (1 vreca) 53,00 53,00
c) KSC PHYT-actyl I1I vreda (25 kg) 25 (1 vreca) 65,50 65,50
d) KSC PHYT-actyl XX vreca (25 kg) 25 (1 vreéa) 70,00 70,00
e) KSC PHYT-actyl VII PERLA vreca (25 kg) 25 (1 vreéa) 59,50 59,50
f) KSC PHYT-actyl V vreca (25 kg) 75 (3 vreée) 73,65 221,00
g) Co-Actyl H vreca (10 kg) 10 (1 vreéa) 62,50 62,50
h) Polyfeed 20-20-20 vreca (25 kg) 25 (1 vreca) 40,50 40,50
i) Magnezij sulfat vreca (25 kg) 25 (1 vreca) 15,00 15,00
j)  Amonijev nitrat vreca (25 kg) 25 (1 vreca) 19,50 19,50
Tekuca folijarna gnojiva za prihra.
Fertiactyl Starter kom (11) 2 (2 litre) 17,00 34,00
Fertileader Gold kom (11) 2 (2 litre) 15,00 30,00
Mineralna gnojiva ukupno 1.279,50
Sredstva za zastitu bilja od bolesti
a) Ridomil Gold MZ Pepite kg 2 18,00 36,00
b) Topas 100 EC 100ml 1 kom. 9,00 9,00
c) Amistar Opti 1 3 24,50 73,50
d) Ortiva Top 500ml 6 kom. 36,00 216,00
e) Alietta flash kg 4 26,88 107,50
f) Nativo 75 WG 200g 3 kom. 32,00 96,00
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g) Quadris 100ml 2 kom. 9,50 19,00
Sredstva za zastitu bilja od $tetnika
a) Actara 25 WG 250g 2 kom. 42,50 85,00
b) Karate Zeon 50ml 1 kom. 3,00 3,00
c) Mospilan 20 SP 50g 9 kom. 5,50 49,50
d) Zoom 11SC 50ml 8 kom. 15,13 121,00
e) Chromogor 40 1 2 13,00 26,00
f) Force 1,5G 1500 g 10 kom. 13,50 135,00
Sredstva za zastitu bilja ukupno 976,50
Troskovi ostalog materijal
Crna folija kg 100 3,95 395,00
Agril folija m? 5000 0,80 400,00
Cijevi za navodnjavanje (¢16) m 5000 0,15 750,00
Cijevi za navodnjavanje (¢32) m 114 0,58 66,00
Ambalaza (box palete 1000 kg) kom 50 25,00 1.250,00
Troskovi ostalog materijal ukup. 2.861,00
Troskovi materijala ukupno 7.317,00
Tablica 4. Izra¢un troskova ljudskog rada
Troskovi ljudskog rada Jedinica mjere Koli¢ina Cijena €/ha
a) postavljanje crne folije sat 10 3,00 30,00
b) Sadnja sat 70 3,00 210,00
c) Postavljanje agril folije sat 10 3,00 30,00
d) Kontrola i uklanjanje korova sat 10 3,00 30,00
e) Berba plodova sat 30 3,00 90,00
Ukupno 390,00

Tablica 5. Kalkulacija pokri¢a varijabilnih troskova proizvodnje lubenica

Kalkulacija pokrica varijabilnih troskova (PVT) €/ha Udjel
Prinos kg/ha (Q) 103.609

Cijena, 1 kg 0,15

UKUPNI PRIHOD 15.541,50

Presadnice (4.000 kom x 0,55 €) 2.200,00 25,7
Mineralna gnojiva 1.279,50 14,9
Sredstva za zastitu bilja 976,50

Ostali materijalni troskovi 2.861,00

Troskovi ljudskog rada 390,00

Ostali troskovi 150,00

UKUPNI VARIJABILNI TROSKOVI 7.857,00

PVT 7.684,50

Troskovi vlastite mehanizacije (25,4 sata x 23,2 €) i troskovi 709,00

registracije i osiguranja (120,00 €)

PVT1 6.975,5
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Troskovi vlastite mehanizacije ukljucuju: duboko jesensko oranje, proljetno oranje, drljanje, tanju-
ranje, rasipanje gnojiva i zastitu od bolesti i $tetnika.

Tablica 6. Ekonomski pokazatelji proizvodnje lubenica u€
Ekonomska veli¢ina/pokazatelj Vrijednost
Ukupni prihod 15.541,50
Ukupni varijabilni troskovi 7.857,00
PVT 7.684,50
Troskovi vlastite mehanizacije s troskovima registracije i osiguranja traktora 709,00
Ukupni troskovi
PVT1 6.975,50
Ekonomi¢nost proizvodnje 1,81
Stopa rentabilnosti poslovanja 449
Cijena kostanja po 1 kg Q) 0,08

Zakljucak

Na osnovu tehnolosko-ekonomske analize s ciljem utvrdivanja ekonomske opravdanosti investicije u podizanju
nasada i proizvodnji lubenica na podruéju Vrgorackog kraja zakljucuje se kako je potvrdena ekonomska opravdanost
proizvodnje lubenica.

Povoljnost agroekoloskih uvjeta uz primjenu suvremenih tehnoloskih postupaka proizvodnje, uklju¢ujuéi vodotopiva
mineralna gnojiva omogucuje intenzivnu proizvodnju lubenica s visokim prinosima od 103,609 t/ha. U proizvodnji
su kori$tena mineralna gnojiva sa biljnim stimulatorima, a njihov udjel u ukupnim troskovima je iznosio 14,9 %.
Visoki prinosi su povoljno utjecali na cijenu kostanja lubenice od 0,08 €/kg. Ostali ekonomski pokazatelji su takoder
polucili dobre rezultate, ekonomic¢nost s koeficijentom od 1,81 i rentabilnost poslovanja sa stopom od 44,9 i na taj
nacin valorizirali komparativne prednosti mediteranske klime i primijenjene agrotehnologije.
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Significance of mineral fertilizer costs for cost
price and cost effectiveness of watermelon
production

Abstract

This paper analyzes the financial viability of the production of watermelons in the Dalmatian hinterland.
The total costs of land preparation, watermelon planting and the calculation of variable cost coverage
for regular watermelon production are shown. The costs of mineral fertilizers and their impact on yields
were analyzed separately. All data for this paper were obtained from the case study on the family farm
which has been producing watermelons for many years, and which has above average yields. The aim of
this study is to investigate the impact of mineral fertilizer costs on the cost of watermelon cost and the
cost-effectiveness of its production. When processing the data, the variable cost coverage calculation
method was used. The obtained results indicate that the production of watermelons is economically
justified with a revenue/cost ratio of 1.81, a return on sale of 44.9% and a cost of production of one
kilogram of € 0.08.

Keywords: watermelon production, investment, cost-effectiveness
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PRELIMINARY COMMUNICATION

Stavovi potrosaca o sirevima tradicionalne i
industrijske proizvodnje

Milna Tudor Kalit, Matea Sus$a, Marina Tomié¢ Maksan, Samir Kalit
Sveuciliste u Zagrebu, Agronomski fakultet, SvetoSimunska cesta 25, 10000 Zagreb, Hrvatska (e-mail: matomic@agr.hr)

SaZetak

Cilj istrazivanja bio je utvrditi ponasanje potrosaca u kupnji sira, znanje o pojmovima tradicionalnog
i industrijskog nacina proizvodnje sireva te stavove o sirevima tradicionalnog nacina proizvodnje u
odnosu na sireve industrijskog nacina proizvodnje. On-line anketno ispitivanje provedeno je na uzorku
od 200 ispitanika u Hrvatskoj. Ispitanici naj¢es¢e kupuju sireve u supermarketima i na trznicama,
te ¢eSc¢e kupuju sireve industrijske proizvodnje nego sireve tradicionalne proizvodnje. Pri kupnji sira
ispitanicima su najvaznija obiljezja okus i kvaliteta. Ispitanici imaju pozitivnije stavove o tradicionalno
proizvedenom siru u odnosu na industrijski proizveden sir.

Kljucne rijeci: sir, tradicionalna proizvodnja, industrijska proizvodnja, potrosaci, stavovi

Uvod

Tradicionalna hrana proizvodi se specificnim nac¢inom proizvodnje koji je dio gastronomske bastine odredenog
lokalnog podrudja, regije ili drzave, §to rezultira karakteristi¢nim senzorskim svojstvima proizvoda (Guerrero i sur.
2009., Balogh i sur. 2016.). Interes potro$aca za tradicionalnom hranom u stalnom je porastu, posebice u zemljama
Europe. Pozitivan stav potros$aca prema tradicionalnoj hrani povecava se kada proizvodi nose oznaku koja ukazuje
da je taj proizvod proizveden upravo u tom podrucju gdje je i kupljen, kao $to su oznaka izvornosti ili zemljopisnog
porijekla (Boza i Mufioz, 2016.). Sirevi proizvedeni tradicionalnim na¢inom proizvodnje specifi¢ni su za odredenu
regiju. Takva proizvodnja najce$¢e se povezuje uz proizvodnju na obiteljskim poljoprivrednim gospodarstvima
(OPQG) te ej povezana s tradicijskim obi¢ajima i prehrambenim navikama lokalnog stanovnistva, klimom, reljefom,
zemljopisnim poloZajem, botanickim sastavom prirodnih livada i pasnjaka, pasminom, vrstom uzgoja i prijenosom
znanja i iskustava o njihovoj proizvodnji (Baruk¢i¢ i Tudor Kalit, 2019.). Brojni sirevi sa svjetskim ugledom upravo
su potekli od lokalnih proizvodnji te se danas proizvode u industriji prema prilagodenoj tehnologiji proizvodnje
(Baruk¢i¢, 2015.). Industrijski sirevi proizvode se suvremenim nacinom proizvodnje koji ukljuéuje primjenu
postupka pasterizacije kako bi se unistili svi nepozeljni i patogeni mikroorganizmi te postupak standardizacije
mlijeka kojim se optimizira koli¢ina mlije¢ne masti i proteina uz kori$tenje moderne opreme. Tradicionalni sirevi
proizvode se bez postupaka pasterizacije i standardizacije mlijeka, s mnogo ru¢nog rada (bez suvremene opreme)
te su po svom okusu, mirisu, aromi i teksturi drugaciji od industrijski proizvedenih sireva. Sirarski gurmani uZzivaju
u tradicionalno proizvedenim sirevima od sirovog mlijeka te smatraju industrijsko sirarstvo “ubojicom” okusa sira
(Kalit, 2015). Sirevi dobiveni industrijskim na¢inom proizvodnje ujednacenog su izgleda i kvalitete, a aroma i okus
su im slabije izrazeni. Tradicionalno proizvedeni sirevi intenzivnijeg su, raznolikijeg, i uzbudljivijeg okusa i arome.
Cilj ovoga rada je utvrditi ponasanje potros$aca (kupaca sira) u kupnji sira, njihovo znanje i stavove o sirevima
tradicionalne i industrijske proizvodnje.

Materijal i metode

On-line anketno ispitivanje provedeno je na prigodnom uzorku od 200 kupaca sira u Hrvatskoj u razdoblju od
8. srpnja do 21. kolovoza 2019. Anketni upitnik distribuiran je putem drustvene mreze Facebook i e-mailom te
je obuhvacao pitanja vezana uz znanje i stavove ispitanika o sirevima tradicionalne i industrijske proizvodnje,
ponasanje u kupnyji sira te sociodemografska pitanja. Pitanja vezana uz znanje ispitanika o pojmovima tradicionalnog
i industrijskog nacina proizvodnje sireva bila su otvorenog tipa (,Sto bi po Vagem misljenju bio sir industrijske
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proizvodnje/proizveden na tradicionalan nacin?“), a ostala pitanja bila su zatvorenog tipa. Vaznost obiljezja sira
prilikom kupnje mjerena je ljestvicom od 5 stupnjeva (1= potpuno nevazno obiljezje, 5= vrlo vazno obiljezje). Za
mjerenje stavova ispitanika o sirevima tradicionalne i industrijske proizvodnje koristena je kognitivnha komponenta
putem 7 izjava, od kojih je njih 5 preuzeto iz rada Colonna i sur. (2011.), a dvije izjave kreirane su za potrebe
ovog istrazivanja. Ispitanici su za svaku izjavu iskazali stupanj slaganja, koji je mjeren Likertovom ljestvicom od 5
stupnjeva (1-uopce se ne slazem, 5-potpuno se slazem). Analiza podataka provedena je u programu Excel, pri cemu
je koristena jednovarijatna (frekvencije i distribucija) analiza.

Rezultati i rasprava
Opis uzorka

U istrazivanju je sudjelovalo 67% Zena i 33% muskaraca. Vecina ispitanika pripada dobnoj skupini od 18 do 25
godina (44%), slijede ispitanici starosti od 26-35 godina (22,5%) i 36-45 godina (15,5%). Manji udio ispitanika ima
46-55 godina (12%), 56 do 65 godina (4,5%) i vise od 65 godina (1,5%). S obzirom da dominiraju mladi ispitanici
dobna struktura ispitanika ogranicenje je uzorka $to utjece na rezultat i zakljucak istrazivanja. Za buduca istrazivanja
potrebna je homogenija raspodjela uzorka s obzirom na dobnu strukturu. Preko polovice ispitanika (59,5%) je
zaposleno, slijede studenti/ucenici (35,5%), dok je najmanji postotak nezaposlenih i umirovljenika (2,5%). Prema
stupnju obrazovanja najvise ispitanika navodi VSS/VSS (52%), zatim SSS (32,5%), te magisterij/doktorat (15,5%).
Trecina ispitanika (32%) ima mjese¢na primanja manja od 3.500 kn, slijede ispitanici koji imaju mjese¢na primanja
od 3.500-5.500 kn (24%) i od 5.501-7.500 kn (23%). Najmanje ispitanih ima primanja vec¢a od 9.500 kn (11%) i od
7.501 - 9.500 kn (10%). Cak 75% ispitanika stanuje u gradskim sredinama, dok 25% stanuje u ruralnim sredinama.

Ponasanje u kupnji sireva

Na pitanje gdje najcesce kupuju sireve (mogucnost vise odgovora), najvise ispitanika navelo je supermarkete (75,5%)
i trznice (42%), dok 33% ispitanika najc¢es¢e kupuje sireve direktno od proizvodaca. Kupnja sireva na sajmovima je
zastupljena kod 17% ispitanika, kupnja u specijaliziranim trgovinama kod 10% ispitanika, a 1% ispitanika navelo je da
sami proizvode sireve. Colonna i sur. (2011) takoder navode da ve¢ina ispitanika sireve kupuje u supermarketima. S
obzirom na nacin proizvodnje ispitanici ¢es¢e kupuju sireve industrijske proizvodnje (56%) nego sireve tradicionalne
proizvodnje (44%). Kao najvaznija obiljeZja sira prilikom kupnje, ispitanici su istaknuli okus (srednja vrijednost 4,77)
i kvalitetu (srednja vrijednost 4,60), kao $to je dobiveno u istrazivanju Auty (1992). Slijede aroma (srednja vrijednost
4,43) i miris (srednja vrijednost 4,32), dok im je najmanje bitna trzna marka (srednja vrijednost 2,85) - Tablica 1.

Tablica 1. Vaznost obiljezja sira prilikom kupnje

Obiljezje sira Srednja Standardna Obiljezje sira Srednja Standardna
vrijednost devijacija vrijednost devijacija

Okus 4,77 0,50 Porijeklo sira 3,91 0,95

Kvaliteta 4,60 0,60 Konzistencija 3,73 0,90

Aroma 4,43 0,70 Nacin proizvodnje 3,51 0,91

Miris 4,32 0,78 Boja 3,43 0,94

Odnos cijene i 428 0,73 Nutritivna vrijednost 3,31 0,98

kvalitete

Rok trajanja 4,25 0,97 Nutritivna 3,12 0,95

deklaracija

Ujednacenost

kvalitete pri svakoj 4,15 0,80 Pakiranje 2,89 0,94

kupnji

Cijena 4,09 0,79 Trzna marka 2,85 0,97

Znanje ispitanika o pojmovima tradicionalne i industrijske proizvodnje sira
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Na pitanje $to bi bio sir proizveden na tradicionalan nacin, ispitanici su ve¢inom odgovarali kako je to sir proizveden
na malim OPG-ima te sir proizveden bez primjene konzervansa, razli¢itih dodataka i aditiva (Tablica 2). Ispitanici
su odgovorili kako je sir industrijske proizvodnje sir proizveden u industriji prema industrijskoj recepturi, u velikim
koli¢inama, uz primjenu razlic¢itih dodataka i tvari za produljenje roka trajanja (Tablica 3). Za zakljuciti je da je
znanje ispitanika o pojmovima tradicionalnog i industrijskog nacina proizvodnje sira veliko jer je ve¢ina odgovora
ispravna. Sli¢an rezultat navode Weichselbaum i sur. (2009.): potro$aci tradicionalnu hranu definiraju kao hranu
njihovih baka i djedova, proizvedenu prema tradicionalnom receptu od domacih sirovina, kao prirodnu hranu bez
znacajnijih procesa prerade te specificnih senzorskih svojstva. Sli¢no, ispitanici u istrazivanju Colonna i sur. (2011.)
navode kako se sir iz pasteriziranog mlijeka proizvodi isklju¢ivo u velikim industrijskim postrojenjima, a sir iz
nepasteriziranog mlijeka je male, tradicionalne proizvodnje.

Tablica 2. Odgovori ispitanika na pitanje ,,Sto bi po Vagem misljenju bio sir proizveden na tradicionalan na¢in?“

Sto bi po Vasem misljenju bio sir proizveden na tradicionalan nacin? N %

Sir proizveden po receptu koji se prenosi s koljena na koljeno, prema dugogodi$njoj tradicionalnoj

recepturi i tradicionalnom nacinu proizvodnje na malim OPG-ovima. 8 24,0
Sir proizveden bez primjene konzervansa, razli¢itih dodataka te aditiva. 32 16,0
Sir proizveden od mlijeka proizvedenog na tradicionalan nacin uz primjenu lokalnih, domacih 24 12.0
sastojaka. ’
Sir specifican za odredenu regiju, geografsko podrucje. 22 11,0
Sir manjeg kapaciteta proizvodnje. 22 11,0
Sir ru¢ne izrade. 15 7,5
Kvalitetniji i zdraviji sir. 14 7,0
Sir karakteristi¢cnog okusa i arome. 9 4,5
Sir proizveden bez uporabe suvremene opreme i strojeva. 7 3,5
Sir proizveden bez primjene postupaka pasterizacije i standardizacije mlijeka. 7 3,5

Tablica 3. Odgovori ispitanika na pitanje ,,Sto bi po Vasem misljenju bio sir industrijske proizvodnje?“

Sto bi po Vasem misljenju bio sir industrijske proizvodnje? N %
Sir proizveden u industriji prema industrijskoj recepturi. 43 21,5
Sir proizveden u velikim koli¢inama. 42 21,0

Sir proizveden uz primjenu razli¢itih dodataka poput aditiva, konzervansa, pojacivaca okusa,

emulgatora, tvari za produljenje roka trajanja. 4 20,5
Sir proizveden uz primjenu suvremene opreme. 23 11,5
Sir proizveden uz primjenu postupaka pasterizacije i standardizacije mlijeka. 15 7,5
Sir proizveden od mlijeka konvencionalne proizvodnje. 11 5,5
Sir slabije izrazenog okusa i arome. 10 5,0
Sir slabije kvalitete. 9 4,5
Sir ujednacenog sastava. 6 3,0

Stavovi ispitanika o sirevima tradicionalne proizvodnje u odnosu na sireve industrijske proizvodnje

Ispitanici opéenito imaju pozitivne stavove o sirevima tradicionalne proizvodnje. Najvise se slazu s izjavom da je
tradicionalno proizveden sir ukusniji od industrijski proizvedenog sira $to je u skladu s rezultatima istrazivanja
Guerrero i sur. (2009.). Nadalje, smatraju da je tradicionalno proizveden sir kvalitetniji od industrijski proizvedenog
sira, te da ima vec¢u nutritivou vrijednost. Ipak, smatraju da je tradicionalno proizveden sir skuplji od industrijski
proizvedenog sira, dok su neutralnog stava oko sigurnosti tradicionalno proizvedenog sira u odnosu na industrijski
proizveden sir (Tablica 4), $to moZemo povezati s ¢injenicom da su u ovoj fazi ispitanici bili upoznati s ¢injenicom da
se tradicionalni sir proizvodi od nepasteriziranog mlijeka $to je u skladu s istrazivanjem Le i sur. (2014.). Ispitanici
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u istrazivanju Colonna i sur. (2011) smatraju da je industrijski sir sigurniji, ima slabije izrazen okus i cjenovno

Tablica 4. Stavovi ispitanika o sirevima tradicionalne proizvodnje u odnosu na sireve industrijske proizvodnje

Stavovi ispitanika o sirevima tradicionalne proizvodnje u odnosu na sireve Srednja Standardna
industrijske proizvodnje vrijednost devijacija
Tradicionalno proizveden sir ukusniji je od industrijski proizvedenog sira. 4,30 0,77
Tradicionalno proizveden sir kvalitetniji je od industrijski proizvedenog sira. 4,09 0,95
Tradicionalno proizveden sir ima vecu nutritiviu vrijednost od industrijski 409 0.91
proizvedenog sira. ’ ’
Tradicionalno proizveden sir skuplji je od industrijski proizvedenog sira. 4,02 0,96
Radije se odlu¢ujem za kupnju tradicionalno proizvedenih sireva nego industrijskih. 3,61 1,10
Imam viSe povjerenja u tradicionalno proizvedene sireve nego u industrijski 348 0.96
proizvedene sireve. ’ ’
Tradicionalno proizveden sir sigurniji je (zdravstveno ispravniji) od industrijski 304 0.96

proizvedenog sira.

Zakljucak

Ispitanici ¢e$c¢e kupuju sireve industrijske proizvodnje, no smatraju da su tradicionalno proizvedeni sirevi ukusniji i
kvalitetniji te imaju ve¢u nutritivnu vrijednost. Znanje ispitanika o pojmovima tradicionalnog i industrijskog nacina
proizvodnje sira je veliko odnosno ispitanici su upoznati sa specifi¢cnostima tradicionalne i industrijske proizvodnje
sira. Rezultati ovog istrazivanja daju vrijedne informacije proizvoda¢ima sira u svrhu planiranja proizvodnje i
marketinskih aktivnosti.
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Consumer attitudes about traditional and
industrial cheese production

Abstract

The aim of the study was to determine consumers’ behaviour in cheese purchase, knowledge about
the concepts of traditional and industrial cheeses and their attitudes about cheeses of traditional
production compared to cheeses of industrial production. An online survey was conducted on a sample
of 200 respondents from Croatia. Respondents most often buy cheeses in supermarkets and at the
open marketplaces, with more frequent purchases of industrial cheeses than traditional cheeses. When
buying cheese, the most important characteristics for respondents are taste and quality. Respondents
have positive attitudes about traditionally produced cheese over industrially produced cheese.

Keywords: cheese, traditional production, industrial production, consumers, attitudes
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Abstract

Geographical indications (GIs) and traditional specialities guaranteed (TSGs) are a major pillar of
the EU quality scheme. The objective of this study was to determine their significance in Europe,
with special consideration of the Croatian situation. A decade after their accession EU11 Central,
Eastern and Baltic European member states appear to use EU quality schemes only on a limited extent
and rather for legal protection against fraud and misuse than to obtain EU co-funded promotional
programs. We assume that member states without a tradition in PGIs and TSGs lack public institutions
which support the promotion and marketing of these products.

Keywords: protected designation of origin (PDO), protected geographical indication (PGI), common
agricultural policy (CAP), traditional speciality guaranteed (TSG), EU quality scheme

Introduction

For over 20 years, geographical indications (GIs) are a major pillar of the Common European Agricultural Policy
(CAP). Protected geographical indications (PGIs) and protected designations of origin (PDOs) aim at protecting
the names of specific products to promote their unique characteristics, linked to their geographical origin as well as
traditional know-how used during the production process (Wirsig et al. 2014). Traditional specialities guaranteed
(TSGs) in turn highlight the traditional aspects such as the way the product is made or its composition, without
being linked to a specific geographical area. The registration of a product as PDO, PGI, or TSG protects the use of
the name against falsification and misuse. According to estimates (AND International 2012), a total annual sales
volume of approximately €54.3 billion is generated with GIs and TSGs registered in the EU, with France and Italy
being the main profiteers. Whereas GIs have a long tradition in southern European member countries, for example
in France, Italy and Spain, including the legal protection and financial support by the state (Profeta et al. 2010), no
such tradition exists in major Central, Eastern and Baltic European member states which joined the EU succeeding
later. The objective of this study was to determine the significance of GIs and TSGs overall in Europe, in Central,
Eastern and Baltic European member states with special consideration of the Croatian situation.

Materials and methods

Data on three aspects were analysed in order to estimate the significance of GIs and TSGs in the respective member
states: 1. awareness of PDO, PGI and TSG logos; 2. amount of GI and TSG products registered, 3. participation in
EU promotional programs focusing on quality schemes. In the study publicly available data from the European
Commission were used: the DOOR database for food and agricultural products (EC 2019a), the eAmbrosia database
for wine & spirit drinks (EC 2019b), and the register for aromatised wines (EC 2019c¢). Furthermore, the Campaigns
map and statistics database of the EU’s consumers, health, agriculture and food executive agency (Chafea 2019) and
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results of Eurobarometer (DG Agri 2018) were employed. However, due to the absence of official economic data on
GI and TSG products - particularly for Croatia and other Eastern and Baltic European member states - the study
does not deal with the market value of these products (Torok & Moir, 2018). In order to identify differences in the
significance of GIs and TSGs in the member states they were grouped by their date of EU accession. EU28 means all
the present member states as of October 2019. The group of EU15 comprises all member states from 1 January 1995
to 1 May 2004. The EU15 includes Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, Netherlands, Portugal, Spain, Sweden, and United Kingdom. EU11 refers to the Central, Eastern and
Baltic European member states that joined in 2004, 2007 and 2013: in 2004 the Czech Republic, Estonia, Hungary,
Latvia, Lithuania, Poland, the Slovak Republic, and Slovenia; in 2007 Bulgaria, Romania; and since 2013 Croatia.

Results and discussion

Overall awareness of EU quality schemes in respect to GIs and TSGs in EU11 countries is comparable high for
PGIs, whereas values for TSGs are slightly above and values for PDOS are slightly below to that in EU15 and EU28
countries. Within EU11 countries, awareness of PDO, PGI and TSG logos are highest in Czech and Slovakia followed
by Croatia. Values for awareness of GIs and TSGs in these countries are above those of EU28 (Table 1).

Table 1. Awareness of awareness of PDO, PGI and TSG logos in the EU

PDO PGI TSG Interviews*
% % % Number (n)

Estonia 12% 15% 13% 1005
Latvia 6% 9% 12% 1000
Lithuania 13% 19% 29% 1013
Poland 12% 15% 14% 997
Slovak Republic 26% 22% 27% 1089
Slovenia 19% 26% 17% 1042
Czech Republic 25% 30% 30% 1032
Hungary 13% 13% 10% 1038
Bulgaria 14% 12% 12% 1040
Romania 5% 9% 16% 1005
Croatia 20% 24% 22% 1.031
EU11 14% 17% 18% 1.2302
EU 15 21% 17% 14% 15676
EU 28 18% 18% 15% 28.031

Source: own composition based on DG Agri (2018). * Face-to-face.

Apparently, the number of GI and TSG registrations are significantly lower in EU11 countries in comparison to that
in EU15 and EU 28 (Table 2). Whereas, EU15 show an average number of 83 GI registrations per member state, EU11
have only a poor average number of 17 GI registrations per member state. In contrast the average number of TSG
registrations are comparable to that in EU11. Within EU11 Croatia has the highest number of PDO registrations,
Poland and Czech the highest number of PGI registrations and Poland followed by Slovakia the highest number of
TSG registrations. In total Poland and Czech Republic contribute the highest number of registrations with Croatia
being in the middle (Table 2).
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Table 2. GI and TSG products registered on agricultural products and foodstufts

PDO PGI TSG Total @/ MS*

Estonia 0 0

Latvia 1 6

Lithuania 1 2 8

Poland 8 23 10 41

Slovak Republic 2 10 7 19

Slovenia 9 13 3 25

Czech Republic 6 23 5 34

Hungary 6 2 16

Bulgaria 1 5 8

Romania 1 0 5

Croatia 12 11 0 23

EU11 47 101 37 185 16,8
EU 15 585 629 29 1243 82,9
EU 28 633 734 66 1433 51,2

Source: own composition based on Door database (2019). *Member state.

Croatia in particular made its first submission to register a food product under the EU quality scheme shortly before
its EU accession in 2013 (Figure 1). In 2015 first Croatian agricultural and food products were registered by the
EU. Nevertheless, Croatia already had by the time of its EU membership 16 registrations for wine and further six
registrations of spirits drinks and one for aromatized wine products.
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Figure 1. Annual number of Croatian applications on agricultural products and foodstuffs in the EU registration
process (Source: EC 2019a).
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In 2014 a peak of eleven submissions occurred which were prepared in the framework of multi- and bilateral
cooperation in support to the Croatian accession process (GTZ 2004, GIZ 2011, Wirsig et al. 2011). A lower peak of
submissions happened in 2018, partly as an outcome of the previous work done (MPS 2015). In total, Croatia made
33 submissions to register agricultural products and foodstuffs under the EU quality schemes of which ten recent
submissions are still pending in the EU registration process (Figure 1).

The EU policy on information provision and promotion measures for agricultural products aims at helping producers
to communicate the quality of their products. The European Commission and Chafea granted EU11 Central, Eastern
and Baltic European member states hitherto 16 campaigns on EU Quality schemes with an overall funding of €12.6
million from the EU agricultural budget (Table 3) - with Slovenia owing the highest number of accepted proposals.
In 2019 the European Commission and Chafea approved 81 campaigns with an overall funding of €200 million from
the EU agricultural budget. Out of the 81 campaigns approved, 35 are focusing on EU Quality schemes, two of them
proposed from EU11 countries. Hitherto, Croatia does not participate in any promotional program on EU Quality
schemes, although it is a target market for EU co-funded campaigns from other EU member countries (Chafea 2019).

Table 3. Participation in EU promotional programs focusing on quality schemes (2005-2019)

PDO/
EU
N?(I)nt())eszg f PGI/ TSG ‘buti Target market
prop Product(s) contribution
in Euro Countries
Estonia 1 Spirit drinks 278.043 € EE, DE, LV, LT, PL
Latvia 0 * * *
Lithuania 1 Spirit drinks 1.775.710 € EE, DE, LV, LT, PL
Poland 2 Apples 3.520.314 € Third Countries
Slovak Republic 0 * * *
Oil,
vegetables,
Slovenia 7 bread, 2.326.694 € SI, AU, HR, Third Countries
honey, meat
products
Czech Republic 1 Basket of 1.881.740 € CZ, SK
products
Hungary 2 Sheep and 900.000 € Third Countries
goat meat
Bulgaria 1 Wine 733.251 € Third Countries
Romania 1 Meat 1.145.175 € IT, RO, ES
preparations
Croatia 0 * * *
EUI11 16 12.560.927 € *

Source: Chafea, (2019). * Not applicable.
Conclusions

A decade after its accession to the European Union the EU11 Central, Eastern and Baltic European member states
appear to use EU quality schemes only on a limited extent - in contrast to member states with a long tradition with
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GIs and TSGs - and rather for legal protection against fraud and misuse than to obtain EU co-funded promotional
programs. Although awareness of EU quality schemes in EU11 countries is comparable or even better to that in
traditional EU15 and EU28 member countries, the number of EU registered GIs and TSGs is low. Furthermore
participation of EU11 member states on EU promotional programs is low in comparison to that of EU15 and EU28
countries, Slovenia being the only exception. The authors believe that member states without a tradition in PGIs and
TSGs lack public institutions which support the promotion and marketing of GI and TSG products. The validation
of this assumption and the identification of the underlying determining factors will be a question of further research.
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SaZetak

Cilj rada je prepoznati i analizirati ponudu Slavonije i Branje kroz enofilski i gastronomski turizam.
Anketni uzorak obuhvatio je 24 ispitanika, ruralna turisticka subjekta koji u svojoj ponudi imaju
hranu. Ispitanici smatraju da je Slavonija i Baranja prepoznata po svojoj eno-gastronomskoj ponudi,
ali da je nedovoljno valorizirana i promovirana iako je ve¢ dugi niz godina sastavni dio Strategije
razvoja turizma (MINT 2013). Od ukupnog broja ispitanika, 83,3% smatra kako je eno- gastronomija
osnovni motiv dolaska u ruralnu sredinu, te 46% ispitanika najve¢im dijelom sami proizvode sastojke
za pripremu hrane. Komplementarnost usluga u ruralnom turizmu je neophodna kako bi posjetitelji
dozivjeli odredenu destinaciju kroz razvoj tradicionalnog graditeljskog izri¢aja, regionalnih obicaja,
lokalne kulture kao i eno-gastronomskog nasljeda.

Kljucne rijeci: eno-gastronomija, destinacija, Slavonija i Baranja, ruralni turizam

Uvod

Prema Nacionalnoj strategiji razvoja turizma Republike Hrvatske do 2020.godine (MINT, 2013.) eno-gastronomski
turizam je prepoznat kao jedan od specifi¢nih turistickih proizvoda s visokim razvojnim potencijalom. Zeljena
pozicija u ostvarivanju gourmet destinacija je poticanje lokalne proizvodnje kroz gastronomiju i enologiju. Eno-
gastronomiju Slavonije i Baranje odlikuju kvalitetni suhomesnati proizvodi, specijaliteti pripravljeni od rije¢nih riba,
raznovrsne slastice kao i vrhunska vina. Najvece povrsine pod vinovom lozom u Republici Hrvatskoj su upravo u
Slavoniji (Cepo, 2019.). Hrana, odnosno gastronomija u ruralnom turizmu je znacajna i visoko pozicionirana, $to
potvrduje istrazivanje Loncari¢ i sur. (2013) koji pokazuju kako 65% ispitanika preferira tradicionalne poljoprivredne
proizvode u odnosu na konvencionalne. Autori Leko Simi¢ i Pap (2016.) analiziraju moguénosti poveéanja dodane
vrijednosti turizma kroz razvoj turizma hrane kao posebnog turistickog proizvoda kroz valorizaciju i zastitu
raspolozivih resursa.

Materijal i metode

Cilj rada bio je prepoznati i analizirati ponudu eno-gastronomije u Slavoniji i Baranji. Istrazivanje o mogu¢nostima
i smjernicama eno-gastronomije provedeno je svibnju 2019. godine CATI-metodom (Computer Assisted Telephone
Interviewing). Istrazivanje je obuhvatilo 24 turisticka seoska obiteljska gospodarstava (TSOG) iz 5 Zupanija (Osjecko-
baranjska Zupanija, Brodsko-posavska Zupanija, PoZesko-slavonska Zupanija, Viroviticko podravska Zupanija i
Vukovarsko srijemska Zupanija). Uvjet za anketno ispitivanje je bio da TSOG imaju uslugu smjestaja i uslugu hrane,
odnosno dorucak, rucak i veceru. Istrazivanje je temeljeno na analizi primarnih i sekundarnih izvora podataka, a
metode sinteze i deskripcije primijenjene su u interpretaciji dobivenih rezultata i formiranja zakljuc¢aka.

Rezultati i rasprava

Nalazenje i odabir TSOG za ovo istrazivanje provedeno je na temelju podataka Nacionalnog kataloga ,Ruralni
turizam Hrvatske* (Mandi¢ i sur., 2015). Ukupan broj potencijalnih ispitanika TSOG, onih koji imaju uslugu noc¢enja
uz puni pansion, je 34 kako je prikazano u tablici 1. Anketni uzorak obuhvatio je 24 ispitanika na TSOG-ima od
ega je 62,5% bilo starijih od 50 godina, 20,8% izmedu 36 i 50 godina te 16,7% izmedu 21 i 35 godina. Niti jedan
ispitanik nije imao manje od 20 godina iz ¢ega se moze zakljuc¢iti da su velikim dijelom ¢lanovi TSOG osobe starije
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dobne skupine. Sto se tice stupnja obrazovanja, 50% ispitanika ima srednju stru¢nu spremu, 37,5% ima zavrien
preddiplomski ili diplomski studij, te 12,5% ima zavrSenu samo osnovnu $kolu. Podjednak je omjer bio Zenskih
(54%) i muskih ispitanika (46%).

Tablica 1. Ukupan broj TSOG sa uslugom nocenja i punim pansionom

Zupanija Ukupan broj TSOG s uslugom Statisticki uzorak
punog pansiona

n %
Osjecko-baranjska 19 14 58,3
Pozesko-slavonska 3 3 12,5
Viroviticko-podravska 3 472
Vukovarsko-srijemska 5 2 8,3
Brodsko-posavska 4 16,7
Ukupno 34 24 100%
Populacija i uzorak, % 100 70,6

Pri ispitivanju eno-gastronomske ponude primijenjena je Likertova skala koja procjenjuje stupanj slaganja odnosno
neslaganja sa pojedinom tvrdnjom postavljenom u anketnom upitniku. NajviSe ispitanika (83,3%) odgovorilo je
kako im je gastronomska ponuda izrazito vazna na gospodarstvu za privlacenje gostiju jer ostvaruje osjecaj ugode i
ponudu dozivljaja tradicije.

17
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PRIPREMAJU HEANU =
IMAM ZAPOSLENOG 4
KUHARA/KUHARICU -
OSOBNO VILI UZ S 2 4 1 0
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Grafikon 1. Nacin pripreme hrane na ispitanim Grafikon 2. Recepti koje ispitana TSOG koriste
TSOG (1 - iskljucivo tradicionalne, 5 - iskljucivo

suvremene)

Prema dosadasnjim istrazivanjima (Sudari¢, 2017.) motiv hrane je dovoljno dobar turisticki impuls, ali za kreiranje
ekonomije dozivljaja na osnovu gastronomije potrebno je puno vise. Podrucje moguceg razvitka treba traziti u
elementima zabave i edukacije, gdje bi turisti mogli biti i aktivni sudionici u pripremi tradicionalnih jela i edukaciji o
tradicionalnim recepturama. Distribucija odgovara kod vaznosti ponude vina bila je raznovrsnija te ih je samo 58,3%
odgovorilo kako im je ponuda vina izrazito vazna iz razloga $to neka gospodarstva nemaju ponudu vina. Isti udio
ispitanika (58,3%) smatra kako je Slavonija i Baranja prepoznata po ponudi vina. Druga istrazivanja (Tomi¢ Maksan
i sur., 2019) naglasavaju kako upravo potrosacki etnocentrizam ima snazan i pozitivan utjecaj na stavove o kupnji
domaceg vina. Najve¢i broj ispitanika tvrdi da hranu pripremaju osobno i uz pomo¢ obitelji (87,5%) $to je prikazano
u grafikonu 1. Manji broj ispitanika izjasnio se da su registrirani kao trgovacka drustva, te da stoga moraju imati
zaposlenog kuhara, dok su se neki izjasnili da kuhara zaposljavaju po potrebi. Samo 20,8% ispitanika tvrdi da gosti
sami pripremaju hranu ako Zele. Najve¢i broj ispitanika tvrdi da koristi tradicionalne recepte pri pripremi hrane, dok
poneki koriste suvremene recepte, a 4 ispitanika podjednako koriste i jedne i druge recepte (Grafikon 2).
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Grafikon 3. Hrana koju ispitana TSOG pripremaju

Oni koji u svojoj ponudi imaju i hranu spremljenu po suvremenim receptima, tvrde da takvu hranu pripremaju
stranim gostima i to onima koji dolaze organizirano (npr. putnickim brodovima) na nekoliko sati i to na unaprijed
dogovoren rucak. Sto se domadih gostiju tice, ispitanici tvrde da oni dolaze prvenstveno radi kusanja domace i
tradicionalne kuhinje, a ponudu suvremene hrane imaju isklju¢ivo zbog gostiju mlade dobne skupine iz tog segmenta.
Svi ispitanici u svojoj ponudi imaju tradicionalnu, domacu hranu i onu koja sadrzi autohtone poljoprivredno-
prehrambene proizvode Slavonije i Baranje, dok 29% ispitanika u svojoj ponudi ima i hranu i specijalitete drugih
regija, brzu hranu i hranu iz suvremene kuhinje (Grafikon 3).

Najvedi broj ispitanih pojedine sastojke nabavljaju iz vlastite proizvodnje (83%). Veliki dio ih tvrdi da imaju vlastitu
proizvodnju, ali da kupuju ono $to ne mogu sami proizvesti od drugih poljoprivrednih gospodarstava u blizini. Nesto
manji broj namirnice kupuje u trgovinama i na trznici. Ispitanici su naveli nekoliko gastronomskih jela specifiénih
za Slavoniju i Baranju koja pripremaju: fi§ paprika$, cobanac, sarma, punjena (“filovana”) paprika, grah, kulen i
drugi slavonski suhomesnati proizvodi, juha od povr¢a, taske, knedle sa §ljivama, Saran na rasljama, gulas, kotlovina,
makovnjace, salenjaci, Zganci bijeli, kruh iz krusne pedi, divlja¢, sufnudle, tijesto s krumpirom, patka na starinski
nacin, $truca s krumpirom, granatir, lungi¢ u umaku od sljivovice, flekice s kupusom, pogacice s ¢varcima, tarana,
pozeski vinogradarski ¢evap i sli¢no.
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Grafikon 4. Sastojci za pripremu hrane koju koriste ispitanici TSOG
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Razvoj eno-gastronomske turisticke destinacije

Vina nabavljaju od lokalnih proizvodaca (91,6%) te nitko od ispitanika nema vlastitu proizvodnju vina. Ukoliko
gosti Zele vidjeti proizvodnju vina, u moguénosti su posjetiti obliznje poznate vinarije na koje ih domacini upuc¢uju.
Ispitanici tvrde da gosti izuzetno cijene kusanje tradicionalnih jela i poljoprivredno-prehrambenih proizvoda
Slavonije i Baranje, ve¢ina ih dodaje da je to jedan od najvaznijih motiva dolaska na TSOG. Najve¢i broj ispitanika
koristi recepte koji se prenose kroz generacije unutar obitelji i starijih osoba s vlastitog lokaliteta. Nitko od ispitanih
recepte ne trazi preko razli¢itih medija, a manji dio ih recepte trazi u tradicionalnim kuharicama i na Internetu
(Grafikon 5).
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VASIH PROSTORA
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Grafikon 5. Nacin informiranja o receptima tradicionalnih jela TSOG

U 45,8% slucajeva vole provjerene jelovnike jer tvrde da je tradicionalna hrana koju pripremaju oduvijek iste
recepture (kroz generacije) i da se to ne treba mijenjati te da je to ujedno dodatak vrijednost koju takva hrana ima.
Preostalih 54,2% ispitanika tvrde da su skloni inovacijama prilikom pripreme hrane, odnosno ukoliko sami otkriju
novi recept koji im se svida ili novi sastojak u starom receptu, primjene to prilikom pripreme hrane.

Zakljucak

Slavonija i Baranja imaju veliku eno-gastronomsku bastinu koja je analizirana u radu te su ispitani stavovi nositelja
ruralno-turistickih subjekata o hrani, recepturama i vinu. Ispitanici smatraju da je Slavonija i Baranja prepoznata
po svojoj eno-gastronomskoj ponudi, medutim da gastronomska destinacija treba biti promovirana kroz veci
utjecaj lokalne i nacionalne institucijske potpore. Razvoj eno-gastronomske destinacije treba se njegovati i razvijati
po kvaliteti i prepoznatljivosti proizvoda, cijeni ali i dostupnosti, odnosno, raspolozivosti pojedinih namirnica u
dovoljnim koli¢inama. Uz eno-gastronomiju znacajan utjecaj na ponudu ogleda se u prirodnim ljepotama kraja ili
mjesta, kulturnoj bastini i tradiciji, atraktivnosti gospodarstva i ljubaznosti domacina. Komplementarnost usluga u
ruralnom turizmu je neophodna kako bi posjetitelji dozivjeli odredenu destinaciju. Pojedini ispitanici isti¢u problem
nedostatka sadrzaja, odnosno razli¢itih aktivnosti (adrenalinski sportovi, ruralni wellness, lokalne manifestacije i
sli¢no) koje bi produzile boravak posijetitelja, a istovremeno utjecale na izgradnju imidza i prepoznatljivosti ruralne
destinacije.
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Development of wine and gastronomic tourist
destination

Abstract

The aim of the paper is to identify and analyse the offer of Slavonia and Baranja through wine and
gastronomic tourism. The survey included 24 respondents from rural tourism entities who have food
in their offer. Respondents believe that Slavonia and Baranja are recognized for their gastronomic
offer, but that it is under-valued and promoted, although it has been an integral part of the national
Tourism Development Strategy for many years (MINT 2013). Among all respondents, 83.3% believe
that one gastronomy main motive in rural areas, and 46% of respondents mostly themselves produce
ingredients for food preparation. The complementarity of services in rural tourism is necessary for
visitors to experience a particular destination by respecting traditional architectural expression,
preserving regional customs and local culture as well as the wine and gastronomic heritage.

Keywords: gastronomy, wine, destination, Slavonia and Baranja, rural tourism
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SaZetak

Cilj istrazivanja je utvrditi obiljezja online kupnje ekoloskih prehrambenih proizvoda u Hrvatskoj.
Online anketno ispitivanje provedeno je na prigodnom uzorku od 222 online kupaca ekoloskih
prehrambenih proizvoda. Najposjeceniji Internet servisi za onlinu kupnju ekoloskih prehrambenih
proizvoda su Burza hrane i Fino.hr. Najzastupljenije kategorije prehrambenih proizvoda u online
kupnji su ekoloski med, voce i povrée. Kao najvaznije prednosti online kupnje ispitanici navode
mogucnost kupnje od 0-24h i ustedu vremena. Problemi s kojima se najée$ce susrecu kod Internet
kupnje su kasnjenje isporuke i razlika izmedu ocekivanog i dobivenog proizvoda. Visok udio ispitanika
smatra da Hrvatska nema dobre zakonske standarde za sigurnost hrane koja su prodaje putem Internet
trgovine te da prodaja hrane preko Interneta nije dobro zakonski regulirana.

Klju¢ne rijeci: ekoloski prehrambeni proizvodi, online prodaja, ponasanje potrosaca

Uvod

U vecini zemalja Europske Unije ekologki prehrambeni proizvodi prodaju se putem izravne prodaje, u specijaliziranim
prodavaonicama i supermarketima. Novi kanali distribucije uklju¢uju Ho.Re.Ca (hoteli-restorani-kafici) i javne
ustanove (kantine, $kole, bolnice i vojska), kao i distribuciju ekoloske hrane putem ekoloskog agroturizma (Gajdi¢
i sur, 2018). U posljednjih desetak godina jedan od sve popularnijih kanala prodaje prehrambenih proizvoda je
Internet trgovina. Trend rasta internet trgovine hrane biljezi se i u Hrvatskoj, premda je tek u povojima u odnosu na
najrazvijenija trzi$ta EU. Panian (2000) definira Internet prodaju kao “proces kupnje, prodaje ili razmjene proizvoda,
usluga ili informacija putem javno dostupne racunalne mreZe, interneta, a nudi veliko smanjenje troskova i vremena
transakcija®. Internet trgovina omogucuje ljudima da pretrazuju, usporeduju cijene i lako pristupaju proizvodima
i uslugama (Kitsikoglou i sur. 2014). Uspje$na internet trgovina obuhvaca jednostavnost koriStenja, proizvode
razdijeljene u kategorije, veli¢inu asortimana, informacije o proizvodu, sigurnost i proces kupnje. Prema Kim Dang
i sur. (2018) ¢imbenici koji utjecu na ponasanje online kupaca prehrambenih proizvoda su prakticnost, cijena,
samoprocjena sigurnosti hrane i preporuke prijatelja. Cilj istrazivanja je utvrditi obiljezja online kupnje ekologkih
prehrambenih proizvoda u Hrvatskoj.

Materijal i metode

Primarni izvori podataka prikupljeni su online anketnim ispitivanjem kupaca ekoloskih proizvoda na prigodnom
uzorku od 222 ispitanika. Anketni upitnik je uz suglasnost vlasnika portala postavljen na sljede¢e web stranice
koje se bave online prodajom ekoloskih proizvoda: Uberi ovo, Tvornica zdrave hrane, Broskva.hr, Mr. Eko, Spajza,
OPG Veseli¢, te Fino.hr. Anketno istrazivanje provedeno je u razdoblju od 25. svibnja do 15. lipnja 2019. godine.
Anketnim upitnikom obuhvacena su pitanja o zastupljenosti pojedinih online servisa u kupnji eko proizvoda,
kategorije proizvoda koje se kupuju, mjesecnoj potrosnji, nacinu placanja, razlozima kupnje putem Interneta,
problemima s kojim se kupci susre¢u u online kupnji, te pitanja o povjerenju u sigurnost hrane koja se prodaje putem
Internet trgovine. Posljednja skupina pitanja u anketi odnosila se na sociodemografska obiljezja: spol, dob, skolsku
spremu, osobni mjese¢ni prihodi, broj djece, mjesto stanovanja. Rezultati su analizirani pomoc¢u jednovarijantne i
dvovarijantne analize (hi kvadrat test) u statistickom programskom paketu SPSS21.
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Rezultati i rasprava
Opis uzorka

U istrazivanju je sudjelovalo 50,5% zenskih i 49,5% muskih ispitanika. NajviSe je potrosaca u dobi od 30 do 45 godina
(45,9%), dok je manji udio ispitanika u dobnim kategorijama izmedu 18 i 29 godina (28,7%) te izmedu 46 - 60
godina (22,5%). Samo 3,2% ispitanika ima vi$e od 60 godina. NajviSe ispitanika ima zavrSen magisterij ili doktorat
(42,2%), zatim slijede ispitanici s viSom i visokom stru¢nom spremom (39,5%), te zavrSenom srednjom $kolom
(17%). Najmanje je ispitanika sa zavr§enom osnovnom $kolom (1,3%). Najvise je kucanstva u zivotnom ciklusu bez
djece (43%), slijede ih oni s djecom vrti¢ke i predskolske dobi (18,8%) i djecom u osnovnoj skoli (17,5%). S obzirom
na mjesto prebivalista ve¢ina ispitanika zivi u gradu (74%). Ukupna mjese¢na primanja kod najveceg broja ispitanika
su izmedu 6001 do 12000 kn (36,8%), 33,2% ima ukupna mjese¢na primanja od 4001-6000kn, a 19,3% do 4 000 kn.
Najmanje ispitanika ima primanja vise od 12.000 kn (10,8%).

Obiljezja potraznje kupaca ekoloskih prehrambenih proizvoda putem Interneta

Najveci broj ispitanika ekoloske prehrambene proizvode kupuje preko servisa Burza hrane (56% ispitanika), Fino.hr
(53% ispitanika), Eko Sever (44%), Broskva. Hr (36%).
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Burza hrane Fino.hr Eko Sever Broskva.hr  Uberi ovo.hr Finoteka Tvornica
zdrave hrane

Graf 1. Najzastupljeniji internet servisi putem kojih se kupuju ekoloski proizvodi

U online kupnji su najzastupljenije sljedece kategorije proizvoda: med (n=108), voce i povrée (n=77), meso i mesne
preradevine (n=68), mlijeko i mlije¢ne proizvode (n=67), te jaja (n=66). Najmanje je zastupljena riba i morski
proizvodi (n=57), te kruh, brasno i pekarski proizvodi (n=51).

Na pitanje o mjese¢nim izdvajanjima za onlinu kupnju ekoloskih proizvoda najvise ispitanika izdvaja izmedu 501 -
800 kuna (31,1%), zatim priblizno podjednak udio ispitanika izdvaja izmedu 301 - 500 kuna (22,1%) te izmedu 101
- 300 kuna (20,7%). Manji udio ispitanika (18,9%) trosi viSe od 800 kuna mjesecno za kupnju ekoloskih proizvoda.
Najmanje ispitanika (7,2%) tro$i manje od 100 kuna mjesecno. Podjednak udio ispitanika placanje kupljenih
proizvoda vrsi direktno dostavljacu/placanje poduzeéem (52,5%) te putem kreditne kartice (47,5%). Kao najvaznije
razloge online kupnje ekoloskih prehrambenih proizvoda ispitanici navode mogu¢nost kupnje od 0-24h (50,9%) i
ustedu vremena (41,9%), preporuku obitelji i prijatelja (35,1%), povoljnije cijene i udobnost kupnje ,,iz kauca®
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Graf 2. Razlozi kupnje ekoloskih proizvoda putem Interneta

Ispitanici su pri online kupnji ekoloskih prehrambenih proizvoda najzadovoljniji dostavom (srednja ocjena 3.92),
uslugom (3,91), te kvalitetom ponude (srednja ocjena 3,90). Manje su zadovoljni asortimanom, ponudom (3,82) i
prodajnom cijenom (3,78).
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Graf 3. Problemi s kojim se kupci susrecu pri online kupnji

Najveci udio ispitanika nikad nije imao negativno iskustvo u online kupnji (42,3%). Kao probleme s kojima su se
susreli u online kupniji ispitanici navode razliku izmedu ocekivanog i dobivenog proizvoda (33,3%) te nepostivanje
rokova isporuke (25,2%). Najveci broj ispitanika (46%) smatra da Hrvatska nema dobre standarde za sigurnost
hrane koja su prodaje putem Internet trgovine, 22% ispitanika smatra da ima, dok 31% ispitanika ne zna odgovor
na postavljeno pitanje. Na pitanje je li online prodaja hrane putem Internet servisa u Hrvatskoj zakonski dobro
regulirana, visok udio ispitanika (46%) smatra da nije. Gotovo 38% ispitanika ne zna odgovor na to pitanje, a svega
15,8% njih smatra online prodaju hrane u Hrvatskoj zakonski dobro reguliranu. Rezultati hi kvadrat testa pokazali su
da ne postoji statisticki znacajna povezanost izmedu sociodemografskih obiljezja ispitanika (spol, dob, obrazovanje,
dohodak, zivotni ciklus obitelji) u odnosu mjese¢na izdvajanja, razloge kupnje putem interneta te zadovoljstvo
pojedinim obiljezjima online prodaje (p<0.05).
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Zakljucak

Rezultati istrazivanju su pokazali da su najposjeceniji Internet servisi za kupovinu ekoloskih prehrambenih
proizvoda Burza hrane, Fino.hr i Broskva.hr preko kojih ispitanici najces¢e kupuje med, voce i povrée, te meso i
mesne preradevine. Najvise ispitanika mjesecno trosi izmedu 501 — 800 kuna za onlinu kupnju ekoloskih proizvoda.
Kao najvaznije razloge kupnje putem Interneta ispitanici navode mogu¢nost kupnje od 0-24h i ustedu vremena.
Ispitanici su pri online kupnji najvise zadovoljni dostavom i uslugom, a najmanje prodajnom cijenom ekoloskih
proizvoda. Kao najvaznije probleme izdvajaju vrijeme ¢ekanja isporuke i razliku izmedu ocekivanog i dobivenog
proizvoda. Priblizno polovica ispitanika smatra da Hrvatska nema dobre standarde za sigurnost hrane koja su
prodaje putem Internet trgovine te da prodaja hrane preko Interneta nije dobro zakonski regulirana. Ovi nalazi daju
prakti¢ne savjete potrosacima koji kupuju hranu preko interneta, online trgovcima na malo te kreatorima politika u
svrhu boljeg informiranja potro$aca o standardima sigurnosti hrane koja se prodaje putem Interneta.

Napomena

Podaci iznijeti u radu predstavljaju rezultate istraZivanja diplomskog rada studentice Mateje Saban na Agronomskom
fakultetu Sveucilista u Zagrebu pod nazivom: Profil online kupaca ekoloskih prehrambenih proizvoda u Hrvatskoj.
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Characteristics of online purchases of organic food
products in Croatia

Abstract

The aim of the research is to determine the characteristics of online purchases of organic food products
in Croatia. An online survey was conducted on a convenience sample of 222 online shoppers. The
most visited online service for buying organic food is the Burza hrane and Fino.hr. The most common
food product in online shopping are eco honey, fruits and vegetables. The most important reasons for
online buying are the possibility of buying from 0-24h and saving time. The problems most commonly
encountered with online shopping are the waiting time for delivery and the difference between the
expected and received product. A high proportion of respondents believe that Croatia does not have
good standards for the safety of food sold through an online food services and that the online sale of
food in Croatia is not legally well regulated.

Keywords: organic food products, online purchases, consumer behavior

122 55th Croatian & 15th International Symposium on Agriculture | February 16-21, 2020, Vodice, Croatia



ORIGINAL SCIENTIFIC PAPER

Efficiency comparison of the main Croatian and
Hungarian animal husbandry sectors

Krisztian Kovacs', Istvan Sziics', Vesna Oci¢?, Josip Juracak?

'University of Debrecen, Faculty of Economics and Business, Boszorményi str. 138, 4032 Debrecen, Hungary
(e-mail: kovacs.krisztian@econ.unideb.hu)
*University of Zagreb, Faculty of Agriculture, Svetosimunska cesta 25, 10000 Zagreb, Croatia

Abstract

The animal husbandry sectors play an important role both in Hungarian and Croatian agriculture.
To our knowledge, no research has been done so far to determine and compare efficiency levels of
different animal husbandry farms in these two countries. The objective of this research was to examine
the technical efficiency indicators of dairy, beef, broiler, sheep and pig sectors in Hungary and Croatia
using DEA VRS method. We used data from national FADN databases for the period 2014-2017 for
the calculations of indicators. The results of the research show us that from five main animal husbandry
sectors, Hungarian farms score better in dairy and beef sector. Croatian farms achieve higher technical
efficiency level in the sheep sector. In pig and broiler sectors farms from both countries achieve very
similar technical efficiency indicators.

Keywords: animal husbandry sectors, technical efficiency, DEA, Croatia, Hungary

Introduction

In terms of the global nutrition supply, it is essential to increase animal and animal products production efficiency in
the future to meet the enormous meat and dairy product demand due to the expected population growth (UN 2019).
From economic and social point of view, increasing the efficiency level of the food production is a highly important
area of the European Union (EU), Croatian and of the Hungarian agriculture as well. In general, the efficiency is a
very broad concept, so it is necessary to define accurately what we mean by it, i.e. which factors influence it, what the
assessment indicators are and what methods can be used to measure the efficiency of the production. The question
of efficiency should be a priority area for both the Croatian and Hungarian animal husbandry farms, since it is
frequently applied for determination of strength and weaknesses of the production units (KociSova 2015).

The general objectives of this research were to explore the main indicators of the animal husbandry sector in Croatia
and Hungary, and then to define and systematize their efficiency and relevant concerning factors for the most
important animal husbandry sectors.

Material and methods

Efficiency is a widely used concept in economic evaluations, e.g. in measuring farm level performance. Economic
(or overall) efficiency can be expressed as a combination of technical and allocative (or price) efficiencies. Technical
efficiency is the ability of a farmer to obtain maximal output from a given set of inputs, while allocative efficiency
measures the ability of the farmer to use inputs in optimal proportions, given their input prices and technology (Coelli
etal. 2005, Begum et al. 2009, Toma et al. 2015). Several scientific methods are suitable for measuring efficiency. One
of the generally used methods is data envelopment analysis (DEA) (Koc¢isova 2015). Since the method does not use
a functional relation between inputs and outputs the possibilities of its employment are manifold (Kocisova 2015,
Toma et al. 2015). Consequently, DEA has been widely used for the efficiency assessment in agriculture as well (Atici
and Podinovski 2015, Ko¢iSova 2015). By using of DEA we are able to explore hidden reserves within the given
sectors and countries in different time lines.

In this research, we used input orientation to measure the DEA VRS (variable returns to scale) technical efficiency
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in different animal husbandry sectors from two countries. The DEA VRS formula envelopes data points more tightly
and provides higher or equal efficiency scores than the CRS (constant returns to scale) model. The difference between
VRS and CRS technical efficiency scores represents the scale inefficiency.

In order to measure technical efficiency, we used the radial measures of technical efficiency. The advantage of the
radial approach is that its technical efficiency measures are easily interpreted and communicated as the maximum
percentage reduction of inputs required to produce a given output bundle, or the maximum percentage expansion of
outputs allowed for at given inputs.

DEA VRS (input oriented) model and Directional Input Distance mathematical model is written in the following
way (Serra et al. 2011):

M b

st. —y,+YA =0
x, — fgx— X1 20
A'l=1
A 20

where:
8 = Technical Inefficiency score
g, = directional distance vector
\ = vector of parameters (firm weights)

X and Y are matrixes with all outputs and inputs used in the model.

A main result of DEA modelling is the technical efficiency indicator which ranges between 0 and 1. The value 1 means
fully efficient firm and there is no place for improvement. The distance from the estimated production frontier (1,
or 100% efficient) represents the technical efficiency reserves or improvement potential for a certain unit of analysis.

In our research we used a database from the European Farm Accountancy Data Network (FADN) provided by the
Research Institute of Agricultural Economics in Hungary (AKI) and the Croatian FADN Office at the Ministry of
Agriculture. From the database, we selected data for specialised dairy, beef, pig, poultry, and sheep farms for the
period 2014-2017.

Table 1. The number of farms in Hungarian and Croatian FADN sample per year and sector

Dary farms Beef farms Pig farms Sheep farms Broiler farms
Year HUN CRO HUN CRO HUN CRO HUN CRO  HUN CRO
2014 100 210 33 76 57 17 30 74 123 4
2015 112 209 33 81 60 23 33 71 121 16
2016 108 200 38 79 98 22 34 61 121 11
2017 109 209 37 76 87 21 28 70 115 19

Source: FADN 2019 database, AKI and Republic of Croatia Ministry of Agriculture.

Depending on the sector, we used one or two outputs in the input orientated DEA models. The output variables in
the dairy farm type were: (1) cow’s milk and milk products value (in EUR, FADN code: SE216); and (2) beef and veal
value (in EUR, FADN code: SE220). The one output variable for the beef farm type was beef and veal value (in EUR,
FADN code: SE220). The output of the pig farm type was pig meat value (in EUR, FADN code: SE225). The output
variable for the broiler sector was poultry meat value (in EUR, FADN code: SE230) (FADN 2017).

The following five input variables were used for the model (Kovacs 2009 and 2016):

(1) Total fixed assets: value of buildings and land associated with agricultural activity (in EUR). FADN variable code:
SE441.
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(2) Total current assets: The current assets comprise values of stocks and other short term assets expressed in EUR.
FADN variable code: SE465.

(3) Labour input: This is the total number of working hours at annual basis, and the FADN variable code is SE011

(4) Major cost items: This input factor is a sum of the three biggest costs categories expressed in EUR: livestock
feed, energy cost and other direct costs. The total value of major cost items is calculated as a sum of the three FADN
corresponding variables: SE310, SE330 and SE345.

The fifth input variable depends on the particular farm type or sector:

(5) Dairy cows: The number expressed in the European livestock units (LSU). (FADN code: SE085).
(6) Sheep and goats: The number on the farm expressed in LSU. (FADN code: SE095).

(7) Pigs: The number on the farm expressed LSU. (FADN code: SE100).

(8) Poultry: The number on the farm expressed in LSU. (FADN code: SE105).

Efficiency indicators for all farms were calculated for each year in the period 2014-2017. Beside the global efficiency
level, the efficiency was also analysed by 3 farm size groups:

o small farms with the standard output value between 4-25 thousand EUR
o medium farms with the standard output value between 25-500 thousand EUR and
o large farms with the standard output value higher than 500 thousand EUR.

The results were also analysed by countries. Altogether, 160 frontier estimation models were created under different
time, spatial and size dimensions.

Results and discussion
Dairy sector

We can observe from Figure 1. that the return to scale technical efficiency for input orientated variables on Hungarian
dairy farms is 8-13% higher than in Croatia. The sample size was 200-210 in the Croatian dairy sector and 100-112
in Hungarian. The results show that the worst year was 2016 for both countries regarding the individual farms’
technical efficiency. That was the first year after the European Quota System abolishment, when the output prices
decreased in this sector.

Table 2. Technical efficiency indicators of Hungarian and Croatian farms according to animal husbandry sectors
between 2014-2017.

Dary farms Beef farms Pig farms Sheep farms Broiler farms
Year HUN CRO  HUN CRO HUN CRO HUN CRO HUN CRO
2014 0,816 0,738 0,739 0,650 0,867 0,883 0,739 0,809 0,867 0,952
2015 0,757 0,648 0,698 0,515 0,803 0,761 0,727 0,823 0,804 0,752
2016 0,748 0,614 0,701 0,643 0,846 0,873 0,705 0,805 0,819 0,867
2017 0,782 0,658 0,800 0,601 0,852 0,856 0,759 0,897 0,816 0,717

The results by farm size groups shows that the Hungarian small size dairy farms efficiency is 91.5% on average, while
the Croatian farms average is 79.6%. The Croatian farms efficiency was also heavily fluctuating during the examined
periods (69.1% to 85.9%).

The medium size dairy farms technical efficiency values are quite close to each other for Croatia and Hungary. The
difference in the period 2015-2017 is only 1-2%, and the average values are 80.2% in Hungary and 77.5% in Croatia.

It is interesting that in Croatia small scale farms efliciency is higher (84.1%) than for medium size farms (74.8%),
which means that medium farms have to improve their performance.There was only one large Croatian dairy farm
in our sample, so we could not compare country level results for this size group. The large size Hungarian dairy farms
average efficiency indicator is 94.5% for the examined period, which means that there is 5.5% efficiency improvement
potential for that farms. It can be done by decreasing the input for the same output or by increasing the output with
the same level of inputs.
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Beef sector

The Hungarian beef sector is 13.3% more efficient on average than the Croatian. In 2017, the difference between the
two countries was the highest (20%). This is probably due to the large number and share of medium size farms in
Croatia, while there are no large size beef farms.

Small beef farms average efficiency is higher in Hungary (86.2%) compared to the Croatian farms (74.4%). According
to the results, year 2016 was quite unfavourable for the small size beef farms in both countries. The biggest difference
between Croatian and Hungarian beef farms was determined for the group of medium size: 63.3% for Croatia and
84.2% for Hungary.

Same as with the dairy sector, technical efficiency of Croatian small size farms is higher (74.4%) than of medium size
farms (63.3%). In the beef sector we can observe a similar trend with regard to the Hungarian farms, except for 2016.
Both countries do not have enough large beef farms in the FADN sample, thus the technical efficiency indicator for
this size category is not available.

Pig sector

The pig sector average technical efficiency indicator is 84.2% for the Hungarian, and 84.3% for the Croatian pig
farms. These values indicate that farms had similar average efficiency level in both countries in the examined period.

The difference in the average efficiency between the two countries numbers on small size pig farms is actually small
(only 1-2%). Simultaneously, the small farms technical efficiency was over the medium farms efficiency in both
countries.The medium size farms efficiency indicator is 2% higher in Hungary on average. However, in 2016 it was
higher in Croatia for 6.7%, while in 2017 the difference was again higher for the Hungarian farms for 11.9%. Same as
for the dairy farms, there were no large size Croatian pig farms in the sample, while the efficiency of large Hungarian
pig farms was increasing from 93.1% to 95.4% in the examined period.

Sheep sector

The sheep sector is the only sector in which the Croatian farms’ technical efficiency values dominate. The average
technical efficiency during four years is 83.4% in Croatia, in Hungary the average is 73.3%. In 2017 the Croatian
farms technical efficiency reached the maximum of the period: 89.7%.

According to the farm size groups, the efficiency of small size sheep farms in Hungary is 1-9% higher than in Croatia.
In 2016, this value was the highest in Hungary (97.6%). In this sector, the biggest difference between countries is with
medium size farms. The Hungarian farms average technical efficiency is 80.2%, while the Croatian farms average is
93%. It is in line with findings that in Hungary small sheep farms achieve higher efficiency than medium size farms,
while in Croatia the situation is the opposite. There were no large size sheep farms in the sample, thus we were not
able to analyse them.

Broiler sector

The broiler sector average efficiency is almost the same for the two countries (82.2% and 82.7%). Here we have to
mention that the sample size of this type of farms was almost ten times larger in Hungary than in Croatia.

As a consequence of the small sample, there are no small or large broiler farms in the Croatian FADN sample. The
technical efficiency of Hungarian small size broiler farms in four years is 96.9%. The worst year for this group was
2015, when technical efficiency decreased to 92.5%.

The efficiency of medium size broiler farms is rather fluctuating. The average technical efficiency value of Hungarian
farms is 86.9%, while the value of Croatian farms is 84.1%.The group of large broiler farms in Hungary has average
technical efficiency indicator 98.1% in the period 2014-2017 (ranges from 97.2% to 99.2%). The results for large
farms suggests that there is actually no space for improvement in the technical efficiency.
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Conclusions

In this research, we calculated and compared the technical efficiency indicators of Croatian and Hungarian animal
husbandry sectors for the period 2014-2017. Having in mind significant differences among particular sectors as
well as farms of different sizes, we determined technical efficiency indicators across different farm types and sizes.
According to the results obtained, the Hungarian farms are better at technical efficiency in dairy and beef sectors,
while the Croatian farms prevail in sheep sector. The performance of farms in pig and broiler sector is almost the
same in both countries. With respect to the farm size groups, there are some sectors where the technical efficiency
indicators of small size farms are higher than of medium farms. In Hungary, this is the case with broiler and sheep
sector, in Croatia with beef and dairy sector, and in both countries with pig sector.

Future research are needed to examine the reasons for the differences found between countries, both in terms of type
and size of farms. There are many factors that could significantly influence the results obtained, ranging from farm
characteristics to environmental and socio-economic factors.
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SaZetak

U radu je analizirana vanjskotrgovinska razmjena poljoprivredno-prehrambenih proizvoda izmedu
Republike Hrvatske i Bosne i Hercegovine u razdoblju od 2014. do 2018. godine. Bosna i Hercegovina
je i dalje najvazniji trgovinski partner, iako je primjetno da se pristupanjem Hrvatske Europskoj Uniji,
znacaj vanjskotrgovinske razmjene izmedu dvije drzave smanjio. U analiziranom razdoblju RH najvise
uvozi svinjskog mesa (70.000 t) i to najvi$e uvozimo na razini EU. Primjetno je da RH ima probleme
u proizvodnji mlijeka i mlije¢nih proizvoda, jaja i meda, gdje takoder imamo velik uvoz i negativnu
razliku u odnosu prema izvozu od 144 milijuna €. Proizvodnja mlijeka svedena je na 470 milijuna
litara, a potrebe su gotovo milijardu litara. Kretanja vanjskotrgovinske razmjene u promatranom
razdoblju se krecu u intervalima da je razlika uvoza i izvoza iznosila preko 900 milijuna €. Pokrivenost
uvoza izvozom krece se od 61% do 67%. Ono $to je zabrinjavajuce jest da se sirovine poljoprivrednih
proizvoda u velikoj mjeri izvoze na trziSte EU-a, i to prema relativno niskim cijenama, a uvozimo
gotove poljoprivredno-prehrambene proizvode, odnosno proizvode s dodanom vrijednos¢u. BiH je
iznimno vazna drzava za izvoz za RH, obzirom da do 70% izvoza u ¢lanice CEFTA-e odnosi se na
izvoz u BiH, konkretno mlijeko i mlije¢ne proizvode, zatim pekarske i mlinarske proizvode. Vrijednost
vanjskotrgovinske razmjene poljoprivredno-prehrambenih proizvoda u 2018. godini ¢ini 13,3%
vrijednosti ukupne robne razmjene Republike Hrvatske, pri ¢emu je vrijednost izvoza poljoprivredno-
prehrambenih proizvoda iznosila 13,7% ukupne vrijednosti izvoza robne razmjene, a vrijednost
uvoza poljoprivredno-prehrambenih proizvoda je iznosila 13,5% od ukupne vrijednosti uvoza robne
razmjene.

Kljucne rijeci: uvoz, izvoz, poljoprivredno-prehrambeni proizvodi, poljoprivreda, RH, EU

Uvod

Jedan od glavnih ciljeva makroekonomske politike suvremenih svjetskih gospodarstava je posti¢i pozitivhu
vanjskotrgovinsku razmjenu. Vanjskotrgovinska razmjene tumacise kao promet roba i usluga izmedu razli¢itih drzava.
Glavne komponente vanjskotrgovinske razmjene su izvoz i uvoz, a njihov odnos jedan je od klju¢nih ¢imbenika za
rast bruto domaceg proizvoda, $to se ogleda u brzem gospodarskom razvoju. Izvoz proizvoda s dodanom vrijednoscu,
za razliku od izvoza iskljucivo sirovina i polu-proizvoda, gospodarstvu donose dobit, odrzivu konkurentnost i punu
zaposlenost. Vanjskotrgovinska bilanca iskazuje odnose izvoza i uvoza, a visa vrijednost izvoza od vrijednosti uvoza
znaci suficit, dok deficit oznacava visu vrijednost uvoza od vrijednosti izvoza. Medunarodna razmjena posljedica
je unutras$njih zbivanja u privredi, proizvodnji i potrosnji, odnosa ponude i potraznje, viskova i manjkova roba u
gospodarstvu otvorenom prema svjetskom trzistu. Postoji snazna veza izmedu vanjske trgovine i rasta drustvenog
proizvoda. Vece stope rasta ostvaruju drzave s uspjesnim i konkurentnim izvoznim sektorima, razvijenim domacéim
trzistem ili pristupom drugim trzistima. Imajuc¢i u vidu da drzave ovise jedne o drugima u vanjskotrgovinskoj
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razmjeni, tako se razvila potreba za koordinacijom. U svrhu koordinacije, stvaranja institucionalnih okvira i zastite
zajednickih interesa, osnovane su trgovinske organizacije kao $to se za vanjskotrgovinsku razmjenu u Republici
Hrvatskoj odreduje ¢lanstvo u Svjetskoj trgovinskoj organizaciji (WTO) i Europskoj uniji (EU). Pristupanjem RH
u EU, prestali su vrijediti svi bilateralni i multilateralni ugovori o slobodnoj trgovini koje je RH sklopila 2006, a od
kojih je posebno vazan Srednjoeuropski ugovor o slobodnoj trgovini (CEFTA). Na trziste CEFTA-e RH je prije
pristupanja u EU prodavala gotovo petinu ukupnog izvoza (20%), a uvozila otprilike 6%. Vazan je podatak i da s
gotovo svim potpisnicama CEFTA-e RH je ostvarivala suficit u vanjskotrgovinskoj bilanci. Najvazniji trgovinski
partneri CEFTA-e u koje je RH izvozila su Bosna i Hercegovina i Srbija.

Pristupanjem RH u punopravno ¢lanstvo EU (2013), trebalo je omoguditi poljoprivrednim proizvodacima sigurno
trziste, te im se nastojalo omoguditi da posluju temeljem trziSnog mehanizma $to, kako i za koga proizvoditi.
Poslovanje prema ovom trziSnom mehanizmu svim proizvodacima bi se omogucilo osigurano trziste, dostatna
ponuda za potraznju, $to za posljedicu ima povecanje proizvodnje, te veliki utjecaj na vanjskotrgovinsku razmjenu.
Vanjskotrgovinska razmjena poljoprivredno-prehrambenih proizvoda ovisna je o domacoj proizvodnji, razvijenosti
industrije prehrambenih proizvoda, stvarnoj i potencijalnoj domacoj potraznji, promjenama na svjetskom trzistu i
sli¢no.

Strucnjaci i znanstvenici su predvidali pravne i ekonomske aspekte pristupanja RH u EU ¢itavo desetljece prije
samog pristupanja RH, te su tako Cudina i Susi¢ (2013) predvidjeli da ¢ée se prihvacanje trgovinskog rezima EU, a
napustanje rezima CEFTA-e negativno odraziti na vanjskotrgovinsku razmjenu sa BiH i Srbijom. Grgi¢ i sur. (2011)
smatrali su da ¢e se pridruzivanjem RH u EU povecati vanjskotrgovinska razmjena poljoprivredno-prehrambenih
proizvoda, ali da ¢e i negativno utjecati na ¢itav poljoprivredno-prehrambeni sektor obzirom na ne konkurentnost
domacih poljoprivrednih proizvodaca u odnosu na proizvodace iz drugih drzava ¢lanica.

U radu se analizira ukupna vanjskotrgovinska razmjena RH nakon pristupanja u EU, vanjskotrgovinska razmjena u
poljoprivrednom sektoru, s naglaskom na robnu razmjenu s Bosnom i Hercegovinom, u razdoblju od 2013. do 2018.
godine.

Materijali i metode

U radu su  koriSteni  sekundarni  izvori  podataka. Izvori  sekundarnih  podataka  su
bili  znanstveni  radovi, izvjes¢a  Hrvatske  gospodarske = komore,  Drzavnog zavoda  za
statistiku, ~Ministarstva  poljoprivrede, te internetski izvori koji  aktualiziraju predmet rada.
Svi analizirani podaci odnose se na razdoblje od pristupanja RH u EU 2013. godine do kraja 2018. godine. U ovom
istrazivanju su primijenjene deskriptivne metode, metode analize, metode sinteze, induktivne metode, metode
komparacije, metode klasifikacije, generalizacije i sinteze za opisivanje pojedinih pojmova i komparativne metode za
prikaz kretanja i strukture vanjskotrgovinske bilance.

Rezultati i rasprava

Prema podacima DZS-a ukupna vanjskotrgovinska razmjena RH s inozemstvom je od 2013. godine (26,1 milijarda
€) u konstantnom porastu, tako je u 2018. godini ukupna vrijednost vanjskotrgovinske razmjene dobara i usluga
iznosila 38,3 milijardi € (Grafikon 1).
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Grafikon 1. Vanjskotrgovinska razmjena Republike Hrvatske od 2012. do 2017. godine

Izvor: DZS (2013-2019), obrada autora
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Za promatrano razdoblje, povecanje iznosi 31,85%. U 2017. godini vrijednost izvoza ukupne robne razmjene iznosi
14,0 milijardi €, dok vrijednost uvoza ukupne robne razmjene iznosi 21,9 milijarde € $to je rezultiralo deficitom od
7,9 milijardi €. Deficit ukupne robne razmjene u 2017. godini povecan je za 479,4 milijuna € (za 6,5%) u odnosu
na 2016. godinu. Pokrivenost uvoza sa izvozom ukupne robne razmjene u 2017. godini iznosila je 64,0%, odnosno
razina pokrivenosti veca je za 1,6 postotna boda u odnosu na 2016. godinu. Vrijednost vanjskotrgovinske razmjene
poljoprivredno-prehrambenih proizvoda od 2013. do 2018. godine ¢ini od 13-14% vrijednosti ukupne robne razmjene
RH, pri ¢emu vrijednost izvoza poljoprivredno-prehrambenih proizvoda takoder ¢ini od 13-14% vrijednosti izvoza
ukupne robne razmjene, a vrijednost uvoza poljoprivredno-prehrambenih proizvoda ¢ini 13-14% vrijednosti uvoza
ukupne robne razmjene (Tablica 1).

Tablica 1. Udio robne razmjene poljoprivrednih i prehrambenih proizvoda RH u ukupnoj robnoj razmjeni s
inozemstvom

Godine I1ZVOZ % UVOZ%
2014. 13 14
2015. 14 13
2016. 13 13
2017. 14 13
2018. 14 13

Izvor: DZS (2014-2019), Obrada autora

Republika Hrvatska u promatranom razdoblju od poljoprivredno-prehrambenih proizvoda najvise je uvozila mesa i
klaonickih proizvoda, u iznosu od 310 milijuna € u 2018. godini, zatim proizvoda na bazi zitarica i skroba u iznosu
od 208 milijuna €, te mlijeka, mlije¢nih proizvoda, jaja i meda u iznosu od 206 milijuna € u 2018. godini (HGK,
2019). Analizirajudi izvoz poljoprivredno-prehrambenih proizvoda, RH najvise je u 2018. godini izvezla Zitarica u
iznosu od 144 milijuna €, zatim riba, ljuskara, mekus$aca i beskraljeznjaka u iznosu od 136 milijuna €, te 127 milijuna
€ pica, alkohola i octa (HGK, 2019). RH je i prije pristupanja u EU najvise izvozila u zemlje ¢lanice CEFTA-e, tako je
i danas BiH najveci uvoznik poljoprivredno-prehrambenih proizvoda RH. Do 2013. godine, gotovo 70% proizvoda
izvezenih u ¢lanice CEFTA-e, izvezeno je u BiH (Kovacicek i sur., 2018). I nakon pristupanja RH u EU, BiH je ostala
najvaznije izvozno trziste za poljoprivredno-prehrambene proizvode iz RH, ali u manjem obujmu nego li prije. Tako
je RH u promatranom razdoblju, izvozila gotovo 19% poljoprivredno-prehrambenih proizvoda od ukupnog izvoza
u BiH. Najvazniji izvozni proizvodi RH u BiH su pica, Zitarice, ¢okolada, kao i pekarski i slasti¢arski proizvodi (DZS,
2013-2019). Pristupanjem u EU, uvoz poljoprivredno-prehrambenih proizvoda iz BiH se smanjio, te sada uvoz iz
BiH u RH iznosi 2,5% ukupnog uvoza RH. RH je u promatranom razdoblju najvise izvezla u BiH 2017. godine, i to
1.37 milijardi €, dok je rekordan uvoz iz BiH u RH iznosio 733 milijuna € 2018. godine.
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Grafikon 2. Ukupna robna razmjena RH s inozemstvom i BiH od 2013. do 2018. godine
Izvor: DZS (2014-20109), obrada autora
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Vanjskotrgovinska razmjena Republike Hrvatske i Bosne i Hercegovine poljoprivredno-prehrambenim
proizvodima u razdoblju od 2013. do 2018. godine

Zakljucak

Poljoprivreda, jedan od glavnih ¢imbenika kako nacionalne tako i medunarodne trgovine, doprinosi rastu i razvoju
gospodarstva i drustva na razini svake zemlje. Medunarodna trgovina ukazuje na vazno mjesto poljoprivrede u
razvoju RH, a poljoprivredni su proizvodi vrlo znacajni za vanjskotrgovinsku razmjenu RH s inozemstvom. Sukladno
predvidanjima struc¢njaka, RH je pristupanjem u EU povecala uvoz poljoprivredno-prehrambenih proizvoda iz
drzava ¢lanica EU, dok je smanjila izvoz, te se stvara sve veci vanjsko trgovinski deficit. Najvazniji partner za izvoz
RH je i dalje BiH, ali postotni udjel izvoza u BiH se smanjio nakon ulaska u EU. Najvazniji izvozni proizvodi RH u
BiH su pica, Zitarice, cokolada, te pekarski i slasticarski proizvodi. Uvoz iz BiH u RH je u konstantnom porastu u
promatranom razdoblju.
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External trade of agricultural and food products
between the Republic of Croatia and Bosnia and
Herzegovina in the period 2014-2018

Abstract

This paper analyzes the foreign trade of agricultural and food products between the Republic of Croatia
and Bosnia and Herzegovina in the period of 2014-2018. Bosnia and Herzegovina remains the most
important trading partner, although it is noticeable that Croatia’s accession to the European Union has
reduced the importance of foreign trade between these two countries. During the analyzed period,
the Republic of Croatia imports the most pork meat (70.000 t) and imports the most at EU level. It
is noticeable that the Republic of Croatia has problems in the production of milk and milk products,
eggs and honey, where we also have a large import and a negative difference in relation to exports
of 144 million €. Milk production has been reduced to 470 million liters and needs are almost one
billion liters. Foreign trade trends in the observed period range at intervals that the difference between
imports and exports amounted to over 900 million €. Export- import coverage ranges from 61% to
67%. What is worrying is that agricultural raw materials are largely exported to the EU market at
relatively low prices, and we are importing finished agri-food and value-added products. Bosnia and
Herzegovina is an extremely important export country for the Republic of Croatia, since up to 70% of
exports to CEFTA member countries relate to exports to Bosnia and Herzegovina, specifically milk and
dairy products, followed by bakery and mill products. The value of foreign trade in agri-food products
in 2018 amounts to 13.3% of the value of total commodity exchange of the Republic of Croatia, with the
value of exports of agri-food products amounting to 13.7% of the total value of exports of commodity,
and the value of imports of agri-food products accounted for 13.5% of the total value of foreign trade
imports.

Keywords: import, export, agri-food products, agriculture, Croatia, European Union
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SaZetak

Cilj rada je analizirati stavove proizvodaca vina u Isto¢noj Hrvatskoj, a koji se odnose na usporedbu s
domacim konkurentskim proizvodac¢ima vina. Za prikupljanje podataka koristena je metoda ankete, a
kao instrument kori$ten je anketni upitnik. Istrazivanje je provedeno na uzorku od n = 30 proizvodaca
vina iz pet Zupanija u Isto¢noj Hrvatskoj (Osjecko-baranjske, Vukovarsko-srijemske, Viroviticko-
podravske, Pozesko-slavonske i Brodsko-posavske zZupanije). Rezultati istrazivanja pokazuju da su
anketirani vinari svjesni konkurencije u svome okruzenju. Anketirani proizvodaci vina smatraju da
su po pitanju kvalitete vina, dobrog odnosa s dobavlja¢ima i zaposlenicima bolji u odnosu na domace
konkurente, a da su slabiji od konkurencije u pogledu izvoza proizvedenog vina, ulaganja u istrazivanje
trzi$ta i razvoj nove linije proizvoda.

Kljucne rijeci: proizvodaci vina, analiza konkurenata, u¢inkovitost i uspje$nost vinara

Uvod

Trzi$te vina posljednjih godina je pod utjecajem brojnih promjena, a konkurencija je sve intenzivnija i proizvodac¢ima
je teze dodi do potencijalnih potrosaca te se javlja potreba za strateSkim planiranjem proizvodnje i intenziviranjem
marketingkih aktivnost (Marone i sur., 2017.). Za uspjesno planiranje marketinskih aktivnosti potrebno je poznavati
vlastitu konkurenciju. Tvrtke da bi danas opstale na trzistu neophodno je da stalno uce i usporeduju se s najboljima te
se uskladu s tim prilagodavaju i mijenjaju kako bi mogle pratiti trendove iz okoline i ostvariti zacrtane ciljeve, a upravo
to omogucava benchmarking. Stoga ga menadzeri smatraju alatom koji se isplati primjenjivati jer donosi zna¢ajnu
korisnost za poslovanje (Tomi¢ Rotim, 2005.). Benchmarking predstavlja alat taktickog i strateSkog upravljanja
razvojem poduzeca njegova glavna prednost je odrzavanje postojece ucinkovitosti i identificiranje, razumijevanje
i prilagodavanje proizvoda i usluga te usporedba vlastitih rezultata poslovanja s konkurentskim subjektima koji se
smatraju najboljima u cilju pobolj$anja vlastitog poslovanja (Velychko, 2019.; Kristi¢, 2016.; Neacsu Bleajd i Bobeica,
2013.). Prema istrazivanju Meler i Horvat (2018.) gospodarski subjekti trebali bi medusobno suradivati i povezivati
se kako bi odrzali stabilnost i smanjili konkurenciju unutar prostornog okruzenja. Studija slu¢aja provedena na
Cetiri proizvodaca vina u Istocnoj Hrvatskoj pokazuje da proizvodaci vina, iako imaju mogucnosti za provedbu
istrazivanja vezanih uz istrazivanje trzista, potro$aca i konkurentnost, takva istrazivanja ne provode ili ih ne provode
u dovoljnoj mjeri (Jeli¢ Milkovi¢, 2019.).

Materijal i metode

U istrazivanju za prikupljanje podataka koristena je metoda ankete, a kao instrument koriSten je anketni upitnik
kojeg su ispunjavali proizvodaci vina iz pet Zupanija u Isto¢noj Hrvatskoj (Osjec¢ko-baranjske, Vukovarsko-srijemske,
Viroviticko-podravske, Pozesko-slavonske i Brodsko-posavske Zupanije). Istrazivanje je provedeno u razdoblju od
svibnja do rujna 2018. godine. Ciljana skupina ispitanika su proizvodaci vina (mali, srednji i veliki) koji su upisani
u Vinogradarski registar. U 2018. godini u Republici Hrvatskoj u Vinogradarskom registru registrirano je 188
proizvodaca grozda i vina koji se mogu klasificirati kao subjekti definirani primarnim istrazivanjem. Anketni upitnik
poslan je na adrese proizvodaca vina kako bi se ispitala struktura proizvodaca vina u Isto¢noj Hrvatskoj i problemi
s kojima se susre¢u u svome poslovanju. Anketni upitnik ispravno je popunilo 30 proizvodaca vina, ¢ime odaziv
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istrazivanja iznosi 15,96%. Cjelokupni upitnik sadrzi 88 pitanja otvorenog i zatvorenog tipa podijeljenih u nekoliko
skupina. Za potrebe ovoga rada radi velike opsirnosti anketnog upitnika prikazani su samo dijelovi istrazivanja
vezani uz analizu stavova ispitanika koji se odnose na njihovu usporedbu s doma¢im konkurentskim proizvoda¢ima
vina koja su mjerena koristenjem Likerove ljestvice od 5 stupnjeva (1 - najlosiji smo, 5 - najbolji smo).

Analiza podataka provedena je u statistickom programskom paketu SPSS Statistic V23. U analizi podataka koristena
je deskriptivna statistika kako bi se opisao uzorak (postotci, frekvencije, aritmeticka sredina, standardna devijacija).
Od neparametrijskih testova koristen je Kruskal - Wallis test rangova vezanih uz analizu pitanja o usporedbi
domacih proizvodaca vina s domadim konkurentskim subjektima kako bi se provjerilo postoje li najmanje dvije
skupine izmedu vi$e skupina koje se statisticki znacajno razlikuju.

Rezultati i rasprava

Istrazivanjem je obuhvaceno 30 proizvodaca grozda i vina iz 5 Zupanija u Isto¢noj Hrvatskoj. Nesto ve¢i broj 43,3%
ispitanika je iz Osjecko-baranjske Zupanije, 23,3% iz Vukovarsko-srijemske Zupanije, 20,0% iz Pozesko-slavonske,
10,0% Brodsko-posavske i 3,3% Viroviticko-podravske. Svi anketirani proizvodaci vina (n=30) su uvedeni u
Vinogradarski registar. Veéina anketiranih proizvodaca vina njih 52,2% posjeduje od 1 do 10 ha zasadenih pod
vinovom lozom, 26,1% ih raspolaze s 10-50 ha, a njih 17,4% raspolaze s vise od 100 ha zasadenih pod vinovom lozom.
Najveci broj ispitanika njih 33,3% godi$nje proizvodi 100-500 hl, a njih 26,7% vise od 1 000 hl. Medu anketiranim
proizvodac¢ima vina dominiraju proizvodaci ¢iji poljoprivredni subjekt nije orijentiran prema izvozu (50,0%), 26,7%
proizvodaca vina je slabo orijentirano prema izvozu, a svega 6,7% njih se izjasnilo da je njihov gospodarski subjekt
visoko orijentiran prema izvozu. 3,3% proizvodaca vina izjasnilo se da uvozi grozde za daljinu preradu u vino, ali
nitko od anketiranih proizvodaca ne izvozi grozde.

U tablici 1. prikazani su stavovi ispitanika vezani za usporedbu poljoprivrednog subjekta s domacdim konkurentskim
subjektom. Na temelju odgovora ispitanika izra¢unate su aritmeticke sredine (M) i standardna devijacija (SD) kako je
prikazano u navedenoj tablici. Ispitanici su putem anketnog upitnika izrazili svoje misljenje o navedenim tvrdnjama
prikazanim u tablici 1. u usporedbi s domac¢im konkurentskim proizvoda¢ima vina, a odnose se na podatke o
kvaliteti proizvoda, istrazivanju, razvoju i dizajnu proizvoda, cijeni, asortimanu, odnosu s kupcima i dobavlja¢ima i
izvozu. Anketirani proizvodaci vina smatraju da su kvaliteta vina (M=3,90; SD=0,712) i dobri odnosi s dobavlja¢ima
(M=3,70; SD=1,022) bolji u odnosu na domace konkurente. Prema istrazivanju Leko Simi¢ i Stimac (2013.) ispitivani
gospodarski subjekti u Republici Hrvatskoj najve¢om ocjenom na Likertovoj skali od 5 stupnjeva ocijenili su kao
vazno kvalitetu proizvoda, dobar odnos s dobavlja¢ima, visoku kvalitetu pruzanja usluge, dobar odnos s kupcima
i ekonomi¢nu proizvodnju. Doma¢i proizvodaci vina smatraju da su zadovoljstvo i place zaposlenika bolje u
odnosu na konkurentske gospodarske subjekte (M=3,63; SD=0,928) te da je fluktuacija zaposlenika manja nego kod
konkurencije (M=3,57; SD=1,073). Na temelju aritmetickih sredina prikazanih u tablici 1. moze se zakljuciti kako
ispitivani domaci proizvodaci vina smatraju da su slabiji od konkurentskih gospodarskih subjekata u pogledu izvoza
proizvedenog vina (M=2,27; SD=1,311), uvodenja nove linije proizvoda na trziste (M=2,73; SD=0,944) i ulaganja
u istrazivanje i razvoj proizvodnje (M=2,63; SD=1,129) $to ne treba cuditi jer je ve¢inom rije¢ o malim i srednjim
poljoprivrednim subjektima koji nemaju dostatna financijska sredstva. Podatci dobiveni ovim istrazivanjem
poklapaju se s istrazivanjem Kristi¢ (2016.) gdje su se ispitivani gospodarski subjekti takoder izjasnili da su slabiji
od konkurencije u pogledu izvoza, ulaganja istrazivanje i razvoj, brendiranja proizvoda te sigurnosti zadrzavanja
radnog mjesta.
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Tablica 1. Deskriptivni statisticki pokazatelji za usporedbu s konkurentima domacih proizvodaca vina

Usporedba s konkurentima N M SD

Redovito prikupljamo informacije o kupcima. 30 3,27 0,828
Razvoj novih proizvoda. 30 3,43 0,774
Kvaliteta vina. 30 3,90 0,712
Sirok asortiman proizvoda. 30 3,37 1,066
Cijene vina. 30 3,10 0,995
Izvoz vina. 30 2,27 1,311
Brendiranje vina. 30 2,90 1,296
Ulaganje u istrazivanje i razvoj. 30 2,63 1,129
Uvodenje na trziste nove linije proizvoda. 30 2,73 0,944
Dobri odnosi s dobavlja¢ima. 30 3,70 1,022
Pristup trzistu preko strateskih saveza i partnerstava. 30 3,07 1,112
Zadovoljstvo i place zaposlenika. 30 3,63 0,928
Fluktuacija zaposlenika manja je nego kod konkurencije. 30 3,57 1,073
Vijestine upravljanja marketingom. 30 2,93 1,048
Vjestine razvoja proizvoda i dizajna. 30 3,10 0,845

N = ukupan broj ispitanika; M = aritmeticka sredina, SD = standardna devijacija

Rezultati Kruskal-Wallis testa prikazani u tablici 2. prikazuju kako u slucaju trinaest varijabli postoje najmanje dvije
skupine ispitanika koje se statisticki znac¢ajno razlikuju s obzirom na varijablu orijentacija poljoprivrednog subjekta
prema izvozu. Najmanje prosjecne ocijene imaju sve tvrdnje kod poljoprivrednih subjekata koji su se izjasnili da
nisu orijentirani prema izvozu vina. Najvece prosjene ocijene vezane uz tvrdnje izvoz vina, ulaganje u istrazivanje
i razvoj, pristup trzistu preko strateskih saveza i partnerstava, uvodenje nove linije proizvoda na trziste i cijene vina
dali su ispitanici koji su se izjasnili da je njihov gospodarski subjekt visoko orijentiran prema izvozu, a poljoprivredni
subjekti slabo orijentirani prema izvozu najvece prosjecne ocijene dali su tvrdnjama vjestine razvoja proizvoda i
dizajna i vjestine upravljanja marketingom (tablica 2.).

Tablica 2. Odabrani rezultati istrazivanja i Kruskal-Wallis test kategorija orijentacija poljoprivrednog subjekta prema
izvozu

Usporedba s konkurentima Prosjek rangova
H Sig. p
Nikakva Slaba Osrednja  Jaka

Redovito prikupljamo informacije o kupcima. 11,20 16,81 24,10 21,00 13,296 0,004**
Razvoj novih proizvoda. 11,17 17,25 24,00 19,75 12,328 0,006**
Kvaliteta vina. 12,20 15,13 23,30 22,25 8,590 0,035*
Sirok asortiman proizvoda. 9,37 19,06 24,60 2450 17,360  0,001**
Cijene vina. 11,50 18,13 20,70 22,00 7,929 0,048*
Izvoz vina. 9,50 18,88 22,50 29,50 17,818 0,000**
Brendiranje vina. 10,47 18,69 22,80 22,25 11,128 0,011%**
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Ulaganje u istrazivanje i razvoj. 10,27 20,31 19,80 24,75 12,096  0,007**
Uvodenje na trziste nove linije proizvoda. 11,40 19,63 18,20 23,00 7,904 0,048*
Dobri odnosi s dobavlja¢ima. 10,07 19,00 23,40 22,50 13,458  0,004**
g;irst?i sttr;‘:u preko strateSkih saveza i 1027 1994 2090 2350 11,713 0,008**
Zadovoljstvo i place zaposlenika. 14,03 16,25 19,40 13,75 1,738 0,628

EL‘;E‘;‘:E;Z:P oslenika manja je nego kod 1477 1619 1523 1900 0530 0912

Vijestine upravljanja marketingom. 11,50 22,06 16,80 16,00 8,294 0,040*
Vjestine razvoja proizvoda i dizajna. 10,43 22,13 18,60 19,25 11,916  0,008**

©p<0,01, *p<0,05

Prema podatcima prikazanim u tablici 3. u slucaju Sest varijabli postoje najmanje dvije skupine ispitanika koje
se statisticki znacajno razlikuju s obzirom na varijablu veli¢ina poljoprivrednog subjekta izrazena u hektarima.
Poljoprivredni subjekti koji obraduju od 50-100 ha vinograda su oni s najve¢im prosjecnim rangovima osim kod
tvrdnje izvoz vina gdje najveci prosje¢ni rang imaju subjekti s viSe od 100 ha vinograda i kod tvrdnje zadovoljstvo
i placa zaposlenika gdje je najveca vrijednost zabiljezena kod ispitanika s 10-50 ha vinograda. Prema istrazivanju
Medlinisur. (2015.) konkurencija ne predstavlja pozadinsku varijablu jer svaka suradnja je proizasla iz konkurentskih
razloga autori nadalje navode da su neki gospodarski subjekti vise fokusirani na potrosace u odnosu na konkurente,
a rije¢ je ve¢inom o starijim gospodarskim subjektima s boljim resursima medutim, svaki gospodarski subjekt bi
trebao vrsiti analizu konkurenata i djelovati u skladu s njom. Ako poduzece posjeduje konkurentsku prednost i ako
bolje od konkurencije zadovoljava potrebe potrosaca tada treba posvetiti posebnu paznju identificiranju i pracenju
aktivnosti konkurencije poduzeca (Stani¢ i sur., 2018.). Prema Cengic’ (2013.) konkurentnost vinogradarske i
vinarske proizvodnje moguce je posti¢i povecavanjem kvalitete vina, unaprjedivanjem trZenja vina, povezivanjem
vinara, razvojem i o¢uvanjem proizvodnih potencijala, ulaganjem u nove tehnologije, edukacijom i informiranjem
proizvodaca.

Tablica 3. Odabrani rezultati istrazivanja i Kruskal-Wallis test kategorija veli¢ina poljoprivrednog subjekta (ha)

Prosjek rangova
Usporedba s konkurentima
H Sig. p

1-10 10-50  50-100  >100

ha ha ha ha
Redovito prikupljamo informacije o kupcima. 9,29 16,00 21,50 11,75 9,082 0,028%*
Razvoj novih proizvoda. 9,88 15,33 21,50 11,00 6,150 0,0105
Kvaliteta vina. 10,50 13,50 21,00 12,00 3,300 0,0348
Sirok asortiman proizvoda. 8,29 16,00 21,00 14,88 9,153 0,027*
Cijene vina. 9,50 8,08 16,00 14,50 6,592 0,086
Izvoz vina. 8,08 16,00 14,50 17,13 8,955 0,030%*
Brendiranje vina. 10,00 15,50 22,00 10,25 5,422 0,143
Ulaganje u istrazivanje i razvoj. 9,75 15,42 19,00 11,88 4,182 0,242
Uvodenje na trziste nove linije proizvoda. 10,38 13,83 20,50 12,00 3,330 0,344
Dobri odnosi s dobavljacima. 8,00 16,00 20,00 16,00 9,964 0,019*
\I/’arli.stup trzistu preko strateskih saveza i partnersta- 7.79 17,08 17.50 1563 10637  0,014*
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Zadovoljstvo i place zaposlenika. 10,13 18,25 15,00 7,50 8,911
Fluktuacga“zaposlenlka manja je nego kod 9,54 15.50 6.50 15.50 5.827
konkurencije.

Vjestine upravljanja marketingom. 10,33 16,33 18,50 8,88 5,526
Vjestine razvoja proizvoda i dizajna. 10,08 16,75 18,50 9,00 6,923

0,030*
0,120

0,137
0,074

©p<0,01, *p<0,05

Zakljucak

Trziste vina posljednjih godina je pod utjecajem brojnih promjena te ga karakterizira velik broj konkurenata.
Natjecanje izmedu proizvodaca vina danas je sve izrazajnije i vazno je da proizvodaci znaju kakvu poziciju zauzimaju
na trzistu, alii da budu svjesni konkurencije te da rezultate svoga poslovanja usporeduju s konkurencijom. Istrazivanje
pokazuje da su anketirani vinari svjesni konkurencije u svome okruzenju te smatraju da su po pitanju kvalitete vina,
dobrog odnosa s dobavlja¢ima i zaposlenicima bolji u odnosu na domace konkurente, a da su slabiji od konkurencije
u pogledu izvoza proizvedenog vina, ulaganje u istrazivanje trzista i razvoj nove linije proizvoda. Rezultati istrazivanja
mogu posluziti kao okvir za bududa istrazivanja ovakvog tipa, ali takoder mogu pruziti informacije i koristan alat
vlasnicima i proizvodac¢ima vina, potencijalnim investitorima, ali i nositeljima ekonomske politike kako poboljsati

ucinkovitost u sektoru proizvodnje vina.
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Analysis of domestic winemakers’ opinions on
competition

Abstract

The objective of this paper is to analyse the attitudes of winemakers in Eastern Croatia regarding
the comparison with domestic competing winemakers. Survey was the method used to collect the
data, and survey questionnaire was used as the instrument. The survey was performed on a sample of
n=30 winemakers from five Eastern Croatian counties (Osijek-Baranja, Vukovar-Srijem, Virovitica-
Podravina, PoZega-Slavonija and Brod-Posavina Counties). Survey results show that the surveyed
winemakers are aware of the competition in their business environment. The surveyed winemakers
believe their wine quality, good contacts with suppliers and employees are the same as their competition
and that they are weaker in terms of exporting produced wine, investing in market research and new
product development.

Keywords: winemakers, competitor analysis, winemaker efficiency and success
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Iskustva poljoprivrednika Krapinsko-zagorske
zupanije s fondovima Europske Unije

Branka Saki¢ Bobi¢, Ornella Mikus, Natasa Senjug, Zoran Grgi¢, Vesna O¢ié¢
Sveuciliste u Zagrebu, Agronomski fakultet, Svetosimunska cesta 25, 10000 Zagreb, Hrvatska (e-mail: bsakic@agr.hr)

SaZetak

Ulaskom Hrvatske u Europsku uniju (EU) otvorile su se brojne mogu¢nosti koristenja sredstava iz
europskih fondova s ciljem razvoja ruralnog prostora, zastite okoliSa te jacanja konkurentnosti
poljoprivredne proizvodnje. Cilj rada je utvrditi dosadasnja iskustva poljoprivrednika iz Krapinsko-
zagorske zupanije s fondovima EU. Rezultati istrazivanja pokazali su da vecina ispitanika smatra kako
sredstvima iz EU fondova mogu unaprijediti poslovanje svog gospodarstva te doprinijeti razvoju
zupanije, a nezadovoljni su kompliciranom dokumentacijom te dugotrajnim i zahtjevnim procesom
prijave.

Klju¢ne rije¢i: fondovi EU, Krapinsko-zagorska Zupanija, poljoprivreda, ruralni razvoj

Uvod

Nakon §toje 18.lipnja2004. Republika Hrvatska stekla status zemlje kandidatkinje, postali sujoj dostupni pretpristupni
programi prve generacije (PHARE, ISPA i SAPARD) u ukupnom iznosu od 252 milijuna eura za razdoblje 2005.-
2006. Program PHARE bio je usmjeren na projekte jacanja kapaciteta zemlje za ¢lanstvo u EU, iz programa ISPA
financirani su infrastrukturni projekti u podrucju prometa i zastite okoli$a, a program SAPARD Kkoristio se za
unaprjedenje poljoprivrednih gospodarstava i preradu poljoprivrednih proizvoda. U drugoj generaciji (2007.-2013.)
Hrvatskoj je na raspolaganju bio pretpristupni program IPA. Stjecanjem punopravnog ¢lanstva Europske unije, od
2013. godine Republika Hrvatska je postala korisnica sredstava iz europskih fondova. U financijskom razdoblju
2014.-2020. Hrvatskoj je iz Europskih strukturnih i investicijskih (ESI) fondova na raspolaganju ukupno 10.676
milijardi eura, od kojih 2.026 milijarde eura za poljoprivredu i ruralni razvoj.

Europski fondovi su zamisljeni kao financijski instrumenti koji obuhvacaju sredstva poreznih obveznika, a alokacijom
tih sredstava prema jasno odredenim pravilima podupiru se i ostvaruju klju¢ni ciljevi odredenih javnih politika EU
(Europski strukturni i investicijski fondovi, 2019.). Ti ciljevi uklju¢uju regionalni i urbani razvoj, zaposljavanje,
socijalnu ukljucenost, poljoprivredu, ruralni razvoj, humanitarnu pomo¢, istrazivanje i inovacije. U ovom je
istrazivanju naglasak stavljen na poljoprivredu i ruralni razvoj.

Juri¢ (2016.) istrazuje funkciju EU fondova u razvoju poljoprivrede Vukovarsko-srijemske zupanije te navodi kako
oni predstavljaju priliku za smanjenje nezaposlenosti i poboljsanje gospodarstva u Zupaniji. Istrazivanje je pokazalo
kako prepreku tome uvjetuje nedostatak znanja i informacija o projektima, natje¢ajima te mogu¢nostima koje stoje na
raspolaganju. Kao rjeSenje autorica navodi postojanje dobro organizirane i u¢inkovite poljoprivredne savjetodavne
sluzbe te povecanje broja edukacija i ulaganja.

Dusevi¢ (2018.) istrazuje stavove gospodarskih subjekata u Zadarskoj Zupaniji o koristenju sredstava iz fondova EU
te zakljucuje kako na bolju apsorpciju dostupnih sredstava utjece pozitivan stav o EU financiranju. Ispitanici su kao
nedostatak naveli dugotrajan i kompliciran proces, no takoder smatraju kako pomo¢u EU fondova mogu unaprijediti
poslovanje svog gospodarskog subjekta. Nadalje, istrazivanje je pokazalo kako e se donositelji odluka ¢es$ce prijaviti
na natjecaje ukoliko imaju vi$u razinu informiranosti i ranija pozitivna iskustva. Autorica zakljucuje da su za bolju
iskoristivost raspolozivih sredstava potrebne bolja komunikacija i edukacije o EU fondovima i programima.

Cilj ovog rada bio je utvrditi iskustvo poljoprivrednika sa fondovima EU, uo¢iti u kojoj mjeri razina informiranosti i
ranijaiskustvautje¢unazainteresiranost zakoristenje sredstavaEU, teistraziti pretpostavkeimisljenja poljoprivrednika
o sredstvima koja stoje na raspolaganju RH te korisnost dosadasnjih provedenih projekata, financiranih iz fondova
EU, za Krapinsko-zagorsku Zupaniju.
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Materijal i metode

Istrazivanje je provedeno u lipnju i srpnju 2019. godine na podruéju Krapinsko-zagorske zupanije u svrhu izrade
diplomskog rada. Empirijski podaci prikupljeni su pomocu anketnog upitnika koji se sastojao od 26 pitanja, a ispunilo
ga je ukupno 64 c¢lanova OPG-a. Od toga, 43 anketna upitnika ispunjena su u podru¢nim uredima Ministarstva
poljoprivrede (Savjetodavna sluzba) te 21 on-line slanjem linka ankete na e-mail adrese ¢lanovima OPG-a. Uvjet za
sudjelovanje u istrazivanju bio je posjedovanje obiteljskog poljoprivrednog gospodarstva na podrucju Krapinsko-
zagorske Zupanije.

Rezultati i rasprava

Krapinsko-zagorska zupanija nalazi se u sjeverozapadnom dijelu Hrvatske, upravno je podijeljena na 32 jedinice
lokalne samouprave (7 gradova i 25 op¢ina), a prema Popisu stanovnistva iz 2011. godine u njoj zivi 132.892
stanovnika. Poljoprivredna djelatnost na podruéju Zupanije uvjetovana je konfiguracijom terena, kvalitetom tla,
razmje$tajem stanovnika i tradicionalnim nadinom zivljenja na manjim posjedima. Prema kriteriju OECD-a na
regionalnoj razini, Krapinsko-zagorska Zupanija spada u pretezito ruralne regije, obzirom da u ruralnim podru¢jima
2ivi 67,22% stanovnika. U 2018. godini je zabiljezen najveci broj OPG-a, ukupno 8.518. Prema podacima Agencije za
placanja u poljoprivredi, ribarstvu i ruralnom razvoju, na podrucju Krapinsko-zagorske zupanije 70% je obiteljskih
poljoprivrednih gospodarstava ¢iji su nositelji muskarci, dok je samo na 30% Zena nositeljica. Neke od prepreka
ucinkovitijoj i konkurentnijoj poljoprivrednoj proizvodnji su mala veli¢ina zemlji$nog posjeda po gospodarstvu
i rasparceliranost poljoprivrednog zemlji$ta. Prema dostupnim podacima u 2014. godini 53% kucanstva je imalo
veli¢inu posjeda 1-3 ha, dok je najmanji broj ku¢anstava imalo posjede veli¢ine iznad 10 ha. Prema popisu stanovnistva
iz 2011. godine prosje¢na dob je 41,7 te je porasla u odnosu na popis stanovnistva iz 2001. (39,6), a porastao je i udio
starijih od 60 godina u ukupnom stanovnistvu sa 44,5% na 49%. U razdoblju 2016.-2018. godine porastao je i broj
poljoprivrednika starije dobi, a najveci porast zabiljezen je u dobnoj skupini iznad 66 godina. Ovakav trend prijetnja
je za bududi ruralni razvoj jer je stanovnistvo starije Zivotne dobi skepti¢no prema promjenama i inovacijama u
koristenju EU fondova (Strategija razvoja Krapinsko-zagorske Zupanije do 2020. godine).

Prema spolnoj strukturi u uzorku prevladavaju muskarci (56,3%), a 43,8% cine Zene, §to nije reprezentativni prikaz
stanja u zupaniji. Najzastupljenije dobne skupine u uzorku pripadaju kategoriji 26-40 godina starosti (30%), zatim
slijedi dobna skupina 41-55 godina (28%) te kategorija 56-65 godina (17%). Mladih u dobi do 25 godina ima 14%, a
najmanje ispitanika (11%) ima koji su stariji od 66 godina. Najve¢i je udio ispitanika sa zavrSenim srednjoskolskim
obrazovanjem (54,7 %). Ispitanika koji imaju zavr§enu osnovnu $kolu je 17,2% u uzorku, dok onih koji su pohadali
fakultet ima 15,6%, a visoko obrazovani ¢ine udio od 12,5%. Ovakva distribucija posljedica je nacina prikupljanja
podataka (on-line), ali moze biti dobar pokazatelj razmisljanja poljoprivrednika koji po dobi i obrazovanju spadaju
u ,razvojnu” kategoriju.

Najvedi broj ispitanika ima dobru (31 ispitanik) i losu (20 ispitanika) opcenitu sliku o Europskoj uniji. Samo 5
ispitanika ima jako lo$u, a 8 ispitanika ima vrlo dobru i odli¢nu sliku o EU. Upravo je pozitivan stav prema EU
financiranju prepoznat kao pokretac jace apsorpcije sredstava. Na pitanje o asocijaciji na pojam EU fondovi najvise
je bilo odgovora: novac, projekti, potpore. Kod procjene vlastitog znanja o EU fondovima 29 ispitanika je svoje
znanje ocijenilo ocjenom ,,dobar*. Svoje znanje kao losije procijenilo je 20 ispitanika, a kao vrlo dobro 14 ispitanika.
Najzastupljeniji izvor informacija o EU fondovima su mediji (53%) dok su edukacije, tecajevi, radionice (23%) i
redovito $kolovanje (24%) nesto slabije zastupljeni. Upravo su informiranost i znanje temelj za uspjesno koristenje
sredstava EU fondova, pa bi moguci razlog slabije informiranosti mogao biti izvor dobivanja informacija.

Na pitanje vezano za dosadasnje pohadanje edukacija samo 19 odgovora bilo je pozitivno, dok 45 ispitanika
nikad nije bilo dodatno educirano o EU fondovima. Najvise ispitanika (6 od 19) edukaciju je polazilo u sklopu
Ministarstva poljoprivrede (Savjetodavna sluzba), zatim u organizaciji fakulteta, pcelarskih udruga i sl. Kao najbolji
nacin provodenja edukacija ispitanici navode individualno savjetovanje (49%), zatim slijede radionice (33%) te
seminari (18%). Nadalje, ukazali su na potrebne promjene u na¢inu provodenja edukacija i to: da se detaljnije objasni
procedura, individualniji pristup, konkretne edukacije s naglaskom na prakti¢no.

U uzorku se samo 17 ispitanika prijavljivalo na natjecaje za sredstva iz EU fondova, ostali (73,4%) se nikad nisu
prijavljivali, a samim time nisu ni koristili sredstva EU. Kao razlog tome navode kompliciranost procesa prijave
(23,9%), nedovoljnu informiranost (19,6%), nedostatak vremena za bavljenje pripremom projekata (17,4%) te da
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nisu udovoljavali uvjetima natjecaja (15,2%) ili nije bilo odgovarajuceg natjecaja (13%). Od ovih 17 ispitanika, najvise
prijavljenih je bilo na mjeru M11-Ekoloski uzgoj (29,4%), M6-Razvoj poljoprivrednih gospodarstava i poslovanja
(23,5%), M14-Dobrobit Zivotinja (17,6%) te podjednako na mjere M10-Poljoprivreda, okoli$ i klimatske promjene i
M4-Ulaganje u fizicku imovinu (11,8%). Za pripremu projektne dokumentacije 58,8% ispitanika koristilo je i vlastite
resurse i usluge konzultanata. Isklju¢ivo konzultantske usluge koristilo je 29,4%, a iskljucivo vlastite ljudske resurse
11,8% ispitanika.

Ispitanici su slozni kako sredstva iz Europskih fondova mogu unaprijediti njihovo poslovanje, te pomo¢i razvoju
gospodarstva Krapinsko-zagorske Zupanije. No unato¢ tome rezultati su pokazali (slika 1) kako se u potpunosti
slazu da je dobivanje sredstava iz EU fondova dugotrajno (29 ispitanika), trosi puno vremena (29 ispitanika) te
nije jednostavno (43 ispitanika). Nadalje 59% ispitanika smatra da se na podru¢ju Krapinsko-zagorske zupanije ne
provodi dovoljan broj edukacija.

EU fondovi mogu unaprijediti moje poslovanje

Udio vlastitog financiranja pri provedbi EU projekata
nije visok

Ma podruéju Krapinsko- zagorske Zupanije provodi se
dovoljan broj edukacija

Postupak dobivanja sredstva iz EU fondova je
transparentan

Dobivanje sredstava putem EU fondova je dugotrajno

Dobivanje sredstava putem EU fondova je jednostavno

Dobivanje sredstava putem EU fondova trosi puno
vremena

Dosadaénji provedeni projekti bili su od pomoéi za KZZ

EU fondovi mogu pomodi razvoju gospodarstva
Krapinsko zagorske Zupanije

(=]
w
[y
=)

15 20 25 30 35

U potpunosti se slafem W Slaiem se M Niti se neslaiem, niti se slaiem
Me slaiem se B U potpunosti se ne slaZem

Slika 1. ,Izrazite svoje slaganje ili neslaganje sa sljedecim izjavama!*
Izvor: Vlastita izrada na temelju provedenog istraZivanja

Vise od polovice ispitanika smatra kako se na podru¢ju Krapinsko-zagorske zupanije ne provodi dovoljan broj
edukacija, viSe od tre¢ine ispitanika nikad nije sudjelovalo na edukacijama, radionicama ili seminarima, a to su
izvori kvalitetnih informacija i mjesto gdje ispitanici mogu postaviti konkretna pitanja za rjeSavanje nedoumica i
nejasnoca, te mogu nauciti jedni od drugih razmjenjujuci svoja dosadasnja iskustva. Iz navedenog se moze zakljuciti
kako poljoprivrednici uslijed nesigurnosti, nedovoljno znanja i iskustva imaju potrebu za iskazivanje posebne paznje
njima kao pojedincu te preferiraju ,,gotova i servirana “ rjeSenja za svoje probleme i moguce uspjehe u budu¢em
poslovanju.
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Zakljucak

Europska unija kroz fondove pruza brojne moguénosti za razvoj, a za uspje$no koristenje financijskih sredstava
potrebne su razne upravljacke kompetencije. Istrazivanje je pokazalo kako poljoprivrednici na podrucju Krapinsko-
zagorske Zupanije imaju pozitivne stavove o fondovima EU, odnosno smatraju kako koristenje financijskih
sredstava moze unaprijediti njihovo poslovanje te pridonijeti razvoju Zupanije. Unato¢ pozitivnim stavovima, za
bolju apsorpciju sredstava potrebno je vise ulagati u edukacije kako bi se podigla razina informiranosti, znanja te
poznavanje cjelokupnog procesa prijave.

Napomena

Rad je izvod iz diplomskog rada Natage Senjug, mag.ing.agr. naslova: ,,Stavovi i iskustva poljoprivrednika s fondovima
Europske unije” obranjenog 30.09.2019.,Sveudiliste u Zagrebu Agronomski fakultet.
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Experiences of farmers from Krapina-Zagorje
County with EU funds

Abstract

With the accession of Croatia to the European Union, numerous possibilities have arisen for using the
funds for developing rural area, protecting the environment and strengthening the competitiveness of
agricultural production. The research aim is to find out the experiences of farmers from the Krapina-
Zagorje County with EU funds. The results showed that most respondents believe that EU funds can
improve their business and contribute to the development of the county but are dissatisfied with the
complicated documentation and the lengthy and demanding application process.

Keywords: agriculture, EU funds, Krapina-Zagorje County, rural development
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Stavovi proizvodaca Brodsko-posavske Zupanije o
stanju poljoprivrede i poljoprivredne politike
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Veleuciliste u Slavonskom Brodu, Dr. Mile Budaka 1, 35000 Slavonski Brod, Hrvatska (e-mail: ljbostojic@vusb.hr)

SaZetak

Cilj rada je anketnim istrazivanjem procijeniti stanje poljoprivrede i poljoprivredne politike s
aspekta proizvodaca Brodsko-posavske Zupanije. Brodsko-posavska Zupanija je dio kontinentalnog
prostora Hrvatske, pogodnog za poljoprivrednu proizvodnju i naseljenog s vi$e od polovice ruralnog
stanovnistva. Polovica ispitanika stanje poljoprivrede u Zupaniji ocijenila je ocjenom dovoljan uz
ocekivanje stabilnijeg trziSta i plasmana poljoprivrednih proizvoda u narednom desetogodi$njem
periodu. Anketnim istrazivanjem je takoder utvrdena nedovoljna informiranost proizvodaca o
zakonskoj regulativi kao i njihovo dvojbeno razmisljanje o vlastitoj konkurentnosti na trzistu
poljoprivrednih proizvoda Europske unije.

Kljuéne rijeci: poljoprivredni proizvodaci, Brodsko-posavska Zupanija, poljoprivreda, poljoprivredna
politika, anketno istrazivanje

Uvod

Poljoprivredna proizvodnja je osnovica opskrbe stanovnistva prehrambenim proizvodima i temelj gospodarskog
razvoja drzave. Zahvaljujuéi raznolikim klimatskim i pedoloskim uvjetima u Hrvatskoj, moguce je proizvoditi veliki
broj poljoprivrednih proizvoda pri ¢emu se njezin kontinentalni dio smatra izuzetno pogodnim za poljoprivrednu
proizvodnju (Drzavni zavod za statistiku RH, 2018.). Brodsko-posavska Zupanija zauzima povrsinu od 2043 km?
u juznom dijelu slavonske nizine. Omedena je planinom Psunj, PoZe$kim i Diljskim gorjem sa sjeverne te rijekom
Savom sa juzne strane. Reljefno je raznolika i ¢ine je tri cjeline: brdski, ravnicarski i nizinski prostor pri ¢emu je
najvedi dio Zupanije ravnicarski. Podruéje Zupanije pripada umjereno kontinentalnoj klimi (Drustvo za oblikovanje
odrzivog razvoja, 2011.). Vide od polovice stanovni$tva Zupanije (53,74%) je ruralno s nejednakom distribucijom
naseljenosti unutar Zupanije. U 2011. godini utvrdena je prosje¢na starost stanovnistva 40,6 godina. Medutim,
podaci u razdoblju 2001.- 2011. ukazuju na negativan trend kretanja broja stanovnika od 11%. Navedeni trend se
nastavlja te je u 2016. godini saldo migracija s inozemstvom izrazito negativan (2751 osoba) (Brodsko-posavska
zupanija, 2016.).

Ukupna povrsina poljoprivrednog zemljista Zupanije 2016. godine iznosila je 92 092,99 ha (Drzavni ured za reviziju,
2017.). U Upisnik poljoprivrednih gospodarstava 2017. godine upisano je 7218 gospodarstava. Najvise gospodarstava
(96,85%) su obiteljska poljoprivredna gospodarstva, a znatno manje obrti (1,78%), trgovacka drustva (1,10%),
zadruge (0,14%) i ostali oblici poljoprivrednih gospodarstava (0,13%) (Brodsko-posavska Zupanija, 2018.).

Zajednicka poljoprivredna politika EU nastala je s ciljem poticanja proizvodnje i stalne opskrbe hranom po
pristupacnim cijenama. Zasniva se na nacelima jedinstvenog trzista, prednosti EU i financijskoj solidarnosti te na
dva stupa: dohodovnoj i trzi$noj politici i politici ruralnog razvoja (Agencija za placanja u poljoprivredi, ribarstvu
i ruralnom razvoju, 2011.). Prema istrazivanju Eurobarometra iz listopada 2015. godine 62% hrvatskih ispitanika
smatra da su ruralna podrudja i poljoprivreda vazni za buduc¢nost. Najvaznijim odgovornostima poljoprivrednika
u drustvu ispitanici smatraju opskrbu stanovnistva kvalitetnim proizvodima i poticanje i pobolj$anje zivota na selu.
Glavnim ciljevima EU kada je u pitanju poljoprivreda i politika ruralnog razvoja isticu osiguranje razumnih cijena
hrane za potrosace i razvoj ruralnih podrudja uz ocuvanje okolisa. S izjavom da zajednicka poljoprivredna politika
pogoduje svim europskim gradanima slozilo se 75% ispitanika, a na pitanje o potporama 59% ispitanika odgovorilo
je da zna za potpore, ali ne i pojedinosti o njima (Eurobarometar, 2015.).

Cilj istrazivanja bio je ustanoviti kako poljoprivredni proizvodaci s podruéja Brodsko-posavske Zupanije ocjenjuju
stanje poljoprivrede i poljoprivredne politike.
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Materijal i metode

Podaci su prikupljeni metodom anketnog ispitivanja poljoprivrednih proizvodaca u svibnju 2014. godine. Anketno
ispitivanje provedeno je na uzorku od 100 ispitanika na podrucju Brodsko-posavske Zupanije. Anketni upitnik se
sastojao od tri skupine pitanja. Prva skupina pitanja odnosila se na dob, mjesto prebivalista i zavr§eno obrazovanje
i posluzila je za opis uzorka. U sljedecoj skupini pitanja ispitanici su ocjenjivali stanje poljoprivrede u Brodsko-
posavskoj Zupaniji i odgovarali na pitanja o uzroku stanja, potencijalu za razvoj poljoprivrede u Brodsko-posavskoj
zupaniji, prednostima Zivota u ruralnim naseljima Zupanije i o¢ekivanjima u sljede¢ih deset godina. U ovoj skupini
pitanja ispitanicima je ponudeno po pet odgovora od kojih su trebali izabrati onaj koji smatraju najto¢nijim. Tre¢a
skupina pitanja zahtijevala je od ispitanika pozitivan ili negativan odgovor na pitanja o poznavanju regulative EU i
poljoprivrednoj politici, izravnim pla¢anjima i konkurentnosti hrvatskog poljoprivrednika u EU.

Rezultati

U istrazivanju je sudjelovalo 100 ispitanika. Ispitanici u dobi iznad 55 godina zastupljeni su sa 12%, ispitanika starosti
do 25 godina bilo je 46%, a ispitanika u rasponu starosne dobi od 25 do 55 godina bilo je 42%. Svi ispitanici imaju
prebivaliste na podruc¢ju Brodsko-posavske Zupanije. Najve¢i broj ispitanika (71%) ima zavrSeno srednjeskolsko
obrazovanje, a manje visokoskolsko (18%) i osnovnoskolsko (11%).

Rezultati
Ispitanici su ocjenama od 1 do 5 (1-lose...5-o0dli¢no) ocjenjivali stanje poljoprivrede u Brodsko-posavskoj zupaniji
(prvo pitanje druge skupine pitanja). Ocjenu 2 stanju poljoprivrede u Zupaniji dodijelilo je 50% ispitanika, 29%
ispitanika ocjenu 3, 17% ispitanika ocjenu 1, a ocjenama 4 i 5 trenutno stanje ocijenilo je samo po 2% ispitanika.

U tablici 1. navedena su ostala pitanja s ponudenim odgovorima o ocjeni stanja poljoprivrede na podrucju Brodsko-
posavske Zupanije te postotak ispitanika koji odredeni odgovor smatraju najto¢nijim.

Tablica 1. Ocjena stanja poljoprivrede u Brodsko-posavskoj Zupaniji.

Sto mislite koji je najve¢i razlog takvog trenutnog stanja u poljoprivredi u BPZ-i?

a) nekvalitetna organizacija poljoprivrednog trzista i nekontrolirani uvoz polj. proizvoda 39%
b) visoka cijena proizvodnje 15%
¢) neefikasna organizacija poljoprivrede politike 32%
d) nizak stupanj obrazovanja i visoka starosna dob polj. stanovnistva 5%
e) komplicirana administracija i lo§a zemlji$na politika 9%

Koji je najveéi potencijal za razvoj poljoprivrede u BPZ-i?

a) mogucnosti razvoja u agroturizmu 9%
b) kvalitetni proizvodni resursi 22%
¢) razvoj ekolosgke poljoprivrede 27%
d) mogu¢nost plasmana polj. proizvoda iz Slavonije na jadransku obalu tijekom turisticke sezone 25%
€) izvoz na strana trzista 17%

Koje su prednosti Zivota u ruralnim naseljima BPZ-e?

a) smanjeni stres 24%
b) veca i jednostavnija uklju¢enost pojedinca u zivot lokalne zajednice 10%
¢) povezanost stanovnistva s okolisem i moguc¢nost njegovog ocuvanja 6%
d) prirodniji i zdraviji nacin Zivota (prehrana, ¢istiji okolis, aktivnosti, komunikacija...) 41%
e) mogucnosti proizvodnje na specifi¢an nacin i o¢uvanje tradicije 19%
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Koje rezultate za poljoprivredno stanovnistvo ocekujete kroz period od 10 godina?

a) povecanje dohotka za polj. stanovnistvo 14%
b) stabilnije trziste i plasman polj. proizvoda 55%
¢) povecana produktivnost 12%
d) smanjene migracije stanovnistva iz sela u grad 15%
e) ve¢e mogucnosti za $irenje polj. povr$ina 4%

Najvazniji razlog za nisku ocjenu stanja poljoprivrede u Brodsko-posavskoj Zupaniji prema misljenu 39% ispitanika
je lose organizirano poljoprivredno trziste i nekontrolirani uvoz poljoprivrednih proizvoda. Najmanji razlog je nizak
stupanj obrazovanja i visoka starosna dob poljoprivrednog stanovnistva $to je za odgovor odabralo 5% ispitanika.
Najvedi potencijal za razvoj poljoprivrede u Zupaniji ispitanici vide u ekoloskoj poljoprivredi (27%) i plasmanu
poljoprivrednih proizvoda na jadransku obalu tijekom turisticke sezone (25%). Prednosti Zivota u ruralnim
naseljima Zupanije za ispitanike su prirodniji i zdraviji nacin Zivota (41%), smanjeni stres (24%) i proizvodnja na
specifi¢an nacin uz oc¢uvanje tradicije (19%). U narednom desetogodisnjem razdoblju ocekivanja ispitanika odnosila
su se najvise na stabilnije trziste i plasman poljoprivrednih proizvoda (55%), a najmanje na $irenje poljoprivrednih
povrsina (4%).

Grafikon 1. a, b, ¢, d, e prikazuju pitanja iz tre¢e skupine i postotak odgovora ispitanika na njih.

Da livam je jasna zakonska regulativa EU? Znate i pravila dobre poljoprivredne politike?

62% 64%

mDa = Ne mDa = Ne

Jesu li izravna placanja u EU vezana za proizvedene

Znate li $to znade izravna plaéanja u poljoprivredi? .
P Ia upoljop koli€¢ine poljoprivredih proizvoda?

49%

59%

= Da = Ne ®Da " Ne

MoZe li hrvatski poljoprivrednik biti konkurentan
poljoprivrednicima u EU?

55%

=Da = Ne

Grafikon 1. a, b, ¢, d, e. Rezultati odgovara na pitanja iz trece skupine pitanja ankete
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Rezultati odgovora na anketna pitanja prikazani grafikonom 1. a, b, ¢ i d pokazuju nedovoljnu informiranost
proizvodaca u vrijeme provodenja istrazivanja. Grafikon 1. e pokazuje podijeljenost ispitanika u misljenju o
moguénosti konkurentnosti hrvatskih poljoprivrednika s ostalim poljoprivrednicima u EU.

Zakljucak

Anketnim istrazivanjem poljoprivredni proizvodac¢i na podrucju Brodsko-posavske Zupanije ocijenili su stanje
poljoprivrede i poljoprivredne politike ocjenom dovoljan. S obzirom da se radi o Zupaniji koja ima pogodne
klimatske i pedoloske karakteristike za poljoprivrednu proizvodnju te veéinu ruralnog stanovnistva, dobiveni
rezultati su zabrinjavajudi. Nezadovoljstvo je iskazano u pogledu organiziranosti trzista poljoprivrednih proizvoda
i nekontroliranom uvozu poljoprivrednih proizvoda. PoboljSanje postojeceg stanja iskazuju kroz razvoj ekoloske
poljoprivredne proizvodnje te plasman proizvoda kroz turisticku ponudu na jadranskoj obali. Ipak, rezultati
istrazivanja ukazuju i na nedovoljnu informiranost navedene skupine o zakonskoj regulativi i zabrinutost o
mogucénostima konkurentnosti njihovih proizvoda na trzi$tu ostalih zemalja EU. Anketni rezultati su u suglasju s
op¢im stanjem agrara i agrarne politike u Hrvatskoj koji bi se mogli ublaziti kroz mjere ruralnog razvoja i financijska
sredstva EU fondova.
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Attitudes of producers of Brod-Posavina county
on the state of agriculture and agricultural policy

Abstract

The aim of this study was to evaluate the state of agriculture and agricultural policy from the perspective
of producers of the Brod Posavina county. The Brod Posavina county is part of Croatian continental
region suitable for agricultural production and inhabitated with more than half of the rural population.
Half of the respondents the state of agriculture in the county evaluated as sufficient, with the expectation
of a more stable market and placement of agricultural products in the next ten-year period. This study
also revealed that producers are not informed on legislation and have doubtful thinking about its own
competitiveness in the EU agricultural market.

Keywords: agricultural producers, Brod-Posavina county, agriculture, agricultural policy,

survey
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Maslinarstvo kao dio turisticke ponude
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SaZetak

Maslinarstvo je jedna od vodeéih poljoprivrednih proizvodnji na podrudju Jadranske Hrvatske.
Varijabilnost prihoda poti¢e maslinare na diversifikaciju aktivnosti, vrlo ¢esto u segmentu turizma.
Spoj maslinarstva i turizma ¢ini novi selektivni oblik turizma - maslinarski turizam. Cilj rada je
identificirati snage i slabosti maslinarskog turizma u Hrvatskoj, odnosno prilike i prijetnje iz okruzenja,
te na temelju njihovog medudjelovanja predloziti moguce strategije daljnjeg razvoja. Kao prognosticki
i dijagnosticki instrument za utvrdivanje stanja maslinarskog turizma koristena je SWOT analiza.
Najvecu snagu maslinarskog turizma predstavljaju visoko kvalitetna, svjetski nagradivana maslinova
ulja.

Kljuéne rije¢i: maslinarstvo, turizam, diversifikacija, SWOT analiza

Uvod

Ostvarenje zadovoljavajucih prihodapoljoprivrednika vazan je preduvjet za zadrzavanja stanovni$tvairazvojaruralnih
sredina. Diversifikacija poljoprivrednih gospodarstava odnosi se na Sirenje osnovne poljoprivredne proizvodnje na
aktivnosti koje se smatraju dopunskima, a mogu obuhvacati proizvodnju poljoprivrednih i prehrambenih proizvoda,
izradu neprehrambenih proizvoda i predmeta opce uporabe, pruzanje usluga u poljoprivredi, te pruzanje turistickih
i ugostiteljskih usluga (Pravilnik o dopunskim djelatnostima na obiteljskim poljoprivrednim gospodarstvima NN
76/2014). Turisticke aktivnosti u ruralnim podruc¢jima odnosno na obiteljskim poljoprivrednim gospodarstvima
doprinose poboljsanju njihove ekonomske uspjesnosti i efikasnosti poslovanja (Curi¢, 2010). Diversifikacija u
maslinarstvu, kao jednoj od vodecih grana poljoprivrede u Jadranskoj regiji, je vazna zbog stabilnosti dohotka
proizvodaca koji moze biti ugrozen uslijed neizvjesnih vremenskih prilika i/ili promjenjivih uvjeta na trzistu.
Sirenje dijela poljoprivrednih gospodarstva ponudom turistickih usluga vrlo je ogekivan smjer daljnjeg razvoja
hrvatske poljoprivrede, osobito u Jadranskom dijelu zemlje gdje se ostvaruje preko 85% od ukupnih turistickih
dolazaka godi$nje.

Za spoj turizma i maslinarstva u stranoj literaturi koriste se nazivi kao: ,,Olive tourism“ (Alonso i Northcote 2010.),
»Olive oil tourism“ (Lopez i sur., 2013.) i ,,Oleoturism® (Millan i sur., 2018.) iako se u vedcini studija koristi izraz
»Oleoturism® (Millan i sur., 2018.) odnosno maslinarski turizam (u nastavku teksta MT).

Millan i suradnici (2014.) definiraju MT kao oblik turizma posebno razvijen u ruralnim podruéjima, vezan uz
gastronomiju i agroturizam, a koji posjetiteljima omoguc¢ava upoznavanje kulture uzgoja maslina uz produbljivanje
znanja o svemu §$to je povezano s maslinovim uljem, hranom, smjestajem neposredno uz maslinike, koristenje
kozmetickihizdravstvenih tretmana baziranih na maslinovom ulju, te jednostavno opustanja u prirodnom okruzenju.
Aktivnosti vezane uz ovaj oblik turizam uglavnom obuhvacaju posjete uljarama i maslinarskim gospodarstvima
(»Olive farm®, Tudisca i sur. 2015.), degustacije maslinova ulja, vodene obilaske maslinika, te ponudu ostalih
lokalnih proizvoda (Millan i sur., 2014.). Takoder, sastavni dio ponude MT su i posjete oleotekama (specijaliziranim
trgovinama za maslinova ulja), sajmovima i manifestacijama, te muzejima i interpretacijskim centrima posvecenim
maslinama i maslinovom ulju.

Cilj ovoga rada je identificirati snage i slabosti MT u Hrvatskoj, odnosno prilike i prijetnje iz okruZzenja, te na temelju
njihovog medudjelovanja predloziti moguce strategije daljnjeg razvoja MT.
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Materijali i metode

U istrazivanju se koristi SWOT analiza. SWOT analiza je Cesto koristena kvalitativna analiticka metoda za analizu
i oslikavanje trenutne pozicije i razvojnih perspektiva odredenog poduzeca, gospodarstva ili djelatnosti, a Cesto se
koristi i u razmatranju selektivnih oblika turizma, kao $to je primjer kruzing turizam (Gracan i Zadel, 2013.).

Za izradu SWOT analize koriSteni su primarni i sekundarni podaci. Primarni podaci prikupljani su metodom
ekspertnih intervjua s dvoje stru¢njaka iz podruéja maslinarstva i turizma (Institut za poljoprivredu i turizam i
Fakultet za menadzment u turizmu i ugostiteljstvu), dok su sekundarni podaci prikupljani iz znanstvenih istrazivanja
o MT (iz baza Google scholar i Science direct) te s ostalih relevantnih web stranica. Prikupljeni podaci obradeni su
metodama analize i sinteze, indukcije i dedukcije, te usporedbe i deskripcije. Na temelju SWOT analize predlozene
su Cetiri skupine strategija MT iz kojih proizlaze i moguce budude strategije.

Rezultati i diskusija

Tablica 1. SWOT analiza maslinarskog turizma u Hrvatskoj

Snage Slabosti
Pedoklimatski uvjeti sjevernog Mediterana Nedostatak strategije razvoja MT
pogoduju proizvodnji visokokvalitetnog Neujednacena ponuda i slaba promidzba sadrzaja M T

maslinovog ulja Slab imidz Hrvatske kao maslinarske zemlje na

U Stoljetna tradicija i bogata bastina maslinarstvai jpozemnom tryidtu
N uljarstva Nedovoljna suradnja maslinara s dionicima
U Velik broj autohtonih sorti maslina turistickog sektora
T Stari maslinici i ocuvani okoli$ pogodni za razvoj Nedostatak istrazivanja trzista potraznje za
eko-agroturizma sadrzajima MT
A - . T
Trend povecanja broja modernih uljara i Veliki udio malih maslinara nezainteresiranih za
R kusaonica maslinovog ulja poslovno povezivanje
NJ Svjetski nagradivana maslinova ulja Osjetne godi$nje oscilacije u koli¢ini proizvedenog
E Kompatibilnost s ostalim oblicima ruralnog maslinovog ulja
turizma (eko, vinski, gastro) Velik udio nositelja gospodarstava starije dobi koji
Sve prisutnija izravna prodaja maslinovog ulja slabo prate trzi$ne trendove
turistima
Prilike Prijetnje
Visegodis$nji trend rasta ukupnog turistickog Razvoj turisticke ponude drugih destinacija na
prometa Mediteranu
Porast broja turista u potrazi za lokalnim, Razvoj MT u ostalim Mediteranskim zemljama
autenti¢nim dozivljajima Nedostatak stru¢ne radne snage na gospodarstvima
Ponuda sadrzaja MT u listopadu i studenom u za rad s turistima
v fazi berbe i prerade plodova, produljuje glavnu  Nepostojanje sustava sljedivosti i slaba trzisna
turisticku sezonu kontrola otvara mogu¢nosti za manipulaciju
A Blizina zemalja zapadnoeuropskog emitivnog porijeklom maslinovog ulja i obmanu potrosaca
NJ turistickog trzita Nedostatak relevantnih istrazivanja trzi§ta ponude i
S Jacanje imidza i izvoznog potencijala kvalitetnog potraznje MT
maslinovog ulja zahvaljujué¢i promidzbenim
K aktivnostima tijekom turisticke sezone
E Mogu¢nost financiranja ulaganja putem
g ja ulaganja p

Programa ruralnog razvoja (PRR)
Razvijena turisticka infrastruktura

Clanstvo Hrvatske u ,Kulturnim rutama,
europskog vije¢a“ - ,,Rute maslina“

Izvor: obrada autora

150 55th Croatian & 15th International Symposium on Agriculture | February 16-21, 2020, Vodice, Croatia



Maslinarstvo kao dio turisticke ponude

Na osnovi SWOT analize predloZene su Cetiri strategije daljnjeg razvoja sektora:

1) Maksi — maksi strategija (snage i prilike):

Najveci potencijal MT u Hrvatskoj predstavljaju kvalitetna, svjetski nagradivana maslinova ulja koja su djelom
rezultat pedoklimatskih uvjeta uzgoja — sjevernog Mediterana (Benci¢, 2000; Aparacio i sur. 1994.). Zahvaljujuci
raznim poticajnim programima podignuti su mladi maslinici, izgradene suvremene uljare i kusaonice $to je osnova
razvoja kvalitetnog MT. Ovakvom diversifikacijom maslinari imaju moguénost promoviranja i izravne prodaje
vlastitih proizvoda. Turisticki sektor ima strateski interes poticanja i promoviranja MT budu¢i da ponuda atraktivnih
sadrzaja, kao $to su berba plodova i kusanje mladog maslinovog ulja, doprinosi produljenju turisticke sezone. Uz
bogatu maslinarsku i uljarsku bastinu te autohtoni sortiment potrebno je formirati jedinstvenu i autenti¢nu ponudu
popracenu individualnim pristupom posjetiteljima i edukacijom o maslinovim uljima. Ponudu treba usmjeriti prema
sve ve¢em broju turista koji traze lokalne, originalne i autenti¢ne dozivljaje.

2) Mini — maksi strategija (slabosti i prilike):

Izostanak poslovne povezanosti maslinara ima za posljedicu oscilacije u proizvodnji ulja te neujednacenu i slabo
promoviranu ponudu MT. U cilju izgradnje imidza Hrvatske kao maslinarske zemlje potrebno je da se dionici
ponude MT ukljude u za to specijalizirane medunarodne asocijacije. Nedostatna financijska sredstva za pokretanje
nepoljoprivrednih djelatnosti ili za poslovno povezivanje maslinari trebaju osigurati iz Programa ruralnog razvoja
(Mjere 4, 6, 9).

3) Maksi — mini strategija (snage i prijetnje):

MT se sve jace razvija i u drugim mediteranskim zemljama pa Hrvatska treba iskoristiti svoju glavnu konkurentsku
prednost, a to su svjetski nagradivana maslinova ulja, autohtone sorte i pedoklimatski uvjeti uzgoja. Treba inzistirati
na visokoj kvaliteti ponude MT i o¢uvanju postignutog imidza maslinovog ulja organiziranjem sustava sljedivosti
i trziSnog nadzora. Takoder, sinergija s ostalim oblicima ruralnog turizma, kao $to su gastro, eno ili eko turizam,
omogucuje cjelovitiju, stru¢niju i profesionalniju ponudu sadrzaja MT.

4) Mini — mini strategija (slabosti i prijetnje):

Nepostojanje razvojne strategije MT na razini Hrvatske doprinosi slabom imidzu Hrvatske kao maslinarske
destinacije na turistickom trzi$tu. Donosenje i provedba strategije rezultirat ¢e boljom koordinacijom svih dionika
u lancu ponude MT. Provedbom istrazivanja o posjetiteljima uklju¢enima u aktivnosti MT omogucit ¢e se bolja
prilagodba ponude potrebama trzista.

Zakljucak

Hrvatski turizam najrazvijeniji je u podrucjima maslinarske proizvodnje $to otvara velike moguénosti sinergije ovih
dviju djelatnosti u cilju odrzivosti poljoprivrednih gospodarstva na mediteranskom prostoru.

Hrvatsko maslinarstvo karakterizira proizvodnja visokokvalitetnih maslinovih ulja koja uz bogatu prirodnu i
kulturnu bastinu ¢ine osnovu za planiranje novog specifiénog oblika turisticke ponude. Maslinarski turizam kroz
izravnu prodaju ulja, omogucava povecanje dohotka maslinarskih gospodarstava na mediteranskom prostoru.

Ponudu MT u Hrvatskoj karakterizira neujednacenost i slaba promidzba koja se uglavnom ogleda na sporadi¢nim
primjerima maslinara koji otvaraju svoja gospodarstva za posjetitelje. Sve to, kao i nepostojanje strategije razvoja
MT, utjece na to da Hrvatska nije izgradila zadovoljavajuci imidz maslinarske zemlje.

Velike razvojne mogucnosti uvjetovane su uglavnom prirodnim polozajem, ali i dugogodi$njom tradicijom ove
grane poljoprivrede ¢iji uspjeh dokazuju svjetski nagradivana maslinova ulja. MT ostvaruje i mnostvo prilika
koje se odnose na rast potraznje za lokalnim, autenti¢nim turistickim sadrzajima, produljenje turisticke sezone,
infrastrukturne preduvjete i moguénosti koristenja bespovratnih sredstava iz PRR. Najvecu prijetnju predstavljaju
razvijena konkurentska turisticka trziSta na Mediteranu, slab sustav trzi$nog nadzora prometa i kvalitete maslinovog
ulja, te nedostatak sustavnih istrazivanja o MT u Hrvatskoj.

Na osnovu SWOT analize predlazu se Cetiri strategije daljnjeg razvoja MT u Hrvatskoj: 1) Pruzanje autenti¢nog
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dozivljaja posijetiteljima koriste¢i bogatu bastinu maslinarstva i uljarstva te svjetski nagradivana maslinova ulja, 2)
Poboljsanje imidza Hrvatske kao maslinarske zemlje putem promotivnih aktivnosti, ali i upotpunjavanja ponude
MT iskoriStenjem sredstava iz PRR, 3) Iskoristenje konkurentskih prednosti MT Hrvatske (svjetski nagradivana
maslinova ulja i mno$tvo autohtonih sorti) u svrhu promoviranja i pozicioniranja MT na inozemnom trzistu kroz
promotivne kampanje i brendiranje proizvoda te ponudom izletnickih paketa u sklopu sveukupne turisticke ponude
Hrvatske, 4) Donosenje razvojne strategije MT na razini Hrvatske u svrhu razvoja i boljeg pozicioniranja MT na
domacem i inozemnom turistickom trzistu.

Dobiveni rezultati bit ¢e podloga za daljnja istrazivanja ponude i potraznje za MT u Hrvatskoj, a mogu posluziti i za
planiranje mjera strateSkog razvoja ovog oblika turizma.
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Olive growing as a part of tourism supply

Abstract

Olive growing is one of the leading agricultural production in the Adriatic Croatia. A variability in
income encourages olive growers to diversify they production, very often into the tourism sector.
The combination of olive growing and tourism forms a new selective form of tourism - oleotourism.
The aim of this paper is to identify strengths and weaknesses of oleotourism in Croatia, as well as
opportunities and threats from the environment, and based on their interactions suggest possible
strategies for further development of this type of tourism. SWOT analysis was used as a prognostic and
diagnostic instrument for determining state-of-the-art of oleotourism. The most important strength of
oleotourism are high quality, world-renowned olive oils.

Keywords: olive growing, tourism, diversification, SWOT analysis
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SaZetak

Provedena je analiza osnovnih ¢initelja proizvodnje mlijeka 27 obiteljskih gospodarstava po skupinama
od 30 do 150 krava u osnovnom stadu. Gospodarstva se znacajno razlikuju prema veli¢ini osnovnog
stada, proizvedenom mlijeku, te cijeni ko$tanja i dohocima. Razlike su izrazene i unutar pojedinih
skupina s istim brojem grla, a na njih djeluju visina proizvodnje, ukupno angazirana osnovna sredstva,
sustav hranidbe, utrosci rada na farmi. Najbolji rezultati zabiljezeni su u populaciji s najvise grla u stadu,
a najve¢i mogudi pomaci u visini prinosa i dohotku proizvodaca zabiljezeni su na gospodarstvima do
50 muznih grla u stadu.

Klju¢ne rijeci: ekonomski pokazatelji, kapacitet, mlijeko, proizvodni pokazatelji

Uvod

U proizvodnji mlijeka u Hrvatskoj je ne$to manje od 6.000 isporucitelja mlijeka. Govedarske farme su razlicite
veli¢ine stada, s razli¢itim tehnologijama drzanja krava i sustavima hranidbe, a postizu razli¢ite prinose mlijeka
po grlu pri ¢emu visina prinosa nije uvijek ovisna o veli¢ini farme. Ekonomija obujma samo djelomicno utjece na
ekonomsku efikasnost proizvodnje mlijeka, bududi da su znacajna ogranicenja raspolozivo poljoprivredno zemljiste
koje odreduje i cijenu kostanja hrane, te menadzment stada koji odreduje upravljanje danima u muznji i utjecajem
drzanja teladi radi dodatnog prihoda (Caci¢ 2018, Grgi¢ 2013) .

Materijal i metode

Analizom je obuhvaceno ukupno 27 gospodarstava koja su grupirana prema veli¢ini stada. Unutar svake skupine
gospodarstva se razlikuju s obzirom na kori$tenje pasnog sustava, drzanje krava na vezu i slobodno, te sustavima
hranidbe u obliku suhe i zelene krme s dodatkom krepkih krmiva te hranidbe sjenazom i silazom. U okviru svake
skupine gospodarstava provedene su usporedbe visine proizvodnje i cijene kos$tanja te odnosa prodajne cijene i
cijene kostanja. Prema pokazateljima ekonomic¢nosti i rentabilnosti odredena je ekonomska uc¢inkovitost poslovanja
farme, a na temelju razlike ostvarene i moguce dobiti izgubljena korist radi loseg vodenja farme. Podaci su dobiveni
anketnim ispitivanjem kapaciteta i proizvodnje u 2017. godini.

Rezultati

U skupinama proizvodaca veli¢ine 30 do 150 muznih grla postoji vece odstupanje u visini proizvodnje (od 4500
do 9000 kg po grlu) s gotovo pravilnim porastom mlije¢nosti od skupine s manjim brojem do skupina s veé¢im
brojem grla. Odredena nepravilnost je uocena kod skupine s ve¢im stadom (100 i 150 grla), gdje su ta odstupanja
znacajna toliko da neka gospodarstva imaju manju proizvodnju po grlu i ekonomske rezultate nego $to je to kod
gospodarstava s manjim stadom (30,50 i 70 grla). Gospodarstva koja koriste sjenazu i silazu u hranidbi imaju nize
troskove proizvodnje po jedinici (kg mlijeka i kravi) i viSe prinose mlijeka nego sto je to kod gospodarstava koja
imaju manje intenzivne sustave. Sli¢na su kretanja cijene kostanja, koja su znacajno veca kod kategorije manjih
proizvodaca (30-50 grla) bududi su im troskovi izravne proizvodnje u linearnom porastu s mlije¢nosti, ali ukupno
gledano, na cijenu kostanja vise djeluje opterecenost fiksnim troskovima, odnosno ukupnim osnovnim sredstvima
na farmi.
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Tablica 1 Osnovni proizvodni i ekonomski pokazatelji gospodarstava po skupinama

Veli¢ina farme Ie(.i' 30 50 70 100 150
mjere
N 5 5 5 5 7
Mlijecnost po grlu kg 4500-6500  5000-6500  6000-8000  6000-8000  6000-9000
Prosje¢na mlije¢nost kg 5500 6000 7000 7000 7500
Eﬁfﬁgdnja miijeka 165.000 300.000 490.000 700.000 1.125.000
Ukupna imovina kn 1.759.094 2505060 3231250  4.313.840  6.391.450
Prihodi kn 516.450 930.500 1.497.825 2166000  3.433.125
Mlijeko kn 398.850 734.125 1.221.325 1.771.000  2.840.625
Ostali prihodi kn 55.500 92.500 129.500 185.000 277.500
Potpore kn 62.100 103.875 147.000 210.000 315.000
Rashodi kn 506.553 843.026 1.265.259 1746364  2.636.293
Varijabilni troskovi ~ kn 315.244 577.483 920.437 1.283.832 1.952.071
Fiksni troskovi kn 191.309 265.543 344.823 462.532 684.223
Dohodak kn 9.897 87.474 232.566 419.636 796.832
CK mlijeka kn/kg 3,09 2,83 2,6 2,51 2,37
grli(hr;lcll”eka’ dodatni 4 /g 2,37 2,17 2,03 1,94 1,84
Dohodak po grlu kn 329,9 1.749 3.322 4.196 5.312
Dohodak po kg mlijeka  kn 0,04 0,27 0,46 0,59 0,69
Pokazatelji
Ekonomiénost 1,02 1,1 1,18 1,24 1,3
Rentabilnost 0,49% 3,45% 7,13% 9,67% 12,28%

Izvor: Vlastita istraZivanja

Kretanja ukupnih troskova s visinom prinosa su oéekivano pravilna (S-krivulja prema teoriji kretanja troskova),
s odstupanjima najslabijih i najboljih rezultata za 15-20%, Sto ukazuje na znacajne neiskoristene mogucnosti
unaprjedenja tehnologije i organizacije proizvodnje. Odstupanja su u pravilu povezana s intenzivno$¢u proizvodnje,
u korist intenzivne proizvodnje i veceg broja grla na farmi. U samoj tehnologiji najvaznijima se ¢ine utrosci i
troskovi hranidbe te menadzment farme povezan s pravilnim razdobljima muznje i teljenja tijekom godine, dok se
u organizaciji proizvodnje moze govoriti o utro$cima rada i troskovima u staji. Prosje¢ni prihodi analiziranih farmi
su ujednaceni gledano po kilogramu mlijeka, ali se razlikuju ovisno o ostvarenim prinosima. Odstupanja troskova
utjecu na doprinos pokrica i dohodak, pri ¢emu su sva gospodarstva ostvarila zadovoljavajuce prihode s obzirom na
izdatke proizvodnje, dok se u slu¢aju ra¢unanja ukupnih troskova znacajno ugrozava dohodak kod proizvodaca s
najmanjim prinosima u svakoj izdvojenoj skupini.
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Grafikon 1 Prikaz kretanja cijene kostanja s visinom prinosa po grlu, u kn/kg
Izvor: Preracunato prema tablici 1

Po skupinama je primjetna razlika u cijenama kostanja i dohotku u proizvodnji mlijeka. Skupine s ve¢im brojem
grla i relativno veé¢im prinosima imaju manja odstupanja i neiskori$tene moguénosti postizanja dohotka. U cijeloj
analiziranoj populaciji kretanja cijene kostanja i dohotka su koristena za ocjenu neiskoristenih moguénosti, a najbolji
rezultati zabiljezeni su u populaciji s najvise grla u stadu. Iz podataka u grafikonu 1 i 2 te tablice 2 se moze zakljuditi
kako su neiskoristene moguénosti cijele analizirane skupine proizvodac¢a u obliku dohotka od 0,46 do 1,01 kn po
kg mlijeka, od 2.664,09 do 5.574,47 kn po grlu i od 167.234 do ¢ak 266.409 kn po gospodarstvu. Najveéi moguéi
pomaci u visini prinosa i dohotku proizvoda¢a po muznom grlu zabiljezeni su kod kategorija do 50 muznih grla u
stadu. Prema podacima iz ankete ova populacija nije spremna unaprijediti svoju proizvodnju. Naj¢e§¢e smatraju da
su ve¢ postigli vréni stupanj svoje organizacije i proizvodnje, a da bi svako intenziviranje proizvodnje znacilo puno
vedi rizik i troskove koji se ne bi opravdali dodatnim prihodima i dohotkom. Najve¢i ,,gubici“ odnosno neiskoristene
moguénosti u apsolutnim iznosima gledano po skupinama farmi su kod drugog najveceg stada od 100 grla.
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Grafikon 2 Prikaz prosjecnih prihoda, troskova, doprinosa pokrica i dohotka, po grlu
Izvor: Preracunato prema tablici 1
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Tablica 2 Odstupanja cijene kostanja i dohotka od najboljeg rezultata po skupinama, u kn/kg mlijeka

30 50 70 100 150
Cijena kostanja
Najveca 2,52 2,39 2,18 2,39 2,09
Najmanja 2,25 2,00 1,89 1,83 1,63
Odstupanje 0,28 0,38 0,29 0,56 0,45
Doprinos pokri¢a
Najmanji 1,15 1,08 1,05 1,08 1,14
Najveci 1,29 1,25 1,27 1,31 1,44
Odstupanje 0,13 0,18 0,22 0,23 0,30
Dohodak
Najmanji -0,12 0,04 0,27 0,43 0,44
Najveci 0,20 0,47 0,63 0,70 0,89
Odstupanje 0,33 0,43 0,37 0,26 0,45

Izvor: Preracunato prema tablici 1

Zakljucak

Analizirana gospodarstva s proizvodnjom mlijeka znacajno se razlikuju prema veli¢ini osnovnog stada, koli¢ini
proizvodnje mlijeka, te cijenom kostanja i dohocima. Razlike su izrazene i unutar pojedinih skupina s istim brojem
grla, a na njih djeluju visina proizvodnje, ukupno angazirana osnovna sredstva, sustav hranidbe, utrosci rada na
farmi. Najbolji rezultati s obzirom na cijenu kostanja, doprinos pokri¢a i dohodak zabiljezeni su u populaciji s najvise
grla u stadu. Neiskoristene moguc¢nosti u obliku razlike dohotka izmedu najbolje proizvodnje i najslabijih rezultata
po skupinama su od 0,46 do 1,01 kn po kg mlijeka, ili od 2.664,09 do 5.574,47 kn po grlu i od 167.234 do ¢ak 266.409
kn po gospodarstvu. Najve¢i mogudi pomaci u visini prinosa i dohotku proizvodaca zabiljezeni su kod najbrojnije
kategorije u hrvatskom mljekarstvu — gospodarstvima do 50 muznih grla u stadu, ali upravo su ovi proizvodaci
najmanje spremni na unaprjedenje proizvodnje.
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Basic factors of economics of milk production on
farms of different capacity

Abstract

The analysis of the basic factors of milk production of 27 family farms by groups of 30 to 150 cows
in the herd was carried out. The analyzed farms differ significantly in size of the herd, the amount of
milk production, the cost and income. Differences are also expressed within individual groups with
the same number of heads, and they are affected by the amount of production, the total fixed assets
engaged, the feeding system and the farm labor costs. The best results were recorded in the population
with the highest number of animals in the herd, and the largest possible shifts in the level of yield and
income of producers were recorded at farms up to 50 milking cows in the herd.

Keywords: capacity, economic indicators, milk, production indicators
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Abstract

In formulating strategies, companies are increasingly using QSPM (Quantitative Strategic Planning
Matrix) (David, David and David, 2016) analysis to determine the relative attractiveness of alternative
actions being considered. Conceptually, QSPM analysis is an extension of the SWOT (Croman and
Ronen, 2009) (David, Creek, and David, 2020) and determines the relative attractiveness of various
strategies being considered for implementation based on the extent that key external and internal
factors are capitalized on or improved upon. The aim of this paper is to propose and exemplify how
QSPM analysis can enable agribusinesses to be more effective in their strategic planning decision-
making process. Specificity in using QSPM analysis is important, because in the turbulent agribusiness
industry, there are high stakes associated with strategic planning; QSPM analysis can be a valuable
decision-making tool for agribusinesses, as explained in this paper.

Keywords: Strategic planning, QSPM, SWOT, Agribusiness

Introduction

The purpose behind utilizing QSPM (Quantitative Strategic Planning Matrix) analysis is to enable companies to
more effectively select among or decide between competing alternative strategies. The first step in QSPM analysis
is to perform external and internal assessments of the firm that provide, respectively, a finite list of key external
opportunities/threats and internal strengths/weaknesses (Simon, et. al, 2010) that can provide a foundation for
strategic decision-making (David, et al., 2016). Specifically, firms should take advantage of opportunities, avoid or
mitigate the impact of external threats (Koo, et al., 2011), capitalize upon internal strengths, and improve upon
weaknesses (Capps III and Glissmeyer, 2012).

Steps in Performing QSPM Analysis

QSPM analysis can be summarized in six steps as indicated below:

Step 1 - List the firm’s key external opportunities and threats and internal strengths and weaknesses in the left
column of the QSPM.

Step 2 - Assign weights to each key external and internal factor. These weights indicate the relative importance of
each factor to being successful in the industry. The weights for the external factors must sum to 1.0 and similarly
must sum to 1.0 for the internal factors.

Step 3 - Identify alternative strategies that the organization should consider implementing. Record these strategies
in the top row of the QSPM.

Step 4 - Determine the Attractiveness Scores (AS), defined as numerical values that indicate the relative attractiveness
of each strategy considering a single external or internal factor. Attractiveness Scores (AS) are determined by
examining each key external or internal factor, one at a time, and asking the question, “Does this factor affect the
choice of strategies being made?” If the answer to this question is yes, then the strategies should be compared relative
to that key factor. The range for AS is 1 = not attractive, 2 = somewhat attractive, 3 = reasonably attractive, and 4 =
highly attractive. If the answer to the previous question is no, indicating the respective key factor has no effect on the
specific choice being made, then do not assign AS to the strategies in that set. Use a 0 to indicate that the key factor
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does not affect the choice being made for both strategies. Note: If you assign an AS score to one strategy, then assign
an AS score(s) to the other.

Step 5 - Compute the Total Attractiveness Scores (TAS). TAS’s are defined as the product of multiplying the weights
(Step 2) by the AS (Step 4) in each row. The TAS’s indicate the relative attractiveness of each alternative strategy.

Step 6 - Compute the Sum Total Attractiveness Score (STAS). Add TAS in each strategy column of the QSPM. STAS’s
reveal which strategy is most attractive in each set of alternatives.

QSPM Analysis for an Agribusiness: A Hypothetical Example

Exhibit 1 provides a hypothetical example for how QSPM analysis can be utilized in the agribusiness industry. In
Exhibit 1, note that two alternative strategies are being considered by a family run agribusiness specializing in meat
and fruit/grain production. Note by the STAS’s of 2.85 versus 2.49 that the analysis indicates that the particular
agribusiness should buy two new 18-wheel trucks. Note the use of Os to indicate which external and internal factors
do not affect the strategy choice being considered. Note also in Exhibit 1 that there are no consecutive 1s, 2s, 3s, or
4s across any row in a QSPM; never assign the same AS score across a row. Always prepare a QSPM working row by
row. Also, if you have more than four strategies in the QSPM, then let the AS scores range from 1 to “the number
of strategies being evaluated” This will enable assignment of a different AS score for each strategy. These are all
important guidelines to follow in developing a QSPM.

Exhibit 1 — An Example QSPM for a Hypothetical Agribusiness Firm in a Hypothetical Country

Strategy 1 — Purchase two new 18-wheel trucks to transport our product to markets regionally

Strategy 2 — Acquire a poultry packaging operation in neighboring country GHI

Stmtegy 1 Strtegy 2
Strengths Weight AS TAS AS TAS
New irngation systems give us 40% better inswance against possible 010 0 0.00 0 0.00
droughts.
. = : g9 -
2 Our vendors are asking for more of our product, up 14% annually the last 0.00 4 036 3 013
fwo years.
3 The pooling of 23% of our agncultuml output has enabled us to increase
our downstream bargaining power with prospective buyers in addition to 0.08 3 24 4 0.32
our upstream bagaining power with suppliers.
4 i i ion i % Yein 2 - - -
?;:{I;T;ﬁ[ margin for grain production incressed from 6% to 10% in 2019 0.05 3 015 1 0.05
5 We inceaszed our # of vineyands by 10% in 2019 vs 2018, 0.04 2 0.08 1 0.04
6  Ourwaste and pollution control systems wer improved 30% in 2019. 0.04 0 0.00 1] 0.00
7 Our two new combines have enabled our labor costs to decrease 31%. 0.03 3 0.09 1 0.03
8 éﬂaikune@ﬂumbmed a new line of cradit for $300,000 from XYZ 0.03 a 0.06 4 012
9 Wesod et i v i 40%1
[ y_:l-mal marketing and website effectiveness improved 40% in the last 0.03 0 0.00 0 0.00
twelve months.
10 We hired a new accountant and technology officer in 2019. 002 0 0.00 0 0.00
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Stmtegy 1 Strategy 2
Weaknesses Weight AS TAS AS TAS
1 Our exports to other countries declined 7% from 2108 to 2019 0.08 1 0.08 4 0.32
2 Our labor costs mlated to apple harvesting grew 8% from 2018 to 2019, 0.07 0 0.00 1] 0.00
3 We have no clear vision, mission, or long-mnge objectives. 0.07 0 0.00 1] 0.00
4 We oﬂl}-‘_ob.tm 35% of customers from online versus nval firms that 0.05 0 0.00 0 0.00
avemge .
5 : ™ o
Our employes mlmlg has declined ll{l".’ in past twelve months due to 0.05 0 0.00 0 0.00
lamge farms encroaching on our business.
& (E}ur 1_5:111[ trez opemtions vield only a 4% annual refurn versus 12% for ow 0.05 0 0.00 0 0.00
key aval firm.
7 Qur Ertilizer suppliers are merging and increasing prices to us by 3% 0.04 0 0.00 0 0.00
annually.
§  Ouravailable cleared land is 23% of what we need given our 10%: annual 0.04 1 0.04 3 012
growth.
¢ Tk f i iz 14 y 8 for our key
he average age of our equipment is 14 years versus § years for our key 0.03 1 012 2 0.06
rival fim.
10 Our etum on investment for tutkey operations 1s 6% compared to our . .
11% avemge overall. 0.01 1 0.01 3 0.03
Stmtegy 1 Stmtegy 2
Opportunities Weight AS TAS AS TAS
A clos nval agribusiness, ABC Company, is liguidating and seelung a 010 1 010 1 0.40
buver.
2 China has increased its imports of fruit from our country by 20% from a 0.00 0 0.00 0 0.00
YEar ago.
3 : : in b 2% . .
3 Rusgtahasredqozd its exports of gmin by 23%, so prices for our grain 0.06 4 024 1 0.06
has increased 13%
4 Interest mtes have declined to 5% from 7% two years prior 0.05 4 020 3 0.15
5 Political support for small agribusinesses is growing 10% annually. 0.04 4 016 3 0.12
6 A neighboring country, DEF, to the north has a 5% GDP. 0.04 3 012 4 0.16
7 Ourcountry’s political stability has improved 23% in two years. 0.04 0 0.00 1] 0.00
8§  The demand for poultry products is ineeazing 10%6 anmually: 0.04 2 0.08 4 0.16
9 Ouvrcountry’s GDP increased from 3% to 4% in the last two years. 0.03 3 0.09 2 0.06
10 The market price for eggs is growing 3% anmally. 0.02 2 0.04 4 0.08
Stmtegy 1 Strategy 2
Threats Weight AS TAS AS TAS
1 The population of cur country is declining 3% annually. 0.09 2 0.18 1 0.09
2 Comsumpbon of ed meat 15 dedining nationally by 5% annually. 0.07 2 014 4 0.28
3 The markst share of lage cooperatives has grown to 60%, while small
farms™ market share has declined to 30% in naighboning country RST; 0.06 2 012 3 0.18
small famm MINO in R8T is available for sale.
4 i is 33%
Government financial support for small firms is 33% less than for large 0.0 0 0.00 0 0.00
famms.
5 . P : :
%??m world wide awarenz=zs to sating high sugar dists has incresed 0.05 0 0.00 0 0.00
6 I_;ﬁe companies have 20%: higher sconomies of scale than our small 0.04 1 0.04 3 0.08
] Cm_mtrj,—'GI-]I has political unrast that curtails our exports £40% to that 0.04 0 0.00 0 0.00
region.
§  Local banks have reduced their lending to small firms by 33% in the pdor 003 0 0.00 o 0.00
bwo years.
9 Deamand for paclaged i ing §% annually do
and for packaged meats iz growing 8% ammually yet we do not 0.03 1 0.03 3 0.00
package meats.
10 Transportation (trucking) costs are ncreasing 10% annually yet we own
a0 18.wheel trucks, 0.02 4 0.08 1 0.02
TOTALS 2.85 1.49
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As competitiveness becomes more intense in the agribusiness of eastern Europe, many firms, especially small
farmers, are struggling to make effective strategic decisions and manage their resources (Barney, 1991). Large
cooperatives that have greater economies of scale and resources are putting more and more pressure on small firms.
The good news however is that even small agribusinesses can be just as effective, or even more effective, than larger
enterprises in doing strategic planning. As explained and exemplified in this paper, QSPM analysis can be used to
determine the relative attractiveness of alternative strategies, before large capital investments are made implementing
a particular strategy or decision. Having an excellent strategy or game plan before going into battle oftentimes makes
the difference between being successful and unsuccessful. Thus, QSPM analysis should be utilized, we contend,
always in making important strategy decisions.
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SaZetak

Na hrvatskom trzi$tu ne postoje jednokratna pakiranja za ajvar. Temeljno istrazivacko pitanje ovog rada
je postoji li potencijalna potraznja za jednokratnim pakiranjima ajvara te koje su tehnicke moguénosti
i ogranicenja za uvodenje tih pakovina na domace trziste. Cilj je rada bio utvrditi stavove potrosaca
i miljenje stru¢njaka o moguénosti uvodenja na trziste jednokratnog pakiranja za ajvar. Za potrebe
izrade rada provedena su tri terenska istrazivanja, intervju s tehnologom za izradu pakovina, intervjui
s ugostiteljima te anketno istrazivanje potro$aca (n = 114). S tehnicke strane ne postoje ogranicenja
za proizvodnju i koristenje jednokratne ambalaze za ajvar. U ugostiteljstvu, posebice restoranima brze
prehrane, postoji potreba uvodenja takve pakovine. Vecina potrosaca ima pozitivni stav o uvodenju
jednokratne ambalaze za ajvar i kupovali bi ga za kuénu upotrebu odnosno narucivalo u ugostiteljskim
objektima. Dio potro$aca upozorio je na negativan ekoloski aspekt uvodenja jednokratne ambalaze.

Kljuéne rijeci: novi proizvod, ajvar, ambalaza

Uvod

Novi proizvod, u marketinskom smislu, je svaki proizvod koji kupci percipiraju kao novi (usp. Homburg i Krohmer,
2009). To moze biti apsolutna inovacija, proizvod koji nikad prije i nigdje nije bio ponuden na trzistu. Medutim,
puno ¢&es¢e od stvarnih inovacija su poboljsice postojeéih proizvoda bilo da se dodaju novi okusi, mijenja dizajn
odnosno ambalaza proizvoda itd. Novi proizvod je takoder kad se postoje¢i proizvod s odredenog trzista po prvi
put pojavi na novom trzitu (ups. Decker i sur., 2015; Kotler i sur., 2014; Previsi¢, Ozreti¢ Do$en, 2007). Razvoj
novih proizvoda i njihovo uvodenje na trziste je rizicna strategija, a uspjesnost njihovog uvodenja razmjerno mala.
Primjerice, vjerojatnost neuspjeha novog proizvoda u njemackoj prehrambenoj industriji procjenjuje se na oko 65%
(usp. Rohwetterr, 2004., Halaszovich, 2011). U velikom broju studija ali i u medijima spominje se stopa neuspjeha
kod uvodenja novog proizvoda izmedu 80 - 95 %. Nagornyi (2019) opovrgava taj podatak i navodi da se radi o
trzisnom mitu te da je prosjecna stopa neuspjeha u stvarnosti znatno niza, te da iznosi oko 40% u zadnjih 50 - 60
godina, ona varira o zemlji i industriji.

Pogreske pri uvodenju novog proizvoda uzrokuju znacajne financijske gubitke i nanose $tete imidzu poduzeca.
Stoga se taj proces mora sustavno planirati. Jedna od najvaznijih faza u tom procesu je razvoj i testiranje koncepta
proizvoda. U ovoj fazi treba utvrditi rjesava li novi proizvod odredeni problem, koji su konkurentski proizvodi, je li
cijena razumna u odnosu na vrijednost proizvoda, treba li unaprijediti koncept te namjeravaju li potrosaci kupovati
proizvod (usp. Kotler, 2014, Marusi¢ i Vranesevi¢, 2001).

Predmet ovog rada je uvodenje inovativnog pakiranja za ajvar na domace trziste.

Ajvar je dodatak jelima koji se moze posluziti u obliku namaza, priloga, umaka i dr. Prisutan je na policama vecine
trgovina i u ugostiteljskim objektima. Dosadasnje pakiranje ajvara se temeljilo na staklenkama, dok su primjerice,
majoneza i kecap dostupni ve¢ dugi niz godina u manjim, jednokratnim pakiranjima - paketi¢ima ili ¢asicama.
Snimkom trzista je utvrdeno da slicna pakiranja ne postoje za ajvar. Temeljno istrazivacko pitanje ovog rada je
postoji li potreba za jednokratnim pakiranjima ajvara te koja su tehni¢ke moguénostima i ogranicenja za uvodenje
tih pakiranja na trziste. Cilj rada je utvrditi misljenja i namjere potrosaca i stru¢njaka o moguénosti uvodenju na
trziste jednokratnog pakiranja za ajvar.

Rezultati istrazivanja dat ¢e odgovor je li koncept jednokratnog pakiranja za ajvar trzi$no prihvatljiv i postoje li
tehnoloska ogranicenja za njegovu proizvodnju.
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Materijal i metode

U okviru istrazivanja provedena su tri polustrukturirana intervjua i anketa potrosaca. Intervjui su provedeni s
ekspertom za izradu pakovina, kuharom te dva ugostitelja. Intervju su posluzili za izradu koncepta jednokratnog
pakiranja za ajvar te za procjenu mogucnosti uvodenja novog proizvoda u ugostiteljske objekta. Anketno istrazivanje
provedeno je u razdoblju srpanj - kolovoz 2019. godine na uzorku od 114 ispitanika. Ispitani su misljenja, stavovi
i namjere potrosaca ajvara o koristenju jednokratnih pakiranja ajvara. Anketiranje je provedeno u elektroni¢ckom
obliku. Anketni upitnik je izraden putem Google Forms obrasca. Ispitanici su kontaktirani putem drustvene mreze
Facebook. Prikupljeni podatci su analizirani i obradeni u SPSS programu, a pri tome je koritena jednovarijatna
analiza.

Rezultati i rasprava
Intervju s tehnologom i kuharom

Kako bi se osvijetlile tehnicke moguénosti i ogranicenja za uvodenje jednokratnog pakiranja za ajvar provedeni su
intervjui s tehnologom i kuharom.

Misljenje eksperata je da postoji potreba za uvodenjem jednokratne ambalaze za ajvar u ugostiteljske objekte i
maloprodaju. Za odabir ambalaze klju¢na je tekstura ajvara pa stoga tube ne dolaze u obzir. Primjereni oblici su
¢asice i vre¢ice. Od materijala preporuca se koristenje polietilena i aluminij odnosno vi$eslojni materijali. U sluc¢aju
kori$tenja plasti¢ne ambalaze preporucuje se visokotla¢na pasterizacija koja bi sterilizirala proizvod i zadrzala sva
nutritivna svojstva. Upotreba casica mogla bi biti problemati¢na zbog ostatka zraka pri punjenju. Medutim, taj
problem je moguce rijesiti s kvalitetnijim punilicama. Vrecice imaju prednost u odnosu na casice i zbog transporta
jer zauzimaju puno manji volumen.

Predlozeni volumen pakiranja ajvara je 30 ml.

Cijene jednokratne ambalaze ne bi trebale znacajnije povecati cijenu ajvara.

Intervju s ugostiteljima

Provedena su dva intervjua s ugostiteljima kako bi se procijenilo prihvac¢anja jednokratne ambalaze za ajvar.

Ajvar se u ugostiteljskim objektima nudi kao dodatak pojedinim jelima, kao $to su primjerice jela sa zara, ali se moze
naruciti i kao poseban prilog.

Ugostitelji su do sada imali dosta problema sa serviranjem ajvara. Prilikom serviranja ajvara s peenim mesom
problem je $to ajvar dotice meso, a to mnogi gosti ne vole. Drugi veliki problem je taj $to dio gostiju ne konzumira
ajvar ili ga konzumira jako malo pa se dio ajvara baca. Uvodenjem jednokratne ambalaZe tanjur s jelom bi vizualno
ljepse izgledao i ajvar se ne bi bacao u slucaju da ga gosti ne Zele konzumirati. Osim toga, jednokratna ambalaza
bi olaksala posluzivanje ajvara. Preferirani oblik su jednokratne ¢asice ili posudice, dok bi vreéice bile prakti¢nije.
Preferirani volumen je 60 grama. Moguce ogranicenje je povecanje nabavne cijene ajvara.

Anketa potrosaca

U anketi je sudjelovalo 62,3% Zenskih i 37,7 % muskih osoba. Najvise ispitanika je u dobi od 21 do 30 godina (70,2
%), slijede oni od 31 do 40 godina (10,5%), od 41 - 50 godina (7,9 %) te osobe mlade 20 godina i starije od 50 godina
(4,4 %). Prema obrazovanju najvise ispitanika ima vi$u stru¢nu spremu (47,4%), zatim srednju stru¢nu spremu (27,2
%) te magisterij ili doktorski studij (25,4%). Prema visini mjese¢nih primanja najbrojnija su ku¢anstva koja imaju od
4.000 do 8.000 kuna (37,7%), zatim ona od 8.001 do 12.000 kuna (28,9%), dok prihode vecée od 12.000 kuna ima 23,7
% kucanstava. Prihod manji od 4.000 kuna ima 9,6% kucanstava.

Vedina ispitanih konzumira ajvar 2 do 3 puta mjese¢no (35,1 %), daljnjih 25% jednom mjesec¢no, 23,7% konzumira
ajvar 2 do 3 puta godisnje te 13,2% njih najmanje jednom tjedno. Svega 2,7% ispitanika konzumira ajvar jednom
godi$nje odnosno rjede. Ajvar se najce$¢e konzumira kao hladni dodatak uz meso s rostilja, a puno rjede kao namaz
i dodatak jelima.

Vedina ispitanika kupuje ajvar u supermarketima ili lokalnim trgovinama, ali ga znacajan broj ispitanika sam
proizvodi.
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Preferencije potrosaca prema jednokratnoj ambalazi umaka (ketchup, majoneza, senf) su podijeljene. Gotovo
polovica ispitanika preferira jednokratnu ambalazu (45,6%), 39,5 % ju ne preferira, a 14,9% nema izrazene
preferencije. Cak tri ¢etvrtine ispitanika konzumira umake iz jednokratnih ambalaza, dok 23,7 % ne konzumira.
Razlozi za kori$tenje jednokratne ambalaze su: jednostavno koristenje i skladi$tenje, veca svjezina i bolji okus umaka,
te manji rizik od kvarljivosti proizvoda. Razlozi protiv koristenja jednokratne ambalaze su: veée koli¢ine otpada $to

dodatno onecis¢uje okolis te visa cijena umaka. Dio ispitanika drzi da su jednokratna pakiranja bolja za ugostiteljske
objekte, a veca pakiranja za kucanstva.

Veli¢ina pakiranja ajvar vazna je odnosno jako vazna za trecinu ispitanih (35,1%), nevazna za 30,7% ispitanika, a
niti vazna niti nevazna za njih 34,2%

Nesto viSe od polovice ispitanih (58,8%) namjerava kupovati ajvar u jednokratnoj ambalazi, ¢etvrtina ispitanih ne
namjerava, a 15,8% nema izraZene namjere. Gotovo % ispitanika (71,1%) koristilo bi jednokratna pakiranja ajvara u
ugostiteljskim objektima, 17,5% ne bi, a 11,4% ne zna.

Prema misljenju ispitanika prednosti jednokratnog pakiranja za ajvar su slijedece: smanjilo bi se bacanje hrane,
higijenski susigurnija te selaks$e transportirajuiskladiste. Dodatno, takva ambalaza sprje¢ava moguénost manipulacije
s koli¢inama u ugostiteljskim objektima. Najveca barijera za koristenje jednokratne ambalaze su vece koli¢ine otpada
koje ¢e takva ambalaza izazvati. Ve¢ina ispitanika misli da bi jednokratna pakiranja ajvara povecalo cijene objeda
u ugostiteljskim objektima. Isto tako, ve¢ina ispitanih ne Zeli platiti vecu cijenu objeda zbog jednokratne ambalaze.

25,4%

mDa
m Ne

Ne znam

58,8%

Graf 1. Biste li kupili ajvar u jednokratnoj ambalazi?

Zakljucak

Na domacem trzistu ne postoje jednokratna pakiranja za ajvar. S tehnicke strane ne postoje ogranicenja za
proizvodnju i kori$tenje ajvara u jednokratnoj ambalazi. Primjereni oblici za pakiranje su casice i vrecice, a od
materijala preporuca se koristenje polietilena i aluminij odnosno viSeslojni materijali. Upotreba ¢asica mogla bi
biti problemati¢na zbog ostatka zraka pri punjenju sto je moguce rijesiti s kvalitetnijim punilicama. PredloZena
masa pakiranja ajvara je 30 g. Ugostitelji navode da postoji potreba za uvodenje jednokratnog pakiranja ajvara u
ugostiteljske objekte. Pri tome oni preferiraju oblik ¢asice i pakiranja od 60 g. Veéina potro$aca ima pozitivni stav
o uvodenju jednokratne ambalaze za ajvar i kupovali bi ga za kuénu upotrebu odnosno naruéivalo u ugostiteljskim
objektima. Dio potro$aca upozorio je na negativan ekologki aspekt uvodenja jednokratne ambalaze te moguce
poskupljenje objeda u ugostiteljstvu. Nedoumice vezane za oblik i masu jednokratne ambalaze za ajvar treba
razrije$iti u fazi razvoja i testiranja proizvoda.
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Napomena

Podaci iznijeti u ovom radu predstavljaju rezultate istrazivanja provedenog za potrebe izrade diplomskog rada
studentice Martine Cur¢i¢ na Agronomskom fakultetu Sveuéilista u Zagrebu pod nazivom: Moguénosti uvodenja
jednokratne ambalaze za ajvar.
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The possibility of introducing a disposable ajvar
packaging on the domestic market

Abstract

There is no ajvar packet in the Croatian market. The basic research question of this paper is whether
there is a potential demand for ajvar packet and what are the technical possibilities and limitations for
introducing these packets in the domestic market. The aim of the paper was to determine consumers’
attitudes and experts’ opinions on the possibility of introducing ajvar packet in the market. Therefore,
three field surveys were conducted, an interview with a packaging technologist, interviews with
caterers, and a consumer survey (n = 114). Technically, there are no restrictions on the production
and use of ajvar packets. In the catering industry, especially in fast food restaurants, there is a need
to introduce such small packaging. Most consumers have a positive attitude about ajvar packets; they
would buy it for home use or order at catering establishments. Some consumers pointed to the negative
environmental aspect of introducing condiment packets.

Keywords: novel product, ajvar, packaging
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Utjecaj osvjetljenja razlicitih spektralnih
karakteristika na formiranje puci kapara (Capparis
orientalis Veill.) u in vitro i in vivo uvjetima

Anita Bos$njak Mihovilovi¢, Ivanka Habus Jerci¢, Marijana Bari¢, Ivana Tomaz, Tatjana Prebeg,
Kristina Bekavac’, Snjezana Keresa

Sveuciliste u Zagrebu, Agronomski fakultet, SvetoSimunska cesta 25, 10000 Zagreb, Hrvatska (e-mail: amihovilovic@agr.hr)

SaZetak

Cilj istrazivanja bio je utvrditi promjene u broju pu¢i po jedninici lisne povrsine pod utjecajem
osvjetljenja razli¢itih spektralnih karakteristika na izdancima kapara u fazi in vitro zakorjenjivanja
te na zakorjenjenim i uspje$no aklimatiziranim biljkama in vivo. Testirana su tri tipa osvjetljenja:
flourescentne lampe, LED osvjetljenja s omjerom crvenog i plavog spektra 70:30 i LED osvjetljenje
$irokog spektra: 53% crveni, 4% plavi, 16% zeleni spektar i 17% tamno crvena svjetlost.

Broj puci po jedinici lisne povrsine bio je znacajno veci u in vitro uvjetima, dok je u oba tipa uzgoja
najveci broj pudi s abaksijalne i adaksijalne strane izmjeren pri osvjetljenju LED rasvjetom $irokog
spektra. Ovisno o vrsti svjetla uspjesnost zakorjenjivanja se kretala od 59 do 83 %, a uspjeSnost
aklimatizacije od 65 do 69%.

Kljucne rijeci: kapar, puci, flourescentno svjetlo, LED

Uvod

Kapar (Capparis orientalis Veill.) je grmolika trajnica koja raste uglavnom u mediteranskim zemljama. Dio je
mediteranske prehrane vise od 5000 godina (Giileryiiz i sur., 2009). Ima vaznu ulogu u prehrambenoj industriji, ali
i farmaceutskoj i kozmeti¢koj industriji radi ¢ega je komercijalno vrijedan proizvod. Obalno podrucje Republike
Hrvatske je prirodno staniste isto¢njac¢kog kapara (Capparis orientalis Veill.).

Usprkos tome nema niti jednog komercijalnog nasada, a kompletna ponuda ukiseljenih i usoljenih cvjetnih pupova
dostupnih na OPG-ima temelji se na sakupljanju pupova samoniklih biljaka. Stovise, kapar je na popisu tradicijskih
povrtnih sorti Dalmacije (Ozimeci sur., 2015), ali na trzistu nema sadnica tradicijskih genotipova, kao niti kultivara
oplemenjivanih u nasim uvjetima.

Uzrok tome mozZe biti nedovoljno poznavanje nutritivnog i farmaceutskog potencijala kapara, nepostojanje
istrazivanja o utjecaju okolisnih uvjeta na proizvodnju bioaktivnih spojeva i slaboj uspjesnosti razmnozavanja kapara
bilo generativno ili vegetativno. Rjesenje za ekspanziju komercijalnog uzgoja ove kulture je mikropropagacija.

Opisano je uspjes$no in vitro umnazanje kapara (Al-Mahmood i sur., 2011; Carra i sur., 2012; Keresa i sur., 2019), ali u
dostupnoj literaturi nema podataka o utjecaju razlicitih spektralnih karakteristika svjetlosti na razvoj kapara. Poznato
je da spektralne karakteristike svjetlosti, intenzitet osvjetljenja i fotoperiod imaju sredi$nju ulogu u morfogenezi,
rastu i diferencijaciji biljnih stanica (Vieira i sur., 2015) te snazno utjecu na fotosintezu (Tripathy i Brown, 1995,
Vieira et al. 2015). S obzirom da ne postoji konsenzus o univerzalnom spektru svjetla koji bi bio optimalan za razvoj
u in vitro uvjetima, vec¢ ovisi o biljnoj vrsti, takva istrazivanja su trenutno vrlo aktualna (Gupta i Jatothu, 2013; Vieira
isur., 2015; Cio¢ i sur., 2018).

Aklimatizacija predstavlja kriticnu tocku in vitro razmnozavanja jer se biljke moraju prilagoditi na nove okolinske
uvjete kao $to su niza relativna vlaznost, veci intenzitet svjetlosti, variranje temperatur i konstantan infektivni pritisak
zbog nesterilnih uvjeta ex vitro. Osim toga istrazivanja (Moyo i sur., 2015; Pospisilova i sur., 1999; Sahay i Varma
2000) upucuju na razliku morfologije listova, osobito broja i veli¢ine puci u in vitro i ex vitro uvjetima.
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Stoga je razumijevanje promjena folijarne mikromorfologije koje nastaju kao posljedica in vitro uvjeta od velike
vaznosti. Stoga je cilj ovog rada bio pracenje promjena u broju puci po jedinici lisne povrsine izmedu biljaka u in
vitro uvjetima i nakon aklimatizacije pod osvjetljenjem razli¢itih spektralnih karakteristika.

Materijal i metode

Uniformni izdanci kapara (Capparis orientalis Veill.) mikropropagiranih na MS mediju (Murashige i Skoog, 1962)
s dodatkom 0,6 mg/l meta-topolina (mT) koriSteni su kao pocetni biljni materijal. Ujednaceni izdanci duzine 1-1,5
cm postavljeni su na medij za ukorjenjivanje sastava: MS makro- i mikroelementi (Murashige i Skoog, 1962), MS
vitamini, 0,1 g/L inozitola, 30 g/L saharoze i 2 mg/L indolil-3 octene kiseline (IAA), Bacto ™ Agar 8 g/L, pH 5,8.
Medij, Magenta posudice i pribor su sterilizirani u autoklavu na 121°C, pri tlaku od 1 bara i trajanju od 25 min.

Magenta posudice s eksplantatima smjestene su u komoru rasta namijenjenu za rast kulture tkiva. Temperatura
u komori bila je 23,5+1°C i fotoperiod 16 sati dan/ 8 sati no¢. Izvori umjetnog osvjetljenja bile su fluorescentne
lampe Osram L 36W/77 FLUORA, LED osvjetljenje proizvodaca Philips, model GP LED DR/B 120 HB LO s
omjerom crvenog i plavog spektra 70%:30% i LED osvjetljenje proizvodaca Valoya, model NS12 Sirokog spektra
53% crveni, 4% plavi, 16% zeleni spektar 1 17% tamno crvena svjetlost. Kod sva tri tipa osvjetljenja intenzitet je
bio jednak, 40 pE m=2s.

Na svaki tretman svjetlom postavljeno je 8 Magenta posuda s 9 izdanaka u svakoj; ukupno 72 biljke po tretmanu.
Nakon 70 dana procijenjen je udio zakorjenjenih biljka. Prije sadnje i aklimatizacije zakorjenjenih izdanaka kapara,
po 6 izdanaka sa svakog tretmana posluzilo je za odredivanje broja puci po jedinici lisne povrsine u in vitro uvjetima.

Zakorjenjene biljke su posadene u smjesu komposta (2/3) i perlita (1/3), prekrivene plasticnom prozirnom folijom te
aklimatizirane u komori rasta pri istim uvjetima i tretmanima svjetlom na kojima su biljke i zakorijenile. Uspjesnost
aklimatizacije procijenjena je 60 dana nakon sadnje, a 120 dana nakon sadnje uzeti su uzorci lisnog tkiva za
odredivanje broja puci po jedinici lisne povrSine u in vivo uvjetima.

Utjecaj tipa osvjetljenja na broj pucipojedinicilisne povrsine zakorjenjenih biljaka u in vitro uvjetima i aklimatiziranih
biljaka (u in vivo uvjetima) testirani su analizom varijance. Za usporedbu prosjeka tretmana osvjetljenja razli¢itih
spektralnih karakteristika i razlic¢itih uvjeta uzgoja (in vitro ili in vivo) koristen je Duncan test za viSestruke
usporedbe. Statisticka analiza podataka provedena je programskim paketom SAS (SAS, 2010). Radi testiranja
uspjesnosti ukorjenjivanja i aklimatizacije biljaka s obzirom na tretmane svjetlom, proveden je x2-test u excelu.

Rezultatii rasprava

Razliciti tretmani svjetlom i razli¢iti uvjeti uzgoja znacajano su utjecali na broj puc¢i po mm? lisne povrsine. I u in
vitro i u in vivo uvjetima, najveci broj puci razvijen je kod biljaka uzgajanih pod LED osvjetljenjem Sirokog spektra
dok je najmanji broj puci razvijen kod biljaka uzgajanih pod flourescentnim lampama (Tablica 1, Tablica 2, Slika 1).
O pozitivnom u¢inku tamno crvene svjetlosti na formiranje i aktivnost pu¢i izdanaka banana u odnosu na kontrolno
osvjetljenje flourescentnim lampama izvjestili su Vieira i sur. (2015). Pozitivan utjecaj kombinacije tamno crvene
svjetlosti i plavog LED spektra opisali su i Kim i sur. (2004) na krizantemi. S obzirom da je LED osvjetljenje $irokog
spektra Valoya (NS12) rezultiralo najve¢im brojem puci po jedinici lisne povrsine, mozemo pretpostaviti da je tamno
crvena svjetlost, koju ovaj tip osvjetljenja sadrzi, pozitivno utjecala na razvoj puci kapara.

Tablica 1: Prosje¢an broj puci po mm? lisne povrsine kod razli¢itih vrsta osvjetljenja

Broj puci/mm? lista (abaksijalna  Broj puci/mm? lista (adaksijalna

strana lista) strana lista)
Fluorescentne lampe 1589 C 187,7 C
Tip osvjetljenja ~ LED Siroki spektar 287,1A 299,5 A
LED 70:30 215,2 B 239,4 B

*Vrijednosti oznacene istim slovom ne razlikuju se znacajno (p<0,01) prema Duncan testu. Vrijednosti broja
puci po lisnoj povrsini su izracunati kao prosjecne vrijednosti za oba tipa uzgoja (u in vitro i in vivo uvjetima)
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Tablica 2: Prosjecan broj puc¢i/mm? lisne povrsine kod razli¢itih uvjeta uzgoja (in vitro i in vivo) kroz sve tipove
osvjetljenja

Broj puc¢i/mm? lista (abaksijalna  Broj pu¢i/mm? lista (adaksijalna

strana lista) strana lista)
) ) in vitro 317 A 328,6 A
Tip uzgoja L
in vivo 135,8 B 182,7 B

*Vrijednosti oznacene istim slovom ne razlikuju se znacajno (p<0,01) prema Duncan testu. Vrijednosti broja puci po lisnoj

povrsini su izracunati kao prosjecne vrijednosti za sve tri vrste osvjetljenja.

s

Slika 1: Puci s abaksijalne strane lista razvijene pod: a) flourescentnim osvjetljenjem, b) LED osvjetljenjem
crvenog i plavog spektra 70:30, ¢) LED osvjetljenjem Sirokog spektra Valoya (NS12)

Karakteristika puci razvijenih u in vitro uvjetima je okrugli oblik i potpuna otvorenost (Slika 1, Slika 2a), dok su
puci razvijene in vivo elipti¢cnog oblika i manje otvorene (Slika 2b). Okrugli oblik puci povezuje se s odsutnoscéu
ili jako naruSenom funkcijom puci u in vitro uvjetima, dok je eliptican oblik karakteristika funkcionalnih puci u
in vivo uvjetima (Zacchani i sur., 1997). Smatra se da visoka vlaga u in vitro uvjetima utjece na tijek razvoja stanica
zapornica, kao i na mehanizam zatvaranja puci (Marin i Gella, 1988).

Slika 2: Puci s adaksijalne strane lista razvijene pod LED osvjetljenjem Sirokog spektra u: a) in vitro uvjetima, u
b) in vivo uvjetima

Uspjesnost zakorjenjivanja iznosila je u prosjeku 74%, a uspje$nost aklimatizacije 67% pri cemu tip osvjetljenja nije
imao statisticki znacajnog utjecaja. Ovaj rezultat je u skladu s dostupnim istrazivanjima prema kojima se uspjeh
aklimatizacije kapara razvijenih u in vitro uvjetima, krece se od 60% do 70% (Musallam i sur., 2011; Carra i sur.,
2012; Mehrabani 2016; Kere$a i sur., 2019).

Zakljucak

Puci omogucavaju biljci da se prilagodi promjenama u okoli$u i kroz kontrolu otvorenosti pora odrzavaju ravnotezu
utje¢udi na fizicku razmjenu izmedu biljke i njezine okoline. Zbog ovih su osobina puci vazne u aklimatizaciji i
prezivljavanju sadnica nakon prenosenja iz in vitro uvjeta kada je regulacija vode u biljci izuzetno bitna da bi se
izbjegla dehidracija. Ovo istrazivanje je pokazalo da tip osvjetljenja znacajno utjece na formiranje puci kapara te da
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postoje znatne razlike u broju, obliku i otvorenosti puci kapara u in vitro i in vivo uvjetima. Iz toga zakljuc¢ujemo
da biljka u fazi aklimatizacije mora znac¢ajno smanjiti velik broj uglavnom slabo funkcionalnih pudi razvijenih u in
vitro uvjetima na manji broj funkcionalnih puci kakav smo zabiljezili u in vivo uvjetima kod aklimatiziranih biljaka
kapara te da niti jedan od testiranih tipova osvjetljenja nije znacajno utjecao na taj proces.
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Effect of difterent light spectra on stomata
formation of caper (Capparis orientalis Veill.) in
vitro and in vivo

Abstract

The aim of this study was to examine stomata formation of caper plantlets rooted in vitro as well as on
plants successfully acclimatised in vivo under different light spectra. Three types of lights were tested:
flourescent lamps, LED with the ratio of red and blue light 70% : 30% and LED wide spectrum: 53%
red, 4% blue, 16% green and 17% deep red light. Stomata density was significantly higher in in vitro
conditions. Across both types of growth (in vitro and in vivo), the highest stomata density was recorded
under LED wide spectrum. Depending on type of light, the success of rooting varied between 59 and
83 %, while 65 to 69% of rooted plantlets were succesfully acclimatised.

Keywords: caper, stomata, flourescent light, LED
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Abstract

The aim of the study was to assess the genetic variability among three Albanian bread wheat (Triticum
aestivum L.) cultivars using morphological traits and RAPD markers.

Strong correlations were observed between various traits, as tillering capacity and seed size or seed
size and spike length. Based on 14 morphological traits cultivars 'Progresi’ and ’LVS’ showed higher
similarity levels. Nine polymorfic RAPD markers that gave reproducible results were used to assess
genetic diversity among three bread wheat cultivars. There were generated in total 31 fragments with
a mean of 3.4 fragments per primer. Cluster analysis based on molecular data revealed two groups,
however no correlation was observed between clustering obtained with molecular markers and
morphological characters. The highest variability among genotypes was observed for number of seeds
per spike, stem length, and number of seeds per spikelet, and they could be used to select favourable
traits for crosses in the future genetic improvement programs.

Keywords: Triticum aestivum L. RAPD, morphology, genetic variability

Introduction

Albania is an area rich in crop biodiversity, it is characterized by a high diversity of climatic and agronomic conditions.
Therefore, this genetic diversity needs to be characterized and measured. Genetic variability evaluation based on
morphological characters of economic interest might be used to choose suitable materials for crop improvement
(Dos Santos et al., 2009). As previously reported (Al Khanjari et al., 2008), quantitative traits are often used to assess
and describe the wheat characters due to their role in the estimation of genetic diversity and discrimination of
closely related types. Genetic diversity assessment based on RAPD molecular markers has been widely implemented
in wheat due to their lack of environmental conditions influences (Cao et al., 2000; Kutka et al., 2016; Gurcan et al.,
2017). Genetic diversity studies in Albanian wheat cultivars based on molecular markers system has not been done
to date. Therefore, three important bread wheat cultivars were evaluated using the morphological traits and RAPD
markers to gain better understanding of their genetic diversity.

Materials and methods

Plant material: Three Albanian cultivars of bread wheat (Triticum aestivum L.) were included in the present study.
Seeds of Progresi, ‘Dajti‘ and "LVS® cultivars were germinated and analysed at the Laboratory of Molecular Biology
of the Biotechnology Department of the Natural Science Faculty of Tirana.

Method: After seedling emergence morphological measurements were made for root length/cm (RL), stem length/
cm (SL), leaf length/cm (LL), stem weight/g (SW) and fresh root weight/g (RW). Other traits such as tillering
capacity (TC), plant height/cm (PH), spike length/cm (SpL), number of spikelet per spike (NSpklSp), number of
seeds per spikelet (NSeSpkl), number of seeds per spike (NSeSp), weight of seeds per spike/g (WSeSp) and weight of
1000 seeds/g (W1000S), were measured on the new set of plants of the three cultivars. Two weeks old seedlings were
used for genomic DNA extraction following cetyltrimethylammonium bromide (CTAB) method according to Kump
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and Javornik (2006). The amplification was done by means of 11 RAPD markers (OPA01, OPA08, OPA13, OPA15,
OPA16, OPA17, OPB01, OPAG04, OPJ04, OPJ07 and OPJ12). The PCR mixture in a volume of 15 pl contained 20ng
DNA, 1xPCR buffer, 2mM MgCl, 0.2mM dNTPs, 0.2ul primer and 0.3U of Tag polymerase. Amplification were
carried out in PCRG-400 Gradient Thermal Cycler, using the following conditions: 94°C for 1.5 min, 36 cycles of

94°Cfor 30s, 36°C for 45s, 72°C for 1 min and final step on 72°C for 5 min. PCR amplified fragments were separated
by electrophoresis in 1.5% agarose gel.

Data analysis: Descriptive statistics for 14 morphological traits as well as Pearson’s correlation coeflicients among
them were calculated in the Statistical Package for Social Sciences (SPSS version 21). A binary matrix was obtained
based on scoring the fragments generated by RAPD based analysis in the gel. These data were used to calculate
Jaccard’s coeflicient and the dendrogram was generated using similarity matrix based on Neighbour joining cluster
analysis, implemented in NTSYS v. 2.2 software (Rohlf, 2000).

Results and discussion

The morphological data findings (Table 1) could be the result of genetic differences among the three cultivars.
Cultivar ‘Progresi’ had the highest values for root length, root fresh weight and seed size, which are higher than
those reported by other authors (Peltonen et al., 2007; Xhulaj et al., 2017). All three wheat cultivars had high tillering
capacity (Table 1). The estimated coefficient of variation was high for traits such as number of seeds per spike, stem
length, and number of seeds per spike, similar to reports by other authors (Ali et al., 2008; Sabaghina et al., 2014;
Xhulaj et al., 2019).

Table 1. Descriptive statistics of 14 morphological traits in three cultivars of bread wheat

Cultivar Mean v (%)

Trait Progresi Dajti LVS

RL/cm 13.87 10.88 12.89 12.5 12.1
SL/cm 14.23 19 12.12 15.1 23.3
LL/cm 7.27 9.35 6.68 7.8 18.1
SW/g 0.07 0.08 0.072 0.1 72
RW/g 0.05 0.04 0.043 0.0 11.6
TC 3.1 3.3 3.4 33 47
PH/cm 98.3 90.5 105.5 98.1 76
SpL/cm 9.76 10.1 10.26 10.0 25
NSplep 20.5 24.2 21.4 22.0 8.8
NSeSpkl 2.33 3.01 2.98 2.8 13.9
NSeSp 35.9 56.2 384 43.5 25.4
SS/mm 6.23 6.13 6.06 6.1 14
WSeSp/g 2.67 3.18 2.84 2.9 9.0
W1000S/g 45.3 50.04 49.7 48.3

RL -root length/cm; SL- stem length/cm; LL-leaf length/cm; SW-Stem weight/g; RW- fresh root wezght/g, TC -
tillering capacity; PH - plant heigh/cmt; SpL - spike length/cm; NSpkIS - number of spikelet per spike; NSeSpkl

- number of seeds per spikelet; NSeSp - number of seeds per spike; SS - seed size/mm; WSeSp — weight of seeds per
spike/g and W1000S- weight of thousand seeds.

Cultivar ’Dajti’ had the highest values for number of seeds per spikelet, number of seeds per spike and weight of
thousand seeds. Seed weight is an important trait in wheat, which could increase seed germination capacity, seedling
emergence, tillering capacity, spike density and yield (Bellatreche et al., 2017). Cultivar LVS showed the highest value
for plant height (105.5 cm), which is higher than those reported by Aliu et al., (2010), and goes within the limits of
plant heights reported by Sabaghina et al., (2014) and Mahmood et al., (2006).

Correlation Coefficient Analysis: Pearsons’ correlation coefficients among morphological traits are shown in table 2.
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The highest positive correlations (r=1) were observed between tillering capacity and spike length, as well as between
weight of thousand seeds and number of seeds per spikelet, whereas the highest negative correlation (r=-1) was
found between weight of seeds per spike and root length. A number of very strong correlations (>0.9 or >-0.9) were
also observed between various traits, e.g. tillering capacity and seed size or seed size and spike length.

Table 2. Correlation matrix among 14 morphological traits

. NSpkl  NSe WSe

Variables | RL SL ILL SW RW TC PH  SpL NSeSp  SS
Sp Spkl Sp

SL -0.80
LL -0.85 0.99
SwW -095 095 0.97
RW 0.93 -0.54 -0.62 -0.77
TC -049 -0.11 -0.02 020 -0.77
PH 0.67 -098 -0.95 -0.87 0.37 0.30
SpL -0.50 -0.09 -0.01 0.21 -0.78 1.00 0.29

NSpklSp | -0.99 085 090 097 -0.89 041 -0.74 042

NSeSpkl [ -0.77 025 034 0.54 -095 093 -0.06 0.93 0.71

NSeSp -097 091 094 099 -0.83 0.29 -081 031 0.99 0.62

SS 041 020 o0.11 -0.11 071 -099 -038 -099 -033 -0.89 -0.21

WSeSp -1.00 080 085 094 -093 050 -0.67 0.51 0.99 0.78 0.97 -0.42
W1000 -0.79 028 036 056 -095 092 -0.08 0.92 0.73 1.00 0.64 -0.88 0.79

Cluster analyses: Genetic diversity among wheat cultivars based on the 14 morphological traits measured, was
calculeted after Agglomerative Hierarchical Clustering (AHC, Wards method). The tree (Figure 2) based on the
variance decomposition for the optimal classification was divided in three clusters. The two genotypes with major
similarity level were cultivar "Progresi’ and ’LVS. This low distance among the wheat genotypes was basically for fully
similarity existence in trait as SW, RW, SpL, NSpklSp. Cultivar 'Dajti’ is different from two other genotypes for higher
values in yield contributing traits as NSpklSp, NSeSpkl, NSeSp, WSeSp and W1000S significant at the probability
F<P

0.05°
Genetic diversity based on RAPD markers: Eleven RAPD markers were used to assess genetic diversity among
three bread wheat cultivar. Out of these markers two were monomorfic (OPAO1 and OPJ04), while nine RAPD
markers were polymorphic and gave reproducible results. The nine polymorphic RAPD markers amplified in total
31 fragments with the size range 300-1500 bp from which 54.8% were polymorphic. The dendrogram based on the
Jaccard s similarity coefficient matrix showed two clusters (Figure 3).

b ¥
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B

Figure 2. Dendrogram (Euclidean distance) of three bread wheat cultivars based on 14 morphological
traits
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Genetic diversity of some important wheat (Triticum aestivum L.) genotypes in Albania based on
morphological traits and RAPD markers

The lowest similarity was observed between "Progresi’ and "'LVS. The observed differences in obtained clusters
of wheat cultivars based on RAPD and on morfological data in this study might be due to the genomic regions
examined by RAPD markers, which might be different from the regions where genes controling morphological
traits, are located. The obtained results provide better understanding of genetic diversity of these important wheat
bread cultivars.

Documentl - Microsoft Word | [E=A o]
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Figure 3. Dendrogram of genetic relationships among three bread wheat cultivars based on RAPD markers

Conclusions

In this study we analysed the variability of three bread wheat cultivars, on the basis of the morphological traits and
RAPD markers. The estimation of genetic variation of morphological traits showed high variability, which provides a
good basis for future studies of quantitative traits. The highest variability among genotypes was observed for number
of seeds per spike, stem length, and number of seeds per spikelet, and they could be used to select favourable traits
for crosses in the genetic improvement programs. No correlation was observed between clustering obtained with
molecular markers and morphological characters. Further research based on biochemical or other categories of
molecular markers should be performed in the future to grasp the genetic variation in our wheat genotypes.
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Reakcija genotipova psenice na razlicite gustoce
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SaZetak

Gustoca sjetve direktno utje¢e na broj klasova po m?, a posljedi¢no i na druge komponente uroda p$enice.
Stoga je vazno utvrditi optimalnu gustocu sjetve za odredeni genotip koja ce rezultirati maksimalnim
urodom. Cilj ovog istrazivanja je bio utvrditi utjecaj gustoce sjetve na formiranje komponenti uroda
i urod razlic¢itih genotipova ozime psenice. U istrazivanje je bilo uklju¢eno deset genotipova ozime
psenice: sorte AFZG Karla, Kaja, Mara i Antonija te $est oplemenjivackih linija uzgajanih u dvije gustoce
sjetve, 400 zrna/m* i 650 zrna/m’ Analizom je utvrdeno da gustoca sjetve znacajno utjece na broj
klasova po m?, urod zrna po klasu i Zetveni indeks, dok je interakcija genotip x gustoca bila znacajna
jedino za urod zrna po klasu. Masa 1000 zrna kao i hektolitarska masa najstabilnije su komponente na
koje gustoca sjetve nije znacajno utjecala.

Klju¢ne rijeci: gustoca sjetve, komponente uroda, urod, ozima p$enica

Uvod

U poljoprivrednoj proizvodnji ostvareni urod usjeva rezultat je produktivnosti polja (cenoze) u kojem je produktivnost
pojedine biljke manja od stvarno moguce genetske (Bari¢ i sur., 1994). Za proizvodaca je najvazniji ostvareni
urod koji je uvijek manji od stvarno moguceg, a rezultat je interakcije genotipa i ostalih okolisnih uvjeta. Kako bi
ostvareni urod bio §to bliZe stvarno moguéem urodu potrebno je osigurati okoli$ne uvjete u kojima ¢e genotip moci
ostvariti maksimalni urod. Gustoca sjetve predstavlja jedan od vaznih ¢imbenika koji utjecu na produktivnost polja
(raspolozivost vode, svjetla, hranjiva). Produktivnost usjeva moze se do odredene mjere povecati povecanjem gustoce
sjetve do odredene, za genotip specificne gustoce, a nakon tog limita urod se smanjuje (Bari¢, 1993). Komponente
uroda psenice, koje pridonose formiranju uroda zrna, su broj fertilnih vlati po m? broj klasova po biljci, broj zrna
po klasu i masa zrna po klasu. Navedena svojstva mogu se kompenzirati jedno za drugo u svrhu stabilnosti uroda
prilikom promjene okolinskih uvjeta (Reynolds i sur., 1996). To je u direktnoj vezi s plasticno$¢u genotipa. Stoga je
vrlo vazno utvrditi gustocu sjetve koja ¢e rezultirati maksimalnim urodom pojedinog genotipa. Posljednjih godina
troskovi proizvodnje rastu. Proizvodaci zele ekonomic¢niju proizvodnju, tj. da se uz $to manja ulaganja na istoj povrsini
ostvare veci i stabilniji urod. Sjetvom genotipova velikog potencijala busanja za istu proizvodnu povrsinu potrebna je
manja koli¢ina sjemena za sjetvu, $to smanjuje troskove sjetve. S druge strane, povecavaju se poljoprivredne povrsine
na kojima se primjenjuje organska i integrirana proizvodnja, a koje daju prednost genotipovima koji se mogu sijati u
gus¢em sklopu. Naime, u organskoj i integriranoj proizvodnji, zbog minimalnog koristenja pesticida, utvrdeno je da
povecana gustoca sjetve ne utjece samo na urod zrna, ve¢ i na suzbijanje korova (Kristensen i sur., 2008). Cilj ovog
istrazivanja bio je utvrditi utjecaj gustoce sjetve, genotipa i njihove interakcije na formiranje komponenti uroda i
urod 10 genotipova ozime pSenice.

Rad je izvod iz zavr$nog rada Anje Goti¢, univ. bacc. agr. naslova , Reakcije genotipova p$enice na razli¢ite gustoce sjetve”
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Materijal i metode

U istrazivanje je bilo uklju¢eno deset genotipova ozime pSenice i to Cetiri sorte (AFZG Antonija, AFZG Mara,
AFZG Kaja i AFZG Karla) te Sest linija iz oplemenjivackog programa Zavoda za oplemenjivanje bilja, genetiku i
biometriku Agronomskog fakulteta u Zagrebu. Pokus je bio postavljen tijekom vegetacijske godine 2013/2014. na
eksperimentalnom polju Sveudilista u Zagrebu Agronomskog fakulteta, prema split-plot dizajnu u dva ponavljanja i
dvije gustoce sjetve (Gul-400 i Gu2-650 zrna/m?). Pokusna parcelica bila je povrsine 5 m* U Zetvenoj zriobi ru¢no
su pozeti uzorci od 1 m? (iz svakog genotipa i svake repeticije), a ostatak parcelice pozet je kombajnom. Na uzorku
od 1 m?* utvrden je Zetveni indeks, broj klasova po m? masa zrna po klasu (g) i masa 1000 zrna (g), dok je na osnovi
parcelice utvrdena hektolitarska masa i prinos (t/ha).

Analiza varijance deset genotipova provedena je za urod (t/ha), urod zrna po klasu (UZKL-g), masu 1000 zrna
(MTZ-g), broj klasova po m*> (BRKLM), hektolitarsku masu (HL-kg/hl) i Zetveni indeks (ZI-%). Za usporedbu
genotipskih prosjeka koristen je Bonferronijev test za viSestruke usporedbe. Sve statisticke analize izvedene su
pomocu statistickog programa SAS (SAS Institute, 2013).

Rezultati i rasprava

Analiza varijance komponenti uroda kod dvije gustoce sjetve (Gul, Gu2) ukazuje na postojanje statisticki znacajne
razlike izmedu genotipova i gustoca za broj klasova po m?, urod zrna po klasu, zetveni indeks i urod, dok je znacajna
razlika medu genotipovima utvrdena jo$ i za masu 1000 zrna te hektolitarsku masu (Tablica 1). Interakcija genotip
x gustoca bila je znacajna jedino za urod zrna po klasu. Ovi rezultati u suglasnosti su s rezultatima Valerio i sur.
(2013) koji su utvrdili da urod po klasu kod pojedinog genotipa ovisi o dostupnim okoli$nim ¢imbenicima. Kod
vece gustole sjetve pojacava se kompeticija medu biljkama za svjetlost, vodu, hranjiva, a to rezultira smanjenom
produkcijom asimilata potrebnih kod nalijevanja zrna.

Tablica 1. Rezultati analize varijance za komponente uroda i urod

Izvor Komponente uroda

varijabilnosti n-1 BRKLM UZKL MTZ HL 71 UROD
Genotip (G) 9 5,46** 9,44 7,28** 3,77 5,93** 12,00%**
Gustoda (Gu) 1 112,57*%* 95,42%¢* 2,54 0,84 73,03%* 0,31
GxGu 9 1,90 3,88* 0,91 1,39 2,11 0,40

Kod testiranih genotipova utvrdeno je znacajno povecanje vrijednosti svojstava u Gu2 u odnosu na G1 za broj
klasova po m? i Zetveni indeks (Tablica 2). Jedino svojstvo kod kojeg je utvrdena znacajno veca vrijednost u Gul u
odnosu na Gu2 je urod zrna po klasu (g). Kod svih testiranih genotipova broj klasova po m? bio je veci u guséoj sjetvi
(Gu2), $to je u suglasnosti s rezultatima drugih autora (Bari¢ i sur., 2008; Lloveras i sur., 2012; Valerio i sur., 2013;
Lazzaro i sur., 2017). Povecanje gustoce sjetve je, gotovo uvijek, povezano s povecanjem broja klasova po jedinici
povrsine, ali i istovremenim progresivnim smanjenjem broja fertilnih vlati po biljci (Gate, 1995). Prosjecan broj
klasova po m? varirao je ovisno o gusto¢i sjetve i genotipu. U guscoj sjetvi (Gu2) broj klasova po m? bio je za 30%
veci nego kod rjede sjetve (Gul). Genotipovi kod kojih je utvrden znacajno veci broj klasova u guscoj sjetvi (Gu2)
su sorta Mara (44%) i linija L4 (53%). Sorte kod kojih je utvrden najveci broj klasova po m? u obje gustoce sjetve
su Kaja (Gul=633, Gu2=787) i Karla (Gul=570, Gu2=721), stoga za njih mozemo reci da su to genotipovi visokog
potencijala busanja.

Urod zrna po klasu kod svih testiranih genotipova bio je znacajnije ve¢i u rjedoj sjetvi (Gul). Ozturk i sur. (2006)
takoder su utvrdili smanjenje uroda zrna po klasu s povecanjem gustoce sjetve. Urod zrna po klasu varirao je ovisno
o gustoci sjetve i genotipu. U rjedoj sjetvi (Gul) urod zrna po klasu bio je za 22% veci od gusce sjetve (Gu2).
Genotipovi kod kojih je utvrden znacajno veci urod zrna po klasa u rjedoj sjetvi (Gul) su sorta Mara (34%) te linije
L3 (48%), L4 (30%) i L6 (22%). Najve¢i urod zrna po klasu u Gul utvrden je kod genotipova koji su u toj gustoci
sjetve imali najmanji broj klasova po m* (Mara (1,97 g), L4 (1,63 g) i L6 (1,83 g)). Ovi rezultati u suglasnosti su s
tvrdnjom Valerio i sur., (2013) koji zakljucuje da Zzitarice posjeduju plasti¢nost koja dopusta da se pove¢anjem mase
zrna i produkcije klasa kompenzira manji broj klasova. Najmanja razlika u urodu zrna po klasu utvrdena je kod sorti
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Antonija (Gul=1,54 g, Gu2=1,45 g) i Karla (Gul=1,55 g, Gu2=1,44 g).

Tablica 2. Srednje vrijednosti genotipova za navedena svojstva u dvije gustoce sjetve

GENOTIP BRKLM UZKL (g) MTZ (g) HL 71 (%) UROD
(kg hl™) (tha')
Gul Gu2 Gul Gu2 Gul Gu2 Gul Gu2 Gul Gu2 Gul Gu2
Karla 570 721 1,55 1,44 48,5 47,5 82,55 83,65 55,4 48,9 8,25 8,72
Kaja 633 787 1,36 1,21 45,5 46,5 80,65 81,65 55,4 46,7 8,23 8,25
Mara 408 730 1,97 1,31 52,0 52,5 80,95 81,90 53,6 45,9 7,19 7,78
Antonija 483 664 1,54 1,45 385 39,5 79,95 79,35 52,5 48,6 7,20 7,63
L1 482 616 1,56 1,31 450 42,5 79,20 79,95 52,5 47,3 583 6,23
L2 493 582 1,61 1,32 48,5 42,5 7745 77,05 53,3 48,2 6,46 6,98
L3 459 685 1,47 0,76 54,5 48,0 78,20 78,35 51,8 351" 481 543
14 395 629** 1,63  1,15** 445 445 7495 80,85 48,3 43,4 5,18 5,60
L5 466 715 1,35 1,08 44,0 41,5 84,15 80,45 54,8 50,3 5,87 5,93
L6 431 579 1,83  143* 42,5 435 80,40 81,05 56,9 50,7 6,47 6,52
Gu2-Gul 198,8*** -0,34*** -1,50 0,58 6,924%% 0,12

Gustoca sjetve nije imala utjecaj na masu 1000 zrna i hektolitarsku masu, medutim utvrdena je znacajna razlika
medu genotipovima. Ovi rezultati u suglasnosti su s rezultatima Hobbs i Sayre (2001), koji su utvrdili da je masa 1000
zrna u najvecoj mjeri karakteristika genotipa. U istoj gusto¢i sjetve za masu 1000 zrna utvrdili su vecu varijabilnost
izmedu genotipova, nego sjetvom istog genotipa u dvije razli¢ite gustoce.

Zetveni indeks kod svih testiranih genotipova bio je znacajnije veéi u rjedoj sjetvi (Gul). Smanjenje zetvenog indeksa
utvrdili su Farina i sur. (2014) i zakljuc¢ili da veéa produkcija biomase smanjuje nalijevanje zrna. Rezultat smanjenja u
nalijevanju zrna je isti ili smanjen urod kod vece gustoce. Zetveni indeks varirao je ovisno o gustodi sjetve i genotipu.
U rjedoj sjetvi (Gul) Zetveni indeks bio je za 13% veci nego u gus$coj sjetvi (Gu2). Genotip kod kojeg je utvrden
znacajno veci zetveni indeks u rjedoj sjetvi je linija L3 (32%). Visok Zetveni indeks u obje gustoce sjetve utvrden je
kod sorte Karle (Gul=55,4%, Gu2=48,9%) i linije L6 (Gul=56,9%, Gu2=50,7%).

Urod zrna znacajno je varirao izmedu genotipova, medutim gustoca sjetve na urod nije znacajno utjecala. Prema
Hecht i sur. (2016) ovakvi rezultati posljedica su smanjenja ocekivanog Zetvenog indeksa kod povecanja gustoce
sjetve. Kod svih genotipova utvrden je visi urod kod vece gustole sjetve (Gu2). Genotipovi kod kojih je utvrden
najveci urod u obje gustoce sjetve su sorte Karla (Gul=8,25 t/ha, Gu2=8,72 t/ha) i Kaja (Gul=8,23 t/ha, Gu2=8,25
t/ha).

Zakljucak

Povecanjem gustoce sjetve znacajno povecanje uroda nije utvrdeno niti kod jednog genotipa. Prosje¢ni urod
(prosjek svih genotipova) u guscoj sjetvi povecan je za svega 2%. Gustoca sjetve utjecala je na broj klasova po jedinici
povrsine, urod zrna po klasu i zetveni indeks. U gus¢oj sjetvi signifikantno se povecao broj klasova/m? za 30%, a
smanjila se produkcija klasa za 22%, dok se masa 1000 zrna nije znacajno smanjila (3,3%). Vrlo mala razlika u urodu
izmedu dviju gustoca sjetve rezultat je dobre kompenzacijske sposobnosti testiranih genotipova. Manji broj klasova
po jedinici povrsine kod rjede sjetve (G1) genotipovi su kompenzirali pove¢anjem uroda po klasu. Sorte kod kojih je
utvrden najveci broj klasova po m? u obje gustoce sjetve, a i najveci urod su Kaja i Karla, stoga za njih mozemo reci
da su to visokorodni genotipovi s velikim potencijalom busanja.
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Reakcija genotipova p3enice na razlicite gustoce sjetve

Response of wheat genotypes to difterent sowing
densities

Abstract

The sowing density directly affects the number of spikes per m? and consequently other yield
components in wheat. Therefore, it is important to determine the appropriate sowing density for a
particular genotype that will result in maximum yield. The aim of this study was to determine the
influence of sowing density on yield components and yield of different winter wheat genotypes. In this
study ten winter wheat genotypes: the varieties AFZG Karla, Kaja, Mara and Antoni and six breeding
lines were grown at two sowing densities, 400 grains/m?* and 650 grains/m* The results of analysis
found that sowing density significantly influenced the number of spikes per m? grain yield per spike
and harvest index, while the genotype x density interaction was significant only for grain yield per
spike. Thousand grain weight and test weight, are the most stable yield components that were not
significantly affected by sowing density.

Keywords: sowing density, yield components, yield, winter wheat.
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SaZetak

Dormantnost zrna je glavna komponenta otpornosti na prijezetveno proklijavanje kod p$enice. Cilj
ovoga rada je bio kod F. rekombinantnih inbred linija (RIL) dvaju biparentalnih krizanja pSenice
procijeniti otpornost na prijezetveno proklijavanje, kao i utvrditi ucinak selekcije na otpornost na
prijezetveno proklijavanje provedene u F, generaciji, na otpornost, visinu biljke i duljinu vegetacije
proizvedenih RIL potomstava. Za procjenu otpornosti na prijezetveno proklijavanje koristen je test
klijavosti s ovr$enim zrnima. Rezultati su pokazali da je u RIL potomstvima relativno visoki udio linija
s vrijednos$¢u indeksa klijanja signifikantno manjom od dormantnijeg roditelja. Selekcija na pove¢anu
dormantnost se pokazala relativino uspjesnijom kod brkulja nego kod golica. Selekcija na povecanu
dormantnost zrna dovela je do signifikantnog smanjenja visine biljke i kasnijeg klasanja kod RIL
potomstava.

Kljucne rijeci: pSenica, dormantnost zrna, selekcija, visina, datum klasanja

Uvod

U oplemenjivanju p$enice osim ve¢ dobro poznatih ciljeva poput visokog potencijala rodnosti, visoke kvalitete
zrna, cilj je imati sorte koje su otporne na prijezetveno proklijavanje. Otpornost na prijezetveno proklijavanje kod
pSenice nasljeduje se kao kvantitativno svojstvo i pod izrazitim je utjecajem okolinskih ¢imbenika i interakcije
genotipxokolina (Mares, 1993; Biddulph i sur., 2005.). Glavne komponente otpornosti na prijezetveno proklijavanje
kod pSenice su: razina dormantnosti zrna u Zetvenoj zriobi, brzina gubitka dormantnosti tijekom poslijezetvenog
dozrijevanja, morfologija klasa te sadrzaj vodotopivih inhibitora klijanja u vegetativnim dijelovima cvijeta (Derera,
1990).

Uobic¢ajno je otpornost na proklijavanje testirati kod ve¢ homozigotnih linija u kasnijim generacijama nakon
kriZanja. Pri tome je od velike vaznosti i poznavanje korelacije medu agronomskim svojstvima, posebice ako se
selekcija provodi simultano na vise svojstava (Hucl, 1995; Dvojkovi¢, 2010).

Cilj rada je bio kod F, rekombinantnih inbred linija (RIL) dvaju biparentalnih kriZzanja pSenice procijeniti otpornost
na prijezetveno proklijavanje, kao i utvrditi u¢inak selekcije na otpornost na prijezetveno proklijavanje provedene u
F, generaciji, na otpornost, visinu biljke i duljinu vegetacije proizvedenih RIL potomstava.

Materijal i metode

U istrazivanje su bile ukljucene F, rekombinantne inbred linije (RIL) kao i F, rekombinantne inbred linije u ¢ijem je
razvoju provedena selekcija na pove¢anu dormantnost zrna u F, generaciji (RILSel), iz kriZanja linije ozime psenice
brkulje (Hul) s dvjema linijama ozime pSenice golice (Bcl i Bc2). Majc¢inska linija Hul ima nisku razinu otpornosti
na prijezetveno proklijavanje, dok ocinske linije imaju nisku (Bcl) odnosno umjerenu do nisku (Bc2) razinu
otpornosti na prijezetveno proklijavanje u Zetvenoj zriobi. Potomstva RIL i RILSel iz obje kombinacije krizanja,
zajedno s roditeljima Hul, Bcl i Bc2 uzgajani su na lokaciji Botinec u 2016/2017. vegetacijskoj sezoni u poljskom
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pokusu postavljenom prema slu¢ajnom bloknom rasporedu u dvije repeticije. Ukupno je sijano 225 RIL potomstava
i 109 RILSel potomstava iz krizanja HulxBcl te 176 RIL potomstava i 49 RILSel potomstava iz krizanja HulxBc2. U
oba tipa potomstava bio je podjednak broj potomstava golica (glc) odnosno brkulja (brk).

U pokusu su koristeni agrotehni¢ki postupci uobicajeni u proizvodnji psenice. U vegetaciji je za svaku parcelicu
ocjenjen datum klasanja (50% biljaka u parceli izbacilo bazu klasa iznad zastavice) i izmjerena prosjecna visina biljke
(od tla do baze klasa). Broj dana do klasanja izrazen je kao broj dana od 1. sije¢nja do prosje¢nog datuma klasanja.
Otpornost na prijezetveno proklijavanje procijenjena je stupnjem dormantnosti zrna. U tu svrhu su u Zetvenoj zriobi
provedeni testovi klijavosti s ovr§enim zrnima. Testovi su provedeni u komorama rasta na 20°C u trajanju od 6
dana. Na osnovi broja proklijalih zrna nakon 3 odnosno 6 dana izrac¢unat je indeks klijanja (GI), prema Iki¢ i sur.
(2012). GI je obrnuto povezan sa stupnjem dormantnosti zrna, $to znaci da manji GI ukazuje na ve¢u dormantnost
zrna, a time i na vecu otpornost genotipa na prijezetveno proklijavanje. Analiza varijance koja je ukljucivala sva
potomstva i roditelje provedena je posebno za svako krizanje. Razlike izmedu srednjih vrijednosti genotipova
(roditelji i potomstva) testirane su pomocu Fisherovog LSD testa. Razlike prosjeka svojstava izmedu potomstava glc
i brk kao i razlike prosjeka svojstava izmedu potomstava RIL i RILSel za pojedina¢na kriZanja testirane su pomocu
dvosmjernog odnosno jednosmjernog t-testa. Izmedu proucavanih svojstava unutar svakog krizanja izracunati su
Pearsonovi korelacijski koeficijenti. Statisticke analize provedene su u programskom paketu SAS/STAT (SAS Institute
Inc., 2009).

Rezultati i rasprava

Analiza varijance pokazala je postojanje signifikantnih razlika izmedu genotipova (roditelji i potomstva) za sva
proucavana svojstva. U tablici 1. prikazane su prosjecne vrijednosti i raspon za indeks klijanja (GI) roditelja i
potomstava golica (glc) i brkulja (brk) iz krizanja HulxBcl te HulxBc2 prije (RIL) i nakon selekcije (RILSel).

Tablica 1. Prosje¢ne vrijednosti i raspon (u zagradi) za indeks klijanja roditelja i potomstava iz krizanja HulxBcl te
HulxBc2 prije selekcije (RIL) i nakon selekcije (RILSel)

gle+brk glc brk Sig.°
HulxBcl
Roditelji Bcl (33,1) Hul (32,9)
RIL 29,7 (12,3-33,3) 27,8 (12,3-33,3) 31,5 (12,5-33,3) ot
RILSel 29,3 (11,3-33,3) 29,3 (11,3-33,3) 29,1 (12,5-33,3) ns
Sig ns * *t
HulxBc2
Roditelji Bc2 (31,3) Hul (32.9)
RIL 31,2 (18,4-33,3) 29,8 (18,4-33,3) 32,3 (20,2-33,3) o
RILSel 25,1 (8,1-33,3) 23,8 (8,1-33,3) 26,7 (15,4-33,3) ns
Sig* ok o ok

glc-golice; brk-brkulje; “Sig (RIL vs. RILSel); *Sig. (glc vs. brk);
*, i ns - t test signifikantan kod P<0,05 i P<0,01 odnosno t test nesignifikantan

Prosjecna vrijednost GI iznosila je 32,9, 33,11 31,3 za roditeljske linije Hul, Bc1l odnosno Bc2. Kod oba krizanja prije
selekcije prosje¢na vrijednost za GI bila je signifikantno niza kod potomstava glc nego brk. Selekcija na poveéanu
dormantnost zrna je bila uspjesna kod oba krizanja rezultiraju¢i u signifikantno nizim prosje¢nim vrijednostima
za GI osim za potomstva glc kod krizanja HulxBcl, gdje su signifikantno vece vrijednosti za GI utvrdene nakon
selekcije. Nakon selekcije niti kod jednog krizanja nisu utvrdene signifikantne razlike izmedu glc i brk. U skladu s
na$im rezultatima (otpornost potomstava glc i brk prije selekcije), Thomason i sur. (2009) su u testovima s intaktnim
klasovima utvrdili, da linije pSenice bez osja te linije s kra¢cim osjem upijaju manju koli¢inu vode, ¢ine¢i ih otpornijim
na prijeZetveno proklijavanje. Nasuprot ovim rezultatima, Cao i sur. (2016.) utvrdili su umjerenu pozitivnu korelaciju
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otpornosti na prijezetveno proklijavanje s duljinom osja. Smjestaj lokusa za kvantitativna svojstva QDor-4A i QAwn-
4A na kromosomu 4A, koji kontroliraju dormantnost zrna odnosno razvoj osja kod psenice, mogla bi uslijed
vezanosti ili plejotropnog ucinka na oba svojstva dati objasnjenje opazene povezanosti izmedu navedenih svojstava
Cao i sur. (2016.).

Utvrdene srednje vrijednosti za GI proporcionalne su i udjelu linija s vrijedno$¢u GI signifikantno manjom od
dormantnijeg roditelja (tablica 2). Prije selekcije je udio linija sa GI signifikantno manjim od dormantnijeg roditelja
kod oba krizanja bio ve¢i kod linija glc, dok je nakon selekcije udio takvih linija bio podjednak za obje skupine linija
pokazujudi vecu uspjesnost selekcije izmedu linija brk.

Tablica 2. Udio (%) linija prije selekcije (RIL) i nakon selekcije (RILSel) s vrijedno$¢u GI signifikantno manjom od
dormantnijeg roditelja (Bcl i Bc2) za kombinacije krizanja HulxBcl te HulxBc2

Genotip HulxBcl HulxBc2
glc+brk glc brk glc+brk glc brk
%
RIL 39 45 10 12 26 3
RILSel 27 27 26 51 50 52

glc-golice; brk-brkulje

Prosje¢ne vrijednosti za broj dana do klasanja i visinu biljke u potomstvima krizanja HulxBcl te HulxBc2 prije
(RIL) i nakon selekcije (RILSel) prikazane su u tablici 3. Kod niti jednog krizanja nisu utvrdene signifikantne razlike
izmedu golica i brkulja za prosje¢nu vrijednost broja dana do klasanja i visinu biljke prije selekcije (RIL). Nakon
selekcije (RILSel) kod oba krizanja i kod golica i kod brkulja doslo je do povecanja prosjecne vrijednosti za broj dana
do klasanja i smanjenja visine biljke. Za oba svojstva su nakon selekcije utvrdene signifikantne razlike izmedu golica
i brkulja.

U tablici 4. prikazane su korelacije izmedu indeksa klijanja, broja dana do klasanja i visine biljke u potomstvima
krizanja HulxBcl te HulxBc2 prije (RIL) i nakon (RILSel) selekcije. Prije selekcije (RIL) kod krizanja HulxBcl
korelacije izmedu navedenih svojstava bile su slabe i nesignifikantne, osim kod brkulja, kod kojih je utvrdena slaba
pozitivna korelacija izmedu GI i broja dana do klasanja, te slaba negativna korelacija izmedu broja dana do klasanja
i visine biljke. Nakon selekcije (RILSel) kod brkulja utvrdena je slaba pozitivna korelacija izmedu GI i broja dana
do klasanja. Za sve linije (glc+brk), golice (glc) i brkulje (brk) utvrdena je slaba do umjerena negativna korelacija
izmedu broja dana do klasanja i visine biljke koja se kretala u rasponu od -0,32** do -0,69**.

Tablica 3. Prosjecne vrijednosti za broj dana do klasanja i visinu biljke u RIL potomstvima krizanja HulxBcl te
HulxBc2 prije (RIL) i nakon selekcije (RILSel)

Genotip

HulxBcl HulxBc2

glc+brk glc brk Sig.’ glce+brk glc brk Sig.®

Broj dana do klasanja
RIL 128 128 128 ns 129 129 129 ns
RILSel2 130 129 131 e 131 130 132 e
Sig. a x> *% % % *% *%

Visina biljke (cm)
RIL 87 87 86 ns 85 85 86 ns
RILSel2 84 85 82 e 80 77 83 o
Sig.a % e %t x*% %t %

glc-golice; brk-brkulje; “usporedba RILvs. RILSel; ‘usporedba glc vs. brk;
*, i ns — t test signifikantan kod P<0,05 i P<0,01 odnosno t test nesignifikantan
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Kod krizanja HulxBc 2 prije selekcije (RIL) utvrdena je slaba pozitivna korelacija izmedu GI i visine biljke kod svih
linija (glc+brk) i golica (glc), dok je kod golica (glc) takoder utvrdena slaba negativna korelacija izmedu GI i broja
dana do klasanja (r=-0,39*%).

Tablica 4. Korelacije izmedu indeksa klijanja (GI), broja dana do klasanja (BDK) i visine biljke (VIS) u potomstvima
krizanja HulxBcl te HulxBc2 prije (RIL) i nakon selekcije (RILSel) za sve linije (glc+brk), golice (glc) i brkulje (brk)

glc+brk glc brk

BDK VIS BDK VIS BDK VIS
HulxBcl (RIL)
GI 0,08 0,05 -0,07 0,06 0,23 o 0,10
BDK -0,12 0,05 -0,27 e
HulxBcl (RILSel)
GI 0,00 0,00 -0,17 -0,06 0,20 * 0,01
BDK -0,58 * -0,32 o -0,69 b
HulxBc2 (RIL)
GI -0,19* 0,26 el -0,11 0,33 o -0,39 o 0,03
BDK -0,24 e -0,28 o -0,21 o
HulxBc2 (RILSel)
GI 0,03 0,23 -0,08 0,40 o -0,19 -0,23
BDK 0,35 * 0,24 0,10

*, **1ns - t test signifikantan kod P<0,05 i P<0,01 odnosno t test nesignifikantan

Za sve linije (glc+brk), golice (glc) i brkulje (brk) utvrdena je slaba negativna korelacija izmedu broja dana do klasanja
i visine biljke u rasponu od -0,21** do -0,28**. Nakon selekcije (RILSel) samo kod golica (glc) utvrdena je umjerena
pozitivna korelacija izmedu izmedu GI i visine biljke (r=0,40**). Slaba pozitivna korelacija izmedu broja dana do
klasanja i visine biljke (r=0,35*) utvrdena je kod svih linija (glc+brk). Slaba pozitivna korelacija izmedu broja dana
do klasanja i visine (r=0,35*), utvrdena je kod svih linija (glc+brk). Utvrdene korelacije u skladu su s izvjestajima
iz literature koji ukazuju na ovisnost korelacija izmedu otpornosti na prijezetveno proklijavanje i visine odnosno
broja dana do klasanja o prou¢avanom genetskom materijalu. Tako je u istrazivanju Wang i sur. (2018) visina bila u
negativnoj korelaciji s otporno$c¢u na prijezetveno proklijavanje, dok s druge strane Kulwal i sur. (2012) nisu utvrdili
signifikantne korelacije izmedu visine biljke i dormantnosti. Sli¢no je i korelacija izmedu otpornosti na prijezetveno
proklijavanje i broja dana do klasanja bila pozitivna u istrazivanju koje je proveo Hucl (1995.), odnosno negativna
u radu Cao i sur. (2016). S druge strane Kulwal i sur. (2012) te Graybosch i sur. (2013) nisu utvrdili signifikantnu
korelaciju izmedu broja dana do klasanja i otpornosti na prijezetveno proklijavanje.

Zakljucak

Relativno visoki udio RIL potomstava s vrijednos¢u GI signifikantno manjom od dormantnijeg roditelja ukazuje da i
u potomstvima relativno neotpornih roditelja mozemo ocekivati pozitivne transgresije za otpornost na prijezetveno
proklijavanje. Kod oba krizanja prije selekcije prosje¢na vrijednost za GI bila je signifikantno niza kod potomstava
glc nego brk. Nakon selekcije kod oba krizanja nisu utvrdene znacajne razlike za GI ukazujudi na vecu uspjesnost
selekcije u povecanju dormantnbosti zrna izmedu potomstava brk nego glc. Procijenjene korelacije izmedu indeksa
klijanja i broja dana do klasanja kao i visine biljke bile su uglavnom slabe u RIL potomstvima kako prije tako i nakon
selekcije. Ipak selekcija je imala signifikantan u¢inak na ova svojstva rezultiraju¢i kasnozrelijim i nizZim potomstvima.
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Resistance to pre-harvest sprouting in progenies of
two winter wheat crosses

Abstract

Grain dormancy is a major component of pre-harvest sprouting resistance in wheat. The aim of this
study was to evaluate the resistance pre-harvest sprouting in F_ recombinant inbred lines (RIL) of
two biparental wheat crosses, as well as to determine the effect of selection on pre-harvest sprouting
resistance carried out in F, generation, on the resistance, plant height and days to heading of the
produced RIL progeny. To estimate pre-harvest sprouting resistance the germination test with threshed
grains was used. The results showed a relatively high proportion of lines with germination index
significantly lower than in more dormant parent in the RIL progeny. Selection for increased dormancy
has proven to be relatively more successful in awned than in awnless progeny. Selection for increased
grain dormancy led to a significant decrease in plant height and increase in number of days to heading.

Keywords: wheat, grain dormancy, selection, plant height, number of days to heading
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Abstract

To explore the utility of chlorophyll fluorescence (CF) as a tool for the prediction of germination
success we tested Croatian common bean landraces (“Tre$njevac, ‘Biser, “Zelencec’) differing in seed
traits (length, width, height, weight) for seed germination. The significant differences in germination
time were observed, landrace ‘Biser’ being the fastest to germinate. The univariate model including
CF parameter F /F_ was not significant while the multivariate Cox model (seed length+F /F_) had the
highest concordance index. The utility of CF parameter F /F_ as a tool for the prediction of germination
success is limited especially when other factors have a clear impact.

Keywords: common bean, landraces, germination, chlorophyll fluorescence (CF)

Introduction

Common bean (Phaseolus vulgaris L.) is of great agronomic interest worldwide and the most important grain legume
for direct human consumption (Angioi et al., 2011). In Croatia, this crop is neglected and in danger of genetic
erosion (Carovi¢-Stanko et al., 2017).

Seed from different sources and with different weight may result in similarly high levels of germination under optimal
conditions, but the same seed under the more stressful conditions in the field may have very contrasting abilities to
establish plants due to differences in their vigour (Lima et al., 2005; Finch-Savage and Bassel, 2015). Seed viability
is the ability of the embryo to germinate and is affected by a number of different conditions. Being able to predict
seed viability is an important part of the planning process in agriculture (Shaban, 2013). Chlorophyll fluorescence
(CF) is a rapid, non-destructive and inexpensive technique that has been used successfully in the evaluation of plant
photosynthetic activity and it is seed sorting technique relying on measuring the amplitude of the CF signals of
seeds (Gorbe and Calatayud, 2012; Kenanoglu et al., 2016). It has been used in researches in common bean in leaves
infected with bean rust (Peterson and Aylon, 1995), field screening for heat tolerant common bean cultivars (Petkova
et al,, 2001), as a marker for seed maturity and seed performance of Brassica oleracea seeds (Jalink et al., 1998), to
assess seedling emergence potential and vigour of commercial tomato and cucumber seed lots (Demir et al., 2013)
and to check seed germination performance of stored pepper seeds (Kenanoglu et al., 2016). There are many different
available Chl fluorometers and some of CF parameters that were used trough last few decades are F, (minimum
fluorescence), Fm (maximum fluorescence), Fv/Fm (maximum quantum yield of photosystem II) etc. (Rohacek,
2002; Gorbe and Calatayud, 2012).

The aim of this study was to test the seed germination of the three Croatian common bean landraces (‘Tre$njevac,
‘Biser,, “Zelencec’) differing in basic seed traits (length, width, height, weight), and to explore the utility of chlorophyll
fluorescence as a tool for the prediction of germination success.
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Material and methods

The research material included one hundred seeds of each of the three Croatian common bean landraces (‘Tre$njevac,
‘Biser, “Zelencec’) multiplied and collected in a field trial at the University of Zagreb, Faculty of Agriculture,
Department of Seed Science and Technology during the year 2018. The experiment was conducted in 2019. The seed
length (mm), width (mm) and height (mm) of each seed was measured by Caliper and the weight (g) of each seed
was measured by analytical balance.

The determination of seed chlorophyll fluorescence (parameters F, (minimum fluorescence) and F /F_ (maximum
quantum yield of photosystem II), and chlorophyll fluorescence signal (Chl signal) was done using CropReporter’
(PhenoVation, Wageningen, the Netherlands). Seeds were placed in a germination chamber under controlled
conditions for germination following the recommendations of the ISTA (1993). Seeds were counted at regular time
intervals every day to assess the number of germinated and nongerminated seeds.

The differences among landraces in seed germination were tested by survival analysis using Kaplan-Meier method
with log-rank test (Kaplan and Meier, 1958) as implemented in R package 'survival' (Therneau and Grambsch, 2000;
Therneau, 2015). The impact of landraces and seed traits (length, width, height, weight) on germination success
were tested by Cox proportional-hazards model (Cox, 1972) using 'coxph' function from R package 'survival'
(Therneau and Grambsch, 2000; Therneau, 2015). The same procedure was used to test the prediction accuracy of
the chlorophyll fluorescence parameter F /F .

Results and discussion

Results of Kaplan-Meier analysis with log-rank test indicated that there were significant differences (P < 0.05)
among three Croatian common bean landraces (‘“Tre$njevac, “Zelencec, ‘Biser’) in germination success. Landrace
‘Tre$njevac’ with the largest seeds had the maximum mean germination time (2.19 days), whereas Zelenc¢ec’ had
medium seeds and mean germination time 1.82 days, while ‘Biser’ with the smallest seeds had the shortest mean
germination time (1.41 days). Similarly, a Cox regression model for germination success that included landraces
as a source of variation was significant (x> = 20.92; P < 0.05). In comparison to landrace ‘Biser’ used as a reference
(Hazard Ratio = 1), ‘“Tre$njevac’ reduced the germination success by a factor of HR = 0.43 (or 57%) while Zelencec’
by HR = 0.59 (41%) (Table I).

Table 1. Germination success expressed in terms of regression coefficients (), Hazard Ratios (HR) with 95% confidence
intervals (CI) and P values (Wald test), as estimated using a Cox regression model with time to germination as time
scale. The model compares germination of seeds of the landrace “Tre$njevac’ and “Zelencec’ to seeds of the landrace
‘Biser’ as reference (HR = 1.00).

Landrace p HR CI (95%) P, .
“Tre$njevac’ -0.836 0.43 0.33-0.58 *x
Zelentec -0.530 0.59 0.44-0.78 i

ns — non-significant; *significant at P < 0.05; **significant at P < 0.01; ***significant at P<0.001

A series of separate univariate Cox regression models that included four seed traits size (length, width, height,
weight) and chlorophyll fluorescence parameters revealed that only parameter F /F_ was significant while all the
seed traits had a significant impact on germination success. In all cases, the negative P coeflicients indicated that all
the variables had a negative effect of germination success. For every 1-unit increase (mm) of seed length, width and
height, the germination success decreased by the factor of HR = 0.89 (11%), HR = 0.73 (27%) and HR = 0.76 (24%)
in relation to overall germination success while for every 1-unit increase (g) of seed weight germination success was
reduced by the factor of HR = 0.13 (87%). However, the values of F /F_ were from 0.16 to 0.33 and these values failed
to predict germination success (Table 2.)
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Table 2. Germination success as influenced by seed size (length, width, height, weight) or predicted by chlorophyll
fluorescence parameter F /F , as estimated using separate univariate Cox regression models with time to germination
as time scale.

Variable B HR CI (95%) P,
Seed length -0.121 0.89 0.85-0.92 -
Seed width -0.322 0.73 0.62-0.85 o
Seed height -0.277 0.76 0.68-0.84 -
Seed weight -2.028 0.13 0.06-0.28 -
F/F_ -3.433 0.03 0.00-1.12 ns

B - regression coefficient; HR - Hazard Radion; CI (95%) - confidence intervals; P, - significance of the Wald
test (ns - non-significant; *significant at P < 0.05; **significant at P < 0.01; ***significant at P<0.001)

The use of F /F_in prediction of germination success was further explored by multivariate Cox regression models
that included F /F_ values with the four seed traits. Two out of four models gave significant results for F /F_ (Table 3)
and had a higher concordance index (defined as a fraction of correct predictions) in comparison to the same models
without F /F_(Table 4). The best model included seed length and F /F_ and it had a concordance index of 0.750.
However, there were no significant differences in concordance indices of the six best models presented in Table 4.

Table 3. Multivariate Cox regression models for germination success in which chlorophyll fluorescence parameter
F /E_ gave significant P values

Model Variable B HR CI (95%) P, .
Seed length -0.124 0.88 0.85-0.92 i

! FV/Fm -3.720 0.02 0.00-0.87 *

5 Seed weight -2.059 0.13 0.06-0.27 ek
FV/Fm -3.631 0.03 0.00-0.97 *

jB - regression coefficient; HR - Hazard Radion; CI (95%) - confidence intervals; P, - significance of the Wald test (ns —
non-significant; *significant at P < 0.05; **significant at P < 0.01; ***significant at P<0.001)

Table 4. Goodness-of-fit of the six best Cox regression models for germination success as compared using concordance
index (C-index; standard error: SE) defined as a fraction of correct predictions. P values were obtained by comparing
models to the best one (Seed length + F /F ) using Z-test.

No. Model variables C-index SE P e
1 Seed length + F /F 0.750 0.025 -

2 Seed height 0.745 0.024 ns
3 Seed weight + F /F_ 0.742 0.025 ns
4 Landrace 0.736 0.023 ns
5 Seed length 0.736 0.026 ns
6 Seed weight 0.728 0.026 ns

In concordance with previous studies (Borji et al., 2007; De Ron et al., 2016), the results indicate that landraces with
larger seeds take more time to germinate probably because it need more time for water absorption. The utility
of F/F_ in prediction of overall germination success is generally limited although it could improve the
concordance of the models that include some other seed traits.

Conclusion

There are significant differences among Croatian common bean landraces (‘Tre$njevac, ‘Biser, “Zelencec’) in
germination time most likely due to differences in basic seed traits (length, width, height, weight) as all the traits have
a significant impact per se on germination success. It seems that the utility of chlorophyll fluorescence parameter F /
F_asatool for the prediction of germination success is limited especially in cases in which other factors have a
clear impact on germination time.

Session 3. Genetics, Plant Breeding and Seed Production 189



Monika Vidak, Ana Nimac, Zlatko Satovi¢, Jerko Gunjaca, Boris Lazarevi¢, Klaudija Carovi¢-Stanko

Acknowledgement

This research has been funded by the project KK.01.1.1.01.0005 Biodiversity and Molecular Plant Breeding, Centre
of Excellence for Biodiversity and Molecular Plant Breeding (CoE CroP-BioDiv), Zagreb, Croatia.

190

References

Angioi S.A., Rau D., Nanni L., Bellucci E., Papa R., Attene G. (2011). The genetic make-up of the
European landraces of the common bean. Plant Genetic Resources 9: 197-201.

Borji M., Ghorbanli M. Sarlak M. (2007). Some Seed Traits and Their Relationships to Seed
Germination, Emergence Rate Electrical Conductivity in Common Bean (Phaseolus vulgaris L.).
Asian Journal of Plant Sciences 6(5): 781-787.

Carovi¢-Stanko K., Liber L., Vidak M., Baresi¢ B., Grdisa M., Lazarevi¢ B., Satovi¢ Z. (2017). Genetic
Diversity of Croatian Common Bean Landraces. Frontiers in Plant Science 8: 604.

Cox D.R. (1972). Regression models and life-tables. Journal of the Royal Statistical Society: Series B
34: 187-220.

De Ron A.M,, Rodifio A.P, Santalla M., Gonzalez A.M., Lema M.]., Martin I, Kigel J. (2016). Seedling
Emergence and Phenotypic Response of Common Bean Germplasm to Different Temperatures
under Controlled Conditions and in Open Field. Frontiers in Plant Science 7: 1087.

Demir I., Kenanoglu B.B., Jalink H., Mavi K. (2013). Chlorophyll Fluorescence Sorting Method to
Improve Seedling Emergence Potential and Vigour of Commercial Tomato and Cucumber Seed
Lots. International Journal of Agriculture and Forestry 3(7): 333-338.

Finch-Savage W.E., Bassel G.W. (2015). Seed vigour and crop establishment: extending performance
beyond adaptation. Journal of Experimental Botany 67(3): 567-591.

Gorbe E., Calatayud A. (2012). Applications of chlorophyll fluorescence imaging technique in
horticultural research: A review. Scientia Horticulturae 138: 24-35.

ISTA (1993). International Rules for Seed Testing. International Seed Testing Association, Ziirich,
Switzerland.

Jalink H., van der Schoor R., Frandas A., van Pijlen J.G., Bino R.J. (1998). Chlorophyll fluorescence of
Brassica oleracea seeds as a non-destructive marker for seed maturity and seed Performance. Seed
Science Research 8: 437-443.

Kaplan E.L., Meier P. (1958). Nonparametric estimation from incomplete samples The Journal of the
Acoustical Society of America 53: 457-481.

Kenanoglu B.B., Demir I, Jalink H. (2016). Improvement of Seed Germination Performance of Stored
Commercial Pepper Seed Lots with Chlorophyll Fluorescence Sorting Method. American Journal
of Experimental Agriculture 10(4): 1-6.

Lima E.R., Santiago A.S., Aratjo A.P, Teixeira M.G. (2005). Effects of the size of sown seed on growth
and yield of common bean cultivars of different seed sizes. Brazilian Journal of Plant Physiology
17(3): 273-281.

Peterson R.B., Aylor D.E. (1995). Chlorophyll Fluorescence Induction in Leaves of Phaseolus vulgaris
Infected with Bean Rust (Uromyces appendiculatus). Plant Physiology 108: 163-171.

Petkova V., Denev .D., Cholakov D., Porjazov I. (2007). Field screening for heat tolerant common
bean cultivars (Phaseolus vulgaris L.) by measuring of chlorophyll fluorescence induction
parameters. Scientia Horticulturae 111: 101-106.

Rohadek K. (2002). Chlorophyll fluorescence parameters: the definitions, photosynthetic meaning,
and mutual relationships. Photosynthetica 40(1): 13-29.

Shaban M. (2013). Study on some aspects of seed viability and vigour. International Journal of
Advanced Biological and Biomedical Research 1(12): 1692-1697.

Therneau T.M., Grambsch P.M. (2000). Modelling Survival Data: Extending the Cox Model. Springer,
New York.

Therneau T. (2015). A Package for Survival Analysis in S. version 2.38. https://CRAN.R-project.org/
package=survival.

55th Croatian & 15th International Symposium on Agriculture | February 16-21, 2020, Vodice, Croatia



Chlorophyll fluorescence as a method for the prediction of germination success in common bean
(Phaseolus vulgaris L.)

Fluorescencija klorofila kao metoda za odredivanje
klijavosti sjemena graha (Phaseolus vulgaris L.)

SaZetak

Kako bi se utvrdila korisnost fluorescencije klorofila (CF) kao alata za predvidanje klijavosti sjemena,
testirana je klijavost hrvatskih tradicijskih kultivara graha (‘“Tre$njevac, ‘Biser, “Zelencec’) koji se
razlikuju u svojstvima sjemena (duzina, $irina, debljina, tezina). Uocene su znacajne razlike u vremenu
klijanja pri cemu je ‘Biser’ najbrze klijao. Univarijantni model, koji je ukljuc¢ivao parametar fluorescencije
klorofila F /F_, nije bio znacajan, dok je multivarijantni Cox-ov model (duljina sjemena+F /F ) imao
najvisi indeks podudaranja. Korisnost parametra fluorescencije klorofila F /F _kao alata za predvidanje
klijanja je ogranic¢ena, posebno u slu¢ajevima kada i drugi ¢imbenici imaju utjecaj.

Kljucne rijeci: grah, tradicijski kultivari, klijanje, fluorescencija klorofila
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SaZetak

Cilj rada bio je utvrditi prikladnost triploidnih kultivara lubenice ‘WDL 5571}, ‘WDL 5574’ i ‘WDL 5575
za hidroponski uzgoj, odredujuci porast i broj novonastalih listova primarnog izboja, kao i morfoloska
svojstva i kakvocu plodova. Testirani kultivari su se razlikovali u porastu i broju novonastalih listova
primarnog izboja izmedu 14. i 18. dana nakon presadivanja (DNP) te izmedu 22. i 26. DNP. Kultivar
‘WDL 5575’ imalo je najve¢u masu, duzinu i opseg plodova, debljinu mezokarpa te promjer endokarpa.
Imao je takoder i najvecu koli¢inu ukupne suhe tvari i najvisu EC vrijednost soka endokarpa.

Kljuéne rijeci: Citrullus lanatus, hidroponski uzgoj, triploidni kultivari

Uvod

Poliploidne biljke imaju vaznu ulogu u poljoprivrednoj proizvodnji (Lewis, 1980) te se smatraju superiornijima u
odnosu na diploidne biljke obzirom na genetsku prilagodljivost te toleranciju na okoline stresove (Estilai i Shannon,
1993). Lubenica je jednodomna biljka s pojedina¢nim jednospolnim (muskim i zenskim) cvjetovima. Po biljci se
najcesce razvije 30 do 40 Zenskih cvjetova, ali se samo tri do Cetiri cvijeta oplode i formiraju plod. Po Nikoli¢u (2017)
plod lubenice je boba. Plod kod diploidnih lubenica moze teziti od 1 do 15 kg.

Oplemenjivanje lubenice ima cilj pobolj$anje jednog ili vise svojstava. Tetraploidne lubenice se dobivaju tretiranjem
diploidnog sjemena ili presadnica sa kolhicinom (Kirhara, 1951) te se one krizaju sa diploidnim biljkama za
dobivanje triploida (Jaskani i sur., 2005). Upotreba triploidnih kultivara lubenica se povecava zbog bezsjemenskih
plodova visoke kakvoce kao i prinosa koji se moze usporediti sa diploidnim kultivarima (Jaskani i sur., 2005).
Plodovi triploidnih kultivara imaju ve¢u koli¢inu ukupnih $ecera, izvrstan okus te duze zadrzavaju svjezinu, obi¢no
su okruglog oblika, tezine 5 do 10 kg (Troldahl i Napier, 2009). Po nutritivnoj vrijednosti plodovi triploidnih
kultivara jednaki su diploidnim kultivarima. Unato¢ prednosti u kakvo¢i plodova, zbog sterilnosti polena triploidnih
kultivara u uzgoju su potrebni diploidni oprasivaci, koji cvjetaju u isto vrijeme kada i triploidni kultivari (Camacho
and Fernandez, 1997). To zahtjeva njihovu zajednic¢ku sadnju (Nunez i sur., 2008), odnosno na tri triploida sadi se
jedan diploidni oprasiva¢ (Troldahl i Napier, 2009). Odabir diploidnog kultivara za oprasivanje moze utjecati na
poboljsanje kakvoce plodova i prinos. Vazno je da se plodovi diploidnih i triploidnih kultivara medusobno vizualno
razlikuju kako se njihovi plodovi prilikom berbe ne bi pomijesali (Camacho and Fernandez, 2000).

Rad je izvod iz zavr$nog rada Davorke Poljak, univ. bacc. ing. agr. naslova ‘Komparacijska studija triploidnih kultivara lubenice’
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Oprasivanje triploidnih kultivara provodi se pcelama, gdje je za razvoj ploda potrebno Sest pcelinjih posjeta cvijetu.
Preporucuje se jedna pcela na 100 cvjetova, $to se postize sa dvije ko$nice po jednom hektaru (Troldahl i Napier,
2009). Uzgoj triploidnih kultivara provodi se u zasticenom prostoru, ali i na otvorenom. Uzgoj na otvorenom kod
triploidnih kultivara gotovo je isti kao kod diploidnih kultivara. U proizvodnji, u zasticenom prostoru, kod nekih
triplodnih kultivara koristi se armatura koja ima svojih prednosti, ali i nedostataka. Nedostaci kori$tenja armature
umanjuju se smanjenim brojem izboja kojim se postize bolje koristenje prostora, poboljsanje osvjetljenja biljaka te
njihovo prozracdivanje, odnosno, bolje zdrastveno stanje (Nunez i sur., 2008).

Proizvodnja plodova triploidnih kultivara s ekonomskog aspekta je skuplja od proizvodnje ‘tradicionalnih’ diploidnih
kultivara te je stoga potrebno postic¢i zadovoljavajuci prinos i kakvocu plodova.

Cilj ovog istrazivanja bio je utvrditi morfoloska svojstva i kakvocu tri triploidna kultivara lubenice.

Materijal i metode

Pokus je proveden u eksperimentalnom stakleniku Instituta za jadranske kulture i melioraciju kr$a u Splitu.
Prozracivanje staklenika osigurano je pomocu krovne i bo¢ne ventilacije. Sjeme lubenice triploidnih kultivara ‘WDL
5571, “‘WDL 5574’ 1 ‘WDL 5575’ nabavljeno je od komercijalnog proizvodaca (Syngenta Seeds B.V., Nizozemska).

Sjetva sjemena u ¢epove kamene vune, prethodno saturirane vodom iz vodovoda, obavljena je u drugom tjednu
lipnja, nakon cega su stavljeni na klijanje u vegetacijsku komoru pri temperaturi 22 °C i relativnoj vlazi zraka 95
%. Klijanje biljaka lubenice uslijedilo je 7 dana nakon sjetve (DNS), a pikiranje u kocke kamene vune (65 x 65 x 75
mm; Grodan A/S, Hedenhusene, Denmark) obavljeno je 17 DNS. Kocke su prethodno bile natopljene hranjivom
otopinom (EC 1,1 dS/m i pH 5,5 do 5,7), sljedec¢eg kemijskog sastava (mg1*): NO, 233; NH _* 23; P 52; K 299; Ca 164;
Mg 45; Fe 2,7; Mn 1,2; B 0,5 (Watanabe i sur., 2001). Za korekciju pH vrijednosti hranjive otopine koristena je 0,1 M
sulfatna kiselina. Tijekom pokusa elektri¢na vodljivost i pH vrijednost hranjive otopine mjerene su prijenosnim pH
metrom i konduktometrom (Mettler Toledo, Columbus, OH, USA).

Dvadesetog dana nakon sjetve kocke su prebacene u ploce kamene vune (1000 x 150 x 80 mm; Grodan B.V,,
Roermond, Nizozemska) prethodno saturirane hranjivom otopinom (EC 2,2 dS/m, pH 5,5 do 5,7). Plo¢e kamene
vune stavljene su na uzgojne stolove visine 60 cm, Sirine 110 cm i duzine 33 m. Pokus je bio postavljen po shemi
sluc¢ajnog bloknog rasporeda s ukupno 36 biljaka po kultivaru, podijeljenih u tri ponavljanja. Osnovnu parcelu ¢inilo
je 6 plo¢a kamene vune s ukupno 12 biljaka.

Dva dana nakon prebacivanja (DNP) kocaka u plo¢e kamene vune, folija na plo¢ama je bila prorezana na 2/3 visine
od dna ploce, na dva mjesta, kako bi korijenje biljaka moglo prorasti u cijeli volumen ploce. Folija na plo¢ama
prerezana je pri dnu 4 DNP kako bi se osiguralo procjedivanje viska hranjive otopine. Biljke su navodnjavane
sustavom navodnjavanja ‘kapanjem’ u koli¢ini od 0,5 do 4,01 po biljci dnevno, rasporedeno u 4 do 10 obroka ovisno
o fazi razvoja biljke i temperaturi zraka u stakleniku. Dnevna koli¢ina procijedene hranjive otopine iznosila je od
25 do 35 % ukupno dodane koli¢ine. Uzgoj lubenica bio je vertikalan, na mreznoj konstrukciji s tri izboja (jedan
primarni i dva sekundarna). Cvatnja je zapocela 20. DNP te su biljke pocetkom kolovoza bile ru¢no oprasivane
dva tjedna tijekom jutarnjih sati (07:00 do 09:00). U nasadu je bio prisutan diploidni kultivar ‘Fantasy’ ¢ije su biljke
sluzile za oprasivanje. Vegetativni porast i broj novonastalih listova primarnog izboja odredeni su mjerenjem 14., 18.,
22.,26.130. DNP, na 12 biljaka svakog triploidnog kultivara.

Berba plodova zapocela je 56. DNP i trajala je 10 dana u ukupno tri roka berbe.

Na 15 plodova (5 plodova po berbi) svakog triploidnog kultivara izmjerena je masa, duzina i opseg ploda. Kakvoca
plodova lubenice odredena je mjerenjem sljede¢ih parametara: masa ploda, longitudinalna duzina ploda, opseg
ploda, debljina mezokarpa, promjer endokarpa, koli¢ina ukupne suhe tvari, pH i EC soka ploda.

Podatci su statisticki analiziran, analizom varijance (ANOVA) te su nakon signifikantnog F-testa srednje vrijednosti
usporedene s odgovarajué¢im testovima na razini signifikantnosti P < 0,05 pomo¢u ra¢unalnog programa StatView
(SAS Institute Inc. Version 5.0.1).

Rezultati i rasprava

Porast primarnog izboja u razdoblju izmedu 14. i 18. DNP te izmedu 22. i 26. DNP bio je isti kod kultivara ‘WDL
5571’ i ‘WDL 5574’ te znatno veci nego kod kultivara “WDL 5575’ (tablica 1). Izmedu kultivara nije bilo razlike u
porastu primarnog izboja u razdoblju izmedu 18. i 22. DNS i izmedu 26. i 30. DNS.
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Kultivar ‘WDL 5575” imao je znatno manje listova u razdoblju izmedu 14. i 18. DNS te izmedu 22. i 26. DNS u
odnosu na kultivara ‘WDL 557’1 i ‘WDL 5574’ (tablica 1). U razdoblju izmedu 18. i 22. DNS te izmedu 26. i 30. DNS
kultivari se medusobno nisu razlikovali po broju listova.

Tablica 1. Duzina porasta i broj novonastalih listova primarnog izboja kod tri triploidna kultivara lubenice.

. . Broj novonastalih listova na primarnom
Porast primarnog izboja (cm)

Kultivar izboju

oznake 14 - 18 18 -22 22 -26 26 - 30 14 -18 18-22 22-26 26 - 30
DNP DNP DNP DNP DNP DNP DNP DNP

WDL 5571 29,5a 36,1 54,4 a 37,8 50a 4,8 6,1a 4,2

WDL 5574 29,7 a 35,8 54,1a 32,0 49a 4,3 6,0 ab 3,5

WDL 5575 23,5b 32,1 44,3 b 31,3 4,0b 4,5 53b 3,8

Signifikantnost * NS * NS * NS * NS

Vrijednosti obiljezene razli¢itim slovom su znacajno razli¢ite pri LSD testu kod P < 0,05.
Znacajnost je oznacena kao: NS, *, **, ** pri P < 0,05, 0,01 i 0,001.

Znacajno manje vrijednosti mase, duzine kao i opsega plodova imao je kultivar ‘WDL 5571” u odnosu na kultivare
‘WDL 5574’ i ‘WDL 5575’ ¢ije se vrijednosti medusobno nisu razlikovale (tablica 2).

Debljina mezokarpa (kore) plodova bila je najveca kod kultivara ‘WDL 5574’ u odnosu na kultivare “‘WDL 5571’ i
‘WDL 5575’ koje se medusobno nisu razlikovale. Promjer endokarpa (placente) bio je najmanji kod kultivara ‘WDL
5571’ u odnosu na kultivare ‘WDL 5574’ i “‘WDL 5575’ koji se medusobno nisu razlikovali. Istrazivani triploidni
kultivari imali su izmjerenu relativno malu masu prema kojoj spadaju u kategoriju ‘icebox’ (<5,44 kg) kultivara
(Barnes i sur., 1994).

Koli¢ina ukupne suhe tvari bila je znac¢ajno veéa kod kultivara “‘WDL 5575” u odnosu na kultivare ‘WDL 5571 i
‘WDL 5574’ koji se medusobno nisu statisti¢ki razlikovali (tablica 3). Dobivene vrijednosti suhe tvari podudarale se
sa dobivenim vrijednostima suhe tvari kod mini kultivara Ingrid cijepljenog na tikvu (PS 1313; Cucurbita moschata
Duchesne x Cucurbita maxima Duchesne) u istrazivanju Rouphael i sur. (2008).

Izmedu kultivara nije bilo znacajne razlike u pH vrijednosti soka endokarpa, dok je statisticki znacajno ve¢a EC
vrijednost soka endokarpa u odnosu na druge kultivare utvrdena kod kultivara “WDL 5575’ Odredivanje pH
vrijednosti soka endokarpa kao i ukupne koli¢ine suhe tvari spada u jednu od metoda koje ukazuju na zrelost
plodova kod mini lubenica. Vinson III i sur. (2010) u istrazivanju na mini lubenicama kultivara “Valdoria’ i ‘Vanessa’
utvrdili su pH vrijednost soka endokarpa zrelih plodova izmedu 6 i 6,5. Nizu dobivenu vrijednost pH soka endokarpa
utvrdenu u ovom istrazivanju mozemo pripisati razlici istrazivanih kultivara i na¢inu uzgoja. S obzirom da triploidni
kultivari lubenice imaju ¢vrs¢e meso (endokarp), ve¢u koli¢inu suhe tvari, ve¢u koncentraciju likopena (Perkins-
Veazie i sur., 2006) te duze zadrzavanje svjezine kao i manju masu plodova u odnosu na diploidne kultivare, vrlo su
interesantne potrosac¢ima i za pretpostaviti je da ¢e se njihov uzgoj $iriti.

Tablica 2. Morfoloska svojstva plodova triploidnih kultivara lubenice.

Debljina Promjer
Masa ploda Longitudinalna ~ Opseg ploda J
i endokarpa
Kultivar oznake @ duzina ploda (cm) (cm) mezokarpa P
(cm) (cm)
WDL 5571 752,3b 129b 342b 4,8b 93b
WDL 5574 1168,7 a 15,4 a 39,4 a 6,7 a 11,0a
WDL 5575 996,9 a 14,4 a 37,8 a 4,8b 11,6 a
Slgnl'ﬁkantnost X% % X% 4% X%

Vrijednosti obiljezene razli¢itim slovom su znacajno razlicite pri LSD testu kod P < 0,05. Znacajnost je oznacena
kao: NS, *, **, *** pri P < 0,05, 0,01 i 0,001.
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Tablica 3. Kakvoca soka plodova triploidnih kultivara lubenice.

. Koli¢ina topive suhe tvari pH vrijednost EC vrijednost
Kultivar oznake oL
(°brix) soka endokarpa soka endokarpa
WDL 5571 8,5b 5,3 3,5b
WDL 5574 8,6b 5,4 39b
WDL 5575 9,2 a 53 4,0a
Signifikantnost o NS ot

Vrijednosti obiljeZene razlicitim slovom su znacajno razlicite pri LSD testu kod P < 0,05.
Znacajnost je oznacena kao: NS, *, **, *** pri P < 0,05, 0,01 i 0,001.

Zakljucak

Temeljem rezultata jednogodi$njeg istrazivanja triploidnih kultivara lubenice ‘WDL 5571, ‘WDL 5574’ i ‘WDL 5575’
moze se zakljuditi:

o najmanji vegetativni porast primarnog izboja i broj novonastalih listova medu testiranim kultivarima
ostvario je kultivar ‘WDL 5575, §to je isto je bilo utvrdeno i u drugim razdobljima, samo $to nije utvrdena
statisticki znacajna razlika

e najvecu masu, duzinu i opseg plodova kao i debljinu mezokarpa imao je kultivar ‘WDL 5574, a utvrdene
vrijednosti bile su podjednake sa kultivarom “‘WDL 5575 koji je imao najveci promjer endokarpa,

o najvecu koli¢inu ukupne suhe tvari te najvisu EC vrijednost soka endokarpa imao je kultivar ‘WDL 5575’

Iz navedenog moze se zaklju¢iti kako se sva tri testirana kultivara mogu preporuciti za hidroponski uzgoj od kojih se
narocito izdvaja, svojim kvalitativnim svojstvima, kultivar ‘WLD 5575

Zahvala

Autori zahvaljuju Syngenta Seeds B.V., Nizozemska na donaciji sjemena za ovo istrazivanje.
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Morphological traits of mini watermelon cultivars

Abstract

The aim of the study was to determine the suitability of triploid watermelon cultivars “‘WDL 5571,
‘WDL 5574” and “‘WDL 5575’ for hydroponic cultivation, determining growth and number of primary
shoot leaves, as well as morphological characteristics and fruit quality. The cultivars tested differed in
the primary shoot growth as well as in the number of newly emerged leaves on it only between the 14th
and 18th days after transplantation (DNP) and between the 22nd and 26th DNPs. The cultivar ‘WDL
5575 had the highest mass, length, and range of fruits, mesocarp width, and endocarp diameter. It also
had the highest amount of total dry matter and the highest EC value of endocarp juice.

Keywords: Citrullus lanatus, hydroponic cultivation, triploid cultivars
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Morfometrijska svojstva ploda i prinos krastavca
tretiranog biljnim biostimulatorima

Bozidar Benko, Mislav Duri¢, Sanja Radman, Boris Lazarevi¢, Nina Toth, Ivanka Zuti¢, Nevena
Opaci¢

Sveuciliste u Zagrebu, Agronomski fakultet, SvetosSimunska cesta 25, 10000 Zagreb, Hrvatska (e-mail: bbenko@agr.hr)

SaZetak

Zbog sve veleg znacaja koji stimulatori biljnoga rasta dobivaju u proizvodnji povréa, provedeno je
istrazivanje s ciljem testiranja njihovog utjecaja na morfometrijska svojstva ploda i sastavnice prinosa
krastavca u hidroponskom uzgoju. U dvofaktorijalnom pokusu s biostimulatorima (‘AminoVital,
‘Phylgreery) i kultivarima krastavca (‘Q Smart, “Touareg), ‘Paraiso’) nije zabiljezen utjecaj pojedina¢nih
faktora, no znacajan je, ali neujednacen utjecaj njihove interakcije. Najve¢i prinos trznih plodova
ostvaren je u kombinaciji “Touareg’x’AminoVital’ i ‘Q Smart bez tretiranja biostimulatorom (13,61 i
13,55 kg/m?).

Klju¢ne rije¢i: Cucumis sativus, hidroponski uzgoj, kultivari

Uvod

Krastavac se uz papriku i raj¢icu najvise proizvodi u zasticenim prostorima, a povecanje zahtjeva trzista za krastavcem
izvan sezone utjecalo je na Sirenje hidroponske proizvodnje u zasti¢enim prostorima. Hidroponi su tehnike uzgoja
bilja bez tla, odnosno uzgoj bilja na inertnim supstratima ili bez njih, s kontinuiranom opskrbom hranivom otopinom.
Glavni je cilj hidroponske tehnologije osigurati svakoj biljnoj vrsti u odredenoj fazi rasta potrebnu koli¢inu hraniva
i optimalne mikroklimatske uvjete, radi postizanja maksimalnih prinosa i kvalitete (Benko i Fabek, 2009; Borosi¢ i
sur., 2011).

Biljni biostimulatori su fizioloski aktivne tvari i mikroorganizmi izvedeni iz prirodnih ili bioloskih izvora koje,
primijenjene u malim koli¢inama, poti¢u rast i razvoj biljaka tijekom cijelog Zivotnog ciklusa. Kada se primjenjuju
na biljke ili u rizosferu, utje¢u na pobolj$anje asimilacije, uporabu i translokaciju hranivih tvari, pove¢avaju prinos
i kvalitetu usjeva, povecavaju tolerantnost na abiotske stresove i u¢inkovitost koristenja vode. Biostimulatori se
razlikuju prema djelatnim tvarima koje sadrze, a to mogu biti humusne tvari, mikrobioloski inokulanti, proteinski
hidrolizati, aminokiseline te ekstrakt algi (Bulgari i sur., 2015; Calvo i sur., 2014; Du Jardin, 2015; Gluhi¢, 2017).

Cilj istrazivanja provedenog tijekom proljetno-ljetnog roka hidroponskog uzgoja salatnog krastavca u negrijanom
za$ticenom prostoru bio je utvrditi utjecaj biostimulatora na morfometrijska svojstva ploda (masa, duzina i promjer)
i sastavnice prinosa (broj i masa trznih plodova, trzni prinos, udio netrznih plodova).

Rad je izvod iz zavr$nog rada Mislava Durica, mag. ing. agr. naslova ‘Utjecaj biostimulatora na sastavnice prinosa krastavca u
hidroponskom uzgoju’
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Materijali i metode

Istrazivanje je provedeno tijekom 2018. godine u negrijanom zasti¢enom prostoru na pokusalistu Maksimir Zavoda
za povréarstvo Agronomskog fakulteta Sveucili$ta u Zagrebu. Dvofaktorijalni pokus s biljnim biostimulatorima
‘AminoVital’ (Biofa AG, Njemacka) i ‘Phylgreen’ (Tradecorp Ltd., Spanjolska) te kultivarima (cv.) salatnog krastavca
‘Q Smart’” (Nunhems, Nizozemska), ‘“Touareg’ (Rijk Zwaan, Nizozemska) i ‘Paraiso’ (Enza Zaden, Nizozemska)
postavljen je po metodi slu¢ajnog bloknog rasporeda u tri ponavljanja.

Sjetva je obavljena 3. travnja u ¢epove kamene vune smjestene u polistirenske kontejnere s 240 sjetvenih mjesta.
Prilikom sjetve ¢epovi su navlazeni i prekriveni vermikulitom kako bi se o¢uvala vlaga i toplina tijekom klijanja.
Posijano je po 40 sjemenki svakog kutivara. U fazi razvijenih kotiledona i pocetka razvoja prvog pravog lista, 12.
travnja obavljeno je pikiranje u kocke kamene vune (10 cm x 10 cm X 7,5 cm). Kocke su prethodno natopljene 1
%-tnom hranivom otopinom pH-vrijednosti 5,8, pripremljenom otapanjem kompleksnog vodotopivog gnojiva Poly-
Feed 11-44-11 + 1 MgO + ME. Tijekom razdoblja uzgoja presadnica obavljeno je jedno razmicanje biljaka, kako bi se
izbjeglo zasjenjivanje i nepozeljno izduzivanje. Sadnja presadnica s tri do Cetiri razvijena lista obavljena je 3. svibnja
na plo¢e kamene vune. Na svaku plo¢u posadene su tri biljke na razmak od 33 cm, dok je razmak izmedu redova bio
150 cm. Ostvaren je sklop od 2,02 biljke/m? Jedna plo¢a kamene vune s tri biljke predstavljala je obracunsku parcelu.

Tijekom vegetacije svakodnevno su praceni mikroklimatski uvjeti zasticenog prostora (minimalna i maksimalna
temperatura i relativna vlaga zraka). Periodicki su prilikom pripreme otopine mjerene pH- i EC-vrijednosti hranive
otopine u spremnicima i zoni korijena. Jednom tjedno biljke su usmjeravane u okca potporne mreze te su prema
potrebi uklanjani zaperci i suhi listovi.

Prvo tretiranje biostimulatorima obavljeno je 5 dana nakon sadnje, nakon toga svakih 10 dana, a zadnje je tretiranje
obavljeno 12. srpnja. Biostimulatori su primijenjeni prskanjem biljaka prema uputama proizvodaca: AminoVital’ u
koncentraciji 3 mL/L, ‘Phylgreen’ u koncentraciji 1,5 mL/L. Utrosak pripravka po tretiranju bio je u rasponu od 0,5
do 1 litre, ovisno o fazi razvoja biljaka. Netretirane biljke su predstavljale kontrolnu varijantu.

Dnevno je bilo 8 obroka fertirigacije hranivom otopinom sastava planiranog prema Enzo i sur. (2001). Tijekom
prijepodneva fertirigacija se odvijala u 7, 9 i 11 sati, a u poslije-podnevnim satima, u razdoblju od 13 do 17 sati,
svakog sata. Pojedini obrok trajao je od 3 do 8 minuta, ovisno o razvojnoj fazi biljaka i uvjetima u plasteniku. Po biljci
je dnevno primijenjeno od 0,8 do 2,13 litara hranive otopine.

U periodu od 21. svibnja do 30. srpnja obavljene su dvadeset i tri berbe. Pri svakoj berbi su utvrdeni broj i masa
trznih i netrznih plodova, dok su morfometrijska svojstva (masa, duljina i promjer) trznih plodova mjerena jednom
tjedno.

Statisticka obrada rezultata provedena je statistickim programom SAS Software v. 9.3 (2010). Razlike izmedu
prosjecnih vrijednosti promatranih svojstava analizirane su analizom varijance (ANOVA), a utvrdene znacajne
razlike izmedu prosje¢nih vrijednosti testirane su LSD testom, na razini znacajnosti p<0,05.

Rezultati i rasprava

Tijekom vegetacije krastavaca u negrijanom zasticenom prostoru zabiljezeno je ucestalo variranje temperature i
relativne vlage zraka te pH- i EC-vrijednosti hranjive otopine (rezultati nisu prikazani), $to je moglo negativno
utjecati na samu biljku, ali i smanjiti pozitivan utjecaj biostimulatora.

Nije utvrden statisticki opravdan ucinak istrazivanih faktora (biostimulator, kultivar) na morfometrijska svojstva
trznih plodova krastavca (tablica 1). Ovisno o primijenjenom biostimulatoru, duljina i promjer ploda bili su izmedu
1871199 mm, odnosno 40 i 41 mm, dok je masa ploda bila u minimalnom rasponu od 234 do 237 g. Bez obzira na
koristeni biostimulator, kultivar je takoder rezultirao malim rasponom mase ploda (232 do 238 g), duljine (190 do
197 mm) i promjera (40 do 41 mm).

Interakcija promatranih faktora imala je znacajan, ali neujednacen utjecaj na masu i duzinu ploda krastavaca, a nije
imala utjecaj na promjer. Najveca masa ploda razvijena je kod cv. “Touareg’ bez primjene biostimulatora (250 g), a
znac¢ajno manja uz primjenu oba biostimulatora (232 i 230 g). Suprotno, masa ploda cv. ‘Paraiso’ bila je znacajno
veca uz primjenu ‘Phylgreen’ (243 g) u odnosu na kontrolni tretman (221 g), dok je kod ‘Q Smart’ bila podjednaka
uz/bez primjene biostimulatora (236 do 239 g). Najdulja duzina ploda zabiljezena je kod cv. ‘Paraiso’ u kombinaciji s
‘Phylgreen’ (207 mm), a najkraca kod istog cv., ali u kontrolnom tretmanu (165 mm). Kod svih ostalih kombinacija,
duzina ploda bila je statisti¢ki podjednaka (187 - 203 mm).
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Tablica 1. Utjecaj biostimulatora, kultivara i njihove interakcije na morfometrijska svojstva trznih plodova krastavca

Faktori Tretmani Masa, g Duljina, mm Promjer, mm
Kontrola (K) 235 187 41
Biostimulator AminoVital (A) 234 196 40
Phylgreen (P) 237 199 41
LSDPSO,05 7,4 n.s. 23,4 n.s. 3,5 n.s.
Q smart (QS) 238 197 41
Kultivar Touareg (TOU) 238 195 40
Paraiso (PAR) 232 190 41
LSDpSO,05 9,9 n.s. 25,6 n.s. 4,2 n.s.
KQS 236%¢ 1992 41
KTOU 250 196 40
KPAR 221°¢ 165° 41
AQS 239%® 189 39
Interakcija ATOU 2320 203® 42
APAR 231°b¢ 197 39
PQS 2382be 202 41
PTOU 230 1872 39
PPAR 243 207* 43
LSD 17,2 40,7 6,1 n.s.

p<0.05

Ostvareni rezultati djelomi¢no su u skladu s navodima Raeisi i sur. (2013) koji tvrde da biostimulator na bazi
aminokiselina znacajno utjece na duzinu ploda, ali ne i na broj, promjer i masu plodova te duzinu internodija i
promjer stabljike.

Nije utvrden znacajan utjecaj istrazivanih faktora na sastavnice prinosa (Tablica 2). Ovisno o primijenjenom
biostimulatoru i testiranom kultivaru krastavca, po ¢etvornom je metru ubrano izmedu 49,3 i 52,7 trznih plodova,
ostvaren je trzni prinos u rasponu od 11,43 do 12,52 kg/m? dok je udio netrznih plodova bio od 12,5 do 15,3 %.

Izmedu testiranih kombinacija faktora utvrdene su znacajne razlike u broju trznih plodova i ostvarenom trznom
prinosu, dok je udio netrznih plodova bio statisti¢ki podjednak (tablica 2). Najveci broj trznih plodova po jedinici
povrsine (58,6 kom./m?*) imao je cv. “Touareg’ tretiran biostimulatorom ‘AminoVital, §to je uz prosje¢cnu masu
ploda od 232 g rezultiralo najveéim trznim prinosom (13,61 kg/m?). Ista sorta na kontrolnim parcelama imala je
znacajno najmanje trznih plodova (45,9 kom./m?), ali je zbog najvece prosjecne mase ploda (250 g) ova kombinacija
s prinosom od 11,45 kg/m? ipak pripadala rangu najve¢ih, statisticki podjednakih vrijednosti, a kojem je pripadala
vec¢ina kombinacija s prinosom ve¢im od 11 kg/m?* (11,45 do 13,61 kg/m?). Statisticki najmanja masa trznih plodova
(221 g), kao i najmanji trzni prinos (10,69 kg/m?) te relativno najveci udio netrznih plodova (16,3%) utvrdeni su
kod cv. ‘Paraiso’ bez primjene biostimulatora. Prema Hamail i sur. (2014) folijarna primjena biostimulatora znac¢ajno
povecava broj zenskih cvjetova, zametanje plodova te rani i ukupni prinos krastavca u usporedbi s netretiranom
kontrolom. Raeisi i sur. (2013) su utvrdili znacajan utjecaj biostimulatora na broj trznih plodova, a Papadopoulos i
sur. (2006) navode znacajno povecanje broja plodova po biljci i trznog prinosa pri tretiranju kinetinom (2,5 ppm) u
odnosu na kontrolu tijekom proljetno-ljetnog uzgoja, dok u jesenko-zimskom uzgoju ne biljeze znacajne razlike. Isti
su autori utvrdili kako se prosje¢na masa trznih plodova statisticki ne razlikuje za vrijeme proljetno-ljetnog uzgoja,
dok za vrijeme jesensko-zimskog uzgoja postoji znacajna razlika u korist primjene kinetina. Prema Farrag i sur.
(2015) folijarno tretiranje biostimulatorima, mikroorganizmima i/ili njihovim smjesama znacajno povec¢ava masu
ploda te rani i ukupni prinos krastavca u odnosu na kontrolu. Bayoumi i sur. (2009) navode kako primjena suhih
kvasaca, H,0,, huminske kiseline i aminokiselina najced¢e pozitivno utjece na rani i ukupni prinos, dok tretiranje
salicilnom kiselinom rezultira najmanjim vrijednostima i bez znacajne je razlike u odnosu na kontrolu.
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Tablica 2. Utjecaj biostimulatora, kultivara i njihove interakcije na sastavnice prinosa krastavca

. . Broj trznih plodova Trzni prinos, kg/  Udio netrznih,
Faktori Tretmani po m? . %
Kontrola (K) 50,5 11,90 14,3
Biostimulator AminoVital (A) 51,7 12,08 14,5
Phylgreen (P) 50,3 11,96 13,8
LSDPSO,05 3,018 n.s. 0,714 n.s. 3,379 n.s.
Q smart (QS) 52,7 12,52 14,9
Kultivar Touareg (TOU) 50,5 11,98 12,5
Paraiso (PAR) 49,3 11,43 15,3
LSDpSO,05 4,846 n.s. 0,926 n.s. 4,456 n.s.
KQS 57,82 13,55% 15,1
KTOU 45,9¢ 11,45 11,5
KPAR 48,1 %< 10,69° 16,3
AQS 48,7 3¢ 11,66 13,7
Interakcija ATOU 58,6° 13,61° 14,3
APAR 47,7 10,97° 15,4
PQS 51,92 12,36 15,7
PTOU 47,1°¢ 10,85" 11,6
PPAR 52,12 12,65 14,1
LSD 5,227 2,498 7,718 n.s.

p<0.05

Zakljucci

Vrijednosti morfometrijskih svojstava trznih plodova, kao i sastavnice prinosa krastavca u hidroponskom uzgoju na
kamenoj vuni nisu se znacajno razlikovale pod utjecajem testiranih faktora (biostimulator, kultivar), no, znacajan,
ali neujednacen utjecaj utvrden je kroz njihovu interakciju. Najveci prinos trznih plodova ostvaren je u kombinaciji
‘Touareg’ x’AminoVital’ i ‘Q Smart’ bez tretiranja biostimulatorom. Ostvareni rezultati sa sigurno$¢u ne omogucavaju
izdvajanje najbolje kombinacije biostimulatora i kultivara.
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Fruit morphometric properties and yield of
cucumber treated with plant biostimulants

Abstract

Due to the increasing importance of plant biostimulants in vegetable crops production, a study was
conducted to test their effects on the fruit morphometric properties and the yield components of
cucumber in soilless culture. Two-factorial trial with biostimulants (‘AminoVital, ‘Phylgreern’) and
cucumber cultivars (‘Q Smart, “Touareg, ‘Paraiso’) did not show the effect of individual factors, but
significant and uneven impact of their interaction was observed. The highest yield of marketable
fruits was achieved in combination of ‘Touareg’x’AminoVital’ and ‘Q Smart’ without tretment with
biostimulants (13.61 i 13.55 kg m™).

Keywords: Cucumis sativus, soilless culture, cultivar
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Abstract

Producing of planting material of floral species is one of the technological components which could
determine the success of a crop. Various factors could influence seedlings’ production, and one of those
ones being the substrate utilized for sowing. In the current article are presented the results regarding
the influence of vermicompost on seedlings’ producing for Kniphofia uvaria floral species. The rate of
vermicompost into substrate was of 10% (V1), 20% (V2), 30% (V3) and 0% (V4). Vermicompost caused
a slightly increase of germination process and obtaining of more vigorous seedlings in comparison
with control variant (V) and the best results being recorded at Vs with a rate of 30% vermicompost.
Vermicompost caused a vigorous growth of seedlings, being efficient in root’s forming.

Keywords: Kniphofia uvaria, propagation, vermicompost

Introduction

Genus Kniphofia Moench belongs to Asphodelaceae family and includes over 70 species with origins in Central
(Ramdhani et al., 2008; Fischer and Ackermann, 2019) and South part of Africa (Stern, 2002; Hlongwane et al., 2015;
Fischer and Ackermann, 2019; www.missouribotanicalgarden.org), from which over 48 species are coming from
South Africa (Hlongwane et al., 2015).

The genus name was given in the honour of Johannes Hieronymus Kniphof (1704-1763), who was a professor at
Erfurt University, Germany. As common name the species belonging to this genus are known under the name of red-hot
poker or torch lily (Stern, 2002; www.missouribotanicalgarden.org; www.rhsplants.co.uk).

Kniphofia uvaria is a perennial species, generally hardy to semi-hardy (USDA zones 5 to 9) (Stern, 2002; Hlongwane et al,,
2015; Fischer and Ackermann, 2019; www.missouribotanicalgarden.org).

This species could be multiplied also by seeds as well as through scission. Multiplication by seeds involves a longer period till
flowers are obtained in comparison with multiplication through scission.

Seeds germination duration, germination dynamics, germination rate could be influenced by various factors, from
which we mention the cropping substrate (Mathivanan et al., 2012; Chelariu and Ghiorghe, 2017; Chelariu et al.,
2018). The aim of the current research was to observe the influence of substrate composition, by the presence of
vermicompost, on seeds germination.

More and more researchers recommend utilization of vermicompost in different stages of plants’ cropping technology
(Atiyeh et al., 2000; McGinnis et al., 2004; Asciuttol et al., 2006; Kalra et al., 2010; Mathivanan et al., 2012; Chelariu and
Ghiorghe, 2017; Chelariu et al., 2018). Vermicompost has a fine structure of particles and contains nutritive substances
which are easily affordable for plants” absorption. Atiyeh et al. (2000) observed that growth of tomato and marigold
seedlings was significantly improved at adding into substrate of a rate of 10% or 20% vermicompost. This substrate led to
an increasing of seeds germination rate as well as seedlings’ quality, due to its physical, biological and nutritional qualities,
because of intensified nutrient absorption, initial development of roots and seedlings development capacity (McGinnis
et al., 2004; Kalra et al., 2010; Mathivanan et al., 2012).
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At different plant species was observed that vermicompost had a positive effect on seeds germination and seedlings
quality: Impatiens wallerana (Asciuttol et al., 2006), Arachis hypogaea L. (Kalra et al., 2010; Mathivanan et al., 2012);
Ocimum basilicum (McGinnis et al., 2004; Chelariu et al., 2018); ornamental grasses (Chelariu and Ghiorghe, 2017).
In the current paper are presented the results regarding the influence of vermicompost on red-hot poker or torch lily seeds
germination and seedlings quality before being planted in field.

Material and methods

Research was carried out in the didactical glasshouses belonging to Floriculture discipline from UASVM from Iasi,
Romania, during March-May 2018. The utilised material in this research was species Kniphofia uvaria.

For research were organized four experimental variants represented by the rate in which vermicompost participated
into substrate together with garden soil, respectively 10% (V), 20% (V,), 30% (V) and 0% (V, control) (Table 1).
As basic substrate, for all those four experimental variants, was utilised a mixture formed by 2 parts peat and 1 part
garden soil.

The utilised vermicompost is a substrate obtained at SC SUPERPAMANT SRL, Iasi, Romania. As feed for
earthworms was utilized a pre-composed mixture, formed by cattle, horse, swine manure, cereals straws, alfalfa,
vegetal remains after greenswards cutting and water.

For each variant were utilised 50 seeds, sowed in alveolar trays with round cells (5.5 x 4 cm), and transplanting was
realised in squared pots VQB series (9 x 9 x 9.5 cm)

Table 1. Experimental design

Species Variant Substrate type
\'A basic substrate + 10% vermicompost
) ) v, basic substrate + 20% vermicompost
Kniphofia uvaria . .
V., basic substrate + 30% vermicompost
vV, basic substrate + 0% vermicompost (control)

During our research we aimed to observe the aspects regarding seeds germination and characterization of seedlings.

At seedlings of red-hot poker or torch lily were made also observations upon morphological characters such as: mean height
of seedlings, mean number of leaves, mean number of roots and mean diameter of main roots.

Characterization of seedlings was done in the moment in which were planted in field (end of August), using the entire
obtained seedlings for each experimental variant.

The obtained results were centralized in tables and graphs and were statistically analysed. The data was processed using
analysis of variance, by testing the difference between variants with LSD test.

The symbols utilised to indicate the differences’ significance from the control are: ns = insignificant; * = significant positive
difference; ** = distinct significant positive difference; *** = very significant positive difference.

Results and discussion

The germination rate of Kniphofia uvaria seeds was between 83% at control variant (V,) and 92% at variant with 30%
vermicompost (V,). At variant V| (10% vermicompost) seeds germinated in a rate of 88%, and at variant V, (20%
vermicompost) the rate was 90%.

Statistically speaking can be observed that for the obtained results the differences face to control were very significant
positive at variants 30% and 20% rate of vermicompost into substrate, and distinct significant positive differences at
variant with 10 % rate of vermicompost (Table 2).
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Table 2. Results regarding influence of substrate on Kniphofia uvaria seeds germination rate

Variant Gseeren(;;n(z;/ze):d O/Zofi(t::otlo Difference Signification
V, - 10% vermicompost 88 106.02 +5 e
V, - 20% vermicompost 90 108.43 +7 e
V., - 30% vermicompost 92 110.84 +9 e
V, - 0% vermicompost
83 100.00 0.0 control

(control)
LD, =22 LD, =33 LD

1% 0.1% 5.

3

The input of vermicompost into substrate determined an improving of red-hot poker or torch lily seedlings quality. So,
the mean height of seedlings was of 38.4 cm at control variant (V1) and between 47.7 cm and 59.7 cm at variants with
vermicompost. Mean number of leaves was of 5.4-5.9 pieces/plant at variants with vermicompost in substrate, face
to 3.52 pieces/plant at control variant without vermicompost. Mean number of main roots was 4.1 roots/plant at
control variant and 5.3-6.8 roots/plant at variants with vermicompost (Table 3). Since from seedling stage could be
observed a thickening of main roots, so at control variant the mean diameter of roots was of 0.28 cm, and at variants
with vermicompost was between 0.49 cm (V) and 0.62 cm (V) (Table 3, Figure 1).

From statiscally point of view was noticed that at all variants with vermicompost input, the analysed characters recorded
very significant positive differences face to control (Table 3).

Table 3 Characterization of seedlings at in field planting

After 30 days from sowing

Variant Mean height of Mean number of Mean number of main ~ Mean @ of main
seedlings (cm) leaves (pcs.) roots (pcs.) roots (cm)
v, - 10% 47,744 5.44% 5.3+ 0.49***
vermicompost
v, ~20% 52.9%%* 5,744 6.1+* 0.56***
vermicompost
v, —30% 59.7** 5.9%% 6.8%%* 0.62***
vermicompost
V,-0%
vermicompost 38.4 35 4.1 0.28
(control)
LD,, =0.8cm LD,, = 0.6 pcs. LD,, =0.2 pcs. LD,, =0.1cm
LD, =12cm LD, =0.9 pcs. LD,, =0.3 pcs. LD, =0.1cm
LD, ,=19cm LD, =1.4pcs. LD, = 0.6 pcs. LD, ,,=02cm
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V, 10% vermicompost

V, 20% vermicompost

V., 30% vermicompost V, control (0% vermicompost)

Figure 1. Influence of vermicompost on radicular system

Conclusions
At Kniphofia uvaria, vermicompost caused an increase of germination rate from 83% to 92%. Vermicompost had a
positive influence on development of plant’s roots.

The presence of vermicompost in substrate influence the characteristics of Kniphofia uvaria seedlings, leading to
increasing of diameter and number on main roots on plant, aspects which conduced to increasing of leaves number
and height of seedling.

Rates of 30% vermicompost into substrate determine obtaining of seedlings with a high quality.
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Abstract

Planting date and cultivars are among the critical factors determining the yield and quality of garlic.
The aim of this small-scale experiment, conducted in the period of autumn - summer 2018-2019
was to assess the influence of planting date (autumn, spring) and cultivar (,Gardos;, ,Haloski;, ,Ptujski
spomladanski) on garlic bulb morphological parameters and yield. Experiment was designed as a two-
factorial experiment in four randomized blocks. Autumn planting date increased garlic yield only with
Spanish cv. ‘Gardos. Values of bulb morphological characteristics were higher for autumn planting date
compared to spring planting: higher bulb mass and diameter were obtained for all three cultivars, while
the number of cloves per bulb was higher only for cv. ‘Ptujski spomladanski’

Keywords: Allium sativum L., cultural practice, bulb characteristics

Introduction

Garlic is the second most important Allium species beside onion. It is grown worldwide, in all temperate to
subtropical areas as an important spice and medicinal plant (Fritsch and Friesen, 2002). In recent years, there has
been a significant increase in the productivity of garlic bulbs, because of the many health benefits attributed to garlic
consumption. China is the largest producer of garlic in the world, with over 22 million tons of garlic, represents 80%
of the global supply (Faostat, 2015). Growth and development of garlic are mainly influenced by environmental
conditions, among all by soil, photoperiod and temperature (Youssef and Tony, 2014). Agricultural practices such
as planting date, cultivar, fertilization and irrigation also have an effect on the growth, yield and the quality of garlic
bulbs (El-Zohiri and Farag, 2014). The daylenght and temperature to which dormant cloves and growing plants are
exposed, control the beginning of bulbing, which requires long photoperiods and warm temperature (Takagi, 1990).
Therefore, earlier planting of garlic cloves will have a longer growth period before bulb initiation, resulting in larger
plants with larger bulbs.

During the growing period, garlic plants are exposed to a great seasonal fluctuation of temperature and photoperiod,
both having a strong effect on the growth and development of garlic (Pooler and Simone, 1993). Garlic cloves as a
reproductive material, require moderate temperature for germination, while vegetative growth stage requires short
days with moderate temperatures. However, the bulbing stage of garlic is enhanced as soon as daylenght exceeds
a certain minimum number of hours, although some of the specific garlic cultivar in one specific area will reach
maturity at more or less the same time, regardless of planting date (Qaryouti and Kasrawi, 1995). According to
Qaryouti and Kasrawi (1995) a delay in planting date from October to January led to the small diameter of bulbs and
reducing their fresh and dry weight and finally to reducing yield. Youssef and Tony, (2014) also confirmed positive
effect of early planting date on yield and some morphologic traits of garlic bulbs, compared to the delayed planting
date, but the influence seems to be cultivar specific.

The aim of research was therefore to evaluate the influence of planting date and cultivars on garlic bulb morphological
parameters and yield.
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Material and methods

The study was conducted on the experimental field of the Biotechnical Faculty, University of Ljubljana, (Ljubljana,
Slovenia, 46°03’ N and 14°31" E, 298 m a. s. 1), in the period of autumn - summer 2018-2019. The soil of the
experimental site is classified as gleyic fluvisol and endogenic fluvisol containing 22 g kg™ soil organic matter in the
0-0.3 m soil layer. Fourteen days before the sowing date, the average initial soil nitrate content was 5.2 mg kg for the
same depth, soil assimilable P and K was 24 mg kg and 26 mg kg™, respectively, on the basis of which application
rates of macronutrients were calculated according to the Regulations on Integrated Production of Vegetables (IOBC,
1997). One day before transplanting, granulated mineral fertilizers were incorporated on the plots at a rate of 90
kg N ha', 90 kg P ha! and 150 kg K ha, as calcium ammonium-nitrate, super phosphate and potassium sulfate,
respectively. Nitrogen was applied during the growing period, in two equal halves, the first half, when plants reached
the growth stage of 3-4 leaves and the second half, when plants developed 7 to 8 leaves.

For each planting date (autumn date — 23/10/2018 and spring date — 6/3/2019), the experimental field was divided
into four blocks, each of which had three plots, where garlic cultivars were randomly allocated. The garlic cloves
(Allium sativum L.) were planted on plots of 1.5 m x 1.0 m, with a spacing of 0.25 m between rows and 0.15 m
between plants within a row. Each plot comprised 40 plants (4 rows, 10 plants per row). Three garlic cultivars were
included. ,Haloski® (autochthonous Slovenian cultivar, Semenarna Ljubljana, Slovenia) is a ,,white® type, spring
cultivar. ‘Gardos’ (Plantas de Navarra S.A. Planasa, Spain) and ‘Ptujski spomladanski’ (autochthonous Slovenian
cultivar, Semenarna Ljubljana, Slovenia) are ,,purple” garlic cultivars. ,Gardos‘ and ,Haloski‘ can also produce
scape, while ,Ptujski spomladanski‘ does not produce a flower stalk. The plants were managed according to the
integrated pest management guidelines (Eur-Lex, 2014).

Plants were manually harvested (during July 2019) from the 2 external rows of each plot (20 plants from the 0.9
m?), when approximately 60% of the leaves were senesced. The garlic plants were bunched and after a drying
period in an open space for 12 days, leaves and roots were trimmed and bulb samples were transported to the
laboratory for further morphological analyses. After harvest, garlic bulbs were arranged into 3 classes, according to
the bulb diameter: first class (> 5x5 c¢cm), second class (> 3x3 cm) and third class (< 3x3 cm). Variation of garlic bulb
characteristics (mass, diameter and the number of cloves per bulb) were studied on samples (n = 8 to 20), taken from
the second sized class. The diameter of the bulbs was measured using a Powerfix Profi Electronic Vernied Caliper,
and bulb fresh weight was weighed on high-precision Kern EW 600-2M scales. The yield was determined by
weighing the fresh bulb mass, multiplying by the number of plants per square meter, calculated on the basis of inter
and intra-rows spaces. Yield was expressed in tons per hectare. Total yield was reduced by 30% due to consideration
for the tractor wheel paths, where plants would not have been planted under normal field production technology. The
mean bulb mass (g) is calculated as a ratio of total bulb mass harvested per plot and the number of bulbs per plot.

The data were analysed by analysis of variance (ANOVA) for mixed models. When necessary, logarithmic
transformation was used to fulfil the assumptions of ANOVA. Three comparisons were analysed: for each cultivar,
the difference between autumn and spring planting date. The significance level of 0.05 was used. Statistical analysis
of the data was performed using the statistical program R with n/me package for mixed models and multicomp
package for multiple comparison analyses (Team, 2011 #51).

Results and discussion

The data for average mean, maximum and minimum monthly air temperatures and the amount of precipitation were
taken from the Environmental Agency of the Republic of Slovenia (Manual, 2003) and are presented in Figure 1.
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Figure 1 Average mean, minimum and maximum monthly air temperatures (left) and amount of precipitation
(right) during the growing period of garlic, EARS (Manual, 2003).

During the experimental period from October 2018 to July 2019, the lowest average mean monthly temperature
was measured in January (0.7 °C) and the highest in June (23.5 °C). The amount of precipitation was the lowest in
December (12.3 mm) and the highest in May (238.6 mm).

Data for garlic yield and bulb mass are presented in Table 1. Significant effect of planting date on yield of garlic
bulbs was recorded at cultivar ‘Gardos’ only. Yield of autumn planting plants is for 4.7 t ha! higher (approximately
25%) than the yield of spring planting plants.

Differences between the yield of autumn and spring planted plants of other two cultivars are much lower (1.4 and
2.2 tha' for cultivars ‘Haloski’ and ‘Ptujski’) and not significant. The yield results are in agreement with those of El-
Zohiri and Farag (2014), Youssef and Tony (2014) and El-Shabasi et al. (2018) who found that the yield decreases
gradually with the late planting.

The highest ratio is detected for cv. ‘Ptujski’: the ratio in bulb mass for autumn and spring planting date is 2.7 with
95% confidence interval (1.5, 4.5). The ratio for cv. ‘Gardos’ is 2.0 with 95% CI (1.2, 3.8) and is also significant,
while for cv. ‘Haloski’ the ratio of 1.7 with 95% CI (0.9, 2.9) is not significant.

Table 1. Mean of yield (with confidence interval (CI) for mean differences) and mean of bulb mass (with CI for mean
ratio), for three garlic cultivars, planted in autumn and spring, 2018-2019.

) ‘Gardos’ ‘Haloski’ ‘Ptujski’
Variable - - -
Autumn Spring Autumn Spring Autumn  Spring

Yield (t/ Mean 12.9 8.2 10.3 8.9 6.3 4.1
ha) Significance * ns ns

CI for mean diff. (0.8, 8.9) (-2.8,5.5) (-1.6,6.0)
Mean bulb Mean 48.6 24.0 43.4 25.6 46.2 17.3
mass (g) Significance o ns ot

CI for mean ratio (1.2, 3.8) (0.9,2.9) (1.5, 4.5)

CI - confidence interval; ns — non significant; * - significant at 0.05; ** - significant at 0.01; *** - significant at 0.001

The results in table 2 show significant difference in mean logarithmic values for bulb mass for all three cultivars.
The mean bulb mass of cv. ‘Gardos” planting in autumn is 1.7-fold higher than in spring planting bulbs, with 95%
confidence interval (1.4, 2.2). The mean bulb mass of cv. ‘Haloski’ planted in autumn is 2.0-fold higher than in spring
with 95% confidence interval (1.5, 2.6). The highest ratio is detected for cv. ‘Ptujski’: the ratio in mean bulb mass for
autumn and spring is 2.4 with 95% confidence interval (1.7, 3.2).
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Table 2. Bulb mass, bulb diameter and number of cloves per bulb (with confidence integral (CI) for mean ratio or
differences), for three garlic cultivars, planted in autumn and spring, 2018-2019

) ‘Gardos’ ‘Haloski’ ‘Ptujski’
Variable .
Autumn Spring Autumn Spring Autumn Spring

Bulb mass  Mean 51.1 30.1 56.0 28.5 45.3 18.8
() Significance o e o

CI for mean ratio (1.4,2.2) (1.5, 2.6) (1.7, 3.2)
Bulb Mean 50.4 40.7 52.0 40.6 47.6 33.4
diameter Significance il el i
o ¢l for mean (5.7,13.8) (6.8, 16.1) (8.8,19.5)

differences R o o
Cloves per ~ Mean 12.4 11.4 9.5 7.8 17.9 7.4
bulb Significance ns ns x

CI for mean

differences (5.7,13.8) (-0.9,4.2) (7.6,13.0)

CI - confidence interval with 95%; ns — non significant; * - significant at 0.05; ** - significant at 0.01; *** -
significant at 0.001

The results in table 2 also show significant differences in mean values for bulb diameter for all three cultivars. For
cv. ‘Gardos, the mean bulb diameter is 9.7 mm higher for autumn planting compared to spring planting, with 95%
confidence interval (5.7, 13.8). The highest differences are detected at bulbs of cv. ‘Ptujski’: the autumn planting
bulbs are 14.2 mm higher than the spring planting bulbs, with 95% confidence interval (8.8, 19.5). For cv. ‘Haloski,
the mean bulb diameter for autumn planting bulbs is 11.4 mm higher than for spring planting bulbs, with 95%
confidence interval (6.8, 16.1).

The number of cloves per bulb at cv. ‘Gardos’ ranged from 9 to 17 (autumn) and 8 to 15 (spring), at cv. ‘Haloski’ from
5to 12 (autumn) and 1 to 15 (spring) and at cv. ‘Ptujski’ from 12 to 24 (autumn) and 6 to 11 (spring). Differences are
significant for bulbs of cv. ‘Ptujski’ only: the autumn planting bulbs has 10 cloves per bulb more than spring planting
bulbs, with 95% confidence interval (7.6, 13.0). Poldma et al. (2004) also reported that garlic planted in spring had
lower yield with lower bulb mass. They pointed out, that 16% of bulbs formed only one round clove. Similar effect
of later planting date on one clove bulb appeared also in this study, mostly at cv. ‘Haloski’ from spring planting date.

Conclusions

The results obtained in this small-scale study revealed that planting date is a critical factor determining the yield and
quality parameters of garlic bulbs, but the influence is cultivar specific. Autumn planting date significantly increased
garlic yield only with Spanish cv. ‘Gardos. Values of bulb characteristics are higher at autumn planting date compared
to spring planting: higher bulb mass and diameter were obtained at all three cultivars, while the number of cloves
per bulb was higher only at cv. ‘Ptujski’ Due to longer growing period before bulb initiation, autumn planted garlic
results in larger plants, producing larger bulbs and yield compared to spring planting plants.
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Abstract

Commercial essential oils from Albanian coniferous plants have been investigated for their chemical
composition and biological activity on different target organisms. Main volatiles of the essential
oils were a-pinene (41.99%) and c-verbenol (11.26%) in black pine; p-pinene (24.78%), a-fenchone
(12.93%) and a-pinene (10.8%) in Douglas fir; limonene (20.24%), P-pinene (18.39%), a-pinene
(13.33%) and camphene (11.13%) in Silver fir; a-pinene (24.34%), sabinene (13.86%), p-myrcene
(11.46%) in Juniperus berry. All oils showed low antioxidant activity. The essential oil of black pine
showed good antifungal and antibacterial activity comparable with synthetic antibiotic.

Keywords: Abies alba, Juniperus communis, Pinus nigra, Pseudotsuga menziesii, antioxidant activity

Introduction

Some synthetic antioxidants and antimicrobials used in food industry are thought to be toxic and carcinogenic
(Bauer et al., 2005; Eichholzer and Gutzwiller, 1998). There is a negative consumer perception regarding the use
of synthetic chemicals used to control insects and fungi in agricultural crops and commodities. Some of these
synthetic chemicals are reported to be carcinogenic (Research Council, Board of Agriculture, 1987), not effective
due to pathogen resistance (Kinay et al., 2007), and toxic for the environment (Wightwick et al., 2010). All the above
mentioned problems related to synthetic chemicals have attracted the attention to natural alternatives. Essential oils
(EOs) from woody and herbaceous plants are known to produce different volatile compounds. Due to the presence
of these compounds many EOs are used in cosmetics and food manufacturing for different purposes. Many of these
compounds are biologically active and could be used as antioxidant, antimicrobial and insecticidal agents. EOs
from woody coniferous plants are rich in terpenes such as a-pinene, 3-pinene, f-myrcene, camphene, limonene
etc (Angioni et al., 2003; Jirovetz et al., 2000; Tumen et al., 2010; Wajs et al., 2010). Many of these compounds have
different biological activities. However, few reports are available on the chemical composition of EOs from Albanian
conifers. Additionally, the coniferous wood industry generates large amounts of residues. Therefore it is important to
study the chemical constituents of coniferous wood essential oils and their biological activity to provide knowledge-
based waste valorization tools. The aim of the present work was to study the chemical composition and screening for
biological activities (antimicrobial and antioxidant) of commercial EOs from Albanian coniferous plants.

Material and methods

Essential oils (EOs) of Abies alba Mill., Juniperus communis L., Pseudotsuga menziesii (Mirbel) Franco, and Pinus
nigra J. E. Arnold of wild origin were provided from Albanian company “Mediterranean Spices & Imports” Tirané.
A. alba, P. menziesii, and Pinus nigra young shoots collected in August-October were steam distilled for four hours
while berries of J. communis collected in August-November were steam distilled for 36 hours with intervals. The
extracted EOs were analyzed by gas chromatography mass spectrometry (GC-MS) using Shimadzu GC-2010 coupled
to Shimadzu GCMS-QP2010 Ultra mass detector (electron ionization, 70 e€V) and equipped with Teknokroma
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TRB-5 (95%) Dimetil-(5%) diphenylpolisiloxane, 30 m x 0.25 mm i.d. capillary column (0.25 um film thickness).
Working conditions were as follows: split ratio (20:1), injector temperature 300°C, temperature of the transfer line
connected to the mass spectrometer 250°C, initial column temperature 70°C, then heated to 290°C at 6°C/min.
Electron ionisation mass spectra and retention data were used to assess the identity of compounds by comparing
them with those of standards or found in the Wiley 229 Mass Spectral Database. The free radical scavenging activity
of the EOs was measured in vitro by 2,20- diphenyl-1-picrylhydrazyl (DPPH) assay according to Saeed et al. (2012).
The scavenging activity was estimated based on the percentage of DPPH radical scavenged as the following equation:

Scavenging effect % = {(control absorbance - sample absorbance) / (control absorbance)} x 100.

Antibacterial activity of the EOs was investigated by disc diffusion method as already described by Sfeir et al. (2013).
The bacterial suspension of Escherichia coli ATCC 25922, Salmonella typhimurium ATCC 14028 and Staphylococcus
aureus ATCC 6538 was adjusted to a density of bacterial cells of 1.0 x 10® CFU/mL. The antifungal activity of EOs
were tested on colony growth using the methods given by Shao et al. (2013) and Soylu et al. (2010) with some
modifications. The efficacy of the treatment was evaluated by measuring the average of two perpendicular diameters
of each colony. Percentage mycelial inhibition = [(dc — dt)/dc] x 100, where dc is the mean colony diameter for the
control sets (distilled water) and df is the mean colony diameter for the treatment sets was calculated. All tests were
repeated two times.

Results and discussion
GC-MS analysis of the Black pine EO allowed the identification of different compounds. Main components of each

EO are presented in table 1.

Table 1. Major compounds indentified in the essential oils of Albanian coniferous plants

Percentage (%) of the compounds in each essential oil

Name of the compound

Black pine Douglas fir Silver fir Juniperus berry
a-pinene 41.99 10.8 13.33 24.34
a-fenchone 12.93
B-pinene 24.78 18.39
B-myrcene 11.46
verbenol 11.26
limonene 20.24 5.75
champene 11.13
endobornyl acetate 9.94
sabinene 13.86

The scavenging effect of the EOs on DPPH radical was measured after 30 minutes. The scavenging effect was low at
the concentrations tested (Table 2). Other authors who tested the scavenging effect of the EOs from these coniferus
plants found low antioxidant activity (Emami et al., 2007; Politeo et al., 2011a; Wajs-Bonikowska et al., 2015), as well.

Table 2. DPPH scavenging activity of the essential oils of Albanian coniferous plants

Essential oils

Black pine Juniperus berry Silver fir Douglas fir

DPPH % Scavenging 11.5+0.7 12.6+0.4 11.7+0.4 11.4+0.7
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Table 3 shows the antibacterial effects of the test oils. The inhibition zone diameters are given in mm. The EOs of
Juniperus berry, Silver fir and Douglas fir showed low activity against the three bacterial species at the concentration
tested, with inhibition zone diameters ranging from 2.3 to 5 mm. The essential oil of Black pine showed good
antibacterial activity. In the case of E. coli and S. typhimurium the inhibition zone was 27 mm, higher than the
positive control (19.3 and 18.3 mm respectively). The inhibition zone against S. aureus was high (30 mm) but lower
than the positive control (33.3 mm). Similar results were obtained in previous studies from different authors (Angioni
etal., 2003; Wajs-Bonikowska et al., 2015; Yang et al., 2009). In a study conducted by Politeo et al. (2011b), the EO of
black pine (Dalmatian black pine; Pinus nigra Arnold ssp. Dalmatica (Vis.) Franco), at a dose of 5 uL per disc, gave
inhibition zones of 22.5 mm on S. aureus while on E. coli showed no activity. In our experiments this EO was active
on these two pathogens and also on S. typhimurium.

Table 3. Inhibition zone diameters (mm) on three bacterial species and percentages of fungal mycelial inhibition of
coniferous essential oils

Pathogens Black pine Douglas fir Silver fir Juniperus berry  Control  Cefazolin
Bacterial species

E. coli 27.0+1 3.0£1 3.31£0.6 5.0t1 0.0 19.3+0.6
S. typhimurium 27.0+1 3.0+1 3.320.6 4.7+2.1 0.0 18.32£0.6
S. aureus 30.0+1 5.0+1 2.3+£0.6 2.3+£0.6 0.0 33.3+0.6
Fungal species

B. cinerea 81.3+6.8 7.61£7.6 9.6+£0.9 19.2+3.8

P. digitatum -11.4+2.9 -7.1x1.4 -16.7£2.2 -28.6+0

P. expansum 22.7+3.9 -1.5%£3.5 -3.0£2.6 -7.6%3.5

P. italicum 16.3+3.2 -3.713.6 -6.310.9 7.4£1.6

Values in the table represent the mean value of three replicates (+ standard deviation). The negative values represent a
growth higher than control (distilled water). For antifungal bioassays the EOs were tested at the amount of 10 uL (0.14
g/L) per disc (Petri dish). For antibacterial bioassays the EOs were tested at the amount of 5 uL per disc while Cefazolin
30 pg/disc.

Table 3, shows the antifungal effects of the test oils. Since the EOs were not able to inhibit the spore germination of
the three Penicillium species, the same Petri dishes were used to calculate the percentage mycelial inhibition. The
EOs showed different effects on mycelial growth. All the tested oils promoted the growth of P. digitatum. The EOs
of Juniperus berry, Silver fir and Douglas fir promoted the growth of P. expansum, while the EOs of Juniperus berry
and Silver fir promoted the growth of P, italicum. A moderate antifungal activity was given by the EO of black pine
on P, expansum and P, italicum. Also the EOs of Juniperus berry, Silver fir and Douglas fir gave a moderate antifungal
activity against B. cinerea. The highest antifungal activity was found for the EO of black pine against B. cinerea (81.3%
mycelial inhibition). In previous studies, Douglas fir and Silver fir EOs gave none or low in vitro antifungal activity
(Bagci et al., 1996; Johnston et al., 2001; Pattnaik et al., 1996). Some authors reported the antifungal activity of
Juniperus berry EO in the contact phase (Cabral et al., 2012; Cavaleiro et al., 2006) but showed no antifungal activity
in volatile phase on postharvest pathogens (Lee et al., 2007). Similarly, in our experiments this oil gave low or none
antifungal activity. The oil of black pine has been shown to be active against Candida albicans and Penicillium sp.
but not against Aspergillus niger (Politeo et al., 2011b). In our experiment this oil was active against P. expansum, P.
italicum and B. cinerea but not against P. digitatum.

Conclusion

The major compound found in EO of Black pine and Juniperus berry was a-pinene while the major compounds
in Silver fir and Douglas fir EO were limonene and B-pinene, respectively. The commercial EOs from Albanian
coniferous plants showed varying degrees of biological activity. Overall, the major activity was observed from the
Black pine EO.

Session 4. Vegetable Growing, Ornamental, Aromatic and Medicinal Plants 215



216

Erjon Mamoci, Kostlend Mara, llir Lloha, Maria Fe Andrés, Sonia Olmeda, Azucena Gonzalez-Coloma

References

Angioni A., Barra A., Russo MT., Coroneo V., Dessi S., Cabras P. (2003). Chemical composition of the
essential oils of Juniperus from ripe and unripe berries and leaves and their antimicrobial activity.
Journal of Agricultural and Food Chemistry 51: 3073-3078.

Bagci E., Digrak M. (1996). Antimicrobial activity of essential oils of some Abies (Fir) species from
Turkey. Flavour and Fragrance Journal 11: 251-256.

Bauer A.K,, Dixon D., DeGraft L.M., Cho H.Y., Walker C.R., Malkinson A.M., Kleeberger S.R. (2005).
Toll-like receptor 4 in butylated hydroxytoluene (BHT)-induced mouse pulmonary inflammation
and tumorigenesis. Journal of the National Cancer Institute 97: 1778-1781.

Cabral C,, Francisco V., Cavaleiro C., Gongalves M.J., Cruz M.T., Sales E, Batista M.T., Salgueiro
L. (2012). Essential oil of Juniperus communis subsp. alpina (Suter) Celak needles: chemical
composition, antifungal activity and cytotoxicity. Phytotherapy Research 26: 1352-1357.

Cavaleiro C., Pinto E., Gongalves M.]., Salgueiro L. (2006). Antifungal activity of Juniperus essential
oils against dermatophyte, Aspergillus and Candida strains. Journal of Applied Microbiology 100:
1333-1338.

Eichholzer M., Gutzwiller E. (1998). Dietary nitrates, nitrites, and N-nitroso compounds and cancer
risk: a review of the epidemiologic evidence. Nutrition Reviews 56: 95-105.

Emami S.A., Javadi B., Hassanzadeh M.K. (2007). Antioxidant activity of the essential oils of different
parts of Juniperus communis. subsp. hemisphaerica and Juniperus oblonga. Pharmaceutical Biology
45:769-776.

Jirovetz L., Puschmann C., Stojanova A., Metodiev S., Buchbauer G. (2000). Analysis of the essential
oil volatiles of Douglas fir (Pseudotsuga menziesii) from Bulgaria. Flavour and Fragrance Journal
15: 434-437.

Johnston WH., Karchesy JJ., Constantine GH., Craig AM. (2001). Antimicrobial activity of some
Pacific Northwest woods against anaerobic bacteria and yeast. Phytotherapy Research 15: 586-588.

Kinay P,, Mansour M.E, Gabler EM., Margosan D.A., Smilanick J.L. (2007). Characterization of
fungicide-resistant isolates of Penicillium digitatum collected in California. Crop Protection 26:
647-656.

Lee S.0., Choi G.J., Jang K.S., Kim J.C. (2007). Antifungal activity of five plant essential oils as
fumigant against postharvest and soil borne plant pathogenic fungi. The Plant Pathology Journal
23:97-102.

Pattnaik S., Subramanyam V.R., Kole C. (1996). Antibacterial and antifungal activity of ten essential
oils in vitro. Microbios 86: 237-246.

Politeo O., Botica I., Bilusic T., Jukic M., Carev 1., Burcul E, Milos M. (2011a). Chemical composition
and evaluation of acetylcholinesterase inhibition and antioxidant activity of essential oil from
Dalmatian endemic species Pinus nigra Arnold ssp. dalmatica (Vis.) Franco. Journal of Medicinal
Plant Research 5: 6590-6596.

Politeo O., Skocibusic M., Maravic A., Ruscic M., Milos M. (2011b). Chemical composition and
antimicrobial activity of the essential oil of endemic Dalmatian black pine (Pinus nigra ssp.
dalmatica). Chemistry and Biodiversity 8:540-547.

Research Council, Board of Agriculture (1987). Regulating Pesticides in Food - The Delaney Paradox.
National Academy Press, Washington, DC.

Saeed N., Khan M.R., Shabbir M. (2012). Antioxidant activity, total phenolic and total flavonoid
contents of whole plant extracts Torilis leptophylla L. BMC Complementary and Alternative
Medicine 12: 221.

Sfeir J., Lefrangois C., Baudoux D., Derbré S., Licznar P. (2013). In vitro antibacterial activity of
essential oils against Streptococcus pyogenes. Evidence-Based Complementary and Alternative
Medicine, 269161. http://dx.doi.org/10.1155/2013/269161

55th Croatian & 15th International Symposium on Agriculture | February 16-21, 2020, Vodice, Croatia



Chemical composition and antimicrobial activity of essential oils from Albanian conifer plants

Shao X., Wang H., Xu F, Cheng S. (2013). Effects and possible mechanisms of tea tree oil vapor
treatment on the main disease in postharvest strawberry fruit. Postharvest Biology and
Technology 77: 94-101.

Tumen I., Hafizoglu H., Kilic A., Dénmez LE., Sivrikaya H., Reunanen M. (2010). Yields and
constituents of essential oil from cones of Pinaceae spp. natively grown in Turkey. Molecules 15:
5797-5806.

Wajs A., Urbanska J., Zaleskiewicz E., Bonikowski R. (2010). Composition of essential oil from seeds
and cones of Abies alba. Natural Product Communications 5: 1291-1294.

Wajs-Bonikowska A., Sienkiewicz M., Stobiecka A., Maciag A., Szoka L., Karna E. (2015). Chemical
composition and biological activity of Abies alba and A. koreana seed and cone essential oils and
characterization of their seed hydrolates. Chemistry and Biodiversity 12: 407-418.

Wightwick A., Walters R., Allinson G., Reichman S., Menzies N. (2010). Environmental risks of
fungicides used in horticultural production systems, In: Carisse O (Ed), Fungicides, In-Tech.
Croatia, pp. 273-304.

Yang S.A., Jeon S.K,, Lee E.J., Im N.K,, Jhee K.H., Lee S.P, Lee L.S. (2009). Radical scavenging activity
of the essential oil of silver fir (Abies alba). Journal of Clinical Biochemistry and Nutrition 44: 253-
259.

Session 4. Vegetable Growing, Ornamental, Aromatic and Medicinal Plants 217



ORIGINAL SCIENTIFIC PAPER

Koli¢ina makroelemenata u mladim izdancima

cikle i brokule

Nevena Opaci¢, Tamara Brlek, Sanja Slunjski, Kristina Kljak, Sanja Radman, Sanja Fabek Uher
Sveuciliste u Zagrebu, Agronomski fakultet, SvetoSimunska cesta 25, 10000 Zagreb, Hrvatska (e-mail: sradman@agr.hr)

SaZetak

Mladi izdanci (eng. microgreens) su nepotpuno razvijene biljke izrazene nutritivne vrijednosti koje se
konzumiraju u fazi kotiledona s ili bez prvog para pravih listova. Cilj istrazivanja bio je utvrditi utjecaj
tri podloge (‘supstrat] ‘supstrat+perlit, ‘juta’) na koli¢inu suhe tvari, sirovih proteina i makroelemenata u
mladim izdancima cikle i brokule. Uzgoj na podlozi ‘supstrat’ rezultirao je najve¢com koli¢inom fosfora
u mladim izdancima brokule te kalcija u mladim izdancima cikle. Najvece vrijednosti sirovih proteina
i kalija utvrdene su kod uzgoja obje promatrane vrste mladih izdanaka na podlozi ‘supstrat+perlit’ dok
je primjena jute pozitivno utjecala na koli¢inu suhe tvari i magnezija obje vrste.

Kljucne rijeci: Brassica oleracea var. italica, Beta vulgaris var. conditiva, microgreens, minerali, suha
tvar

Uvod

Razli¢ite vrste povréa, aromati¢nog bilja i Zitarica u fazi mladih izdanaka (‘microgreens’), odnosno kotiledona i
djelomic¢no ili potpuno razvijenih prvih pravih listova, dakle, u razvojnom stadiju izmedu klijanaca i mlade biljke,
novija je kategorija namirnica biljnog porijekla (Di Gioia i Santamaria, 2015; Pinto i sur., 2015). Mladi izdanci su
sve popularniji medu potro$acima zbog izraZene nutritivne vrijednosti, atraktivnog izgleda te $iroke palete tekstura
i okusa (Franks i Richardson, 2016; Xiao i sur., 2015; Ebert i sur., 2014), a medu proizvoda¢ima zbog jednostavnog
i kratkog ciklusa uzgoja (Ebert, 2012). Recentna istrazivanja ukazuju da mladi izdanci sadrze vise fitonutrijenata i
minerala te manje nitrata u odnosu na biljke u kasnijoj fenoloskoj fazi, zbog ¢ega imaju izrazen pozitivan utjecaj
na ljudsko zdravlje (Pinto i sur., 2015; Xiao i sur, 2012). Mladi se izdanci konzumiraju u svjezem stanju, pa nema
gubitka hranjivih tvari uobicajenih za termicku obradu, $to ih ¢ini odliénim dodatkom svakodnevnoj prehrani
(Ebert i sur., 2014). Jedan od ¢imbenika koji utjece na prinos i nutritivhu vrijednost mladih izdanaka je podloga
za uzgoj (Franks i Richardson, 2009). Uz vrtno tlo, naj¢esce koristene podloge za uzgoj mladih izdanaka su treset i
mjesavine komercijalnih supstrata s tresetom. Iako treset ima optimalna fizikalno-kemijska svojstava, zbog visoke
cijene istrazuju se zamjenske podloge za uzgoj, poput vlakana kokosa, pamuka, konoplje i jute, pamuc¢nog ili vunenog
filca, perlita i kamene vune (Di Gioia i sur., 2016). Cilj ovog rada bio je utvrditi prikladnost zamjenskih podloga za
uzgoj mladih izdanaka cikle i brokule te njihov u¢inak na koli¢inu suhe tvari, sirovih proteina i minerala.

Rad je izvod iz diplomskog rada Tamare Brlek, mag. ing. agr. naslova ‘Utjecaj supstrata na prinos i nutritivnu vrijednost mladih
izdanaka povr¢a i suncokreta’

Materijal i metode

Istrazivanje je postavljeno tijekom prolje¢a 2019. godine u Zavodu za povrcarstvo Sveucilista u Zagrebu
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Agronomskog fakulteta (SuZAF) po metodi slu¢ajnog bloknog rasporeda u 3 ponavljanja. Pokus je uklju¢ivao mlade
izdanke brokule (Brassica oleracea L. var. italica Plenck) sorte ‘Calabrese’ i cikle (Beta vulgaris var. conditiva Alef.)
sorte ‘Red lady’ te 3 podloge za uzgoj: komercijalni supstrat za uzgoj presadnica ‘Klasman Potgrond H’ (‘supstrat’),
mjesavina supstrata ‘Klasman Potgrond H’ i perlita ‘Europer]l Agroper!’ u omjeru 5:1 (‘supstrat+perlit’), cetveroslojna
juta (‘juta’) rezana na odgovarajuce dimenzije za uzgojne posude (26 cm x 36 cm x 6,3 cm). Sjetva sjemena ekoloskog
porijekla proizvodaca ‘Rem sprout’ provedena je 30. svibnja u koli¢ini od 262 g/m?(cikla) i 3. lipnja u kolic¢ini 354 g/
m? (brokula). U svrhu poboljsanja klijavosti, sjeme cikle namakano je u vodi 24 sata prije sjetve. Posijano sjeme cikle
i brokule prekriveno je papirnatim ubrusima koji su redovito prskani vodom te su uklonjeni 3 (brokula), odnosno,
5 (cikla) dana nakon sjetve. Zbog odrzavanja optimalnih uvjeta (tama, visoka vlaga) uzgojne posude su od sjetve
sjemena do faze nicanja bile pokrivene poklopcima. Nakon uklanjanja ubrusa svakodnevno se provodilo zalijevanje
koli¢inom od 100 do 200 ml vode po uzgojnoj posudi, prema subjektivnoj procjeni potreba mladih izdanaka za
vodom. Tijekom uzgoja abiotski ¢imbenici odrzavani su u optimalnom rasponu: srednja temperatura zraka iznosila
je 24,8 °C, a srednja relativna vlaga bila je 57,8 %.

Berba mladih izdanaka brokule na svim podlogama obavljena je 10. lipnja dok su berbe mladih izdanaka cikle bile
12. lipnja (‘supstrat’ i ‘supstrat+perlit’) i 14. lipnja (‘juta’). Neposredno nakon berbe, na reprezentativnim uzorcima
biljnog materijala u laboratoriju Zavoda za ishranu bilja SuZAF-a utvrdena je koli¢ina suhe tvari i makroelemenata
(dusik, fosfor, kalij, kalcij i magnezij). Biljni materijal je usitnjen i osusen pri temperaturi od 105 °C, a zatim samljeven,
homogeniziran te analiziran u triplikatu. Odredivanje suhe tvari (%) provedeno je gravimetrijskom metodom prema
normi HRN ISO 11465:2004 (HZN, 2004.). Za utvrdivanje ukupnog dusika koristena je metoda po Kjeldahlu
(AOAC, 1995.), dok su sirovi proteini (SP) preracunati prema formuli: % Nx6,25 (Vaji¢, 1964.). Fosfor je odreden
spektrofotometrijski, kalij plamenfotometrijom, a kalcij i magnezij atomskom apsorpcijskom spektrofotometrijom,
nakon digestije s koncentriranom HNO, i HCIO, (AOAC, 1995.), a rezultati su izrazeni kao postotak navedenih
minerala u suhoj tvari (% P/ST, % K/ST, % Ca/ST, % Mg/ST). Statisticka obrada podataka provedena je u programu
SAS Software v. 9.3 (2010), procedura PROC GLM (op¢i linearni model). Rezultati su podvrgnuti jednosmjernoj
analizi varijance (ANOVA), a srednje vrijednosti usporedene su t-testom (LSD).

Rezultati i rasprava

U tablici 1 prikazani su podaci za koli¢inu suhe tvari, sirovih proteina i makroelemenata u mladim izdancima cikle i
brokule. Vidljiv je opravdan utjecaj primijenjenih podloga na istrazivana svojstva mladih izdanaka obje vrste povréa.

Uzgoj na podlozi ‘juta’ rezultirao je opravdano najvi$im vrijednostima suhe tvari u mladim izdancima cikle i brokule
(6,86 16,98 % ST), dok je podloga ‘supstrat+perlit’ utjecala na smanjenje koli¢ine suhe tvari kod obje vrste (5,35 i
4,93 % ST), $to je u skladu s istrazivanjem Di Gioia i sur. (2016). Vrijednosti suhe tvari ostvarene uzgojem brokule
na podlogama ‘supstrat’ i ‘supstrat+perlit’ u skladu su s koli¢inom od 5,08 % ST koju su u mladim izdancima brokule
uzgajanim na supstratu ‘Klasman Potgrond H’ utvrdili Opaci¢ i sur. (2016). Neovisno o podlozi, prosje¢na koli¢ina
suhe tvari u mladim izdancima brokule bila je 5,66 % ST, a cikle 6,09 % ST, §to je za 30 % vise u odnosu na koli¢inu
koju u mladim izdancima cikle navodi Xiao (2013).

Tablica 1. Koli¢ina suhe tvari, sirovih proteina i makroelemenata u mladim izdancima

. Suha tvar SiroYi . P K Ca Mg
Vrsta  Varijanta proteini
% suhe tvari
Supstrat 6,068 35,908 1,39 8 5,178 0,954 0,77 ©
= Supstrat + perlit 5,35¢ 40,83 4 1,644 7,37 4 0,67 ® 0,86 °
O Juta 6,864 / 1,654 3,29¢ 0,60 0,94 4
Prosjek 6,09 38,37 1,56 5,28 0,74 0,86
Supstrat 5,07 B 48,06 4 1,394 3,324 1,128 0,46 8
j; Supstrat + perlit 4,938 48,42 4 1,268 3,394 1,184 0,43 ¢
c% Juta 6,98 4 42,98 ® 1,15¢ 1,038 1,164 0,49 A
Prosjek 5,66 46,49 1,27 2,58 1,15 0,46

Razli¢ita slova pridodana vrijednostima unutar stupca za svaku vrstu predstavljaju znacajno razlitite vrijednosti
prema LSD testu, p<0,01
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Najveca koli¢ina sirovih proteina u mladim izdancima cikle i brokule (40,83 i 48,42 % SP/ST) utvrdena je pri uzgoju na
podlozi ‘supstrat+perlit, a kod brokule se nije statisticki razlikovala od koli¢ine ostvarene na podlozi ‘supstrat’ (48,06
% SP/ST), dok je kod cikle ta razlika bila opravdana obzirom na ostvarenu znacajno manju koli¢inu od 35,90 % SP/
ST. Podloga ‘juta’ je rezultirala statisticki najmanjom koli¢inom sirovih proteina u mladim izdancima brokule (42,98
% SP/ST), dok na cikli zbog premalog uzorka nije bilo moguce provesti kemijsku analizu dusika, pa posljedi¢no ni
odrediti koli¢inu sirovih proteina. Prosje¢na vrijednost sirovih proteina u mladim izdancima, bez obzira na podlogu
za uzgoj, kod cikle je bila manja (38,37 % SP/ST) nego kod brokule (46,49 % SP/ST), a §to je priblizno 7 puta veéa
koli¢ina u odnosu na utvrdenu u tehnoloski zrelom cvatu brokule koju navodi Fabek (2012). Podloga ‘supstrat’ u
uzgoju mladih izdanaka cikle imala je pozitivan u¢inak jedino na koli¢inu kalcija obzirom na ostvarenu znacajno
vecu koli¢inu (0,95 % Ca/ST) u odnosu na ostale istrazivane podloge. Na koli¢inu fosfora i magnezija (1,39 % P/ST
10,77 % Mg/ST), a takoder i kalija (5,17 % K/ST) u mladim izdancima cikle, ova je podloga imala negativan u¢inak
zbog opravdano manjih vrijednosti u odnosu na ostale istrazivane podloge, odnosno na podlogu ‘supstrat+perlit.
Podloga ‘supstrat’ u uzgoju mladih izdanaka brokule rezultirala je znacajno ve¢om koli¢inom fosfora (1,39 % P/ST)
u odnosu na ostale podloge te kalija (3,32 % K/ST) u odnosu na podlogu ‘juta; dok je koli¢ina kalcija bila opravdano
manja u odnosu na najvise ostvarene vrijednosti na ostalim podlogama.

Utjecaj podloge ‘supstrat+perlit’ bio je opravdan na koli¢inu kalija u mladim izdancima cikle (7,37 % K/ST) i brokule
(3,39 % K/ST) kod koje je koli¢ina kalija bila statisticki jednaka ostvarenoj na podlozi ‘supstrat’ (3,32 % K/ST).
Takoder, pozitivan uc¢inak podloge ‘supstrat+perlit’ utvrden je na koli¢inu fosfora kod cikle (1,64 % P/ST) i kalcija
kod brokule (1,18 % Ca/ST) ¢ije se vrijednosti nisu znacajno razlikovale od koli¢ina ostvarenih na podlozi juta’ (1,65
% P/ST 11,16 % Ca/ST).

U uzgoju mladih izdanaka cikle i brokule na podlozi ‘juta’ ostvarena je najveca koli¢ina magnezija (0,94 i 0,49 %
Mg/ST), znacajno veca nego na ostalim testiranim podlogama. Takoder, pozitivan uc¢inak podloge ‘juta’ utvrden je
i na kolic¢inu fosfora kod cikle (1,65 % P/ST) i koli¢inu kalcija kod brokule (1,16 % Ca/ST). Medutim, primjena iste
podloge negativno je utjecala na koli¢inu kalija kod cikle i brokule (3,29 % i 1,03 K/ST), zatim kalcija kod cikle (0,60
% Ca/ST) i fosfora kod brokule (1,15 % P/ST) jer su navedene vrijednosti bile opravdano manje od ostvarenih na
ostalim podlogama.

Prosjecne vrijednosti kalija i magnezija u mladim izdancima cikle bile su 2 puta vise u odnosu na mlade izdanke
brokule. Suprotno tome, u mladim izdancima brokule prosje¢na vrijednost kalcija bila je 1,6 puta ve¢a u odnosu na
mlade izdanke cikle. Prosjecna koli¢ina kalcija u mladim izdancima brokule u skladu je s rezultatima istrazivanja
Xiao i sur. (2016). Isti autori prikazuju nesto vise vrijednosti kalija i magnezija (4,18 % K/ST i 0,65 % Mg/ST) te
manju koli¢inu fosfora (0,87 % P/ST) u odnosu na ovo istrazivanje. Prema Lesi¢ i sur. (2016) cikla u tehnologkoj
zrelosti sadrzi viSestruko manje vrijednosti makroelemenata u usporedbi s mladim izdancima cikle u ovom radu.

Zakljucak

Na podlozi ‘supstrat’ ostvarene su vise vrijednosti Ca u cikli te sirovih proteina i P u brokuli. Podloga ‘supstrat+perlit’
rezultirala je znacajno visim vrijednostima sirovih proteina i K u mladim izdancima cikle i brokule, kao i P u cikli
te Ca u brokuli. U obje istrazivane vrste podloga ‘juta’ pozitivno je utjecala na kolic¢inu suhe tvari i Mg te P u ciklj,
odnosno Ca u brokuli. Bez obzira na koristenu podlogu pri uzgoju, cikla se pokazala kao bolji izvor fosfora, kalija i
magnezija, a brokula sirovih proteina i kalcija.
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Macroelements content of red beet and broccoli
microgreens

Abstract

Microgreens are not fully developed plants of marked nutritional value that are consumed in the
cotyledon phase with or without first pair of true leaves. The aim of the research was to establish the
impact of three tested growing media (‘substrate; ‘substrate+perlite] ‘burlap’) on the quantity of dry
matter, crude proteins and macroelements in red beet and broccoli microgreens. The cultivation on
‘substrate’ medium resulted in the highest amount of phosphorus in the broccoli microgreens and
potassium in the red beet microgreens. The highest values of crude proteins and potassium were
identified in the cultivation of microgreens on ‘substrate+perlite’ medium. The use of ‘burlap’ medium
had a positive effect on the quantity of dry matter and magnesium for both types of microgreens that

were taken into account.

Keywords: Brassica oleracea var. italica, Beta vulgaris var. conditiva, microgreens, minerals, dry matter
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Determination of caffeine content by UV-VIS
spectrophotometer in coffee and tea samples
available on Albanian market
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Abstract

The aim of this study was the determination of caffeine content in 6 coffee samples (three Arabica
varieties and three Robusta varieties) and 3 tea samples (green tea, oolong tea and black tea) that
are most commonly consumed in Albania. The method used for measuring caffeine content in coftee
and tea samples was by using UV/vis spectrophotometer. Caffeine extraction for both matrices was
conducted by using water as solvent at temperature 75°C for 20 min with ultrasound (US) mixer. The
results show that caffeine content in coffee samples varied from 0.59% to 0.69% and from 0.36% to
0.4% for tea samples. Caffeine content in Arabica’s samples were higher than those in Robusta samples
and there were no significant changes in caffeine content between tea samples.

Keywords: Caffeine, physiological effects, Arabica and Robusta coffee, tea UV-VIS

Introduction

Caffeine is a natural alkaloid, differently known as methylxanthines, found in the leaves, seeds and fruits worldwide,
i.e. tea, coffee, cocoa also in a number of foods like: beverages, soft drinks and candy bars. The content of caffeine in
mentioned food categories ranges from 71-220 mg/150 mL for coffee, 32-42 mg/150 mL for tea and32-70 mg/330
mL for cola (Debry, 1994). Caffeine consumption in different countries varies and the main source usually 80-100%
of the caffeine intake comes only from coffee. In the United States and Canada the caffeine consumption from all
sources is 210-238 mg/ and 400 mg/person/day in Sweden and Finland (Barone and Roberts, 1996; Viani, 1996).
UK is an exception as the main source of caffeine intake, respectively 72% comes from the tea and the caffeine
consumption from all sources is higher than the other countries mentioned above (Debry, 1994). Moderate caffeine
consumption leads very rarely to health risks (James and Stirling, 1983). But in caffeine-sensitive individuals
moderate to higher doses of caffeine induce negative effects such as anxiety, restlessness, insomnia and tachycardia
(Benowitz, 1990). Starting exactly from wide range of physiological effects of caffeine on the human body and for
quality controls reason the scientific community works continuously to establish rapid and cheap analytical methods
for the determination of caffeine in coffee beans. Spectrophotometer is a fast, simple and relatively easy method used
worldwide but with the drawback that it is not possible to determine caffeine directly in coffee beans by conventional
UV absorption measurement due to the spectral overlap (Zhang et al., 2005), requiring in this way a lot of work in
sample preparation. The aim of this study was the determination of caffeine content on coffee and tea samples in
Albania by using UV-Vis absorption measurement.

Material and methods
Chemicals and instrument

Six different coffee sample (three Arabica and three Robusta) and three tea sample were taken from Albanian
supermarket. All the coffee samples were roasting at 240°C for 14 min and ground in way to increase the contact
surface with the water. The caffeine pure powder and solvents used for extraction were provided from Sigma Aldrich.
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Table 1. Sample codification and description

Sample code Sample Sample description

AK1 Coftee Etiopia Arabica

AK2 Coffee Santos Arabica

AK3 Coffee Columbia Arabica

RK4 Coffee AAA Robusta

RK5 Coffee Vietnam Robusta

RK6 Coffee Uganda Robusta

C1 Black tea Fully oxidized, origin: China
C2 Green tea Unoxidized, origin: China
C3 Oolong tea Partially oxidized , origin: China

Standard solution preparation and calibration curve

The stock solution of caffeine was prepared by dissolving 10 mg of pure caffeine in 1000 mL of distilled water to
obtain 10 ppm caffeine solution. Standard solution was prepared by pipetting 0, 1, 2 and 4 mL of stock solution into
10 mL volumetric flask and then filled with distilled water up to the mark. The calibration curve was done by plotting
the absorbance of each standard solution, measured at maximum absorption wavelength for caffeine, 270 nm (in
triplicate) using 10 mm quartz cuvettes.

Extraction of caffeine from coffee and tea

The extraction of caffeine was as follows: 100 mg of coffee/tea was placed to an Erlenmeyer flask where 100 mL water
at temperature 75 °C was added. The mixture was left under stirring 20 min by using ultrasound (US) and then
was filtered. Liquid-liquid extraction with dichloromethane (Belay et al., 2008) was performed in order to extract
caffeine from solution due to the fact that water is a polar solvent and except caffeine, other compounds present in
coffee and tea are extracted forming a matrix that interferee with caffeine at the same wavelenght. Liquid - liquid
extraction was repeated four time until the presence of caffeine in water solution was negligible. The absorbance of
the combined dichloromethane solution was measured by UV/vis spectrophotometer (Biochrom Libra S22 UV/Vis)
at 270 nm, against the corresponding reagent blank. The caffeine content in the solution was determined through the
equation of standard solution. Caffeine content in coffee and tea samples was calculated from the equation:

X = c-Vv

= 000 p 100

(1)

Where X - the concentration of caffeine, expressed as %; C - the concentration of caffeine in solution; V - the final
volume of solution (100 mL), L; and p is the weight of coffee/tea in g.

Statistical analysis

Data were analyzed using the one-way ANOVA with SPSS software (IBM SPSS Statistics V25.0). All data are expressed
as means + SD. Means were separated using Duncan test and considered significant at P<0.05.
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Results and discussion
Caffeine content in six coffee samples (three Arabica varieties and three Robusta varieties) and three tea samples
(green tea, oolong tea and black tea) are presented Graph 1 and 2.

The caffeine content in coffee samples (Figure 1) ranged from 0.59% (RK5) to 0.69% (AK1). According to Duncan

Test, means of caffeine content with different letters are significantly different at P<0.05. The obtained results were

lower than those reported by Belay at al. (2008) which showed the caffeine content in coffee beans ranged from 1%
0,70

to 1.19%.
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According to the results, the quantity of caffeine extracted from different varieties (Arabica and Robusta) are
significantly different (Fig 1), with exception of samples AK1 and RK6 among which no significant differences in the
caffeine content were not determined. Arabica varities showed a higher caffeine content compared to the Robusta
but still results were lower compared to those reported by other literature data (Farah et al., 2006) which indicated
that the highest caffeine content observed in Arabic green coffee beans was 1.23% while the lowest 0.96%. Farah et al.
(2008) also concluded that the roasting did not affect the caffeine content other than causing a slight relative increase
due to the loss of other component.
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Figure 2. Caffeine content in analyzed tea samples
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Determination of caffeine content by UV-VIS spectrophotometer in coffee and tea samples available on
Albanian market

In tea samples the caffeine content ranged from 0.36% (C3) to 0.4% (C2) (Fig 2). Regarding the Duncan Test no
significant changes in the caffeine content were determined between analyzed tee samples. But still the highest
caffeine content was determined in green tea (C2), followed by black tea (C1) and oolong tea (C3). The obtained
results were lower than those reported from other studies (Komes et al., 2009) which reported that the content of
caffeine in green, black and oolong tea ranged from 2.04% (green tea) to 3.86% (black tea). These differences are
expected as studies have revealed that caffeine content is associated to origin, genetic and environmental variability,
harvest time and processing manner of plant material (Athayde et al. 2000).

Conclusion

Results shows that in coffee samples the higher content of caffeine was present in Arabica varieties compared to
Robusta varieties. Coffee Arabica from Ethiopia (AK1) has the highest amount of caffeine (0.69%) and the Coffee
Robusta from Vietnam (RK5) the lowest amount (0.59%). The order of caffeine content in tea samples was as follows
green tea (C2) > black tea (C1) > oolong tea (C3).
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Utjecaj predsjetvenih tretmana na klijavost
sjemena mrkve, persina i kopra

Sanja Radman, Antonia Skomrak, Bozidar Benko, Sanja Fabek Uher, Nevena Opaci¢, Ivanka Zuti¢
Sveuciliste u Zagrebu, Agronomski fakultet, SvetoSimunska cesta 25, 10000 Zagreb, Hrvatska (e-mail: sradman@agr.hr)

SaZetak

Cilj istrazivanja bio je utvrditi utjecaj predsjetvenih tretmana ispiranjem na energiju klijanja i ukupnu
klijavost sjemena mrkve, per$ina i kopra. Tretmani ispiranja ukljucivali su destiliranu vodu, otopine
kalijevog permanganata (KMnO,) i preparata ‘Eko-rast’ u usporedbi s netretiranim sjemenom. Preparat
‘Eko-rast’ pokazao se najboljim za ispiranje inhibitora klijanja prisutnih u sjemenoj ovojnici persina,
rezultiraju¢i opravdano najve¢om ukupnom klijavo$éu (80,0 %). Predsjetveni tretman ispiranjem nije
opravdan kod mrkve i kopra, obzirom da je najvec¢a ukupna klijavost utvrdena u kontrolnom tretmanu
(90,0 i 96,7%).

Klju¢ne rije¢i: Anethum graveolens, Daucus carota, ispiranje sjemena, Petroselinum crispum, ukupna
Kklijavost

Uvod

Klijanje sjemena je fizioloski proces koji pocinje ako su osigurani osnovni abioti¢ki ¢imbenici koji ukljuc¢uju
dovoljnu koli¢inu vode, topline ili svjetlosti. Takoder, na klijavost utje¢u i bioloska svojstva sjemena, poput krupnoce,
dozrelosti, debljine i propusnosti sjemene ovojnice. Sjeme koje nece proklijati ni u povoljnim uvjetima smatra se
dormantnim (Lesi¢ i sur., 1993). Dormantnost je oblik bioloskog prilagodavanja sjemena koji omogucuje njegovo
mirovanje sve dok se ne steknu uvjeti za prekid mirovanja (Cmelik i Perica, 2007). Baskin i Baskin (2004) razlikuju
fizikalnu, morfolosku, morfofiziolosku i fiziolosku dormantnost sjemena, no molekularni i biokemijski mehanizmi
postojanja i otklanjanja dormantnosti nisu jo$ uvijek potpuno razjasnjeni (Nonogaki, 2006). Ovo svojstvo sjemena
posebno je problemati¢no u poljskim uvjetima, gdje moze rezultirati manjim i nejednolikim sklopom te u kona¢nici
manjim prinosom (Boro$i¢ i sur., 2006). U svrhu ujednacavanja klijavosti i prekidanja dormantnosti provode se
postupci predsjetvenog tretiranja sjemena, poput temperaturnih tretmana (stratifikacija), o$tecivanja sjemene
ovojnice mehani¢kim ili kemijskim putem (skarifikacija), primjene regulatora rasta te ispiranja sjemena (Zuti¢ i
Dudai, 2008; Palfi, 2007; Shakila i Rajeswari, 2006; Yildirim i sur., 2002). Slaba klijavost te dulji period klijanja
utvrdeni su kod vrsta iz porodice §titarki, posebice persina, a pripisuju se prisutnosti kemijskih inhibitora klijanja u
sjemenoj ovojnici. Oni uvjetuju fiziolosku dormantnost sjemena, a moguce ih je otkloniti predsjetvenim tretmanima
ispiranja sjemena (Grzesik i Janas, 2014; Hassell i Kretchman, 1997). Cilj rada bio je utvrditi utjecaj predsjetvenih
tretmana ispiranjem na energiju klijanja i ukupnu klijavost sjemena mrkve, persina i kopra.

Rad je izvod iz diplomskog rada Antonie Skomrak, mag. ing. agr. naslova ,,Inhibitori klijjanja u sjemenu mrkve, persina i kopra i
njihovo uklanjanje ispiranjem”
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Materijal i metode

Istrazivanje je provedeno u prolje¢e 2016. godine u Zavodu za povréarstvo Sveucilista u Zagrebu Agronomskog
fakulteta. U pokusu je koristeno ekolosko sjeme vrsta mrkve (Daucus carota L.), per$ina (Petroselinum crispum L.) i
kopra (Anethum graveolens L.) tvrtke Vilmorin. Po 100 sjemenki svake vrste moceno je u 100 ml destilirane vode,
2 %-tnoj otopini kalijevog permanganata (KMnO),) te 0,5 %-tnoj otopini komercijalnog preparata ‘Eko-rast’ na bazi
silicija (56 %) tvrtke MultiNatura. Ostatak sjemena bio je kontrola te nije koristen niti jedan tretman ispiranja. Nakon
mocenja u trajanju od 30 minuta uz povremeno mijesanje, otopine su profiltrirane kroz filter papir, a sjeme svake
vrste stavljeno je na suSenje na sobnu temperaturu tijekom 24 sata te potom posijano u Petrijeve posude 31. ozujka.
Sjeme je stavljeno na naklijavanje u kontrolirane uvijete rasta (20 °C1i80 % RV) u klima komoru (BTESe-frigomat).

Pokus je postavljen u 3 ponavljanja, pri ¢emu je svako tretiranje u ponavljanju bilo zastupljeno 1 Petrijevom posudom
sa 20 sjemenki. Energija klijanja (vitalnost sjemena) te ukupna klijavost definirani su Pravilnikom o metodama
uzorkovanja i ispitivanja kvalitete sjemena (Narodne novine 99/2008). Energija klijanja za mrkvu i kopar definirana
je 4. dan nakon sjetve, a za pers$in 8. dan nakon sjetve. Ukupna klijavost za sve tri vrste definirana je 15. dan iza sjetve.

Statisticka obrada podataka provedena je u programu SAS Software v. 9.3 (2010), procedura PROC GLM (op¢i
linearni model). Podaci za energiju klijanja te ukupnu klijavost obradeni su analizom varijance (ANOVA), a
znacajnost razlika medu srednjim vrijednostima testirana je LSD testom na razini znacajnosti p<0,01.

Rezultati i rasprava

U grafikonima 1-3 prikazan je utjecaj predsjetvenog tretiranja ispiranjem na energiju klijanja (EK) i ukupnu klijavost
(UK) sjemena mrkve, persina i kopra. Iz grafikona je vidljivo da je utjecaj tretmana bio statisti¢ki opravdan (p<0,01)
za energiju klijanja i ukupnu klijavost sjemena navedenih vrsta. Kod mrkve (grafikon 1), najveci postotak klijanja
(EK 86,7 %; UK 90,0 %) utvrden je u kontroli, Sto znaci da su primijenjeni tretmani inhibirali klijanje sjemena mrkve.
Predsjetveno ispiranje destiliranom vodom i preparatom ‘Eko-rast’ rezultiralo je statisticki jednakom EK (75 %),
opravdano vecom u usporedbi s KMnO, (71,7 %) koji je negativno utjecao na vitalnost sjemena. Suprotno tome,
KMnO, je rezultirao opravdano ve¢om ukupnom klijavos¢u (83,3 %) u odnosu na preparat ‘Eko-rast’ (81,7 %) i
destiliranu vodu (80,0 %). Slabi u¢inak destilirane vode kao predsjetvenog tretmana takoder su utvrdili Zuti¢ i Dudai
(2008) proucavajuti klijavost kadulje.

Suprotno mrkvi, najveca energija klijanja za persin (Grafikon 2) utvrdena je pri ispiranju s KMnO, (35,0 %), a
najmanja kod sjemena bez ispiranja (8,3 %). Preostala dva predsjetvena tretmana imala su pozitivan ucinak na
vitalnost sjemenu, pri ¢emu je ispiranje destiliranom vodom bilo djelotvornije (25,0 %) u odnosu na ‘Eko-rast’ (21,7
%). Suprotno tome, Boro$i¢ i sur. (1995) navode da razlika u energiji klijanja kod persina ispiranog destiliranom
vodom i kontrolnog sjemena nije bila statisticki opravdana.
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razlike izmedu tretmana, p<0,01
Grafikon 1. Utjecaj predsjetvenih tretmana na energiju klijanja i ukupnu klijavost sjemena mrkve
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Kod ukupne klijavosti trend je nesto drugaciji te je najvecu klijavost imalo sjeme moceno u otopini preparata ‘Eko-
rast’ (80,0 %), a najmanju u otopini KMnO4 (70,0 %).
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Grafikon 2. Utjecaj predsjetvenih tretmana na energiju klijanja i ukupnu klijavost sjemena persina

razlike izmedu tretmana, p<0,01

Pozitivno djelovanje navedenog preparata takoder potvrduju Samobor i sur. (2010) na psenici, dok Megla (2015)
zakljucuje da njegova primjena u uzgoju presadnica buhaca nije opravdana. U¢inak destilirane vode i dalje je bio
pozitivan (76,7 %), $to potvrduju Grzesik i Janas (2014) u istrazivanju na persinu.

Kod kopra (Grafikon 3) je, kao i kod persina, opravdano najveca vitalnost sjemena utvrdena je primjenom otopine
KMnO, (86,7 %). Kontrolno sjeme te moceno u destiliranoj vodi imalo je jednaku energiju klijanja (85,0 %), ali
statisticki ve¢u od preparata ‘Eko-rast’ (71,7 %) koji je djelovao inhibitorno na pocetno klijanje kopra. Najveca
ukupna klijavost kopra utvrdena je bez primjene tretmana ispiranja (96,7 %), $to je bio slucaj i kod mrkve. Destilirana
voda inhibirala je klijanje kopra (88,3 %), dok su pozitivan u¢inak imale otopine KMnO, i preparata ‘Eko-rast’ (95,0

91,7 %).
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Grafikon 3. Utjecaj predsjetvenih tretmana na energiju klijanja i ukupnu klijavost sjemena kopra

razlike izmedu tretmana, p<0,01
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Zakljucci

Ovim istrazivanjem potvrdena je opravdanost primjene predsjetvenih tretmana na per$inu, pri ¢emu je najbolji
uc¢inak na povecanje klijavosti imalo ispiranje sjemena destiliranom vodom i preparatom ‘Eko-rast. Predsjetveno
tretiranje sjemena ispiranjem nije opravdano kod vrsta mrkve i kopra, obzirom na utvrdenu najve¢u ukupnu klijavost
u netretiranom sjemenu.

230

Literatura

Baskin J.M., Baskin C.C. (2004). A classification system for seed dormancy. Seed science research
14(1): 1-16.

Borosi¢ J., Lesi¢ R., Parac I. (1995). Uklanjanje inhibitora klijanja iz sjemena persina. Zbornik
sazetaka: Kvalitetnim kultivarom i sjemenom u Europu. Zagreb, Hrvatska, 63.

Borosi¢ J., Novak B., Zuti¢ I, Toth N. (2006). Germination inhibitors from parsley seed. In: Book
of Program and Abstracts of 4th International Symposium on Seed, Transplant and Stand
Establishment of Horticultural Crops: Translating seed and seedling physiology into technology,
December 3-6, San Antonio, Texas, USA: 49.

Cmelik Z., Perica S. (2007). Dormantnost sjemena vocaka. Sjemenarstvo 24(1): 51-58.

Grzesik M., Janas R. (2014). Physiological method for improving seed germination and seedling
emergence of root parsley in organic systems. Journal of Research and Applications in
Agricultural Engineering 59(3): 80-86.

Hassell R.L., Kretchman, D.W. (1997). The effects of umbel order, soaking, and scarification
on germination inhibiting substances in Petroselinum crispum L. and other Apiaceae seeds.
HortScience 32(7): 1227-1230.

Lesi¢ R., Pavlek P, Cvjetkovi¢ B. (1993). Proizvodnja povrtnog sjemena. Agronomski fakultet, Zagreb.

Megla M. (2015). Uzgoj presadnica buhaca uz primjenu stimulatora rasta. Diplomski rad.
Agronomski fakultet Sveucilista u Zagrebu.

Narodne novine (99/2008). Pravilnik o metodama uzorkovanja i ispitivanja kvalitete sjemena. br.
99/2008.

Nonogaki H. (2006). Seed germination—the biochemical and molecular mechanisms. Breeding
Science 56(2): 93-105.

Palfi M. (2007). Skarifikacija sjemena lucerne (Medicago sativa L.) kiselinom. Sjemenarstvo 24(1):
5-16.

Samobor V., Horvat D., Jost M. (2010). Efikasnost predsjetvenog tretiranja sjemena pSenice u
ekoloskoj poljoprivredi. Sjemenarstvo 27(3-4): 113-124.

Shakila A., Rajeswari, R. (2006). Effect of various botanicals and organic soaks on the germination
and seedling vigour of ambrette. In IV International Symposium on Seed, Transplant and Stand
Establishment of Horticultural Crops; Translating Seed and Seedling 782: 235-240.

SAS'/STAT 9.3. 2010. SAS Institute Inc., Cary, NC, USA

Yildirim E., Dursun A., Giivenc I., Kumlay, A.M. (2002). The effects of different salt, biostimulant and
temperature levels on seed germination of some vegetable species. Acta Horticulturae 579: 249-
253.

Zuti¢ I, Dudai N. (2008). Factors affecting germination of Dalmatian sage (Salvia officinalis) seed.
Acta Horticulturae 782: 121-125.

55th Croatian & 15th International Symposium on Agriculture | February 16-21, 2020, Vodice, Croatia



Utjecaj predsjetvenih tretmana na klijavost sjemena mrkve, persinai kopra

Effect of pre-sowing treatment on seed
germination of carrot, parsley and dill

Abstract

The aim of the study was to determine the effect of pre-sowing treatments on germination energy and
total germination of carrot, parsley and dill seeds. The soaking treatments included distilled water,
KMnO, and ‘Eko-rast’ compared to untreated seeds. The ‘Eko-rast’ preparation proved to be the best
for flushing out the inhibitors present in the parsley seed coat, resulting in justifiably the highest total
germination (80.0%). It proved not economically justifiable to treat carrot and dill seeds, since the
highest percentage of germination rate was recorded in control variants (90.0 and 96.7%).

Keywords: Anethum graveolens, Daucus carota, seed soaking, seed germination, Petroselinum crispum
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[spitivanje klijavosti sjemena pustenaste divizme
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podlogama
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’Ljekarne Kalenié, Zdravstvena ustanova, Ulica Kralja Zvonimira 47,32100 Vinkovci, Hrvatska

SaZetak

Cilj rada bio je utvrditi utjecaj predtretmana grijanja i hladenja na klijavost sjemena pustenaste divizme
(Verbascum phlomoides L.) na razli¢itim podlogama. Sjeme je podvrgnuto predtretmanima grijanja
u su$ioniku na 35 °C i hladenja u hladnjaku na 4 °C tijekom sedam dana prije postavljanja pokusa.
Klijavost sjemena ispitana je na 3 podloge u Petrijevim zdjelicama: filter papir, supstrat te pijesak. Kako
bi se utvrdio utjecaj predtretmana i podloga po zavrsetku istrazivanja uz ukupnu klijavost zabiljezeni
su i morfoloski parametri. Opcenito, predtretmani grijanja i hladenja sjemena znacajno su utjecali na
klijavost, dok su podloge utjecale znacajno na ostale ispitivane parametre.

Klju¢ne rije¢i: hladenje, grijanje, supstrat, pijesak

Uvod

Pustenasta divizma (Verbascum phlomoides L.) jedna je od 21 vrste roda Verbascum zabiljezene u flori Republike
Hrvatske (RH) (Nikoli¢, 2015.). Rasprostranjena je u gotovo svim dijelovima RH, a najveca koncentracija stanista
zabiljezena je u centralnoj Hrvatskoj. U svijetu je poznato najmanje 250 vrsta ove dvogodi$nje biljke iz porodice
Scrophulariaceae. Pustenasta divizma je biljka koja u prvoj godini stvara lisnu rozetu karakteristicnu po mnostvu
dlacica, a u drugoj godini cvjetnu stabljiku sastavljenim od 2 do 9 cvjetova (Marian i sur., 2018.). Cvjeta od srpnja do
rujna kada se i sakupljaju zuti cvjetovi cijenjeni kao prirodni lijek za rjesavanje respiratornih tegoba. Ekspektoransno
djelovanje saponina uz umirujuci efekt sluzi ¢ine cvjetove divizme jednom od najkorisnijih ljekovitih droga za
lije¢enje promuklosti, kaslja, bronhitisa i astme (Turker i Gurel, 2005.). Takoder, neka od istrazivanja potvrduju
protuupalno i antimikrobno djelovanje (Grigore i sur., 2013.; Speranza i sur., 2009.) . Prema Tatli i Akdemir (2004.)
vrste roda Verbascum koriste se u lije¢enju hemeroida, reumatske boli, povrsinskih gljivi¢nih infekcija, proljeva
pa ¢ak i virusa gripe. Ljekovita svojstva ove biljke pripisuju se sadrzaju bioloski aktivnih spojeva poput iridoida,
saponina, flavonoida, feniletanoida i neolignanskih glikozida (Armatu i sur, 2011.). Opcenito, sadrzaj bioloski
aktivnih komponenti je pod utjecajem mnogih ¢imbenika od kojih su, posebice za samoniklo bilje, klju¢ni okoli$ni
¢imbenici (Ncube i sur., 2012.). Preduvjet za uspjesan razvoj zdravih biljaka te prevladavanje nepovoljnog utjecaja
okoli$nih ¢imbenika je dobra klijavost sjemena i pravilan razvoj klijanaca. Predtretmani sjemena mogu povoljno
utjecati na poboljsanje klijavosti pa je i cilj ovog istrazivanja bio ispitati utjecaj predtretmana grijanjem i hladenjem
na klijavost sjemena pustenaste divizme na razlic¢itim podlogama.

Materijal i metode

Istrazivanje je provedeno tijekom 2019. godine u laboratoriju za Povréarstvo, cvjecarstvo i ljekovito bilje Fakulteta
agrobiotehnickih znanosti Osijek. Sjeme pustenaste divizme prikupljeno je u Jarmini kod hobi proizvodaca 2018.
godine te spremljeno u papirnate vrecice na suho mjesto do ispitivanja klijavosti. Prije postavljanja pokusa odvojen
je dio sjemena za predtretman hladenje (H) pri kojem su sjemenke drzane u hladnjaku 7 dana na temperaturi 4 °C i
predtretman grijanje (G) pri kojem su sjemenke drzane 7 dana u susioniku na temperaturi 35 °C. Nakon provedenih
predtretmana sjemenke pustenaste divizme stavljene su na naklijavanje na 3 razli¢ite podloge u Petrijeve zdjelice:
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filter papir, pijesak i supstrat. Filter papir je postavljen na dno Petrijeve zdjelice kako bi sjeme klijalo na papiru, pijesak
je prethodno prosijan i steriliziran, a kao supstrat je koristen Klasmann potgrond H. Na svaku podlogu postavljeno
je u 4 ponavljanja po 100 sjemenki oba predtretmana (H i G) te kontrolni tretmana (K) odnosno netretirano sjeme.
Sve Petrijeve zdjelice zalivene su s 5 mL destilirane vode pri postavljanju pokusa i po potrebi tijekom 12 dana koliko
je trajalo istrazivanje. Pokus je postavljen u klima komoru na temperaturu 20 + 1 °C i fotoperiod 12h dan/12h no¢.
Po zavr$etku istrazivanja zabiljezene su ukupna klijavost, duzina hipokotila, duzina korijena klijanaca te svjeza i
suha masa klijanaca. Dobiveni rezultati statisticki su obradeni analizom varijance pomocu statistickog paketa SAS
9.3 (p<0,05, Fisher test).

Rezultati i rasprava

U ovom istrazivanju ispitan je utjecaj predtretmana sjemena i razli¢itih podloga na klijavost sjemena pustenaste
divizme. Predtretmani grijanja i hladenja sjemena znacajno su utjecali na klijavost sjemena, dok ali nisu imali utjecaj
na vrijednosti ostalih ispitivanih parametara. Najveca klijavost zabiljezena je kod predtretmana H te je iznosila 89,75
%, dok je najmanja zabiljeZena na kontrolnom tretmanu K 79,25 % (tablica 1.).

Tablica 1. Utjecaj predtretmana sjemena pustenaste divizme na ispitivane parametre

Klijavost Duzina .Duzm? Svjeza masa Suha masa
Predtretman . hipokotila . .
(%) korijena (cm) (cm) klijanca (mg) klijanca (mg)
Grijanje (G) 83,58 1,05 0,76 0,0901° 0,0110°
Hladenje (H) 89,75° 1,03 0,76 0,0863* 0,0286°
Bez tretmana (K) 79,25¢ 1,06° 0,75° 0,0836° 0,0116°

“be Vrijednosti u istom stupcu tablice oznacene razlicitim slovima statisticki se znacajno se razlikuju pri razini
(P<0,05)

Opcenito je predtretman hladenjem na svim ispitivanim podlogama utjecao na povelanje klijavosti pustenaste
divizme (tablica 1 i 3). Sli¢no, u istrazivanju Hilooglu i sur. (2018.) predtretman hladenjem na 4 °C utjecao je na
povecanje klijavosti Verbascum calycosum gotovo 50 % u odnosu na kontrolni tretman. U ovom istrazivanju neovisno
o podlozi zabiljezeno je povecanje klijavosti od 11 % kod predtretmana hladenjem, odnosno 18 % na filter papiru.

Tablica 2. Utjecaj podloge na ispitivane parametre pustenaste divizme

Duzina

Podloga Klijavost (%) I?uzma hipokotila S‘.I.] cza masa S.}lha rasa
korijena (cm) (cm) klijanca (mg) klijanca (mg)
Filter papir (NP) 85,00° 1,49* 0,40¢ 0,062¢ 0,0070°
Supstrat (S) 82,17° 1,21° 1,222 0,112 0,0113*
Pijesak (P) 85,412 0,44¢ 0,66° 0,087° 0,0330*

“be Vrijednosti u istom stupcu tablice oznacene razlic¢itim slovima statisticki znacajno se razlikuju pri razini
(P<0,05)

Suprotno predtretmanima, medu ispitivanim podlogama nije zabiljeZena razlika u klijavosti, no zabiljezena je u svim
ostalim parametrima (tablica 2). Na filter papiru najveca je duzina korijena (1,49 cm), na supstratu najveée duzina
hipokotila (1,22 cm) i svjeza masa klijanca (0,112 mg) te na pijesku najveca suha masa klijanca (0,0330 mg).

Na podlozi filter papir u kombinaciji s predtretmanom hladenja utvrdena je znacajno najveca klijavost sjemena
pustenaste divizme (95 %), $to je ujedno i najveca postignuta klijavost u pokusu (tablica 3). Predtretman grijanjem
takoder je pozitivno utjecao na klijavost u odnosu na kontrolni tretman no nije zabiljezena statisticki znacajna
razlika. Medu ostalim ispitivanim parametrima na filter papiru nije zabiljeZena razlika u odnosu na predtretmane,
$to je pokazatelj kako ne postoji negativan utjecaj predtretmana na daljnji razvoj biljaka.
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Tablica 3. Utjecaj predtretmana na ispitivane parametre pustenaste divizme ovisno o podlozi

.. Duzina .Duiinz.i Svjeza masa Suha masa
Predtretman Klijavost (%) Korijena (cm) hlp((zl;(l))tlla Klijanca (mg) Klijanca (mg)
Filter papir
Grijanje (G) 82,25° 1,40° 0,39* 0,0612* 0,0065*
Hladenje (H) 95,00* 1,59° 0,39° 0,0583* 0,0073*
Bez tretmana (K) 77,75° 1,47° 0,412 0,0661° 0,0070?
Supstrat
Grijanje (G) 81,75* 1,21° 1,22¢ 0,1163* 0,0115*
Hladenje (H) 85,75* 1,11° 1,23 0,0999° 0,0108°
Bez tretmana (K) 79,002 1,31° 1,20° 0,1185° 0,0116°
Pijesak
Grijanje (G) 86,75% 0,52* 0,66* 0,0928¢ 0,0148°
Hladenje (H) 88,50* 0,40° 0,66° 0,1009* 0,0677¢
Bez tretmana (K) 81,00° 0,41° 0,65 0,0663° 0,0163°

“be Vrijednosti u istom stupcu tablice oznacene razlicitim slovima statisticki znacajno se razlikuju pri razini
(P<0,05)

Na podlozi supstrat nije utvrdena znacajna razlika u vrijednostima niti jednog ispitivanog parametra. Kod podloge
pijesak utvrdena je znacajno slabija klijavost netretiranog sjemena (K) u odnosu na predtretman hladenjem.
Takoder, kod duzine korijena utvrdena je znacajno veca vrijednost kod predtretmana grijanjem u odnosu na ostale
predtretmane. Isik i sur. (2017.) navode kako hladno-vlazni predtretman djeluje stimulirajuce na klijavost nekih od
Verbascum vrsta, no i kako je biogeografska regija odredenih vrsta povezana s potrebom za takvim predtretmanom.

Kod predtretmana hladenjem utvrden je znacajan utjecaj podloge na sve ispitivane parametre (tablica 4). Najslabija
klijavost zabiljezena je na supstratu (85,75 %). Kod duzine korijena i hipokotila zabiljezene su znacajne razlike
izmedu sve tri podloge. Najveca duzina korijena zabiljezena je kod klijanaca na filter papiru (1,59 cm), dok je najveca
duzina hipokotila kod klijanaca na supstratu (1,23 cm). Znac¢ajno manja vrijednost svjeze mase klijanaca zabiljezena
je na filter papiru u odnosu na ostale podloge. Nadalje, znacajno veca vrijednost suhe mase klijanaca zabiljezena je
na pijesku u odnosu na druge ispitivane podloge.

Tablica 4. Utjecaj podloge na ispitivane parametre pustenaste divizme ovisno o predtretmanu
Duzina

Podloga Klijavost (%) K I?uzma hipokotila S‘.’.J cza masa S.l.lha rasa
orijena (cm) (cm) klijanca (mg) klijanca (mg)
Hladenje (H)
Filter papir (NP) 95,002 1,592 0,39¢ 0,0583° 0,0073°
Supstrat (S) 85,75 1,11° 1,232 0,0999* 0,0108°
Pijesak (P) 88,50 0,40°¢ 0,66° 0,1009* 0,0677*
Grijanje (G)
Filter papir (NP) 82,25 1,40* 0,39¢ 0,0612° 0,0065¢
Supstrat (S) 81,75 1,212 1,222 0,1163* 0,0115°
Pijesak (P) 86,75° 0,52° 0,66° 0,0928* 0,0148*
Bez tretmana (K)
Filter papir (NP) 77,75 1,472 0,41¢ 0,0661° 0,0070°
Supstrat (S) 79,00? 1,31° 1,20° 0,1185° 0,0116*
Pijesak (P) 81,00? 0,41° 0,65° 0,0663° 0,0163*

“be Vrijednosti u istom stupcu tablice oznacene razlicitim slovima statisticki znacajno se razlikuju pri razini
(P<0,05)
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Kod predtretmana grijanjem utvrden je znacajan utjecaj podloge na duzinu korijena i hipokotila te na svjezu i suhu
masu klijanaca. Na podlozi pijesak znacajno je kra¢i korijen u odnosu na ostale podloge. Duzina hipokotila i suha
masa klijanaca znacajno su se razlikovale medu sve tri podloge. Znacajno manja svjeza masa klijanaca zabiljeZena je
na filter papiru u odnosu na ostale podloge. Najbolji pokazatelj utjecaja podloga vidljiv je kod kontrolnog tretmana K
jer nema utjecaja predtretmana. Znacajan utjecaj podloge utvrden je kod svih ispitivanih parametara osim klijavosti.
Suprotno, u istrazivanju Leki¢ i sur. (2011) zabiljezen je negativan utjecaj pijeska kao podloge za klijavost divlje
arti¢oke (Cynara cardunculus). Najveca duzina korijena zabiljezena je na filter papiru (1,47 cm), a najmanja na
pijesku (0,41 cm). Znacajno duzi hipokotil i veca svjeza masa klijanaca zabiljezene su na podlozi supstrat u odnosu
na ostale podloge. U istrazivanju Giileryiiz i sur. (2016) utvrdena duzina korijena klijanaca endemskih Verbascum
spp. na filter papiru je 13,0 + 2,6 mm, a duZina hipokotila 2,5 + 0,1 mm, $to je u skladu s rezultatima ovog istraZivanja.

Zakljucak

Na osnovi dobivenih podataka moze se zaklju¢iti kako je jedino predtretman hladenjem imao pozitivan ucinak
na klijavost pustenaste divizme na svim podlogama. Razlicite podloge utjecale su vi$e na razvoj klijanaca te je na
supstratu zabiljeZzena najveca duzina hipokotila klijanaca, a na pijesku, unato¢ manjoj duzini hipokotila i korijena
klijanca, najveca suha masa klijanca. Tako je klijavost sjemena pustenaste divizme zadovoljavajuca i bez predtretmana,
ovo istrazivanje potvrdilo je moguénost bolje iskoristivosti sjemena pri sjetvi uz fizicki i financijski nezahtjevan
predtretman sjemena hladenjem.
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Germination test of wooly mullein (Verbascum
phlomoides L.) on different growth media

Abstract

The aim of the study was to determine the influence of heating and cooling pretreatment on germination
of the wooly mullein (Verbascum phlomoides L.) on different growth media. The seeds were subjected
to pre-treatment at 35 °C in the oven or cooled at 4 °C in the refrigerator for seven days prior the
experiment set up. The germination test was conducted on 3 different growth media in Petri dishes:
filter paper, substrate and sand. In order to determine the effect of pre-treatment and growth media the
values of total germination and morphological parameters were recorded. In general, pre-treatments
of heating and cooling seeds significantly influenced germination, while the substrates significantly
influenced the other parameters tested.

Keywords: cooling, heating, substrate, sand
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ORIGINAL SCIENTIFIC PAPER

Ucinak vermikomposta na morfoloska svojstva,
prinos i mineralni sastav ploda paprike

Nina Toth, Leopold Prli¢, Lepomir Coga, Ivanka Zuti¢, Sanja Fabek Uher, BoZidar Benko
Sveuciliste u Zagrebu, Agronomski fakultet, SvetoSimunska cesta 25, 10000 Zagreb, Hrvatska (e-mail: ntoth@agr.hr)

SaZetak

Cilj istrazivanja bio je utvrditi u¢inak gnojidbe vermikompostom na morfoloska svojstva, prinos i
mineralni sastav ploda paprike te kemijske karakteristike tla. Poljski pokus s paprikom sorte ‘Slonovo
uho’ imao je Cetiri gnojidbena tretmana: mineralna gnojiva (MG); peletirani pile¢i gnoj ‘Orgevit i
MG (PPG+MG); vermikompost ‘Lumbri humus i MG (VK+MG); VK+MG i vodeni ekstrakt
vermikomposta (VK+MG+VEVK). Relativno najve¢i udio trznih plodova i trzni prinos imao je
tretman VK+MG+VEVK, odnosno VK+MG. Znacajno najvecu koli¢inu suhe tvari i dusika ostvario
je tretman PPG+MG, a kalcija tretman VK+MG. Tretmani s vermikompostom najvise su povecali
sadrzaj humusa i koli¢inu dusika u tlu, a najmanje su utjecali na promjenu pH vrijednosti tla.

Kljuéne rije¢i: Capsicum annuum, makroelementi, mineralna gnojiva, peletirani pile¢i gnoj, vodeni
ekstrakt vermikomposta

Uvod

Degradacija fizikalno-kemijskih karakteristika tla posljedica je intenzivne poljoprivredne proizvodnje, posebice
pri kori$tenju mineralnih gnojiva kao jedinog izvora biljnih hranjiva. Sa svrhom vece dostupnosti, jednostavnijeg
transporta i primjene, zivotinjski gnoj se dehidriranjem preraduje u stabilan proizvod u obliku peleta ili granula.
Medu alternativnim organskim gnojivima isti¢e se vermikompost (glisnjak, lumbrihumus) kao stabilan, netermofilan
proizvod nastao biolo$kom razgradnjom organskog materijala interakcijom glista i mikroorganizama. Castellanos
i sur. (2017) navode da vermikompost moze imati ve¢u hranidbenu vrijednost od klasi¢nog komposta kod kojeg
tijekom duzeg procesa termofilnog kompostiranja dolazi do gubitka biljnih hranjiva, posebice dusika. Prema Sinha
i sur. (2009) vermikompost prosje¢no sadrzi 2-3 % N, 1,55-2,25 % P i 1,85-2,25 % K, a mineralni sastav najvi$e ovisi
o polaznom materijalu. Isti autori isticu da su pozitivne reakcije biljaka na gnojidbu vermikompostom posljedica
vi$ih razina biljnih hormona i regulatora rasta povezanih s ve¢om koli¢inom huminskih kiselina i humata, a ne
samo biljnih hranjiva iz ovog gnojiva. Prema Edwards i sur. (2004) gnojidba vermikompostom doprinosi suzbijanju
nematoda i zaustavlja razvoj biljnih bolesti uzrokovanih patogenima iz tla, a Marin i sur. (2013) navode da i vodeni
ekstrakt vermikomposta primijenjen folijarno ili fertirigacijom takoder sprecava razvoj ovih bolesti. Aminifard i
Bayat (2016) navode da se najveci prinos paprike postize dozom vermikomposta od 5 t/ha, dok povecanje na 10
i 15 t/ha ne rezultira daljnjim povecanjem prinosa. Jamir i sur. (2017) su utvrdili da gnojidbena kombinacija koja
osigurava dusik iz vermikomposta i mineralnog NPK gnojiva (1:1), ostvaruje znacajno vece vrijednosti pokazatelja
rasta i sastavnica prinosa paprike u odnosu na gnojidbu isklju¢ivo mineralnim gnojivom te razli¢itim odnosom
mineralnog gnojiva i zrelog govedeg ili pileceg gnoja. Stoga je istrazivanje imalo za cilj utvrditi ucinak gnojidbe
vermikompostom i vodenim ekstraktom vermikomposta na morfoloska svojstva, prinos i mineralni sastav ploda
paprike te kemijske karakteristike tla.

Rad je izvod iz diplomskog rada Leopolda Prli¢a, mag. ing. agr. naslova ‘Utjecaj vermikomposta i peletiranog pileceg
gnoja na prinos i kvalitetu ploda paprike’
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Materijal i metode

Istrazivanje s vermikompostom provedeno je 2018. godine na pokusalistu Maksimir Zavoda za povréarstvo
Sveucilista u Zagrebu Agronomskog fakulteta (SuZAF). Monofaktorijelni gnojidbeni poljski pokus sa sortom
paprike ‘Slonovo uho’ tvrtke Superior Seeds postavljen po metodi slu¢ajnog bloknog rasporeda u tri ponavljanja
ukljucivao je cetiri gnojidbena tretmana. Tretmani su imali jednaku koli¢inu (kg/ha) glavnih makrohranjiva
(220 N, 150 P,O, i 320 K,0), ostvarenu kombinacijama gnojiva u osnovnoj gnojidbi (mineralna gnojiva /MG/;
peletirano pile¢e gnojivo ‘Orgevit' i MG /PPG+MG/; vermikompost ‘Lumbri humus’ i MG /VK+MG/; VK, MG
i vodeni ekstrakt vermikomposta /VK+MG+VEVK/) te jednakom prihranom fertirigacijom (Poly-feed gnojiva i
Ca(NO,),) kojom je osigurano 50 % potrebnog dusika, 32 % P,O, i 57 % K,O. Peletirano pilece gnojivo ‘Orgevit’
(pH 7 1 65 % organske tvari) nizozemske tvrtke ‘MeMon, koristeno je u dozi od 250 g/m?. Vermikompost ‘Lumbri
humus’ (pH 7,4 i 47 % organske tvari), proizvod OPG-a Marko Peji¢ dobiven preradom govedeg stajskog gnoja
aktivnoscu kalifornijskih glista, primijenjen je u dozi od 250 g/biljci, odnosno 625 g/m* MG i PPG inkorporirani su
u tlo prije postavljanja sustava za navodnjavanje kapanjem i crnog PE-malca, dok je vermikompost dodan prilikom
sadnje uz svaku presadnicu. Vodeni ekstrakt vermikomposta (10:1) primijenjivan je nakon sadnje svakih 10 dana
(0,5 /biljci) kao folijarna prihrana u tretmanu VK+MG+VEVK. Sadnja presadnica paprike s grudom supstrata
obavljena je 21. svibnja u dvoredne trake (razmak redova 0,5 m, biljaka u redu 0,5 m i traka 1,0 m; sklop 2,5 biljke/
m?). Osnovna parcela imala je povr§inu 7,2 m? i 18 biljaka, a obrac¢unska parcela 4 m? i 10 biljaka. Za potrebe
kemijske analize tla provedene u Zavodu za ishranu bilja SuZAF-a, uzeti su uzorci tla (dubina 0 do 30 cm) prije
postavljanja pokusa te po zavrSetku berbe sa svake osnovne parcele. Provedene su dvije berbe plodova paprike u
fizioloskoj zrelosti (17. kolovoz i 17. rujan) tijekom kojih je analizirano: broj trznih i netrznih plodova te morfoloska
svojstva trznih plodova (duzina, $irina, masa, debljina perikarpa). Utvrden je udio trznih i netrznih plodova te
prinos trznih plodova. U Analitickom laboratoriju Zavoda za ishranu bilja (SuZAF) na reprezentativhim uzorcima
plodova svakog tretmana utvrdena je ukupna koli¢ina dusika i glavnih minerala u suhoj tvari (ST): dusik metodom
po Kjeldahlu, fosfor spektrofotometrijski, kalij plamenfotometrijom te kalcij i magnezij atomskom apsorpcijskom
spektrometrijom (AOAC, 1995). Podaci za varijable kemijskih analiza i morfoloskih svojstava su statisti¢ki obradeni
analizom varijance (ANOVA). Znacajnost razlika izmedu srednjih vrijednosti testirana je primjenom LSD testa.
Statisticka analiza podataka provedena je programom SAS verzija 9.3.

Rezultati i rasprava

Prema podacima Drzavnog hidrometeoroloskog zavoda RH za mjernu postaju Maksimir (podaci nisu prikazani),
meteoroloski uvjeti za uzgoj paprike nisu bili optimalni. Visoke temperature odmah nakon sadnje bile su stresne,
a 12. lipnja bila je jaka tuca nakon koje je uslijedilo ki$no i hladnije razdoblje koje je pogodovalo razvoju bolesti i
odgodilo pocetak plodonosenja. Veci dio srpnja i cijeli kolovoz bili su izrazito susni s prevladavaju¢om maksimalnom
temperaturom iznad 30 °C, uslijed ¢ega je doslo do slabije cvatnje i jaceg abortiranja plodova.

Gnojidbeni tretmani u obje berbe nisu znacajno utjecali na promatrana morfoloska svojstva ploda (Tablica 1), §to je u
skladu s rezultatima koje navodi Alhrout (2017). Neovisno o gnojidbi, u prvoj berbi plodovi su bili krupniji, odnosno
prosjecne vrijednosti bile su vece za: 2,2 cm (duzina), 1,0 cm ($irina), 55 g (masa) i 1 mm (debljina perikarpa).

Tablica 1. U¢inak gnojidbe na morfoloska svojstva ploda paprike

Duzina (cm) Sirina (cm) Masa (g) Debljina perikarpa (mm)
Gnojidbeni tretmani Berba
1. 2. 1. 2. 1. 2. 1. 2.
MG 12,7 10,8 6,6 5,5 150 100 6,3 5,4
PPG+MG 12,2 10,9 6,2 5,4 130 80 6,2 5,3
VK+MG 13,3 10,2 6,5 5,3 150 90 6,5 5,3
VK+MG+VEVK 13,2 10,7 6,5 5,5 140 80 6,3 5,5

Legenda: MG - mineralna gnojiva; PPG+MG - peletirano pilece gnojivo i mineralna gnojiva; VK+MG -
vermikompost i mineralna gnojiva; VK+MG+VEVK - vermikompost, mineralna gnojiva i vodeni ekstrakt
vermikomposta
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Gnojidbeni tretmani nisu imali opravdan utjecaj na broj trznih i netrznih plodova kao niti na trzni prinos paprike
(Tablica 2). Relativno najvise trznih plodova u prvoj i drugoj berbi ubrano je pri tretmanu VK+MG+VEVK (7,5 i
5,1), a najmanje pri tretmanu MG (6,41 3,9), $to odgovara navodima Ghnomae i Shafeek (2005) o ve¢em broju trznih
plodova pri organskoj i organomineralnoj gnojidbi u odnosu na isklju¢ivo mineralnu. Gnojidbeni tretman VK+MG,
iako s ne$to manjim brojem trznih plodova, zbog veée mase ploda u obje berbe, ostvario je relativno najveéi trzni
prinos u prvoj i drugoj berbi kao i ukupni (1,50, 1,18 i 2,68 kg/m?). Sukladno istrazivanju Adhikari i sur. (2016)
utvrden je pozitivan uc¢inak vermikomposta obzirom na veée vrijednosti trznog prinosa pri tretmanima VK+MG i
VE+MG+VEVK, za 21i 17 % u odnosu na tretman PPG+MG te za 1116 % u odnosu na tretman MG. Prosje¢no, u
prvoj berbi trzni prinos bio je 21,4 % veci nego u drugoj berbi.

Tablica 2. U¢inak gnojidbe na broj trznih i netrznih plodova po m?i trzni prinos paprike

Broj trznih plodova Broj netrznih plodova Trzni prinos (kg/m?)
Gnojidbeni tretmani Berba
Ukupni
1. 2. 1. 2. 1. 2.

MG 6,4 3,9 1,7 1,0 1,38 1,01 2,39
PPG+MG 7,4 4,1 1,9 1,1 1,24 0,88 2,12
VK+MG 7,1 4,6 1,5 1,4 1,50 1,18 2,68
VK+MG+VEVK 7,5 51 1,2 1,3 1,42 1,13 2,55

Legenda: MG - mineralna gnojiva; PPG+MG - peletirano pileci gnojivo i mineralna gnojiva; VK+MG -
vermikompost i mineralna gnojiva; VK+MG+VEVK - vermikompost, mineralna gnojiva i vodeni ekstrakt
vermikomposta

Na koli¢inu suhe tvari (ST) u plodu paprike u prvoj i drugoj berbi, gnojidbeni tretmani nisu imali opravdan u¢inak
(Tablica 3). U obje berbe pri tretmanu PPG+MG plodovi su imali relativno najvecu koli¢inu ST (7,79 i 8,80 %),
dok je gnojidba samo mineralnim gnojivima rezultirala ve¢om koli¢inom ST u odnosu na gnojidbene tretmane s
vermikompostom. Plodovi paprike u drugoj berbi imali su prosje¢no 0,75 % vise ST nego u prvoj berbi. Iz tablice
3. vidljiv je opravdan ucinak gnojidbenih tretmana i na koli¢inu dusika, kalcija i magnezija u plodovima iz prve
berbe te dusika, fosfora, kalija i kalcija iz druge berbe. U prvoj berbi znacajno veca koli¢ina dusika utvrdena je pri
tretmanima PPG+MG i VK+MG+VEVK, kalcija pri tretmanu VK+MG te magnezija pri svim tretmanima izuzev
MG. Relativno najvecu koli¢inu fosfora i kalija u prvoj berbi imali su plodovi iz gnojidbenog tretmana PPG+MG.
U drugoj berbi, jedino je gnojidbeni tretman VK+MG pripadao rangovima sa znac¢ajno najve¢om koli¢inom cetiri
(dusik, fosfor, kalij i kalcij) od pet testiranih makroelemenata.
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Tablica 3. U¢inak gnojidbe na koli¢inu suhe tvari (ST) i makroelemenata u plodu paprike
Makroelementi (% ST)

Gnojidbeni tretmani ST (%)

N P K Ca Mg
1. berba
MG 7,56 1,75 B* 0,307 2,90 4,14 C 0,086 B
PPG+MG 7,79 1,97 A 0,310 2,96 3,70D 0,097 A
VK+MG 7,40 1,84 B 0,287 2,89 4,59 A 0,093 A
VK+MG+VEVK 7,55 191 A 0,297 2,89 4,31 B 0,098 A
2. berba
MG 8,28 1,51 B 0,287 A 2,77 A 3,05B 0,099
PPG+MG 8,80 1,74 A 0,257 B 2,78 A 3,03B 0,094
VK+MG 8,12 1,69 A 0,280 A 2,83 A 3,45 A 0,098
VK+MG+VEVK 8,10 1,48 B 0,267 B 2,64 B 3,01 B 0,095

Legenda: MG - mineralna gnojiva; PPG+MG - peletirano pileci gnojivo i mineralna gnojiva; VK+MG -
vermikompost i mineralna gnojiva; VK+MG+VEVK - vermikompost, mineralna gnojiva
i vodeni ekstrakt vermikomposta
*Razlicita slova unutar pojedine berbe predstavljaju znacajno razlicite prosjecne vrijednosti varijabli prema LSD
testu, P>1%

Svignojidbeni tretmani utjecali sunapovecanje pH vrijednosti tla, najvise MG, a najmanje tretmanis vermikompostom
(Tablica 4). Gnojidba vermikompostom imala je najve¢i pozitivan uc¢inak na udio dusika i humusa obzirom na
povecanje >1 % u odnosu na tlo prije postavljanja pokusa. Po zavrs$etku pokusa koli¢ina fosfora kod svih gnojidbenih
tretmana bila je neznatno manja, a kalija gotovo nepromijenjena, izuzev kod tretmana MG.

Tablica 4. Kemijska analiza tla prije postavljanja pokusa (kontrola) i nakon druge berbe

. ) ) pH % AL-mg/100 g

Gnojidbeni tretmani

HO nKCl humus N PO, KO
Kontrola 7,50 6,36 2,22 0,20 41,1 25,5
MG 7,81 7,06 2,33 0,18 40,0 19,5
PPG+MG 7,77 7,01 2,85 0,19 38,5 25,5
VK+MG 7,91 6,98 3,26 0,23 39,0 25,5
VK+MG+VEVK 7,83 6,96 3,29 0,23 40,9 24,5

Legenda: MG - mineralna gnojiva; PPG+MG - peletirani pileci gnojivo i mineralna gnojiva; VK+MG -
vermikompost i mineralna gnojiva; VK+MG+VEVK - vermikompost, mineralna gnojiva i vodeni ekstrakt
vermikomposta

Zakljucci

U prvoj berbi plodovi paprike bili su krupniji, ve¢e mase i debljeg perikarpa, dok su u drugoj berbi imali ve¢u
koli¢inu suhe tvari te manju koli¢inu dusika, kalija i kalcija. Gnojidbeni tretmani nisu znacajno utjecali na morfoloska
svojstva i sastavnice prinosa, medutim, pozitivan u¢inak vermikomposta potvrden je relativno ve¢im brojem trznih
plodova i ve¢im trznim prinosom u odnosu na gnojidbu peletiranim pile¢im gnojivom te isklju¢ivo mineralnim
gnojivima. Kombinacijom vermikomposta i mineralnih gnojiva ostvarena je najveca koli¢ina kalcija i magnezija u
plodovima paprike iz prve berbe te dusika, fosfora, kalija i kalcija iz druge berbe. Primjena vermikomposta rezultirala
je najmanjim povecanjem kiselosti tla i najve¢im povecanjem sadrzaja humusa u tlu.
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