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Meat production and climate change
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ABSTRACT

Climate change is indisputable. Also, it is a global issue and animal production supply chains are
increasingly internationally connected. The global animal production sector, particuraly meat
production, significantly contribute to an anthropogenic GHG emissions.On the other hand, it
can also deliver a significant share of the necessary mitigation effort. If the goal is sustainable food
production, it is necessary to design and implement cost-effective and just mitigation strategies.
Furthermore, the necessary supporting policy and institutional frameworks have to be to set up.
These actions require complementary multi stakeholder action. All the sector stakeholders, private
and public sector, civil society, research and academia, and international organizations, have to be
involved in problem solving. Mitigation actions must be well planned, effective and fair. This could
be achieved only by global approach..

Key words: animal production sector, meat production, greenhouses gasses emission, mitigation,
climate change

Introduction
Human population growth — consequences

Accordingly to the US Census Bureau (2016) forecasts, the world population will increase from current
7.2 billion to 9.6 billion till year 2050 (Figure 1). The population growth, combined with the growing
incomes and urbanization imposes huge challenges to food and agriculture systems. This increase of human

population implies an increase in the population of land animals from current 60 lillion to 100 bilion till
year 2050 (Picture 1).

World Population: 1950-2050
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Figure 1 Population growth Picture 1 Expected increase of land animals

(US Census Bureau, 2016)
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Natural resources — status

On the other hand, the natural resources necessary to support global food and non-food production and
agricultural services provision will not grow. Taking into account demands from an emerging global middle
class, diets will become richer and increasingly diversified. Especially, the increase in animal-source foods
will be expressed. FAO (2011) experts forecasts that the demand for meat and milk in 2050, regarding the
levels in 2010, will increase by 73 and 58%, respectively. Currently, agriculture has significant impact on
global environmental issues, such as climate change, land degradation, water pollution and biodiversity loss.
Therefore, necessary production growth must be accommodated within the growing insufficiency of natural
resources (land, water and nutrients). Furthermore, in order to minimaze the impact on environment, waste
and greenhouse gasses (GHG) emissions must be reduced. FAO (2013) experts stated that climate change
is transforming the planet’s ecosystems and threatening the well-being of current and future generations,
therefore, with purpose to hold the increase in global temperature below 2°C and to avoid dangerous climate
change, global emissions need to be significantly decreased.

Climate change - reality

So, the climate change worldwide, is no longer questionable. The question is: How will farming in the EU
be affected by climate change? The changing in rainfall will be a serious problem in many regions, rising
temperatures, variability and seasonality as well as extreme events, heatwaves, droughts, storms and floods
across the EU are just some of the expected changes (European Commission, DG Agriculture and Rural
Development, 2016, http://ec.europa.eu/).

Animal production sector

The animal production sector, within the agriculture, has significant impact on the environment. Anteriorly,
animal production systems were supply-driven, with role to convert the waste material and other resources
of limited alternative use into edible products and other goods and services. In that period, relatively limited
size of animal production systems had limited impact on environment. The increase of animal-source foods
demands caused intensification of the sector. Therefore, the sector becomes increasingly demand-driven,
fast growing ultimately resulting the current situation when sector competes for natural resources with
other sectors. This increase also induce greater environmental impacts and the livestock sector is often
pointed out as being particularly resource-hungry.

The global animal production sector significantly contribute to an anthropogenic GHG emissions, but at the
other hand, it can also deliver a significant share of the necessary mitigation effort (FAO, 2011). The need
to reduce the sector’s emissions and its environmental impact has become ever more pressing in view of its
continuing expansion to ensure food security for growing world population.

Total GHG emissions from animal production supply chains are estimated at 7.1 giga tones of CO,-eq/year
(year 2005), which represent 14.5% of all anthropogenic emissions (49 giga tones CO,-eq for the year 2004;
IPCC, 2007).

The animal production supply chains produce (IPCC, 2007):
+ 2 giga tones CO,-eq of CO,/year, or 5% of anthropogenic CO, emissions,
+ 3.1 giga tones CO,-eq of CH,/year, or 44% of anthropogenic CH, emissions
+ 2 gigatones CO,-eq of N,O/year, or 53% of anthropogenic N,O emissions
« emissions of hydrofluorocarbons (HFCs) are marginal on a global scale.

About 44% of the sector’s emissions are in the form of CH,!!! The remaining part is almost equally shared
between N,O (29%) and CO, (27%).

The greenhouse gasses emission

GHG emission regarding the species

Cattle are the main contributor to the animal production sector’s emissions with about 4.6 giga tones CO -
eq, representing 65% of sector emissions, while pigs, poultry, buffaloes and small ruminants have much
lower emission levels that is in interval from 7 — 10% of sector emissions (FAO, 2013a; Figure 2)
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Figure 2 GHG emission regarding the animal species (http://www.fao.org/gleam/results/en/)

GHG emission regarding the commodity

Beef contribute 2.9 giga tones of CO,-eq, or 41%, and cattle milk 1.4 giga tones of CO,-eq, or 20%, of total
sector emissions. These commodities are followed by pig meat, with 0.7 giga tones of CO,-eq, or 9% of
emissions, buffalo milk and meat (8%), chicken meat and eggs (8%), and small ruminant milk and meat
(6%) products (FAO, 2013a, Figure 3).
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Figure 3 GHG emission regarding the comodity (http://www.fao.org/gleam/results/en/)

GHG emission regarding the regions

The regional emissions and production profiles vary widely. These differences could be explained by the
different shares of ruminants or nonruminants in total animal production as well as by differences in
production (and emission) intensities between regions (FAO, 2013a). Regional GHG emissions by animal
species is shown on Figure 4.
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Figure 4 Regional GHG emissions by animal species (http://www.fao.org/gleam/results/en/)

The highest level of emissions, with 1.7 gigatonnes CO,-eq, caused by the specialized production of beef,
characterised region of Latin America and the Caribbean. The second highest emitting region is East and
Southeast Asia, with over 1.0 gigatonnes CO,-eq. South Asia emits almost 0.8 gigatonnes CO,-eq, while North
America and Western Europe have levels of emissions over 0.6 gigatonnes CO,-eq. Sub-Saharan Africa and
Near East and North Africa present comparable emissions figures that is slightly above 0.3 gigatonnes CO,-
eq. Lowest emission levels are determined in Eastern Europe, Oceania and Russian Federation in amount
around 0.1 gigatonnes CO,-eq (FAO, 2013a).

GHG emission intensities

The GHG emission intensities vary greatly among producers (especially for ruminant products, but also for
pork and chicken meat and eggs). This variability is caused by:

« different agro-ecological conditions,
« farming practices and
« supply chain management.

This heterogeneity was observed both within and across production systems (FAO, 2013a). Observed
variability, that is differences between producers with highest emission intensity and those with lowest
emission intensity gives opportunity for finding the adequate mitigation option.

GHG emission intensity highly depends of system productivity

Generally speaking, the lower productivity is, the higher is GHG emission per kg of product. For example
in ruminant production systems there is a strong negative relationship between productivity and emission
intensity (Figure 5).
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Figure 5 Correlation between yield per cow and emission intensity per unit of product produced
(Gerber et al., 2011.)

Higher GHG emissions are mainly consequence of (FAO, 2013b):
+ low feed digestibility that lead to higher enteric and manure emissions,

poorer animal husbandry and lower slaughter weights (slow growth rates leading to more emissions
per kg of meat produced),

higher age at slaughter (longer life leading to more emissions).

Mitigation potential

Mitigation potential estimates are based on the wide gap in emission intensities that exists on a global
and regional scale and within production systems and agro-ecological regions (FAO, 2013a). The Figure
6 are based on the assumption that producers in a given system, region and agro-ecological zone apply
the practices of the 10" percentile of producers with the lowest emissions intensities, while maintaining
constant output. The estimation for mitigation is around 30% (about 1.8 gigatonnes CO2-eq)
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Figure 6 Mitigation potential by animal species (http://www.fao.org/gleam/results/en/)
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How to reduce the animal production sector emissions?
Reduction could be achieved by:

+ Reduction of production and consumption,

+ Lowering the emission intensity of production,

« Combination of mentioned above.

The reduction of the animal production sector emissions by lowering the emission intensity of production
could be achieved through application of many technologies and practices (FAO, 2013a). Technical options
for the mitigation of GHG emissions along animal production supply chains could divided into the following
categories:

+ options related to feed supplements and feed/feeding management (for CH, only),

« options for manure management which include dietary management, but with a focus on “end-of-
pipe” options for the storage, handling and application phases of manure management,

o animal husbandry options which include animal and reproductive management practices and
technologies.

The adoption and application of these technics by majority of the world’s producers can result in significant
reductions in emissions. The mitigation potential varies in interval from 14 to 41% depending of the selected
specie, production system and world’s region.

In accordance to FAO (2013a), practices and technologies that reduce GHG emissions can often
simultaneously increase productivity, thus contributing to the food security and economic development.

Conclusion

At the time when the climate change as well as human population growth are reality, it is necessary to
define and implement environmentaly sustainable food production systems. The global animal production
sector, particuraly meat production, significantly contribute to an anthropogenic GHG emissions.On the
other hand, it can also deliver a significant share of the necessary mitigation effort. If the goal is sustainable
food production, it is necessary to design and implement cost-effective and just mitigation strategies. All
the sector stakeholders, private and public sector, civil society, research and academia, and international
organizations, have to be involved in problem solving. Mitigation actions must be well planned, effective
and fair based on global approach.
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SAZETAK

Trenutno jedan od najznacajnijih patogena vinove loze u Europi je fitoplazma koja uzrokuje bolest
poznatu pod nazivom zlatna Zutica vinove loze (,,Flavescence dorée®). Prenosi se zarazenim sadnim
materijalom i americkim cvr¢kom (Scaphoideus titanus). U zadnjem velikom valu sadnje novih
vinograda (2004.-2010.) u Hrvatskoj koristen je sadni materijal nedovoljno siguran po pitanju
zaraznenosti fitoplamom. U navedenom razdoblju podignuta je polovica danasnjih vinogradarskih
povrsina. Od prvotne potvrde prisutnosti zlatne Zutice i njezinog vektora u Hrvatskoj bolest se
znatno prosirila, te je u pojedinim podrucjima poprimila epidemijske razmjere, izazvala znacajne
ekonomske $tete i zabrinutost proizvodaca. U radu je detaljnije opisan uzro¢nik bolesti zlatne zutice
vinove loze, njezin vektor, Sirenje zaraze na podrucju Hrvatske, mogu¢i uzroci trenutnog stanja te
prijedlog mjera za usporavanje i sprecavanje $irenja.

Kljucne rijeci: “Flavescence dorée, Scaphoideus titanus, $irenje, kontrola, Hrvatska

Uvod

Hrvatska ima dugu tradiciju uzgoja vinove loze i proizvodnje vina. Postoje dokazi da je plemenita loza u ovim
krajevima kao kultura bila prisutna i nekoliko stoljeca prije Krista, kada su je na Jadransku obalu donijeli
Fenicani i Grci (Maleti¢ i sur., 2008.). Vinogradarstvo i vinarstvo su kroz povijest prolazili uspone i padove,
ali je ova djelatnost uvijek ¢inila vaznu gospodarsku granu. Tako je i danas, jer je veliki broj Zitelja izravno ili
neizravno povezan s ovom proizvodnjom. Ukupna povrsina pod vinogradima u 2015. g. iznosila je 26.500
ha (DZS, 2016.), dok se u Vinogradarskom registru, koji ukljucuje samo komercijalne vinograde, nalazi
20.709,07 ha s kojih se dobiva 690.787,39 hl vina (APPRRR, 2016.). Prema istom izvoru prosje¢na veli¢ina
vinograda je svega 0,25 ha, a prosje¢na povrsina u posjedu jednog proizvodaca oko 2 ha. U Hrvatskoj
se jos uvijek moze pronaci veliki broj autohtonih sorata, od kojih su mnoge posebnih karakteristika i
vrhunskog potencijala (Peji¢ i Maleti¢, 2010.). Ako u obzir uzmemo i ¢injenicu da su podrucja za uzgoj
vinove loze raznolika, da na maloj povrsini nalazimo c¢ak cetiri od pet klimatskih zona s mnostvom varijacija
u reljefu i sastavu tla, razumljivo je da se u Hrvatskoj moze pronac¢i mnogo vrsta vina, razli¢itih i originalnih
karakteristika, $to opravdava veliki znacaj ove proizvodnje.

Fitoplazme su prokariotski organizmi koji se u zarazenim biljkama nalaze u floemskom tkivu. Danas je
poznat itav niz tzv. Zutica koje uzrokuju oboljenja biljaka. Osim na kultiviranim biljnim vrstama utvrdene
su i u korovima i samoniklom bilju koje moze posluziti kao izvor zaraze i pridonijeti $irenju epidemijskih
razmjera te otezati ili cak onemoguciti uzgoj pojedinih poljoprivrednih kultura. Premda zarazene biljke
mogu biti bez simptoma (asimptomati¢ne) cesto uzrokuju simptome virescencije, filodije, proliferacije (tzv.
vjesti¢je metle), sterilnosti cvjetova, abnormalnog izduzivanja internodija te zaostajanja u rastu (Bertaccini,
2007.). Osim zarazenog sadnog materijal njihovom prijenosu, ovisno o vrsti, pridonose kukci iz porodica
cvréaka (Cicadellidae), Cixiidae, lisnih buha (Psyllidae), Delphacidae i Derbidae (Weintraub i Beanland
2006.). Kod vinove loze potvrdena je prisutnost vise vrsta fitoplazmi, ali ekonomski najznacajnijom smatra
se ‘Candidatus phytoplasma vitis, uzro¢nik oboljenja ,,Flavescence dorée“ (FD), u Hrvatskoj poznatijeg pod
nazivom zlatna Zutica vinove loze.
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Zlatna Zutica vinove loze (,,Flavescence dorée”)

Zlatna zutica vinove loze (FD) je prvi puta zabiljezena 1955. na podrudju jugozapadne Francuske kada
je pojava zlatno-zute boje listova prvo pripisivana fizioloskom poremecaju, a kasnije uzro¢niku virusne
prirode (Boudon-Padieu, 2015). Tek 1967. Doi i suradnici elektronskom mikroskopijom floema utvrduju
prisutnost nove skupine patogena koje ¢e kasnije biti nazvane fitoplazmama.

FD se ubraja u skupinu zZutica brijesta (16SrV grupa) i najopasnijih bolesti vinove loze na podru¢ju Europe $to
opravdava i njezin karantenski status. Unos zarazenog sadnog materijala u nezarazena podrucja je zabranjen,
a preporuka testiranja je takoder uvrstena u certifikacijsku shemu za proizvodnju materijala loznih sorti i
podloga testiranog na patogene (PM 4/8(2)) predlozenog od European and Mediterranean Plant Protection
Organization (EPPO). Prema podacima EPPO-a (2015) do danas se pro$irila u Francuskoj, Italiji, Engleskoj,
Spanjolskoj, Portugalu, Austriji, Svicarskoj, Belgiji, Njemackoj, Madarskoj, Sloveniji, Nizozemskoj, Srbiji
i Hrvatskoj. Sve sorte europske loze su osjetljive, a njena prosirenost i $tetnost u pojedinim regijama je
uzrokovala napustanje vinograda i odustajanje od vinogradarske proizvodnje.

Uzroc¢nik zlatne Zutice je obligatni intracelularni parazit ogranicen na floem zarazenih biljaka kroz koji se
transportira u sve biljne organe (korijen, panj, rozgvu, mladice, listove, grozdove). Distribucija fitoplazme
u zarazenim biljkama nije jednoli¢na, $to u laboratorijskim analizama moze dovesti do lazno negativnih
rezultata. Sve sorte europske loze su osjetljive, medutim izmedu sorata postoji razlika u intenzitetu ekspresije
simptoma koja vjerojatno ovisi i o vrsti podloge. Trsovi osjetljivih sorata se mogu osusiti 2-3 godine nakon
pojave prvih simptoma ili moze do¢i do njihovog postupnog povlacenja. Tipi¢na slika bolesti je kasnjenje
vegetacije u proljece uz susenje cvatova prije ili neposredno nakon cvatnje. Najocitiji simptomi se javljaju
tijekom ljeta kada dolazi do smeZuravanja bobica u grozdovima te uvijanja rubova lisne plojke prema dolje.
Deformacija listova je kod bijelih sorata popracena pojavom zlatno-zute boje na plojci i zilama odnosno
purpurno-crvene boje kod crnih sorata. Mladice koje se razvijaju tijekom vegetacije nepotpuno odrvenjavaju
te se najcesce tijekom zime smrznu. Simptomi se mogu zamijeniti sa nekim virusnim oboljenjima vinove
loze, nedostatkom pojedinih hranjiva (magnezij) ili mehanickim o$tecenjima (Boudon-Padieu, 2015).

Razvojem molekularnih tehnika prisutnost FD je potvrdena i u americkom cvrcku (Scaphoideus titanus
Ball) za kojeg je utvrdena vrlo vazna uloga u prijenosu. Buduc¢i da u pravilu svoj cijeli Zivotni vijek provodi
na lozi simptomaticne biljke se javljaju u oazama koje se sa vremenom $ire (Boduon-Padieu, 2015).

Do danas su utvrdena tri soja FD koja mogu zaraziti vinovu lozu. Uz lozu, FD je utvrdena i u drugim
vrstama roda Vitis, crnoj johi (Alnus glutinosa (L.) Gaertn.) i obi¢noj pavitini (Clematis vitalba L.). Prijenos
sa johe na vinovu lozu moguc je pomocu vektora Oncopsis alni (Maixner i sur., 2000), a sa pavitine pomoc¢u
vrste Dictiopara europea (Filipini i sur., 2009.). Njihova uloga u epidemiologiji FD je slabo istrazena, no
smatra se da bez prisutnosti americkog cvréka bolest ne moze poprimiti epidemijske razmjere. Cak $tovise,
u podru¢jima u kojima FD nije potvrdena, prisutnost americ¢kog cvrcka treba uzeti kao ozbiljnu prijetnju
pojavi i $irenju bolesti (Boudon-Padieu, 2015).

Bitnu ulogu u odrzavanju vektora i FD mogu imati brajde, pogotovo ukoliko su prisutne u ve¢em broju te uz
¢injenicu da se one najcesce sastoje od americkih krizanaca (Vitis riparia) koji ne iskazuju znakove infekcije
i kao takvi predstavljaju latentan izvor zaraze (Maixner i sur., 1993.; Strauss i sur., 2014.).

Slucajevi oporavka (sposobnost spontanog povratka u stanje bez simptoma) zabiljezeni su u razli¢itom
postotku kod vise razli¢itih sorata (Chardonnay, Pinot, Merlot, Prosecco), a najznacajniji primjer je
ozdravljenje na podrucju regije Veneto (sjeveroistoc¢na Italija) (Osler i sur., 2002). Oporavljene biljke se
mogu ponovno zaraziti i na njima pojaviti simptomi, ali u puno manjem postotku u odnosu na biljke koje
prethodno nisu bile zarazene (Vallad i Goodman, 2004.). Iako se o uzrocima oporavka relativno malo
zna, smatra se da je vezan uz interakciju sa nepatogenim mikroorganizmima, reakcijom biljke domacina,
okoli$nim uvjetima te uzgojnim mjerama (Musetti i sur., 2014.).

U novije vrijeme sve viSe paznje se posvecuje istrazivanju americkih podloga kao obecavajuceg izvora
otpornosti. Takoder, sve vec¢a vaznost se pridaje istrazivanju inducirane rezistentnosti, posebno u podrucjima
sa velikim infektivnim potencijalom. Pojedini spojevi, poznati pod nazivom elicitori, u lozi poticu razlicite
obrambene mehanizme koji vrlo cesto rezultiraju stvaranjem antimikrobnih komponenti. U slucaju vinove
loze primjena induktora rezistentnosti ima obecavajuce rezultate (Romanazzi, 2013.). Mogu¢nost bioloske
kontrole temelji se na istrazivanju endofita (bakterije i gljive) koji potic¢u rast i razvoj loze koja postaje
otpornija na zarazu. U podrucjima sa fenomenima ozdravljenja utvrdeni su razliciti sojevi endofitnih gljiva
(Bianco i sur., 2013.).
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Sirenje zlatne Zutice vinove loze zarazenim sadnim materijalom

Prijenos FD zarazenim sadnim materijalom predstavlja jedan od najvaznijih i najopasnijih nacina Sirenja
buduc¢i da se tako bolest moze prenijeti na vec¢e udaljenosti kao i na nova i izolirana podru¢ja prethodno
slobodna od patogena (Belli i sur., 2010.; Mehle i sur., 2011.).

Zastupljenost fitoplazmi u pojedinim organima vinove loze moze znacajno varirati tijekom vegetacije,
izmedu perioda vegetacije i dormantnosti (Terlizzi and Credi, 2007.), §to dodatno ovisno i o okolinskim
uvjetima razlic¢itih uzgojnih podrucja (Constable i sur., 2003.). Na taj nacin moguce je sa trsa koji je
zarazen fitoplazmom, analizom dobiti lazne negativne rezultate. Ujedno i potomstvo potvrdeno zarazenog
trsa moze pokazati lazni negativan rezultat (Terlizzi i Credi, 2007.) tj. kako bolest moze biti maskirana
prilikom testiranja dormantnih reznica plemki, $to predstavlja izuzetno veliku opasnost za njeno $irenje
sadnim materijalom. Zbog svega navedenog testiranje samih reznica u sustavu kontrole nije mjera koja
moze osigurati sigurnu detekciju fitoplazmi, niti je prikladna za masovnu primjenu u proizvodnji sigurnog
repromaterijala.

Dodatni problem predstavlja i proizvodnja podloga gdje su mati¢ne biljke asimptomati¢ne ili sa vrlo blagim
simptomima. Sadni materijala, osim kao izvor FD, moze posluziti prijenosu jaja americkog cvrcka, pri
¢emu je utvrdeno i do 1000 Zivih jaja po kilogramu rozgve (Boudon-Padieu, 2015.).

Zdrav i siguran sadni materijal moguce je osigurati isklju¢ivo kontinuiranom provedbom lozno-selekcijskih
postupaka i odrzavanjem zdravih i sigurnih mati¢nih nasada. Kontinuirana i sigurna opskrba zdravim
sadnim materijalom za sadnju novih vinograda u kombinaciji sa uklanjanjem zarazenih trsova iz postojecih
vinograda i primjena insekticida protiv vektora rezultirala je znacajnim smanjenjem novih slucajeva zaraze
zlatnom Zuticom u Italiji u razdoblju od 2000.-2010. g. na svim zarazenim podruéjima (Belli i sur., 2010.).
U slucaju potrebe FD se iz dormantnog drva moze ukloniti 45-minutnim potapanjem u vodi zagrijanoj na
50°C (Boudon-Padieu i Grenan, 2002.).

Americki cvrcak (Scaphoideus titanus Ball.)

Americki cvrcak, vektor zlatne Zutice vinove loze, porijeklom je iz Sjeverne Amerike te se smatra da je
u Europu unesen slu¢ajno krajem pedesetih godina proslog stoljeca. Zbog sposobnosti prijenosa FD u
Europi se nalazi na A2 listi karantenskih stetnika. Odrasli se kre¢u skakanjem i letom te im se pokretljivost
procjenjuje na 25-30 m (Lessio i Alma, 2004.). Obzirom da vrsta nije jako pokretljiva, pretpostavlja se da je
$irenju pridonio intenzivni cestovni promet kroz vinorodna podrucja (Trombulak i Frissell, 2000.) i jo$ vise
trgovina zarazenim sadnim materijalom (Arnaud i sur., 2007.).

Prezimljuje kao jaje odloZeno pod koru dvogodisnjeg drveta, a ona se u iznimnim slu¢ajevima mogu pronaci
i na jednogodisnjim izbojima (Bagnoli i Gargani, 2011.). Jedna Zenka moze odloziti 10-15, a u iznimnim
sluc¢ajevima do 20 jaja (Vidano, 1964., Bosio i Rossi, 2001.). Tijekom zime jaja su u stadiju dijapauze. Li¢inke
izlaze iz jaja u razdoblju od jednog do tri mjeseca (Chuche i Thiery, 2014.), a pocetak i trajanje izlaska li¢inki
varira ovisno o godini, geografskoj $irini i nadmorskoj visini vinograda. Ujednaceni izlazak utvrden je u
predjelima s hladnijim zimama, a u uvjetima blazih zima on je razvucen (Boubals i Caudwell, 1971.). Kukac
se razvija kroz 5 stadija li¢inki. Trajanje razvoja li¢inki ovisi o klimatskim uvjetima i varira ovisno o godini
i podrucju. Na podrucju Francuske licinke se razvijaju tijekom 7-8 tjedana (Vidano, 1964., Boudon-Padieu,
2000., cit. Chuche i Thiery, 2014.), a u gpanjolskoj (Rahola i sur., 1997., cit. Chuche i Thiery, 2014.) i Italiji
(Vidano, 1964.) tijekom 5-6 tjedana. Lic¢inke su pokretne i lako skakanjem prelaze s jedne na drugu biljku.
Najcesce se zadrzavaju na biljci na kojoj su se razvile ishranom na donjim etazama (Maixner i sur., 1993.)
iako ih se u povoljnim klimatskim uvjetima moze pronaci i na vrhu biljke (Bernardand i Du Fretay, 1988.).

Prva imaga utvrdena su ve¢ u lipnju, a u vinogradima ih se moze naci do rujna. Imaga zive kratko, oko
mjesec dana, a s ovipozicijom pocinju 10 dana nakon $to dovrse preobrazbu (Schvester i sur., 1963.). Iako
americki cvr¢ak ima jednu generaciju godi$nje, pronalazak li¢inki prvog stadija u kolovozu (Bernardand i
Du Fretay, 1988.) naveo je znanstvenike na pomisao da vrsta moze razviti i drugu generaciju iz jaja koja ne
prolaze dijapauzu (Bernard i sur., 1988.).

Iako se vrsta navodi kao monofag, u Europi su imaga, osim na europskoj lozi, utvrdena na vrstama Vitis
labrusca L. i Parthenocissus quinquefolia (L.) Planch. Ponekad se mogu nadi i na biljkama koje ne pripadaju
porodici Vitaceae, kao §to su vrba (Salix viminalis L), breskva (Prunus persica L.) (Barnett, 1976) kao i
na americkom brijestu (Ulmus americana L.) (Gibson, 1973). Zabiljezena je razlika u preferenciji sorata.
Primjerice, u uvjetima Korzike, Malvazija je jace napadnuta od sorte Grenache (Boubals i Caudwell, 1971.,
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cit. Chuche i Thiery, 2014), a u uvjetima Hrvatske najvecu brojnost cvrcka na sorti Malvazija istarska biljezi
Pribeti¢ (2009). Preferencija cvrcka prema pojedinim sortama moze znaciti i intenzivniji prijenos uzro¢nika
bolesti $to je povezano s navodima Krnjaji¢a (2008) da su sorte osjetljive na FD Rizling rajnski, Grasevina,
Silvanac, Frankovka, Malvazija i americki hibridi, dok je najosjetljivija sorta Plovdina.

Nakon sto izadu iz jaja licinke se moraju hraniti sisanjem iz floema zarazenih biljaka da bi postale infektivne.
Kada se jednom inficiraju, li¢inke ostaju infektivne cijeli zivot. Fitoplazme nisu pronadene u reproduktivnim
organima pa se prijenos s imaga na jaja uglavnom ne dogada (Schvester i sur., 1969., Bressan i sur., 2005).
Utvrdeni prijenos fitoplazme iz skupine Zutice astre (16SrI) s generacije na generaciju americkog cvrcka
(Alma i sur., 1997) naveo je na zaklju¢ak da je ovaj nacin prijenosa ipak mogu¢ i da ovisi o vrsti fitoplazme.
Poznato je da se fitoplazma umnaza u vektoru, ali jos uvijek nema dovoljno spoznaja o detaljima. Zarazenost
fitoplazmom povecava smrtnost imaga (Pozder, 2016.), skracuje zivotni ciklus muzjaka i smanjuje fertilnost
zenki $to mozZe negativno utjecati na brojnost populacije (Bressan i sur., 2005.). Patogenost se smanjuje sa
staro$¢u imaga (Madden i Nault, 1983.; Ebbert i Nault, 2001.; Elliot i sur., 2003.).

Pretpostavlja se da je vaznost americ¢kog cvrcka porasla u posljednjih desetak godina zbog smanjenja
uporabe insekticida $irokog spektra koristenih za suzbijanje grozdovih moljaca. Americ¢ki cvréak ne izaziva
znacajne izravne Stete na vinovoj lozi pa se kemijsko suzbijanje provodi s ciljem sprjec¢avanja uzro¢nika
bolesti. Postoji moguc¢nost da se kasnim zimskim tretiranjem mineralnim uljima suzbiju jaja (Chuche i
Thiery, 2014.). Vecina zemalja u kojima cvréak i fitoplazma predstavljaju prijetnju uvele su obavezne mjere
suzbijanja. Broj tretiranja koji se propisuje ovisi o zemlji i regiji. U Zari$tima u Francuskoj bila su obavezna
tri tretiranja protiv li¢inki, no u zadnje je vrijeme broj obveznih tretiranja smanjen na jedno do dva (Dufour
i sur., 2008.; van Helden i sur., 2011.). U promjeru 2-4 km od Zzarista ne zahtijevaju se tretiranja li¢inki, a
suzbijanje imaga provodi se ako se na Zutim plo¢ama pronade tri imaga po Zutoj ploci tjedno (Dufour i sur.,
2008.). Regija Piemonte (Italija) propisuje da se obvezni broj tretiranja moze smanjiti s dva na jedno ako je
broj li¢inki 0,02/5 listova i ako se utvrdi manje od dva imaga na tri postavljene zute ploce tijekom cijele sezone
(Bosco i Mori, 2013.). Na raspolaganju su brojni insekticidi, no najvise se koriste organofosforni, piretroidi
i neonikotinoidi (Chuche i Thiery, 2014.). Postoji mogu¢nost primjene nekih drugih insekticida iz skupine
regulatora rasta i razvoja kao $to je buprofenzin te insekticida iz skupine diamida (klorantraniliprol) no u
Hrvatskoj ta sredstva nemaju dozvolu za suzbijanje americkog cvrcka (Bazok, 2016). S obzirom da piretroidi
nisu dopusteni u integriranoj proizvodnyji, a da je situacija s neonikotinoidima neizvjesna jer se njihov status
preispituje na razini EU, postavlja se pitanje $to ¢e se od insekticida uopc¢e moci koristiti u budu¢nosti. U
ekoloskoj proizvodnji dozvoljeni su samo prirodni piretrini koji ne djeluju zadovoljavajuce jer su kratke
rezidualnosti. Problem se javlja i u vinogradima u kojima se grozdovi moljci suzbijaju konfuzijom muzjaka
uz pomoc¢ feromona.

Stanje u Hrvatskoj

U Hrvatskoj je prisutnost zlatne zutice vinove loze prvi puta potvrdena 2007. godine u pavitini (Clematis
vitalba L.) na podrucju Istre, a dvije godine kasnije uslijedio je prvi nalaz u vinovoj lozi kod sorata Pinot crni
(Ozalj, Vivodina) i Plemenka crvena (Zagreb, Brezje) (Budinsc¢ak i sur., 2012, Seruga Musié i sur., 2011.).
Provedeno je svega nekoliko istrazivanja americkog cvrcka koja su uglavnom bila usmjerena na faunisticki
sastav te na stanje zarazenosti fitoplazmama (Budins¢ak i sur., 2005.; Budinscak, 2008.; Pribeti¢, 2009.). Prvi
nalaz americkog cvrcka na podrudju Istre zabiljezen je 1986. (Seljak, 1987), ali u dijelu koji pripada Sloveniji.
Vjerojatno je vec¢ tada vrsta bila prisutna i u Hrvatskoj jer je 2003. godine pronadena osim u Istri (Novigrad)
i u Medimurju (Strigova) i lloku (Budins¢ak i sur., 2005).

Od 2002.g. Ministarstvo poljoprivrede organizira program posebnog nadzora ,Fitoplazme vinove loze i
vektori“. Kroz program se sustavno prati rasprostranjenost vektora i njihova infektivnost. Nakon prvog nalaza
2003.g., prisutnost cvrcka je potvrdena na svim podruéjima uzgoja vinove loze u Hrvatskoj, od Istre do Iloka
i Knezevih Vinograda, krajnjih podrucja isto¢ne Hrvatske i od juga Hrvatske, Peljesca, Visa i Vrgorca sve do
Strigove u Medimurskoj Zupaniji. Jedino podrugje gdje prisutnost ovog $tetnika nije utvrdena jest podrucje
srednje Dalmacije. Paralelno sa $irenjem cvrcka utvrdena je i zaraza zlatnom Zzuticom ¢ija prisutnost je
danas potvrdena u viSe razli¢itih sorata na podrucju Istre, krajnjem istoku zemlje (podrucje Iloka), te u
viSe vinogorja sredi$nje i sjeverozapadne Hrvatske (Medimurska, Varazdinska, Krapinsko-zagorska,
Koprivnicko-krizevacka, Zagrebacka, Sisacko-moslavacka i Karlovacka zupanija) (Budinsc¢ak i sur., 2014.).

Temeljem utvrdenog stanja u programu posebnog nadzora Ministarstvo je ,,Naredbom o poduzimanju
mjera za sprjecavanje $irenja i suzbijanje zlatne Zutice vinove loze, koju prouzrokuje Stetni organizam
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Grapevine flavescence dorée MLO” (NN 7/2013)“ propisalo sve potrebne mjere kako bi se $irenje sprijecilo i
bolest iskorijenila. Nazalost, ove mjere nisu bile dovoljne ili se nisu na zadovoljavajuci na¢in implementirale
u praksu, pa je u skorije vrijeme doslo do kréenja komercijalnih vinograda sto je izazvalo veliku zabrinutost
proizvodaca. Samo tijekom 2015. i 2016. iskréeno je oko 55 ha zarazenih vinograda. Dodatni problem
predstavljaju i trenutno registrirani insekticidi za suzbijanje americkog cvrcka jer su ili slabe uc¢inkovitosti
pri poviSenim temperaturama, ili ostavljaju nezeljene ostatke u grozdu ili su opasni za péele (Subi¢, 2017.).

Prema trenutno vaze¢em ,,Pravilniku za stavljanju na trziste materijala za vegetativno umnazanje loze“ (NN
133/06, 67/10, 30/11, 77/13) nije predvideno testiranje maj¢inskih biljaka na FD. Samim time na trzistu
postoji mogucénost pojave zarazenog sadnog materijala. U Hrvatskoj je u razdoblju od 2004.-2010.g., uslijed
straha od ograni¢avanja nove sadnje vinograda nakon ulaska u EU, doslo do enormnog povecanja sadnje
novih vinograda. Ukupno je u tom razdoblju proizvedeno ili uvezeno 53,4 mil. loznih cijepova, od cega
je 36.8 mil. bilo proizvedeno u Hrvatskoj, a 16.6 mil. je uvezeno. Vec¢ina spomenutog sadnog materijala
bila je najnize kategorije (standardni), te kao takav rizi¢an s aspekta sanitarne ispravnosti. Postupci kojima
se mora osigurati minimalna sigurnost mati¢nih nasada provedeni su s kapacitetima prilagodenima
proizvodnji koja je inace cetiri puta manja. S navedenim sadnim materijalom podignuto je oko 11.000
ha vinograda, koji su danas stari 6-12 godina, te danas ¢ine viSe od polovice ukupnih vinogradarskih
povrsina Hrvatske. Utjecaj navedenog sadnog materijala na pojavu i Sirenje FD ostaje nepoznat. Opasnost
od ovakvog nacina Sirenja mogla se sprijeciti da je Hrvatska, po modelu drugih vinogradarskih zemalja,
imala uspostavljen lozno-selekcijski centar koji bi osigurao dovoljne koli¢ine zdravstveno sigurnog sadnog
materijala. Nazalost, Hrvatska je jedina vinogradarska zemlja u EU koja nema osigurane osnovne uvjete za
dobivanje i odrzavanje visokih kategorija sadnog materijala. Institucionalna podrska lozno-rasadnicarskoj
proizvodnji se trenutno svodi na nadzor proizvodnje i trzista, ali ne i u osiguravanju osnovnih preduvjeta za
unaprjedenje te iste proizvodnje kroz opskrbu rasadnika sa predosnovnim kategorijama sadnog materijala
neophodnih za uspostavljanje mati¢njaka nizih kategorija. Stoga se vinogradarska proizvodnja zasniva na
sadnom materijalu koji po svojoj kvaliteti i zdravstvenom stanju ne moze osigurati njen odrzivi razvoj. Ovaj
nedostatak vinogradari nastoje nadomjestiti uvozom cijepova internacionalnih sorata ¢iju kvalitetu nije
moguce sa sigurnos¢u utvrditi. S druge strane za autohtone sorte ne postoji takva mogucnost, jer s obzirom
na male populacije i lokalni znacaj kod vecine autohtonih sorata se sadni materijal proizvodi uglavnom
lokalno tj. u doma¢im loznim rasadnicima. Zbog nepostojanja sustavne selekcije, kao ni izvora predbaznog
sadnog materijala za podizanje kvalitetnih mati¢njaka, autohtone su sorte neujednacenih proizvodnih
osobina i u velikoj mjeri zarazene gospodarski $tetnim virozama (Karoglan Konti¢ i sur., 2009; Preiner,
2012; Von¢ina i sur., 2011).

Zaklju¢na razmatranja

Do potencijalnog otkric¢a rezistentnih ili tolerantnih sorata odnosno izvora otpornosti u borbi protiv FD
na raspolaganju ostaju konvencionalne mjere: uklanjanje zarazenih trsova, koriStenje zdravog sadnog
materijala pri podizanju novih vinograda ili zamjeni zarazenih trsova te suzbijanje americkog cvrc¢ka. Prvo
zahtjeva dobro poznavanje simptomatologije same bolesti te razvoj pouzdanih, brzih i po mogucnosti
$to jednostavnijih dijagnostickih metoda; drugo dostupnost zdravog sadnog materijala; a tre¢e dobro
poznavanje biologije vektora te pravovremenu primjenu ucinkovitih insekticida.

Budu¢i da sadni materijal u velikoj mjeri odreduje implementaciju i u¢inkovitost strategija kontrole na
razini Hrvatske potrebno je rijesiti problem kvalitete domaceg i uvoznog sadnog materijala. To je moguce
osnivanjem lozno-selekcijskog centra koji bi provodio sanitarnu i klonsku selekciju najvaznijih autohtonih i
udomacenih sorata, postupak odzdravljivanja od gospodarski znacajnih viroza i fitoplazmoza, proizvodnju
loznog sadnog materijala komercijalno interesantnih autohtonih i udomacenih sorata i njihovih klonova
kategorije predosnovni, te analizu godi$njih i dugoro¢nih potreba za sadnim materijalom. Uzimajuci u
obzir vaznost koju vinogradarska proizvodnja ima u Hrvatskoj, dugoro¢no gledano u interesu drzave je da
karantenskim mjerama smanji rizik od $irenja FD na trenutno nezarazena podrudja, a proizvodacima osigura
dostatne kolic¢ine certificiranog sadnog materijala kroz odrzivu nacionalnu rasadnicarsku proizvodnju.

Neredovito suzbijanje vektora, uz limitiranost trenutno registriranih pripravaka te nepostojanje adekvatnog
rje$enja za proizvodace u sustavu ekoloske proizvodnje, provedba fitosanitarnih mjera samo u komercijalnim
vinogradima upisanima u Upisnik, slaba diseminacija aktualnih informacija te relativno mali vinogradi,
otezavaju kontrolu bolesti. Budu¢i da zapusteni, ekstenzivni vinogradi te brajde na oku¢nicama mogu sluziti
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kao izvor infekcije, a s ciljem zastite naprednih proizvodaca od postupaka nazadnih pojedinaca, potrebno
je utvrditi njihov utjecaj na Sirenje bolesti te sukladno tome poduzeti odgovarajuce fitosanitarne mjere.
Zbog bolje informiranosti proizvodaca korisne bi bile tematske radionice vezane uz simptome zlatne Zutice,
mogucnosti detekcije, pracenja i identifikacije americkog cvrcka, te kontrole bolesti i njenog vektora. Za
vinogradare u zarazenim podrudjima pohadanje radionica trebao bi biti uvjet za ostvarivanje prava na
poticaje. Osim programa posebnog nadzora kojim se prati stanje bolesti i vektora na podruc¢ju Hrvatske,
malo ili gotovo niSta se ne radi na istrazivanjima koja bi doprinijela boljem poznavanju epidemiologije
zlatne Zutice te zivotnog ciklusa i ekologije vektora u klimatskim uvjetima Hrvatske. Navedena saznanja bila
bi od koristi u kreiranju strategije za sprecavanje pojave te usporavanje $irenja zlatne Zutice vinove loze u
Hrvatskoj.

Literatura

Alma A., Bosco D., Danielli A., Bertaccini A., Vibio M., Arzone A. (1997). Identification of phytoplasmas in eggs,
nymphs and adults of Scaphoideus titanus Ball reared on healthy plants. Insect. Mol. Biol. 6: 115-121.

Andabaka Z., Stupi¢ D., Markovié¢ Z. Preiner D. (2011). Novi trendovi u proizvodnji sadnog materijala autohtonih
sorata vinove loze u Hrvatskoj. Glasnik zastite bilja 34: 46-56.

APPRRR - Agencija za pla¢anja u poljoprivredi, ribarstvu i ruralnom razvoju, Vinogradarski registar, http://www.
apprrr.hr/vinogradarski-registar-1128.aspx, (pristupljeno 20.1.2017.)

Arnaud G., Malembic-Maher S., Salar P, Bonnet P, Maixner M., Marcone C., Boudon-Padieu E., Foissac X. (2007).
Multilocus sequence typing confirms the close genetic interrelatedness of three distinct flavescence doree phyto-
plasma strain clusters and group 16SrV phytoplasmas infecting grapevine and alder in Europe. Applied anf envi-
ronmental microbiology 73: 4001-4010.

Bagnoli B., Gargani E. (2011). Survey on Scaphoideus titanus egg distribution on grapevine. IOBC/WPRS Bulletin 67:
233-237.

Barnett D.E. (1976). A revision of the Nearctic species of the genus Scaphoideus (Homoptera: Cicadellidae). Trans.
Am. Entomol. Soc. 102: 485-593.

Bazok R. (2016). Pregled sredstava za zastitu bilja u Hrvatskoj za 2016. Godinu - zoocidi. Glasilo biljne zastite 16 (1-2):
13-109.

Belli G., Bianco P.A., Conti, M. (2010). Grapevine yellows in Italy: past, present and future. Journal of Plant Pathology:
303-326.

Bernard P, Du Fretay G. (1988). Dynamique de population de Scaphoideus titanus, vecteur de la Flavescence dorée
dans I'Aude en 1987. Bull. Tech. Inf. 433 (434): 457-464.

Bertaccini A. (2007). Phytoplasmas: diversity, taxonomy, and epidemiology. Frontiers in Bioscience 12: 673-689.

Bianco P.A., Marzachi C., Musetti R., Naor V. (2013). Perspectives of endophytes as biocontrol agents in the manage-
ment of phytoplasma diseases. Phytopathogenic Mollicutes 3 (1): 56-59.

Bosco D., Mori N. (2013). “Flavescence dorée” vector control in Italy. Phytopathogenic Mollicutes 3: 40-43.
Bosio G., Rossi A. (2001). Ciclo biologico in Piemonte di Scaphoideus titanus. Informatore Agrario 57: 75-78.

Boubals D., Caudwell A. (1971). Une épidémie de jaunisse dans le vignoble corse: probablement la flavescence dorée.
Prog. Agric. Vitic. 88: 355-364.

Boudon-Padieu E. (2015). Grapevine yellows diseases. In: Compendium of grape diseases, disorders, and pests. Second
edition, Wilcox W. E, Gubler W. D., Uyemoto J. K. (eds.), APS Press, USA: 103-114.

Boudon-Padieu E., Grenan S. (2002). Hot water treatment. Metohds page of website of Internationl Council for the
Study of Viruses and Virus-like Diseases of Grapevine (ICVG). http://icvg.org/data/icvghotw.pdf (pristupljeno
23.01.2017.).

Boudon-Padieu E. (2000). Cicadelle vectrice de la flavescence dorée, Scaphoideus titanus Ball, 1932. In: Stockel J. (ed.)
Ravageurs de la vigne. Féret, Bordeaux: 110-120.

Bressan A., Girolami V., Boudon-Padieu E. (2005). Reduced fitness of Scaphoideus titanus exposed to Flavescence
dorée phytoplasma. Ent. Exper. et Appl. 115: 283-290

Buding¢ak Z., Krizanac L, Plavec J. (2014). Zlatna Zutica vinove loze — Flavescence dorée. Simala M. (ed.). Hrvatski
centar za poljoprivredu hranu i selo, Zagreb, Hrvatska.

Budinsc¢ak Z. (2008). Vektori fitoplazmi vocaka i vinove loze u Republici Hrvatskoj. Doktorska disertacija, Poljop-
rivredni fakultet u Osijeku.

Plenary lectures
34 52" CROATIAN AND 12" INTERNATIONAL SYMPOSIUM ON AGRICULTURE | February 12-17, 2017 | Dubrovnik, Croatia



Kako se nositi sa zlathom Zuticom vinove loze?

Budingéak Z., Krizanac 1., Mikec L., Seljak G., Skori¢ D. (2005). Vektori fitoplazmi vinove loze u Hrvatskoj. Glasilo
biljne zastite 4: 240-244.

Chuche J., Thiery, D. (2014). Biology and ecology of the Flavescence doree vector Scaphoideus titanus: a review. Agron-
omy for Sustainable Development 34 (2): 381-403.

Constable EE., Gibb K.S., Symons R.H. (2003). Seasonal distribution of phytoplasmas in Australian grapevines. Plant
Pathology 52: 267-276.

Doi Y., Teranaka M., Yora K., Asuyama H. (1967). Mycoplasma- or PLT Group-like Microorganisms Found in the
Phloem Elements of Plants Infected with Mulberry Dwarf, Potato Witches’ Broom, Aster Yellows, or Paulownia
Witches’ Broom. Japanese Journal of Phytopathology 33 (4): 259-266.

Dufour M. C., Garcia C., Verpy A., van Helden M. (2008). Aménagement, en Gironde, de la lutte contre la Flavescence
dorée pour une diminution des intrants phytosanitaires. Rev. Fr. Oenol.: 228.

DZS - Drzavni zavod za statistiku Republike Hrvatske, www.dzs.hr (prisupljeno, 20.01.2017)

Ebbert M. A., Nault L. R. (2001). Survival in Dalbulus leathopper vectors improves after exposure to maize stunting
pathogens. Entomol. Exp. Appl. 100: 311-324.

Elliot S.L., Adler ER., Sabelis M.W. (2003). How virulent should a parasite be to its vector? Ecology 84: 2568-2574.

EPPO Global Database (2015): Grapevine flavescence doree phytoplasma, Distribution, <https://gd.eppo.int/taxon/
PHYP64/distribution>, pristupljeno 20.10.2016.

Filippin L., Jovic J., Cvrkovic T., Forte V., Clair D., Tosevski I., Boudon-Padieu E., Borgo M., Angelini E. (2009). Molec-
ular characteristics of phytoplasmas associated with Flavescence dorée in clematis and grapevine and preliminary
results on the role of Dictyophara europaea as a vector. Plant Pathology 58: 826-837.

Gibson L. P. (1973). An annoted list of the Cicadellidae and Fulgoridae of Elm. USDA Forest Service Research Paper
NE-278. Department of Agriculture, Forest Service, Northeastern Forest Experiment Station, Upper Darby.

Karoglan Konti¢ J., Preiner D., Simon S., Zduni¢ G., Poljuha D., Maleti¢ E. (2009). Sanitary status of Croatian native
grapevine varieties. Agriculturae Conspectus Scientificus 74: 99-103.

Krnjaji¢ B.S. (2008). Uloga cikade Scaphoideus titanus Ball. u prenoSenju fitoplazme zlatastog zutila vinove loze (Fla-
vescence doree). Doktorska disertacija, Univerzitet u Novom Sadu, Poljoprivredni fakultet Novi Sad.

Lessio E, Alma A. (2004). Dispersal patterns and chromatic response of Scaphoideus titanus Ball. (Homoptera Ci-
cadellidae), vector of the phytoplasma agent of grapevine flavescence dorée. Agricultural and forest entomology 6:
121-127.

Madden L.V., Nault L.R. (1983). Differential pathogenicity of corn stunting mollicutes to leathopper vectors in Dalbu-
lus and Baldulus species. Phytopathology 73: 1608-1614.

Maixner M., Reinert W., Darimont H. (2000). Transmission of grapevine yellows by Oncopsis alni (Schrank) (Auche-
norrhyncha : Macropsinae). Vitis 39: 83-84.

Maixner M., Pearson R. C., Boudon-Padieu E., Caudwell A. (1993). Scaphoideus titanus, a possible vector of Grapevine
Yellows in New York. Plant Disease 77: 408-413.

Maleti¢ E., Karoglan Konti¢ ., Peji¢ L, Preiner D., Zduni¢ G., Bubola M., Stupi¢ D., Andabaka 7., Markovi¢ Z., Simon
S. (2015). Green book: indigenous grapevine varieties of Croatia. State Institute for Nature Protection, Zagreb,
Croatia.

Maleti¢ E., Karoglan Konti¢ J., Peji¢ I. (2008). Vinova loza - ampelografija, ekologija, oplemenjivanje. Skolska knjiga,
Zagreb.

Mehle N., Ravnikar M., Seljak G., Knapi¢ V., Dermastia M. (2011). The most widespread phytoplasmas, vectors and
measures for disease control in Slovenia. Phytopathogenic mollicutes 1: 65-76.

Musetti R., Ermacora P.,, Martini M., Loi N., Osler R. (2014). Current knowledge about recovery from phytoplasma dis-
eases. In: Phytoplasmas and phytoplasma disease management: how to reduce their economic impact. Bertaccini A.
(ed.). COST Action FA0807: 250-258.

Osler R., Zucchetto C., Carraro L., Frausin C., Pavan E, Vettorello G., Girolami V. (2002). Trasmissione di flavescenza
dorata e legno nero e comportamento delle viti infette. CInformatore Agrario 19: 61-65.

Pejic¢ L., Maleti¢ E. (2010). Conservation, evaluation and revitalization of native grapevine varieties in Croatia. Mittei-
lungen Klosterneuburg 60 (3): 363-368.

Pozder P. (2016). Razvoj i smrtnost americkog cvréka (Scaphoideus titanus Ball.) na zdravoj i fitoplazmama zarazenoj
vinovoj lozi. Diplomski rad, SveuciliSte u Zagrebu Agronomski fakultet.

Pribeti¢ D. (2009). Fauna cvrc¢ka kao vektori fitoplazme vinove loze na podrudju Istre. Doktorska disertacija, Poljop-
rivredni fakultet u Osijeku.

Plenarna izlaganja
52. HRVATSKI i 12. MEDUNARODNI SIMPOZI) AGRONOMA | 12.-17. veljace 2017. | Dubrovnik, Hrvatska 35



Darko Voncina, Renata BaZok, Darko Preiner, Edi Maletic¢

RaholaJ., Reyes J., Giralt L., Torres E., Barrios G. (1997). La flavescencia dorada en los vinedos del Alt Emporda (Giro-
na). Bol. Sanid. Veg. Plagas 23: 403-416.

Romanazzi G. (2013). Perspectives for the management of phytoplasma diseases through induced resistance: what can
we expect from resistance inducers? Phytopathogenic Mollicutes 3 (1): 60-62.

Schvester D., Carle A., Moutous G. (1969). Nouvelles données sur la transmission de la Flavescence dorée de la vigne
par Scaphoideus littoralis Ball. Ann. Zool. Ecol. Anim. 1: 445-465.

Schvester D., Carle P, Moutous G. (1963). Transmission de la flavescence dorée de la vigne par Scaphoideus littoralis
Ball. (Homopt., Jassidae). Ann. Epiphyties 14: 175-198.

Seljak G. (1987). Scaphoideus titanus Ball (= Sc. littoralis Ball), novi Stetnik vinove loze u Jugoslaviji. Zastita bilja 38:
349-357.

Strauss G., Reisenzein H., Steffek R., Schwarz M. (2014). The role of grapevine arbours as overlooked source of ,fla-
vescence dorée and Scaphoideus titanus in southwestern vineyards of Austria. In: Phytoplasmas and phytoplasma
disease management: how to reduce their economic impact Bertaccini A. (ed.). COST Action FA0807: 239-245.

Seruga Musié¢ M., Skori¢ D., Halugka I., Krizanac L., Plavec J., Mikec L. (2011). First report of Flavescence dorée-related
phytoplasma affecting grapevines in Croatia. Plant Disease 95 (3): 353.

Subi¢ M. (2017). Zutice vinove loze - prosirene i lokalno udomacene na ,,zajedni¢kom europskom trzistu“, Gospodarski
list: 56-57.

Terlizzi E, Credi R. (2007). Uneven distribution of stolbur phytoplasma in Italian grapevines as revealed by nest-
ed-PCR. Bulletin of Insectology 60, 365.

Trombulak S.C., Frissell C.A. (2000). Review of ecological effects of roads on terrestrial and aquatic communities.
Conservation biology 14: 18-30.

Vallad G.E., Goodman R.M. (2004). Systemic acquired resistance and induced systemic resistance in conventional
agriculture. Crop Science 44: 1920-1934.

van Helden M., Fulchin E., Verpy A., Gil E, Garcia C. (2011). Adult monitoring improves control of the flavescence
doree leathopper Scaphoideus titanus in Gironde (France) while using less pesticide. IOBC/WPRS Bull. 67: 9-16.

Vidano C. (1964). Scoperta in Italia dello Scaphoideus littoralis Ball. cicalina americana collegata alla “Flavescence
dorée” della Vite. LItalia Agricola 101: 1031-1049.

Voncina D., Badurina D., Preiner D., Cvjetkovi¢ B., Maleti¢ E., Karoglan Konti¢ J. (2011). Incidence of virus infections
in grapevines from Croatian collection plantations. Phytopathologia Mediterranea 50: 316-326.

Weintraub P. G., Beanland L. A. (2006). Insect vectors of phytoplasmas. Annual revue of entomology 51: 91-111.

HOW TO DEAL WITH ,,FLAVESCENCE DOREE“ PHYTOPLASMA?

Abstract

Currently, one of the most important grapevine pathogen in Europe is phytoplasma, causal agent of
disease known as ,,Flavescence dorée“ (FD). It is spread by infected planting material and American
grapevine leathopper (Scaphoideus titanus). In Croatia period from 2004. to 2010. was tle last period
when significant number of new vineyards was established using planting material not sufficiently
secure in term of FD infection. Today, mentioned vineards present half of Croatian viticultural
area. From the first record of ,,Flavescence dorée“ phytoplasma and its vector in Croatia disease has
expanded significantly, causing epidemics in some areas and became big concern for producers.
The work gives detailed description of “Flavescence doree” phytoplasma, its vector, their spread in
Croatia, possible causes of current situation and proposes measures to slow down and prevent the
spread.

Key words: ,,Flavescence doree®, Scaphoideus titanus, spread, management, Croatia
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The application of hydrologic and hydraulic
principles for design of erosion control measures
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ABSTRACT

When dimensioning the erosion control measures (ECMs), several peculiarities are not, for different
reasons, taken into account. The hydrological and hydraulic properties of neither ECMs nor the
study area should not be ignored. Precipitation, and especially liquid precipitation, e.g. rain, is
the most important water resource in Slovakia. Considering the random (stochastic) character of
precipitation properties, the theory of probability should be applied in the erosion control not only
to design rainfall properties (e.g. rainfall intensity, erosivity and rainfall depth) but also to design
parameters of erosion measures (e.g. discharge, designed rainfall volume, surface runoff velocity).

Key words: erosion control measures (ECMs), ECMs type, ECMs way of realization, ECMs
characteristic dimension, ECMs dimensioning

Introduction

Water erosion is the most important form of soil physical degradation in Slovakia, since about 55% of
agricultural land is under medium (20%), strong (18%) up to extreme (17%) water erosion threat (e.g.
Bielek, 1996; Jambor and Ilavska, 1998; Antal, 2005).

In this context, it is necessary to carry on permanent and effective erosion control mainly by application of
agricultural erosion control measures (ECMs), like contour cultivation or adoption of no-tillage. If necessary,
the agricultural ECMs need to be supplemented with measures of technical character so that the calculated
intensity of water erosion would not exceed the required agreed permissible value of erosion loss (S ).

p,perm
Regarding technical, but also other ECMs, dimensioning is usually needed - to calculate dimensions and
parameters for specific ECMs to particularly meet their primary goal of water erosion intensity reduction
to the tolerable value.

In general, the term ECMs dimensioning for the purposes of soil protection from water erosion means in
particular their location (placement) in the area of interest, design (determination) of their dimensions, and
very often also their material, structural, architectural, aesthetic and other solutions required by investors or
applicable regulations, respectively (Antal et al., 2013).

Besides these generally applicable requirements for ECMs dimensioning, there are some “specific”
requirements that are necessary to follow and that are supposed to take into account the fact that water
erosion is also affected by the hydrological and hydraulic characteristics of ECMs themselves as well as
by the hydrological, hydraulic, or other characteristics of the area of interest. Further it should be always
considered that the water erosion as a natural process has stochastic nature and thus random spatial and
temporal occurrence.

The aim of this contribution was to present the brief overview on the topic importance of considering the
ECMs hydraulic and hydrologic parameters during their dimensioning.
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Material and methods

To analyze the application of hydrological and hydraulic peculiarities for ECMs dimensioning to counteract
the negative effects of water erosion, we particularly focused on:

1.

the impact of hydrological and hydraulic characteristics of ECMs themselves on their dimensioning
(Table 1);

the impact of hydrological and hydraulic characteristics of the area of interest on ECMs dimensioning
(Table 1);

. characteristics of the erosion effective rainfall for the calculation of the average annual value of their

erosivity - R and the design value of rainfall erosivity - R |

average,an
the application of design rainfall characteristics in erosion control (e.g. design rainfall periodicity -
Por design rainfall duration - tor design rainfall intensity — iD,R) (Table 2; Table 3);

the determination of design parameters for erosion control measures (e.g. design discharge - Q,,

design rainfall volume -V, surface runoft velocity at x meters from catchment border - v ).

Table 1. Typical (the most common, characteristic) design parameters of selected erosion control

measures (Antal et al., 2013)

Erosion control measure Design parameter

Contour furrow ploughing cross profile, bed gradient, track (axis distance)

Infiltration strips

localization, width, vegetation cover

Intercepting strips

Erosion control ditches localization, bed gradient, cross profile, discharge velocity, revetment, control

Broadbase terraces

valve (at combined ditches)

Results and discussion

Considering the potential impact of the hydrological and hydraulic characteristics on ECMs dimensioning,
the individual erosion control measures can be divided into three following groups:

1.

ECMs which dimensioning does not require direct addressing of their hydrological and hydraulic
characteristics, resp. the hydrologic and hydraulic characteristics of the study area. This group in
particular includes some organizational, agricultural and biological erosion control measures (e.g.
contour cultivation, mulching);

ECMs that can, but also do not need to undergo the process of hydrologic and hydraulic dimensioning.
This group comprises ECMs such as land forming, soil surface pitting, sedimentation vegetation
strips, strip cropping and contour furrow ploughing;

. ECMs that should be hydrologically and hydraulically dimensioned to effectively and economically

tulfill their primary function. This group includes all erosion control measures not included in group
1 and group 2, for example dimensioning of erosion ditches and terraces.

Antal et al. (2013) suggest twenty-four ECMs that should be hydrologically dimensioned, such as soil
surface pitting*, strip cropping*, contour furrow ploughing*, vegetation and forest infiltration strips,
waterway grassing, infiltration ditches, gorge restoration. Measures marked with* should, but do not need
to be hydrologically dimensioned. ECMs that have to or should be dimensioned hydrologically, possibly also
hydraulically, can be divided according to their primary function to:

capture the whole surface runoff from the contributing area resulting from designed rainfall and
safely drain the whole area of interest by conducting ECMs - they are dimensioned according to the
designed discharge Q_;

to capture and transform the whole volume of surface runoff from the designed rainfall into the
subsurface water by infiltration ECMs. Thus, the infiltration capacity (V, ) of the infiltration ECM has
to be greater than the volume of surface runoff from the contributing area of infiltration ECM (V,);

40

1 Agroecology, Organic Agriculture and Environment Protection
52" CROATIAN AND 12" INTERNATIONAL SYMPOSIUM ON AGRICULTURE | February 12-17, 2017 | Dubrovnik, Croatia



The application of hydrologic and hydraulic principles for design of erosion control measures

— to capture a defined part of surface runoff and divert it harmlessly out of the protected area (Q,) and
to transform the remainder of the surface runoff into ground water by so-called combined ECMs. A
combined PEO must comprise a regulatory object, that fulfills various roles:

a) to create an accumulation area inside the combined ECM for that part of the surface runoff that has
to infiltrate into the ground - usually corresponds to the runoff volume from designed rainfall with

a periodicity of p = 1;

b) to regulate the outflow from the combined ECM into the draining facility up to the value of Q

<Qps

) to create a retention space inside the combined ECM to capture the difference between the water
inflow and outflow of the combined ECM, thus to capture the inflow, which has a value of Q, =
Q, - Q- Runoft reduction from combined ECM by 50 up to 70% has been established in praxis
(Muchova, Antal, 2013), thus common design assumes Q.. = (0.3 t0 0.5 Q).

During the process of ECMs dimensioning the characteristics of the designed rainfall listed in Table 2 are

generally considered.

Table 2. Properties of designed rainfall for the soil erosion control purposes (Informative appendix of the

STN 75 4501

Subdivision of

Exposure of the production areas;

Designed rainfall

Designed

agricultural production Soil surface gradient periodicity ra1.nfa11 d.ura-
tion (min)
distant from residential area 0.20 30
Plant production in contact with residential area, resp. object of higher 0.10 30
order )
Meadow production without specification 0.20 30
I. category of slope gradient
8oy & 0.20 15
(0 - 10 %), resp. (0 — 5.7°)
Special production II. and III. category of slope gradient
i 0.10 15
(vineyards, orchards) (10 — 45 %), resp. (5.7° — 24.2°)
II. and III. category of slope gradient in contact with 0.05 15
residential area, resp. object of higher order '
According to the theory of surface runoff, a term “critical duration of designed rainfall - t, , _“is used for

crit

Q, calculation. It is the designed rainfall of such a duration that will result in maximum discharge, resp.
maximum specific surface runoff qin the outlet. There is a rule that t, , . value is equal to or lower than
the contributing area concentration time (t,__) of the dimensioned ECM. Since it is very difficult to estimate

the value of b Dt

, its value can be the most preferably determined by finding the maximum value of the

function q, = (t,x < T,.-)- Calculation and representation of this function for t___equal to 105 minutes is

given in Table 3 and Picture 1 (Muchova and Antal, 2013; Antal, 2005).

Table 3. Determination of critical duration of the designed rainfall according to the genetic-intensity

formula fort__ =105 minutes (Antal, 2005)

t,, (min)

Parameter 105 90 75 60 45 30 15
qmoo(m3 stkm?) 10.86 12.03 13.59 15.77 19.10 25.03 39.73
HR,t(mm) 68.42 64.96 61.16 56.77 51.57 45.05 35.76
Vi, (mm) 56.50 52.00 47.00 41.50 35.00 27.50 17.50
H,  (mm) 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Vor 0.07 0.09 0.15 0.15 0.19 0.23 0.31
n, 1.25 1.36 1.65 1.65 1.84 2.07 2.50
v, 0.06 0.08 0.11 0.11 0.13 0.15 0.18
q,,, (m?s' km?) 0.65 0.82 0.99 0.99 1.06 1.07 1.02
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Picture 1. Evaluation of the function course q,,,_(t,.< T __) and determination of t Antal, 2005)
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When designing the ECMs, another important factor that plays a significant role is rainfall erosivity, resp.
rainfall erosivity factor - R in the Universal Soil Loss Equation (USLE). In our conditions, only the mean
annual value of rainfall erosivity factor - R is usually used for soil loss calculation. Unlike for example the
USA, the stochastic character of the R value is not taken into account and so far the designed value of rainfall
erosivity factor R is not practically used. There are various authors presenting the values of R for the
territory of the Slovak Republic, resp. for its parts (e.g. Jambor and Ilavska, 1998; Alena, 1986; Maderkové
and Antal, 2012; Soil Portal, 2016), but the disadvantage is that the values differ for the certain locality (Table
4). As an example the design values R were computed for rain-gauge station in Nové Zamky which can
resp. should be used for example for the design of objects protection at various degrees against clogging by
eroded material (Table 5).

Table 4. Values of R factor for the rain gauge station in Nové Zamky, Slovakia

Tlavska et al. (2005) Soil Portal (2016) Alena (1986) Maderkové and Antal (2012)
14.6 15.0 28.0 459

Table 5. Values of R factor for the rain gauge station in Nové Zamky, Slovakia (Maderkova and Antal,

2012)
N
Rainfall incidence 1 per N years/ peri- 100/ 50/ 20/ 10/ 5/ 1/
odicity in % 1% 2% 5% 10% 20% 100%
R factor values (MJ ha! cm h') 195.42 156.91 131.23 103.30 74.57 0.08

Conclusions

Considering the hydrological and hydraulic characteristics of ECMs and the study territory, the stochastic
nature of the analyzed characteristics of the design rainfall as well as possible dimension limitations of the
projected ECMs, following recommendations are advised when dimensioning ECMs that should be applied
to the highest possible extent:

- to use the calculated values of t . instead of the t, values recommended by STN 75 4501 and to
use the permissible value of erosmn loss (S o) spec1ﬁed in STN 75 4501 for assessment of erosion
vulnerability of the study area;
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- toapply the appropriate R | value to calculate the amount of eroded material for the purposes of urban
areas protection design, resp. of other important objects from degrading by eroded material. For SW
Slovakia the calculated values from the publication Madekova and Antal (2012) can be used, while
the values for the other parts of Slovakia should be estimated from various other publications;

- authors recommend to continue in this research and to further disseminate and refine the existing
results.
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ABSTRACT

The plum seed wasp, Eurytoma schreineri Schr. (Schreiner, 1908) is non-native species insect for
Bulgarian fauna. This species was first recorded in Bulgaria in 2013, in the regions Dobrich and
Silistra, in the northeastern part of the country. E. schreineri is oligophagous. The larva feeds in the
endosperm of stone fruits, mainly in plum and apricot and rarely sweet and sour cherry. Attacked
fruits visibly did not differ from healthy. Infested fruits caused massive fruit falls and drying. Some
preliminary observations on its phenology, main morphological characters and differences from
other related species are mentioned.

Keywords: Prunus domestica, plum seed wasp, Eurytoma schreineri, adult emergence, Northeast
Bulgaria

Introduction

Species of the genus Eurytoma (Hymenoptera: Eurytomidae) display a wide range of host and biology, with
eight Palearctic species associated with stone fruit. Unlike most chalcidoids which are parasitoids, the larvae
of some species of the family Eurytomidae are phytophagous. The following five species are of economic
importance for stone fruits: Eurytoma amygdali Enderlein for almond and wild almond; Eurytoma schreineri
Schreiner for apricot, cherry, plum and blackthorn, Eurytoma maslovskii Nikolskaja for peach, Eurytoma
padi Vereshchagin for bird cherry and Eurytoma samsonowi Vassiliev for almond, apricot, plum and peach.
The seed wasps, E. amigdali and E. schreineri being the major pests on almonds and plums, respectively.
Losses of over 70% have been reported due to these wasps (Zerova and Fursov, 1991). From the species
mentioned above, E. amygdali is common in Bulgaria, causing considerable damage on almonds (Ivanov,
1960, 1968). It is one of the most important pests of Amygdalus spp. (Rosaceae) in the Palearctics but is
limited in distribution to southeastern Europe the Middle East and some of the countries of the former
Soviet Union (Zerova and Fursov, 1991). E. schreineri was described in Russia by Schreiner (1908) as a
pest fruits of plum (Prunus domestica L.) in the region Astrachan (Georgescu, 2006) The original area of
distribution of E. schreineri includes the European part of Russia, South Ukraine, Armenia and Georgia,
and in the second half of the last century spread in Moldova, Romania, Turkey and Western Siberia (Pultar,
2014). It is also reported in Greece (Koveos et al., 2002), Slovakia (2011), Moravia (2012) and the Czech
Republic (2013) (Pultar, 2014). This species is oligophagous and attacks the kernel of the forming fruits,
mainly of plum (Prunus domestica), cherry plum (Prunus cerasifera), blackthorn (Prunus spinosa), rarely
apricot (Prunus armeniaca) and very rarely sweet cherry (Prunus avium) and sour cherry (Prunus cerasus).

We report here for the first time in Bulgaria the occurrence of chalcidoid species, E. schreineri, which was
found to infest fruits of plum trees in North-Eastern Bulgaria.
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Materials and methods

In June 2013 in plum orchards near the villages of Sitovo, Municipality Tutrakan, Silistra District and the
village of Kapitan Dimitrovo, Krushari municipality, Dobrich District (Northeastern Bulgaria), senior author
found that most of the plum fruit are withered and fallen to the ground. He collected many of these fruits
and transfers them to Fruit Growing Institute in Plovdiv. Inside the endocarp of the fruits a hymenopteran
larva, white in color and about 6.5 mm in length, was found feeding in the endosperm. The infested pits of
plum seed wasp (200 pieces) were placed in cages (25 x 25 x 25 cm) whose sides were covered with a fine
network side and placed in a natural environment during winter and spring. In spring 2014, the number of
wasps emerging from the endocarps was recorded daily.

Results and discussion

The period during which the female and male adult wasps emerged is shown in Fig.1. A total of 46 adults
emerged, 15 males and 31 females, from 200 placed in cages plum pits. The emergence period lasted 14 days
and a notable protandry was observed.
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Fig. 1. Period of adult emergence of E. schreineri, during spring of 2014

Using the keys of Zerova and Fursov (1991) we identified thie species as Eurytoma schreineri Schreiner. To
our knowledge, the species has not been reported this time in Bulgaria.

Due to the difficult taxonomy of Eurytomidae, problems have occurred concerning the identity of various
species. Many subsequent publications referred to this pest under the name E. amygdali (Zerova and Fursov,
1991 and references therein). However Nikolskaya (1961) showed that these species are recognizable both by
morphological characteristics and by host: E. amygdali attacks only almonds; E. schreineri attacks apricots,
cherries, plum and sloes.

The female of E. schreineri is 4-6 mm in length. Its body is slender, black, protruding from the back, covered
with sparse short hairs. The abdomen of the female is very shiny and approximately equal in length to the
head plus thorax and is not rounded. Eyes are brown-red; appendages are black and the tarsi blackyellow.
The forewings have faint light brown spots below the marginal vein. The male is 4-4.5 mm in length with a
similar body colour and sculpture to the female. Abdomen round, on stem, whose length is approximately
twice the width (Fig.2).
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Fig. 2. Females of Eurytoma schreineri (1) and Eurytoma amygdali (2).
(Drawings by Zerova and Fursov, 1991)

The larvae feed on the endosperm in the stone fruits and cause massive hair loss unripe fruits. It has been
identified as causing serious damage and drop to plum fruits in the southern region of the former USSR
(Tertyshny, 1997). E. schreineri attack may cause the loss of more than 80%. In investigations in the Czech
Republic in 2013 losses from fruit drops in plum orchards with very strong attack of this pest have reached
90% (Pultar 2014).

The economic importance of E. schreineri for stone fruits, particularly plums and apricots, as well as its
bionomics in Bulgaria need to be further evaluated and investigated.

References
Ivanov, S. 1960. Eurytoma amygdali End. in Bulgaria and its control. Rastit. Zasht. 8 (5), 41-61(BG).

Ivanov, S. 1968. Researches of morphology of the parasite of almond (Eurytoma amygdali End.). Gradinarska i Lozarska
Nauka 6:21-32 (BG).

Koveos, D.S., Katsoyannos B. and Broufas G. D., 2002. First record of Eurytoma schreineri Schreiner (Hym., Eurytomidae)
in Greece and some observations on its phenology. Journal of Applied Entomology. Vol. 126, (4) 186-187.

Nikolskaya, M.N., 1961. The existence of Eurytoma amygdali End. & E. schreineri Scr. (Hymenoptera, Chalcidoidea,
Eurytomidae) as separate species. Entomolgicheskoe Obozrenie 40, 637-676 (in Russian, with English translation
in Entomol. Rev. 40, 370-372).

Pultar O. 2014. Eurytoma schreineri new stone fruit pest in the Czech Republic. Department of protection against
harmful organisms. 9/2014 www.ukzuz.cz

Schreiner, J. F. 1908. Eurytoma sp., ein neuer Feind der schwarzen Zwetsche und der Reineclaude., Jourbook: Zeitschrift
fiir Wissenschaftliche Insektenbiologie, Berlin Vol. 4, 26-28.

Tertyshny, A.S., 1997. Plum Eurytoma (Eurytoma schreineri Schr.) and its control in eastern Ukraine. J. Fruit Ornam.
Plant Res. 1, 35-41.

Zerova, M. D.; Fursov, V.N., 1991: The palaearctic species of Eurytoma (Hymenoptera: Eurytomidae) developing in
stone fruits (Rosaceae: Prunoideae). Bull. Entomol. Res. 81, 209-219.

1 Agroecology, Organic Agriculture and Environment Protection
46 52" CROATIAN AND 12" INTERNATIONAL SYMPOSIUM ON AGRICULTURE | February 12-17, 2017 | Dubrovnik, Croatia



Accessing on biodiversity of Araneae (Arachnida, Arthropoda) in wheat field at Mitidja region (Algeria)

ORIGINAL SCIENTIFIC PAPER

Accessing on biodiversity
of Araneae (Arachnida, Arthropoda) in wheat
field at Mitidja region (Algeria)

Bouseksou Samira!, Kherbouche-Abrous Ourida?

! Faculty of Sciences, University Ben Youcef Ben Khedda, Algiers 1. Algiers-ALGERIA. And Laboratory of
Dynamic and Biodiversity, Faculty of Biological Sciences, University of Sciences ¢ Technology Houari
Boumediene, BP 32, El-alia, Babezouar, Algiers-Algeria. (bouseksou.samira@hotmail.com).

? Laboratory of Dynamic and Biodiversity, Faculty of Biological Sciences, University of Sciences & Technology
Houari Boumediene, BP 32, El-alia,Babezouar, Algiers- Algeria.

ABSTRACT

Many arthropods species take refuge in agroecosystems. Among these arthropods, spiders are
one of the most abundant and diverse groups of predators in crops. These generalist predators can
significantly reduce the populations of various insect pests.

In this study, we chose one plot at the Technical Institute of Great Crops (T..G.C.) at Oued Smar
(Algiers, Algeria). This parcel consists of wheat as dominant plant species and called” OB”. Our
research also looks at the activity, travel and migration of spiders. For that reason, we defined levels,
put pitfall Barber traps from the edge of field to the middle. In total, 967 adults were collected, they
belong to 15 families 41 genera and 60 species This study shows a high diversity at the edges of
crops with fairly stable spider communities. This may be related to the diversity of flora that offers
different microhabitats and ecological niches for different spider species. The edges of crops are
quite favourable environment unlike to their centre where they conduct to the development of some
adapted species only.

The study of the distribution shows difference from the edge to the middle. The selection of these
areas is based not only on the microclimate and stability but also the richness in prey. Mechanical
damage, the denudation of the soil, and all human disturbances often cause the reduction on
biodiversity.

Key words: Araneae, ecology, agroecosystem, distribution, Wheat.

Introduction

The study of the biodiversity of Spiders is of major interest in science. These Spiders are considered a group
of high importance invertebrates in agroecosystems because of their abundance (Nyffeler, 2000a, b), they are
predators of harmful crop insects. To study the possibilities of spiders for biological control requires first a
good knowledge of the ecology and population dynamics of the species (Alderweireldt, 1993; Nyffeler and
Benz, 1987; Hagen et al., 1999, Marc and Canard, 1997; Marc et al., 1999).

Material and methods

Sampling sites: We chose a large plot of “Wheat: Triticum turgidum” in the experimental station of the
Technical Institute of Great Crops (T.I.G.C.) located in Oued smar at El Harrach, Algiers. (Picture 1) where
we could define levels from the edge (Sites: OBNO, OBN1) to the center of culture (Sites: OBN2, OBN3 and
OBN4) in order to study the migration and activity of spiders.
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Picture 1: Location of the The Technical Institute of Great Crops (T..G.C.) of Oued smar (study area) in
northern Algeria (Source Google maps).

Sampling methods: The biological material was captured with pitfall traps (Barber trap). The pitfalls were
PET plastic bottles (diameter 8 cm, height 18 cm). Six traps were dug in a straight line with an interval of
1 m at each radiation level. The top of each trap was levelled with the soil surface. The traps were emptied
monthly during one complete year.
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Results and discussion
Study of different Orders of Arachnids collected in the agroecosystem

The results of study show that the Order of the Mites is the most dominant, followed by the Spiders and

Opilions and finally the order of Pseudoscorpions (Graph 1).

Rate of different Orders of Arachnids (%)

O Opilions O Mites B Pseudoscorpions m Spiders
~ 1021

41,82

Graph 1: Rate of different Orders of Arachnids.

Species richness

A total of 1385 individuals were collected after one year of study, with 967 adults were harvested, they belong
to 15 families, 41 genera and 60 species. Considering the levels chosen within the study station, there is a

decrease in species richness from the edge to the middle (Graph 2).
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Graph 2: Species richness of Spiders in agroecosystem of Wheat.

Study of diversity and evenness

The results of the calculate of the index Shannon-Weaver (H ) and evenness (E) show that the station OBNO
level, in the agroecosystem of Wheat (Graph 3), has the highest diversity index (3.13 bits / ind), while the
lowest value of this index was found in the level OBN4 (2.26 bits / ind). OBNO level represents the edge
of Wheat fields, it has the highest species richness and therefore we can say it is an environment for the
installation of many species. The index value of fairness varies between 0.66 and 0.83 indicating a slight

imbalance settlement in Balanced.
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Graph 3: study of diversity by Shannon-Weaver index (H ‘) and equitability (E) in Wheat field.

Conclusions

The study of biodiversity and ecology of Araneae in agroecosystem, reveal that these species would move
and migrate in the sites where preys are more frequent. Mechanical damage, the denudation of the ground,
and all human disturbances often cause reducing their need for food and hence the reduction in biodiversity.
However, populations of Spiders can recolonize very rapidly fields and breed. There is also a higher diversity
at the edges of wheat crops with fairly stable spider communities. This may be related to the diversity of the
flora that offers different microhabitats and several niches for different spider species.
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ABSTRACT

In this study, the effect of two years consecutive applications of treated sewage sludge (TSS) on heavy
metal content of corn (Zea mays L. var. ZP 737) and second crop wheat (Triticum durum L. var. Ege
88) grains grown in a sandy loam soil was investigated. The field study was conducted in 20 plots in
a randomized block design with four replications and five different applications including control,
mineral fertilizer, TSS 12.5 tha; 25.0 tha; 37.5 tha as dry matter 2011-2012 in Menemen-Izmir
Turkey. The average Cu, Cr, Ni, Pb and Zn content of the corn grains did not increase with TSS
applications. But Cu content increased. There was no Cd in the corn grains. Cu, Cr, Cd, Ni and Zn
content of the wheat grains was not increased with TSS applications. Pb was not determined in the
wheat grains. All heavy metal contents of corn and wheat grains were found under the threshold
values for human health. It is recommended that 37.5 t.ha™ TSS of Izmir city can be used once in a
2-year period for improving properties of sandy loam soil under Mediterranean climate for corn and
wheat growth without having any heavy metal problems.

Key words: Corn, Heavy metals, Treated sewage sludge, Sandy loam soil, Wheat

Introduction

The use of sewage sludge in agriculture is one of the most important alternatives for mineral fertilizers. The
sewage sludge, rich in organic matter and mineral elements for plants, can be a substitute for the fertilization
but also a source of heavy metals pollution for soil, when high rates are applied or when it is used for many
years on the same field (Singh and Agrawal, 2008; Delibacak et al., 2009). The uptake of trace elements by
plants is a function of the soil characteristics, climate, concentration of the element and plant species. The
soil factors that affect trace element uptake are soil pH, organic matter, element interactions, soil water, soil
temperature and soil aeration (Epstein, 1971; Epstein et al., 1978). Absorption, accumulation and tolerating
ability of crops vary at different levels of sewage sludge amendment. Alloway et al. (1990) found a trend of
Cd uptake as lettuce > cabbage > radish > carrots. Mondy et al. (1984) recorded a significant increase in
concentrations of B, Cd, Cu, Ni, and Zn in potato tubers grown on sludge amended soils, but no significant
trend was observed for Co, Cr, Fe, Mn and Pb concentrations. The aim of our investigation is to evaluate the
effect of two years consecutive applicaton of municipal TSS on the heavy metal concentration of corn and
second crop wheat grains grown in sandy loam soil.

Materials and methods

Experimental site: The experiment was conducted at the research field of Aegean Agricultural Research
Institute in Menemen plain, Izmir, Turkey. The experimental site is in the Western Anatolia region of Turkey,
where the Mediterranean climate prevails with a long-term mean annual temperature of 16.8 °C. Long-term
mean annual precipitation is 542 mm, representing about 75% of rainfalls during the winter and spring,
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and the mean relative humidity is 57%. Long-term mean annual potential evapotranspiration is 1,570 mm
(IARTC, 2012). The investigated soil is characterized by sandy loam texture with slightly alkaline reaction
and classified as a Typic Xerofluvent (Soil Survey Staff, 2006). Some selected properties and total heavy
metal concentrations in the experimental soil and TSS used in the experiment are given in Table 1 and 2.

Table 1. Some selected properties and total heavy metal concentrations of experimental soil

Sand (%) 57.84 pH (Saturation paste) 7.50

Silt (%) 29.44 Pb  mg/kg 11.68
Clay (%) 12.72 Cu mg/kg 57.38
Texture Sandy loam | Zn mg/kg 52.82
Salt (%) 0.096 Cd mg/kg 0.64

CaCo, (%) 4.52 Cr mg/kg 36.71
Org. matter (%) 2.73 Ni mg/kg 36.04

Table 2. Some selected properties and total heavy metal concentrations of treated sewage sludge used in
the experiment

EC dS/m 16.35 Fe! % 1.14
CaCo, (%) 10.24 Cu! mg/kg 268.8
Org. matter (%) 70.32 Zn' mg/kg 1335
Org. C (%) 40.79 Mn' mg/kg 298.6
N! (%) 5.33 B! mg/kg 35.2
P! (%) 1.33 Co! mg/kg 14.2
K! (%) 0.68 Cd! mg/kg 4.1
Ca! (%) 3.74 Cr! mg/kg 250.6
Mg! (%) 0.68 Ni! mg/kg 115.4
Na' (%) 0.59 Pb! mg/kg 199.4
'Total

Field experiment: The field study was conducted in 20 plots in a randomized block design with four
replications, during 2011-2012. The plot dimensions were 3 m width and 3 m length. The TSS used in the
experiment was obtained from the wastewater treatment plant of Izmir city. It may produce around 600
t (moist basis) sewage sludge per day. Calcium oxide was added to raise the efficiency of the dewatering
process of sewage sludge. In addition, the SS produced presented a pH varying between 10 and 13, what
increased the pathogen control and decreased the heavy metal availability by added calcium oxide. TSS was
added during experiment to the soil under investigation at the rates of 12.5 t.ha; 25.0 t. ha'; 37.5 t.ha” as
dry matter on July 8, 2011. Also 150 kg N, 150 kg P,O,, 150 kg K,O ha™' (1000 kg ha™' 15.15.15. composed
fertilizer) were applied to the only mineral fertilizer plots at the same time and mixed with soil to 15 cm
depth. Corn seeds were sown with seeding machine on rows 18 cm and in rows 70 cm apart. Drop irrigation
was provided when required. Harvest of corn was done by hands on December 15, 2011. Wheat seeds were
sown with seeding machine on December 22, 2011 to 5 cm of soil depth as second crop. Also 80 kg N and
80 kg P,O, ha' (400 kg ha'20.20.0. composed fertilizer) were applied to the only mineral fertilizer plots at
the same time and mixed with soil to 15 cm depth before wheat seeding. Wheat was harvested with machine
on July 10, 2012. Second year, again TSS was added to the experimental soil under investigation at the same
rates on July 18, 2012. Also mineral fertilizer were applied to the only mineral fertilizer plots at the same rate
and time and mixed with soil to 15 cm depth before corn seeding. Corn seeds were planted with seeding
machine on July 18, 2012. Harvest of second year’s corn was done by hands on November 23, 2012.

Plant and soil analyses: The Corn and wheat grains were collected from each plots after harvest, dried
in an oven at 65-70°C until the last two weighing were equal. Dry weights of corn and wheat grains were
determined, and grains were ground in a mill for heavy metal analysis. Results were evaluated on a dry matter
(65°C) basis. Particle size distribution of experimental soil was determined by the Bouyoucos hydrometer
method (Bouyoucos, 1962), Total salt, OM concentration, CaCO,, pH, total N, P, K, Ca, Mg, Na, Fe, Cu, Mn,
Zn, Cd, Cr, Ni and Pb content of soil samples and TSS were all determined according to Page et al., (1982).

1 Agroecology, Organic Agriculture and Environment Protection
52 52" CROATIAN AND 12" INTERNATIONAL SYMPOSIUM ON AGRICULTURE | February 12-17, 2017 | Dubrovnik, Croatia



Heavy metal contents of corn and wheat grains grown in sandy loam soil after two years sewage sludge applications

Heavy metal (Zn, Cu, Cd, Cr, Ni and Pb) content of corn and wheat grains were also determined according
to Page et al., (1982). The concentrations of these elements in the extracts were determined by AAS (AOAC,
1990).

Statistical analysis: Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version
17 (SPSS 17.0, 2008). Tukey test was used to find if differences in the treatments were significant at P<0.01
or P<0.05.

Results and discussion

Effect of two years treated sewage sludge applications on heavy metal (Cu, Cd, Cr, Ni, Pb and Zn) content
(mg.kg") of corn grain grown in sandy loam soil were given in Table 3.

Table 3. Effect of consecutively two years treated sewage sludge (TSS) applications on heavy metal (Cu,
Cd, Cr, Ni, Pb and Zn) content (mg.kg?) of corn grain grown in sandy loam soil

Cu (mg.kg") Tukey: P<0.01

Applications Average of 1st and 1st year 2nd year
2nd year
Control 2.11a! 1.08 a B? 3.13 ab A *
Fertilizer 2.10a 1.26a B 295b A >
12.5 t.ha'TSS 2.13a 1.27a B 3.00b A e
25.0 tha'TSS 2.34a 1.18a B 3.5l ab A o
37.5 t.ha'TSS 241a 1.15a B 3.68 a A *
%
Cr (mg.kg"') Tukey: Not significant
Applications Average of 1st and 1st year 2nd year
2nd. year
Control 0.36a' 0.33a A* 038a A
Fertilizer 0.28a 0.26a A 0.31a A
12.5 tha'TSS 0.30a 0.28a A 0.33a A
25.0 tha'TSS 0.23a 0.18 a A 0.27 a A
37.5 t.ha'TSS 0.32a 0.23a A 0.4la A
Ni (mg.kg") Tukey: P< 0.01
Applications Average of 1st and 1st year 2nd year
2nd year
Control 4.02a' 131a A? 6.73 a B o
Fertilizer 444 a 1.08 a A 7.80 a B .
12.5 t.ha'TSS 424a 1.03a A 7.45a B >
25.0 t.ha'TSS 4.03a 0.81a A 726 a B *x
37.5 tha'TSS 3.94a 0.85a A 7.02a B o
Pb (mg.kg") Tukey: Not significant
Applications Average of 1st and 1st year 2nd year
2nd year
Control 1.66 a' 1.50 a A? 1.82a A
Fertilizer 191a 1.81a A 2.02a A
12.5 tha'TSS 1.90 a 1.81a A 1.99a A
25.0 tha'TSS 1.83a 1.71a A 1.95a A
37.5 tha'TSS 1.95a 1.86a A 2.04a A
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Zn (mg.kg") Tukey: P< 0.01

Applications Average of 1st and 1st year 2nd year
2nd year
Control 35.64a' 22.52a B? 48.76 a A >
Fertilizer 3521a 2223 a B 48.18 a A .
12.5 t.ha'TSS 34.68a 24.10 a B 4527 a A *
25.0 tha'TSS 36.04a 25.16a B 46.92 a A o
37.5 tha'TSS 34.94a 24.16 a B 45.72a A >

Significant differences between treatments at ** P< 0.01 or * P< 0.05 level indicated by different letters. 'Small letter in column for
applications. “capital letter in row for years. N=4 for all measurements.

According to the results, the average Cu, Cr, Ni, Pb and Zn content of the corn grains samples taken in 2
years from the experiment did not show statistically significant changes with increasing doses of treated
sewage sludge applications when compared with mineral fertilizer and control. On the other hand, Cu
content of the corn grains samples taken in the second year of experiment showed statistically significant
changes with applications. The highest Cu content (3.688 mg.kg' Cu) was determined with 37.5 tha'TSS
application. Despite these increases, Cu content of corn were found under the threshold values in all corn
grain samples. Normal value of Cu in vegetables and fruits changes between 2.0-20.0 mg.kg" for human
health (Tiirkdogan et al., 2002). Also all heavy metal content of corn were found under the threshold values
in all corn grain samples for human health (Tiirkdogan et al.. 2002). Meanwhile, Cd was not determined in
the corn grains. Increase in the dietary uptake of Cd is a potential risk to human health associated with the
land application of sewage sludge (US Environmental Protection Agency, 1985).

Average values of each heavy metals in wheat grain were found as Cu, 9.26 mg/kg; Cd, 0.78 mg/kg; Cr, 0.36
mg/kg; Ni, 4.39 mg/kg; Zn, 56.43 mg/kg. According to the results, Cu, Cd, Cr, Ni and Zn content of the
wheat grains samples taken in the experiment did not show statistically significant changes with increasing
doses of TSS applications when compared with mineral fertilizer and control. All heavy metal concentration
of wheat grain were found under the threshold values. Meanwhile, Pb did not be determined in the wheat
grains samples taken in from the experiment.

Conclusions

The fertility benefits from sewage sludge amendment can be achieved against the potential hazards of heavy
metal contamination by screening the plants sensitivity at different sludge amendment ratios. The problem
related to sewage sludge application arises when it contains high concentrations of potentially toxic heavy
metals. Excessive application of sewage sludge to soil has been found to increase the bioavailability of heavy
metals, but the low doses of sewage sludge did not cause a significant increase in heavy metal concentrations.
Sludge amendment causes enhancement in the activities of soil enzymes, as well as soil microbial activity
due to higher organic matter and nutrients availability. Elevated levels of some heavy metals like Zn in corn
and wheat grain grown on treated sewage sludge applied soil may be helpful in elevating of deficiency of
these micronutrients in humans and animals. Application of sewage sludge in cropland provides essential
nutrients for plant growth and it reduces environmental and economic considerations that limit disposal in
landfills or incineration.

In our study, we found that all heavy metal levels of corn and wheat grains were under threshold values.
Therefore, we concluded that TSS could be used to improve for soil properties and plant nutrients in soils of
Turkey when the heavy metal concentrations there are taken into consideration. However, further studies
must be carried out in the next years to confirm the positive long-term effects of TSS in order to maintain
soil properties and fertility.
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SAZETAK

Kisela tla, s pH reakcijom ispod 5,5, predstavljaju problem u poljoprivrednoj proizvodnji. Kao mjera
podizanja pH reakcije tla i postizanja optimalnih pH vrijednosti cesto prijmjenjuje kalcizacija. Cilj
istrazivanja je utvrditi mogucnost primjene tri nova kalcizacijska materijala (drveni pepeo, filtarska
pradina i bazi¢na troska) te karbokalka kao kalcizacijskog sredstva dostupnog na trzistu. Na temelju
vegetacijskih pokusa analiticki ¢e se utvrditi u¢inak istrazivanih materijala na neutralizaciju suvisne
kiselosti tla te utjecaj na plodnost tla odnosno status hraniva u tlu. Rezultati su pokazali da sva Cetri
kalcizacijska sredstva podizu pH vrijednost tla od kojih se filterska prasina pokazala kao najbolja
a bazi¢na troska najlosija. Na prinos lucerne je jedino primjena pepela pokazala pozitivan utjecaj.
Daljnja istrazivanja vezana za agrotehni¢u primjenu pepela i filtarske prasine su neophodna kako bi
se iskoristio potencijal tih materijala kao poboljsivaca tla.

Kljucne rijeci: isto¢na Hrvatska, kalcizacija, lucerna,

Uvod

Kisela tla (pH manji od 5,5) Siroko su rasprostranjena na podrucju Hrvatske (Kovacevic i sur. 1993) i obu-
hvacaju povrsinu od 1 150 500 ha te ¢ine 20,3% kopnenog dijela RH i ¢ak 50% orani¢nih povrsina. Suvi$na
kiselost tla jedan je od glavnih limitiraju¢ih ¢imbenika visine i kvalitete prinosa u biljnoj proizvodnji. Iz-
ravni razlozi smanjene plodnosti tla su Stetna toksi¢nost kiselih kationa, nedostatak kalcija i magnezija, te
kemijska fiksacija fosfora (Karali¢ i sur. 2013).

Kalcizacijski materijali su kalcijevi i/ili magnezijevi karbonati, oksidi, hidroksidi i silikati koji mogu neutra-
lizirati suvisnu kiselost podizanjem pH reakcije tla (Loncari¢, 2015). Kao materijal za kalcizaciju najcesce se
koristi kalcijev karbonat odnosno mljeveni vapnenac, kalcijsko-magnezijski karbonat tj. mljeveni dolomit,
kalcijev oksid (vapno), kalcijev hidroksid (hidratizirano vapno) ili karbokalk kao nusproizvod iz Sec¢erana.
Sredstva za kalcizaciju vrednujemo prvenstveno na temelju u¢inkovitosti neutralizacije suvi$ne kiselosti tla,
iako pored toga neposredno opskrbljuju biljku raspolozivim oblicima Ca i/ili Mg i posredno utje¢u na niz
kemijskih, fizikalnih i bioloskih svojstava tla. Izbor vrste i izracun potrebne koli¢ine kalcizacijskog sredstva
ovosi o neutralizacijskoj u¢inkovitosti, a osnovna svojstva za ocjenu i usporedbu sredstava za kalcizaciju su:
neutralizacijska vrijednost, finoca Cestica i reaktivnost. U¢inak kalcizacije se pored neutralizacije kiselosti
i povecanja pristupac¢nosti fosfora, kalcija i magnezija, ogleda i u smanjenju pristupacnosti teskih metala
Stetnih elemenata i u intenziviranju procesa mineralizacije (Ivezi¢ i sur. 2016; Karili¢ i sur. 2015).

Osnovna pretpostavka ovog istrazivanja je da kondicioniranje tla s ciljem postizanja optimalne pH vrijed-
nosti i pristupacnosti hraniva u tlu, znacajno povecava plodnost tla. Cilj istrazivanja je bio utvrditi mogu¢-
nost primjene novih karbonatnih i slikatnih, te alternativnih materijala za kalcizaciju (drveni pepeo) koji
do sada nisu bili kori$teni u praksi. Na temelju vegetacijskih pokusa analiticki ¢e se utvrditi uc¢inak takvih
sredstava na neutralizaciju suvi$ne kiselosti tla te utjecaj na plodnost tla odnosno status hraniva u tlu.
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Materijal i metode

Istrazivanje je provedeno na dva razli¢ita lokaliteta na proizvodnim povrsinama tvrtke Osilovac d.o.o. (Nexe
Grupa). Istrazivani materijali su: filterska prasina (proizvod tvrtke Nasicecement d.d.), bazi¢na troska (pro-
izvod tvrtke ABS Sisak d.0.0.), drveni pepeo (Viridas Biomass grupa) te karbokalk (Tvornica Secera Osijek
d.o.0.). Pokusne parcele povrsine od 40 m” su podijeljene na dva dijela gdje je nakon utvrdene neutralizacij-
ske vrijednosti svakog pojedinog kalcizacijskog materijala na jedan dio parcele (20 m?) primijenjena puna
doza kalcizacije potrebna za neutralizaciju suvisne kiselosti dok je na drugi dio parcele (20 m?) primijenjeno
pola doze. Uz kalcijzacijske tretmane na pola pokusne povrsine je primijenjeno i organsko gnojivo - digestat
iz proizvodnje bioplina. U¢inak novih materijala za kalcizaciju smo usporedili s u¢inkom saturacijskog mu-
lja (karbokalk iz proizvodnje $ecera) koji se kao materijal u isto¢noj Hrvatskoj najvisSe koristi za kalcizaciju.
Doze materijala su utvrdene na temelju inicijalne kiselosti i ciljne kiselosti tla, te neutralizacijskoj vrijedno-
sti materijala koja je odredena titracijom (EN 12945:2008). Kao test kultura koristila se lucerna (Medicago
sativa L.), kultura koja ne podnosi kisela tla. Analiticki je utvrden kemijski sastav kalcizacijskih materijala
(makro i mikroelementi, te potencijalno toksi¢ni teski metali) te rezidue pesticida u drvenom pepelu.

Rezultati i rasprava

Analiza tla je pokazala razlicitu kiselost dva istrazivana lokaliteta Beljevine i Zgone (Tablica 1.). Dok su istra-
zivani kalcizacijski materijali pokazali razli¢ite neutralizacijske vrijednosti pa su sukladno tome primjenjene
i razlicite doze kalcizacijskih materijala (Tablica 2). Kori$teni karbokalk je bio uskladisten neko vrijeme na
otvorenome pa je s viemenom doslo do ispiranja kalcija i magnezija zbog ¢ega je neutralizacijska vrijednost
nesto niza nego $to je karbokalk ince ima.

Tablical. Pocetno stanje

. Dubina Humus AL-PO, AL-K,0 Hy
lolalitet cm PHH0 pHKC % mg/100g mg/100g cmol*/kg

Zgone 0-30 5.44 3.98 1.95 22.46 15.89 6.72

Beljevine 0-30 6.19 4.69 2.55 22.49 20.64 5.12

Tablica 2. Neutralizacijske vrijednosti istrazivanih materijala

karbokalk filterska prasina pepel bazi¢na troska

NV (CaO) 25.9 44.4 39.5 38.1

Koncentracije makroelemenata, mikroelemenata i toksi¢nih elemenata u istrazivanim kalcijzacijskim
materijalima i organskom gnojivu (digestat iz proizvodnje bioplina) su znacajno varirale. Tako je bazi¢na
troska, iz Zeljezare Sisak, imala ocekivano visoke koncentracije Fe, Mn i Zn (Tablica 3.).

Sva tri nova kalcizacijska materijala (pepel, filterska prasina i bazi¢na troska) kao i karbokalk su pokazali
pozitivan ucinak na promjenu pH vrijednosti u odnosu na kontrolu. Kao najbolji materijal se pokazala
filtarska prasina, zatim pepel i karbokalk a kao najlosiji bazi¢na troska (Tablica 4. i Graf 1.)

Tablica 3. Koncentracije makroelemenata, mikroelemenata i toksi¢nih elemenata istrazivanih materijala

ELEMENT - K P Cu Fe Mn Zn Pb Cd
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Organsko g. 18215 9247 26.3 982.5 182.9 109.9 0.7 0.3
Troska 339.9 1239 324.3 296366 36870 582.3 61.2 <LD
Pepel 71153 13840 142.5 12693 1173 452.1 27.2 4.6
Fl. Prasina 3145 404 15.0 7985 168.0 23.2 5.8 1.5
Karbokalk 1201 353 6.3 5046 151.5 13.6 2.3 0.9
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Tablica 4. Utjecaj kalcizacije na pH tla

tretman n pH (H,0)
Filterska prasina 2 12 7.132 a
Pepel 2 12 6.797 ab
Karbokalk 2 12 6.626 ab
Pepel 1 12 6.387 bc
Filterska prasina 1 12 6.336 bcd
Karbokalk 1 12 6.329 bcd
Bazi¢na trroska 1 12 6.026 cde
Bazi¢na troska 2 12 5.781 de
KONTROLA 12 5.642 e
1 - pola doze; 2 - puna doza
Main Effects Plot for pH H20
Fited Means
= tretmanl Tretman
700
6.75
£ £.25 T v
600
i T
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Grafikon 1. Utjecaj kalcizacije i primjene organskog gnojiva na pH tla

BT: Bazi¢na troska; Ctrl: kontrola; FP: filterska prasina; Karb: Karbokalk; Pep: Pepel
1 - pola doze; 2 - puna doza

Na prinos suhe tvari lucerne pozitivan uc¢inak je imao samo pepel (Graf 2.) razlog takvog ucinka su najvje-
rojatnije visoke koncentracija K i P koje pepel sadrzi (Tablica 3.). Kori$teno organsko gnojivo (digestat iz
proizvodnje bioplina) je takoder pokazao pozitivan uc¢inak na prinos (Graf 2.).

Main Effects Plotfor lucerna t/ha
Fitted Means
tretmanl Tretman
1.3
1.2+
1.14
1.0+
g 03 P
£, N7
0.7 A
0.6 -
0.5
0.4 . :
‘6"1.& & £ &I EFT T

Graf 2. Utjecaj kalcizacije na prinos (t suhe tvar/ha) lucerne nakon prvog otkosa

OG: organsko gnojivo; Bez OG: bez organskog gnojiva; BT: Bazi¢na troska; Ctrl: kontrola; FP: filterska prasina; Karb:
Karbokalk; Pep: Pepel
1 - pola doze; 2 - puna doza
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Zakonom o gnojivima i poboljsivacima tla (NN 163/03) nisu propisane maksimalno dozvoljene koncentra-
cije toksi¢nih elemenata, no prema pravilniku o zastiti poljoprivrednog zemljista od onecis¢enja (NN 32/10)
koncentracije potencijalno toksi¢nih elemenata u tlu (Cu, Pb, Zn i Cd) u analiziranim materijalima su ispod
maksimalno dozvoljenih vrijednosti izuzev za Cd u pepelu i filtarskoj prasini te Zn i Cu u troski i pepelu
(NN 32/10). No s obzirom da se ovdje ne radi o tlu ve¢ o materijalu koji ¢e biti umjesan u tlo, te vrijednosti
ne mozemo uzeti kao mjerodavan prikaz potencijalnog onecis¢enja. Tako npr. dozvoljene koncentracije Cd
u ,,Pravilniku o gospodarenju muljem iz uredaja za proci$¢avanje otpadnih voda kada se mulj koristi u po-
ljoprivredi“ su 5 mg/kg po ¢emu i pepel i filterska prasina zadovoljavaju propisane uvijete.

Zakljucak

Svi istrazeni kalcizacijski materijali su pokazali pozitivan uc¢inak na neutralizaciju suvi$ne kiselosti. Pepel je
takoder pokazao i pozitivan ucinak na prinos. Neki od istrazivanih materijala imaju povisene koncentracije
teskih metala ali njihovo umjesavanje u tlo za sad nije pokazalo negativan ucinak na kvalitetu tla. Rezultati
prikazani u ovom istrazivanju su rezultati analiza nakon prvog otkosa (lipanj 2016) s obzirom da je pokus
postavljen u ozujku/travnju iste godine, dakle samo 3 mjeseca prije uzimanja prikazanih rezultata za oceki-
vati je da ¢e se daljnjim promatranjem prikazati i promjene u rezultatima vezanima za prinose.

Napomena

IstraZivanja neophodna za ovaj rad dio su VIP projekta 2015-13/71 ,Utvrdivanje ulinkovitosti novih
karbonatnih i silikatnih materijala za kalcizaciju u vegetacijskim pokusima“ kojeg financira MPS RH.
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THE EFFECT OF NEW LIMING MATERIAL ON THE SOIL PH AND YIELD
OF ALFALFA

Abstract

Acidic soils with pH values below 5.5 present a problem in agricultural production. For this reason
liming is applied as a measure to raise the soil pH to optimum. The aim of our research was to
evaluate the compare effectivnes of the three new liming materials (wood ashe, filter dust and
slag) with commonly used lime material available on the market. Two filed trials were set up to
determine the effect of the studied materials to neutralize the acidity, and the impact on soil fertility
and nutrient status in the soil. The results showed that all four liming materials raised the pH of the
soil. Out of these four wood ash showed to be the best while slag was the worst. The yield of alfalfa
increased only with application of ash, probably due to somwhat higher concentrations of potassium
and phosphorus in wood ash. Further research on the application of ash are necessary in order to
exploit the potential of ash.

Key words: alfalfa, eastern Croatia, lime
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SAZETAK

Cilj ovoga istrazivanja bio je utvrditi utjecaj biljaka s nematocidnim djelovanjem (kadifica i
gorusica) na pojavu i brojnost nematoda u tlu, ali i njihov uc¢inak na populaciju biljnoparazitskih
nematoda. Poljski pokus je postavljen u tri tretmana: crveni luk (kontrola), crveni luk s kadificom
i crveni luk s gorusicom. Iako je u istrazivanju najveéi MI izracunat u kontrolnom tretmanu,
najbolji PPI te omjer PPI/MI izrac¢unat je u tretmanu s gorusicom, a slijedi ga tretman s kadificom.
Biljnoparazitske nematode visih cp - grupa (c-p 3) smanjile su udio u populaciji u tretmanima s
gorusicom i kadificom. Moze se zakljuciti da obje biljke imaju nematocidno djelovanje za pojedine
biljnoparazitske nematode.

Kljucne rijeci: biolosko suzbijanje, biljnoparazitske nematode, crveni luk, kadifica, gorusica

Uvod

Nematode, iako su mikroskopskih veli¢ina, zbog velike brojnosti u gotovo svim stanistima, jedne su od
najvaznijih organizama te je njihov znacaj za strukturu zivotnih zajednica nemjerljiv. Ogranicenje aktivnog
kretanja nematoda pruza nekoliko prednosti u eksperimentiranju sa sustavima tla (Ferris, 1993.). Nematode
zive u filmu vode oko cestica tla te ih njihova apsorpcija i reakcija na razlic¢ite otopljene tvari ¢ini najkorisni-
jim pokazateljima zdravlja tla. One imaju vaznu ulogu kao primarni i sekundarni potrosaci u hranidbenim
lancima tla pa procjena njihove raznolikosti i tumacenje funkcija njihove faune ili strukture zajednice omo-
gucuje in situ procjenu ¢imbenika uznemirenja (Bongers i Ferris, 1999.).

Osim nematoda koje ¢ovjek smatra korisnima, troficka grupa biljnoparazitskih nematoda svojim nac¢inom
ishrane moze stvoriti velike Stete u poljoprivredi, bilo direktno, o$te¢ivanjem biljke, ili indirektno, stvara-
njem ulaznih mjesta za mnogobrojne patogene organizme (McSorley, 1997.) te prenosenjem virusa. Dok
neke od njih $tete ¢ine samo na jednom domacinu (Heterodera carotae Jones), druge su izraziti polifagi i
kozmopoliti (Meloidogyne spp.).

Ostrec (1998.) istice kako se zastita od biljnoparazitskih nematoda temelji na odrzavanju njihove brojnosti
ispod praga Stetnosti, pri ¢emu su od velikoga znacaja preventivne mjere zastite. lako su biljnoparazitske
nematode Cesti $tetnici u povréu, nedostaju uc¢inkovite mjere suzbijanja (Bafokuzara, 1978). Koristenje ne-
matocida je ograniceno, a neki su na svjetskom trzistu i zabranjeni (Sayre, 1986), $to dovodi do povecane
potrebe za alternativnim mjerama suzbijanja, pojedinacno ili u intergriranom programu mjera suzbijanja.
Jedna od takvih mjera zastite je biolosko suzbijanje nematoda biljkama koje iz svoga korijena luce sekrete za
koje se smatra da imaju nematocidno djelovanje (Tagetes patula L., Tagetes erecta L., Sinapis alba L., Aspara-
gus officinalis L., Brassica nigra L., Crotolaria L. spp., Ambrosia L. spp., Polygonum L. spp. itd.).
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Materijal i metode

Pokus je postavljen 18. 03. 2016. godine na lokalitetu Strizivojna (Osjecko-baranjska Zupanija). U nasadu
crvenog luka (Allium cepa L.), sorte Holandski zuti, provedena su tri tretmana: crveni luk (kontrola); cr-
veni luk u kombinaciji s kadificom (T. patula ) te crveni luk u kombinaciji s gorusicom (S. alba). u Cetiri
ponavljanja. Pokus je postavljen po slu¢ajnom blok sustavu, a veli¢ina osnovnih parcelica iznosila je 1m?
Dva mjeseca nakon postavljanja pokusa, 10. 05. 2016. godine, sa svakog tretmana prikupljani su uzorci tla
pomocu sonde za uzimanje uzoraka, s dubine 1-20 cm. Ukupno je uzeto 12 uzoraka tla (3x4), mase 500 g,
od kojih je 100 g tla odvojeno za ekstrakciju nematoda.

Nematode su iz uzoraka tla izdvojene Baermannovom metodom lijevaka (Baerman, 1917.). Nakon izdva-
janja nematoda iz tla, njihova brojnost utvrdena je pregledom uzoraka pod lupom (Olympus SZX), a pre-
gled zajednice nematoda pod mikroskopom (Olympus BX50). Determinacija nematoda do roda obavljena
je pomocu kljuceva za determinaciju: Bongers (1994.), Mai i Lyon (1975.). Promjene zajednica nematoda
ovisno o tretmanima analizirane su kroz ukupnu brojnost nematoda, broj rodova, troficke grupe te su izra-
¢unati indeksi uznemirenja, a rezultati pokusa su statisticki obradeni programom Poljoprivredne statistike
(Statisticki paket VVStat) provodenjem analize varijance.

Rezultati i rasprava

U ovom istrazivanju utvrden je razlicit utjecaj kadifice i gorusice na zajednicu nematoda u tlu, s naglaskom
na biljnoparazitske nematode. Postotni udio prisutnih rodova mijenja se ovisno o tretmanima (tablica 1.).
Udio pojedinih biljnoparazitskih rodova, kao $to su Paratylenchus i Pratylenchus se smanjio u oba tretmana
s nematocidnim biljkama, dok je rod Helicotylenchus bio utvrden samo na kontroli. Da razlicite biljke razli-
¢ito djeluju na nematode najbolje pokazuje rod Tylenchorhynchus smanjivsi udio u populaciji kod tretmana
s goru$icom, a povecavaju¢i udio u tretmanu s kadificom u odnosu na kontrolu. Visina populacije roda
Tylenchus, u odnosu na kontrolu, raste u oba tretmana s nematocidnim biljkama, dok se ostali determinirani
rodovi pojavljuju samo u tretiranim uzorcima.

Tablica 1. Brojnost biljnoparazitskih rodova nematoda (% od ukupnog broja nematoda u prosjecnom
uzorku od 4 ponavljanja) u poljskom pokusu na lokalitetu Strizivojna 2016.

Rodovi biljnoparazitskih
nematoda Tretman
kontrola crveni luk s kadificom  crveni luk s gorusicom

Helicotylenchus 0,51 - -

Malenchus - 0,3 -
Paratylenchus 1,01 0,3 0,41
Pratylenchus 2,54 2,08 0,81
Psilenchus - 0,3 0,41
Tylenchorhynchus 0,51 0,89 0,41
Tylenchus 2,03 2,97 5,69

Ukupna brojnost nematoda (tablica 2.) veca je u oba tretmana u odnosu na kontrolni tretman, (no samo
tretman s gorusicom pokazuje statisticku znacajnost, LSD 0.05 SIG. = 128.1376) zbog kolonizera koji se
javljaju nakon nekog uznemirenja zajednice nematoda (u ovom slucaju zbog biljaka s nematocidnim dje-
lovanjem). S obzirom na to, i u kontroli je znacajno visa (LSD 0.01 SIG. = 0.2502) vrijednost MI (Maturity
Index), indeksa zrelosti tla baziranog na fauni nematoda bez biljnih parazita koji sluzi za mjerenje uznemi-
renja okolisa (Bongers, 1990). Ve¢i PPI (Plant-Parasitic Index) u kontroli dokazuje da su tretmani u kojima
su posadene biljke s nematocidnim djelovanjem smanjili populaciju biljnoparazitskih nematoda visih c-p
gupa i time smanyjili o$tecenja na biljkama. Neke biljnoparazitske nematode iz rodova porodice Tylenchidae:
Malenchus i Tylenchus su dominantne u svakoj vrsti tla (Bongers i sur., 1989), pripadaju c-p grupi 2, a neki
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rodovi podreda Tylenchina imaju osobine kolonizera (Paratylenchus), dok drugi rodovi (Helicotylenehus
i Pratylenchus) ukazuju na stabilniji ekosustav i pripadaju c-p grupi 3 (Boag i Alphey, 1988.). Odnos PPI/
MTI je nizi kod siromasnih sustava, nego kod sustava bogatih hranjivima, a pozeljne vrijednost kre¢u se oko
1 te je taj omjer najbolji kod tretmana s gorusicom u ovom pokusu. Tamis (1986.) je proucavao strukturu
zajednice nematoda te zaklju¢io da povisenjem MI, PPI se smanjio, te omjer PPI/MI ukazuje na stabilniji
sustav. Proucavajuci troficke grupe nematoda u pokusu utvrdeno je kako se postotni udio bakterivora (Ba),
fungivora (Fu), biljnih parazita (Bp) te omnivora (Om) nije mijenjao znac¢ajno unutar tretmana, dok pre-
datori (Pr) nestaju zbog uzemirenja te su utvrdeni u kontrolnom tretmanu u najvecoj brojnosti, a potom u
tetmanu s kadificom, dok u tretmanu s gorusicom nisu utvrdeni.

Tablica 2. Indeksi uznemirenja, postotak trofickih grupa te indeksi hranidbenog lanca nematoda utvrdeni
u poljskom pokusu na lokalitetu Strizivojna, 2016.

Tretman
kontrola crveni luk s kadificom  crveni luk s gorusicom
Ukupan broj nematoda 104.750 312.250* 123.250
Broj rodova 13.750 14.250 11.750
MI 2.097** 1.865 1.768
MI (2-5) 2.455* 2.222 2.190
PPI 2.600 2.457 2.142
PPI/MI 1.237 1.315 1.21
Ba % 61.000 66.500 66.500
Fu % 19.500 21.500 21.750
Bp % 7.250 7.250 8.000
Om % 4.500 3.750 3.750
Pr % 7.750 1.000 0.000
EI 66.415 68.210 72.488
SI 52.425 32.215 25.487
CI 17.895 16.073 15.438
BI 24.595 27.623 24.900

EI (Enrichment Index) koji je pokazatelj stanja raspolozivih hranjiva u tlu, povecava se kod tretmana nema-
tocidnim biljkama (posebno kod tretmana s gorusicom), ukazuje na povec¢anu aktivnost bakterivora i bolju
razgradnju organske tvari (tablica 1.). Pokazatelj zrelosti odredenog ekosustava koji je bio izlozen uznemi-
renju ili je u periodu oporavka od uznemirenja je SI (Structural Index), te veca vrijednost ovog indeksa kod
kontrole ukazuje na stabilni ekosustav s velikom raznolikos¢u rodova u odnosu na tretmane s kadificom i
gorusicom. CI (Channel Index) je pokazatelj razgradenosti organske tvari u tlu i manja vrijednost i u kon-
troli i u tretmanima s nematocidnim biljkama ukazuje na veliku brojnost bakterivora koje sudjeluju u raz-
gradnji organske tvari u tlu. Samo nematode iz visih c-p grupa (3-5) obuhvaca BI (Basal Index) i pokazuje
za koliko je smanjena brojnost navedenih nematoda uslijed raznih stresnih uvjeta, te se ta razina znacajno
ne razlikuje u ispitivanim tretmanima.

Verma i sur. (1978.) su utvrdili da vrste rodova Tagetes i Datura smanjuju populaciju nematoda korijenovih
kvrzica u tlu, zatim je Oduor-Owino (1993) koristio iste biljke za suzbijanje vrsta roda Meloidogyne. Iako
su se obje biljke dokazale kao dobre alternativne mjere suzbijanja, vrsta Datura stramonium L. se pokazala
nesto boljom.
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Hooks i sur. (2010.) smatraju da se, unato¢ promjenjivoj uc¢inkovitosti kadifice kod pojedinih kultivara, vrsta
nematoda i rasponu temperatura, mogu Kkoristiti kao sredstvosuzbijanja, te da u nekim slucajevima koriste-
nje kadifice daje bolje rezultate nego neki fumiganti i kemijski nematocidi.

Alexander i Waldenmaier (2002.) utvrdili su kako se populacija nematoda smede pjegavosti korijena
(Pratylenchus penetrans (Cobb, 1917) Filipjev and Schuurmans Stekhoven, 1941) smanjila do 98% kada je
u plodored Lycopersicon esculentum Mill uvrstena T. erecta, a Ploeg (2002.) pokazuje da L. esculentum ima
vece prinose kada je saden nakon Tagetes spp. usporedujudi ih s prinosima u fumigiranom tlu.

Biljke s nematocidnim djelovanjem se mogu, medutim, natjecati za prostor i hranjiva u polju, te imaju
sporije djelovanje u odnosu na nematocide. No, iako djelovanje nije brzo, pruzaju stabilniju i dugotrajniju
zastitu nego kemijske metode (Baker i Cook, 1974.).

Zakljucak

Na osnovi postavljenog pokusa i analiziranih podataka, moze se zakljuciti da je utvrden utjecaj kadifice (Ta-
getes patula L.) i gorusice (Sinapis alba L.) na pojavu i brojnost nematoda u crvenom luku (Allium cepa L.),
kao i u¢inkovitost u suzbijanju biljnoparazitskih nematoda.

Najveca brojnost nematoda utvrdena je u tretmanima s nematocidnim biljkama, posebno u tretmanu s
kadificom zbog namnozavanja kolonizera koji pridonose niskom MI, te je najve¢i MI utvrden na kontroli.
PPI, kao i PPI/MI su ukazuju na potencijalno manje $tete od biljnoparazitskih nematoda u oba tretmana s
nematocidnim biljkama, posebno u tretmanu s gorusicom.

Postotak trofickih grupa se nije znacajno promijenio za bakterivore, fungivore, biljne parazite te omnivore
u svim ispitivanim tretmanima, dok je u tretmanima s nematocidnim biljkama smanjena populacija preda-
tora, pokazatelja stabilnog sustava.

Od indeksa hranidbenog lanca, EI ukazuje na najbolju aktivnost bakterivora te raspolozivog hranjiva u tlu
u tretmanu s gorusicom, dok SI ukazuje na stabilniji ekosustav u kontroli. CI ukazuje na podjednaku visoku
brojnost bakterivora koje sudjeluju u razgradnji organske tvari u svim tretmanima, kao i podjednaki BI.

Dok je kadifica najvise utjecala na brojnost nematoda, gorusica je djelovala negativnije na biljnoparazitske
nematode visih c-p grupa te pokazivala najbolji PPI i PPI/MI omjer, te mozemo zakljuciti da obje biljke, a
posebice gorusica, imaju nematocidno djelovanje za pojedine vrste biljnoparazitskih nematoda.

Literatura

Alexander, S.A., Waldenmaier, C.M. (2002). Suppression of Pratylenchus penetrans populations in potato and tomato
using African marigolds. Journal of nematology. 34 (2): 130-134.

Baermann, G. (1917). Eine eifache Methode Zur Auffindung von Anklyostomum (Nematoden) larven in Erdproben.
Geneesk. Tijdschr. Ned.- Indie. 57: 131-137.

Bafokuzara, N. D. (1978). Population Dynamics of Nematode Parasites and Evaluation of Damage by Meloidogyne
javanica to some Common Vegetables in the Kenya Highlands. MSc thesis, Department of Zoology, University of
Nairobi. 194. Kenya.

Baker, K. E, Cook, R. J. (1974). Biological Control of Plant Pathogens, Freeman. 433. San Francisco.

Boag B., Alphey T. J. W. (1988). Influence of interspecific competition on the population dynamics of migratory
plant-parasitic nematodes with r and K survival strategies. Revue Nématol. 11(3): 321-326.

Bongers, T. (1990). The maturity index: an ecological measure of environmental disturbance based on nematode spe-
cies composition. Oecologia 83 (14): 4-19.

Bongers, T. (1994). De Nematoden van Nederland. KNNV-bibliotheekuitgave 46. 408. Pirola, Schoorl.

Bongers, T., Ferris, H. (1999). Nematode community as a bioindicator in environmental monitoring. Trends in Ecology
and Evolution. 14 (6): 224-228.

Bongers T., Goede R. G. M de, Kappers, E 1., Manger, R. (1989). Ecologische typologie van de Nederlandse bodem op
basis van de vrij levende nematodenfauna. RIVM-rapport nr. 718602002

Ferris, H. (1993). New frontiers in nematode ecology. Journal of Nematology. 25 (3): 374-382.

Hooks, C.R.R., Wang, K.H., Ploegc A., McSorley, R. (2010). Using marigold (Tagetes spp.) as a cover crop to protect
crops from plant-parasitic nematodes. Applied Soil Ecology. 46 (3): 307-320.

1 Agroecology, Organic Agriculture and Environment Protection
64 52" CROATIAN AND 12" INTERNATIONAL SYMPOSIUM ON AGRICULTURE | February 12-17, 2017 | Dubrovnik, Croatia



Utjecaj biljaka s nematocidnim djelovanjem na nematode u tlu

Mai, W.E, Lyon, H.H. (1975). Pictorial key to genera of plant-parasitic nematodes. 219. London. Cornell University
Press.

McSorley, R. (1997). Soil Inhabiting Nematodes, Phylum Nematoda. University of Florida. Institute of Food and Agri-
culture Sciences, ENY - 058, 1-9.

Oduor-Owino, P. (1993). Effects of aldicarb, Datura stramonium, Datura metel and Tagetes minute on the pathogenicity
of root-knot nematodes in Kenya. Crop Protection. 12 (4): 315-317.

Ostrec, Lj. (1998). Zoologija: Stetne i korisne zivotinje u poljoprivrei. 232. Zrinski. Cakovec.

Ploeg, A.T. (2002). Effects of selected marigold varieties on root-knot nematodes and tomato and melon yields. Plant
Disease. 86 (5): 505-508.

Sayre, R. M. (1986). Pathogens for biological control of nematodes. Crop Protection. 5(4): 268-276

Tamis W (1986). Nematoden in een Ammonium depositie gradient in een Grovedennenbos. Hydrobiologisch Advies-
buro Klink by Wageningen. Rapporten en Mededelingen 23

Verma, M. K., Sharma, H. C. and Pathak, V. N. (1978). Efficacy of Tagetes patula and Sesamum orientale against root-
knot of egg plant. Plant Disease. 62: 274-275.

EFFECT OF NEMATICIDAL PLANTS ON SOIL NEMATODES

Abstract

The aim of this study was to determine the influence of plants with nematicidal activity (marigold and
white mustard) on the appearance and abundance of nematodes in the soil, but also their effectiveness
in the control of plant parasitic nematodes. Field trial was conducted in three treatments: red onion
(control), red onion with marigold and red onion with white mustard. Although the best MI was
calculated for control treatment, the best PPI and PPI/MI ratio was calculated in treatment with
white mustard, followed by treatment with marigold.Higher cp-group plant-parasitic nematodes
(c-p 3) reduced the share of the population in treatments with marigold and white mustard. It can
be concluded that both plants have nematicidal activity for some plant parasitic nematodes.

Key words: biological control, plant parasitic nematodes, red onion, marigold, white mustard
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SAZETAK

Delta Neretve danas predstavlja najvece i najvrijednije ostatke mocvarnih podrucja Mediterana,
koji su zbog svoje bioraznolikosti uvrsteni na Popis vlaznih staniSta od medunarodnog znacenja.
Deltu Neretve prvotno je ¢inilo dvanaest rukavaca i $est jezera, no danas, uslijed visedesetljetnih,
intenzivnihinesustavno provodenih gospodarskih aktivnostiihidrotehnickih zahvata duz njena toka,
¢ine vodonatapne akumulacije i centralni vodotok korita Neretve. Iako devastirana, delta Neretve i
danas posjeduje znacajne resursne potencijale u vidu bioraznolikosti, specificnih mikroklimatskih
uvjeta te vodnog i poljoprivrednog potencijala ¢ije koristenje zahtjeva primjenu pomno planiranog
koncepta hrvatsko-bosanskohercegovackog prekograni¢nog integralnog upravljanja utemeljenog na
aktivnom sudjelovanju svih zainteresiranih strana te jacanje institucionalnih, financijskih i drugih
mjera u cilju o¢uvanja i daljnjeg odrzivog razvoja delte Neretve.

Kljucne rijeci: Neretva, delta, resursi, integralno upravljanje

Uvod

Rijeka Neretva najduza je rijeka Jadranskog sliva. Izviruc¢i na nadmorskoj visini od 1.095 m u Bosni i Herce-
govini, ispod planina Zelengore i Lebrsnik i ulijevajuci se u Jadransko more na podrucju Republike Hrvat-
ske, neraskidivo povezuje dvije susjedne drzave u gospodarskom, drustvenom, okolisSnom, pravnom i poli-
tickom smislu. Delta rijeke Neretve je pretezno ruralno podrucje koje obuhvaca 20.000 hektara, djelomi¢no
smjestenih u Bosni i Hercegovini, a djelomi¢no u Hrvatskoj (Hrvatska enciklopedija, 2016.).

Sa stanovista krajobrazne raznolikosti, delta Neretve sadrzi najvece i najvrjednije ostatke sredozemnih mo-
¢vara u Hrvatskoj koje uklju¢uju vodotoke i jezera, prostrane trscace, vlazne livade, pjeS¢ane obale, spru-
dove, slanuse i lagune te rubno kr$ko nadzemlje i podzemlje koje predstavljaju izvrsnu podlogu velikoj
bioraznolikosti flore i faune. Delta Neretve je oduvijek bila poznata po bogatstvu ptica i riba, a iako znacajno
osiromasena, novija istrazivanja bioraznolikosti ovoga prostora pokazuju da je kvalitativni sastav ornito i
ihtiofaune jo$ uvijek izuzetno bogat te da bi, uz adekvatnu zastitu stanista i smanjen antropogeni pritisak,
njihov oporavak bio mogu¢. Navedena bioraznolikost je u podrucju delte zastupljena u mjeri koja ovaj pro-
stor ¢ini nacionalno i medunarodno znac¢ajnim podrucjem.

Gospodarstvo delte Neretve karakterizira jednostavna sektorska struktura, izrazito nizak udjel preradivacke
industrije te, osim trgovine i luckog poslovanja, nedovoljno razvijen tercijarni sektor sto otezava tehnolosku
modernizaciju i znacajnije povecanje produktivnosti ukupne proizvodnje. S druge strane visoki je udjel
primarnog sektora u poljoprivredi i turizmu koji zaposljava veliki broj osoba i u kojem se uglavnom stvaraju
proizvodi niske dodane vrijednosti i s niskom razinom produktivnosti u odnosu na europske standarde. U
razdoblju od 2011. do 2014. godine znatno su smanjene gospodarske aktivnosti na podrucju delte Neretve.
Broj poduzetnika smanjen za 11,6%, a ukupni prihodi za ¢ak 17%.
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Poljoprivreda, lov i ribolov tradicionalne su aktivnosti ovog podrucja, a zbog nedostatka drugih izvora
prihoda i povecane nezaposlenosti, ponovno postaju osnove djelatnosti lokalnog stanovnistva. Zahvaljujuci
melioracijama, mocvarna podrucja rijeke Neretve pretvorena su u plodne poljoprivredne povrsine. Od po-
ljoprivrednih kultura prevladavaju nasadi mandarina i povr¢a, a na rubnim dijelovima su stari i novi nasadi
maslina i vinove loze (vinogorje Komarna). Blaga klima, plodno aluvijalno tlo i obilje vode omoguéuju
visekratnu berbu u delti, kako na otvorenom, tako i u plastenickoj proizvodnji. Prema dostupnim podaci-
ma, oko 3.500 poljoprivrednih gospodarstava bavi se poljoprivrednom proizvodnjom na hrvatskom dijelu
delte Neretve, a na bosanskohercegovackom dijelu priblizno jdenak broj, iako se navedeni podaci ne slazu
sa sluzbenim statistickim podacima, ve¢ su proizvod lokalne analize. Treba napomenuti da se visoki prinosi
najcesce ostvaruju i uz znacajnu primjenu agrokemikalija (mineralna gnojiva i pesticidi) koje s vremenom
dospijevaju u povrsinkse i podzemne vode ovog podrucja.

Uz poljoprivredni, delta Neretve posjeduje i znacajan turisticki potencijal uslijed svoje iznimne biorazno-
likosti te je uvrstena na Popis vlaznih staniSta od medunarodnog znacenja tzv. Ramsarsku konvenciju. Do
danas je zabiljezeno 311 vrsta ptica i 50 vrsta slatkovodnih ribe, od kojih je 17 vrsta uskog podrucja raspro-
stranjenosti te 43 vrsta riba bocatih i morskih stanista (www.ramsar.org, Glamuzina i sur., 2013.).

Cilj ovog rada je prikaz resursnih potencijala delte Neretve uz naglasak na krhkost ovog podrucja u ekolos-
kom smislu, kao i ukazivanje na nuznost primjene koncepta integralnog upravljanja pri njihovu iskorista-
vanju koje treba biti utemeljeno na znanstvenoj i stru¢noj osnovi, a prije svega na prekograni¢noj suradnji
interesnih skupina na cijelom podrucju toka rijeke Neretve.

Postanak i geomorfoloske odlike delte Neretve

Duzina toka rijeke Neretve je 218 km, od ¢ega samo 22,3 km je toka na podrucju Republike Hrvatske.
Njeno orografsko porjecje iznosi oko 5.580 od ukupno 10.100 m* (Margeta i Fistani¢, 2000.). Dana$nji
reljef kopna i podmorja u podrucju doline i us¢a Neretve posljedica je tektonskih i klimatskih promjena
te promjena razine mora tijekom geoloske proslosti. Neotektonski pokreti od donjeg pliocena do danas,
imali su presudan utjecaj na stvaranje delte. Osnova postanka donjeg toka rijeke Neretve tektonski je pre-
disponirana i vezana uz rasjednu zonu okomitu na pruzanje Dinarida, duz koje je voda modelirala svoju
dolinu, dok su za stvaranje delte bile su potrebne velike koli¢ine materijala kojeg je, prema procjenama
s pocetka 20. stoljec¢a, Neretva godiSnje donosila oko 500.000 m?, kao i mala energija morskog okolisa.
Kako us¢e Neretve nije bilo izlozeno jakom djelovanju valova i morskih struja, ostvareni su svi uvjeti za
nastanak delte s ukupnim povrsinom oko 170 km?, od ¢ega 120 km? ili 70% teritorijalno pripada Repu-
blici Hrvatskoj (Juracic¢, 1998.).

Hidroloski i turisticki potencijali delte Neretve

Pretezito krska grada slivova Neretve i Trebisnjice te gibanje oborinskih voda podzemnim i povrsinskim
tokovima od presudnog je utjecaja za razvoj i odrzavanje biocenoze te genezu vec¢ine morfoloskih krskih
pojava, kojima ovo podrucje obiluje poput podzemnih $pilja, jama, vrulja, oka, ponora, estavela, izvora i
krskih polja na razli¢itim nadmorskim visinama. Srednja godi$nja vrijednost oborina u slivu Neretve iznosi
1650 mm, dok srednji godis$nji protok Neretve iznosi 269 m?/s. Prema statistickim podacima, temperaturni
raspon na podrucju delte Neretve se krece od -29 do +43 °C, dok prosjecna godi$nja temperatura zraka za
grad Opuzen iznosi 15,7 °C (Margeta i Fistani¢, 2000).

Gornji dio sliva Neretve karakterizira intenzivno povrsinsko dotjecanje, dok je za sredi$nji dio sliva karak-
teristicno podzemno dotjecanje vode. Prirodne povrsinske akumulacije vode napajaju brojne izvore rijeka i
vrela u slivu Neretve, dok glavne prirodne podzemne akumulacije vode nastaju u planinskim morfostruktu-
rama Vilinca, Cvrsnice, Cabulje i Prenja. Najslozeniji sustav doticanja vode, uslijed Sirine slivnog podruéja,
ima donji tok Neretve gdje je intenzivno podzemno dotjecanje vode iz sliva Mostarskog Blata, Ljubuskog
polja, Rastoka, Vrgorackog polja (Jezero) i Bacinskih jezera s desne strane te iz Popovog polja s lijeve strane
Neretve (Miseti¢ i sur., 2005). Brojni izvori vode na rubovima delte napajani su podzemnim vodama iz po-
nora lociranih na uzvodnim povrsinama slivova. Slika 1 prikazuje slivove Neretve i Trebi$njice s njihovom
medusobnom vododjelnicom i trasiranim drzavnim granicama, vododjelnicama sliva Neretve i Cetine te
Jadranskog i Crnomorskog sliva.
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Slika 1. Povrsinski vodotoci slivova Neretve i Trebignjice (Stambuk-Giljanovi¢, 1998.)

Uslijed navedenih topografskih specifi¢nosti, na slivu rijeke Neretve posljednjih je desetljeca izgradeno 8 hi-
droelektrana (HE Jablanica, HE Rama, HE Grabovica, HE Salakovac, HE Pe¢-Mlini i HE Mostarsko Blato),
a na slivu rijeke Trebisnjice 4 hidroelektrane (HE Dubrovnik, HE Trebinje 1, RHE Capljina i HE Trebinje 2).
U sklopu projekta ,,Gornji Horizonti“ u planu je izgradnja jos dvije hidroelektrane na slivu rijeke Neretve i
tri hidroelektrane na slivu rijeke Trebi$njice (Vranjes i sur., 2013.) $to predstavlja potencijalu ugrozu opstoj-
nosti delte Neretve kakvu danas poznajemo. Navedenim projektom vode rijeke Bune i njenog pritoka Buni-
ce te vode slivova Dabarskog, Fatnickog i Nevesinjskog polja planiraju se preusmjeriti izgradenim kanalima
i tunelima u akumulaciju Bile¢a za potrebe buduce hidroelektrane na Trebi$njici, a §to ¢e prema tvrdnjama
struke, neminovno imati posljedice po vodne rezime Bune, Bunice, Bregave te Deranskog jezera i Svitavskog
blata i ekosustayv, a koje e se, ponajprije ocitovati kao porast saliniteta vode i zaslanjenje tla delte Neretve.
Smanjenje koli¢ine vode koja dotjece u deltu Neretve smanjit ce i bioraznolikost koja deltu Neretve ¢ini za-
nimljivim i u turistickom smislu. Prema Ramsarskoj listi (www.ramsar.org) na podrucju delte zabiljezeno je
311 vrsta ptica, od toga 116 vrsta gnjezdarica i 35 vodarica, dok su Glamuzina i suradnici zabiljezili ukupno
93 vrste riba, od koji 50 slatkovodnih te 43 vrste riba bocatih i morskih stanista. Lovni i ribolovni turizam
takoder se smatraju znacajnim dijelom turistickog potencijala ovog podru¢ja (Glamuzina i sur., 2013).

Potencijali poljoprivredne proizvodnje delte Neretve

Poljoprivreda je najvaznija gospodarska djelatnost u delti Neretve. Tijekom visokih vodostaja, Neretva u
deltu tisu¢ama godina donosi velike koli¢ine otopljenih hranjivih tvari koje kontinuirano prihranjuju tlo,
¢inedi ga izrazito plodnim, a povoljni klimatski uvjeti, aluvijalno tlo, obilje vode te melioracijski zahvati
omogucuju videkratne berbe. Od vocarskih kultura, na priblizno 3.000 ha, najceSce se uzgajaju agrumi,
jabucasto, kostunjic¢avo, jagodasto i bobicasto voce. Od povrtnih kultura, na priblizno 1.000 ha oranica, pro-
izvodi se oko 6.000 t/godisnje plodovitog i lisnatog povréa u plastenicima, dok se izvan plastenika godis$nje
proizvede oko 26.000 tona povrc¢a. Na otvorenom se najvise proizvodi plodovito i zeljasto povrce te lisnato,
korjenasto, gomoljasto, lukovicasto i bobicasto voce, dok na rubnim dijelovima delte prevladavaju stari i
novi nasadi maslina i vinove loze (Siljkovic’ i Glamuzina, 1999., LAG Neretva, 2013.)

Delta Neretve poznata je po nasadima mandarina. 2012. godine ukupno je na trziste plasirano 50.000 t man-
darina, od cega je priblizno 15.000 t prodano na domacem trzistu, a ostale koli¢ine su izvezene. Procjenjuje
se da je pravilnom primjenom agrotehnic¢ih mjera moguca godi$nja proizvodnja mandarina i do 100.000 t
(LAG Neretva, 2013.). No, znacajan problem, uz provedene, ali i planirane hidrotehnicke mjere predstavlja i
nedovrsen melioracijski sustav (kanali i akumulacije) kojim nije moguce navodnjavati usjeve u vegetacijskoj
sezoni. Kakvocu vode Neretve za navodnjavanje znacajno umanjuju i otpadne vode okolnih naselja koje se
bez prethodnog procis¢avanja ispustaju u Neretvu te procjedne vode neadekvatno izgradenih odlagalista
otpada $to je uo¢eno u obodnom kanalu na lijevom dijelu delte, Mislini i jezeru Kuti.

Strategiju poljoprivredne proizvodnje otezava i sustav vlasni$tva poljoprivrednih povrsina, oblik parcela,
plodored kultura, degradiran sustav odrzavanja hidrotehnickih objekata, ali i lov i ribolov koji se provode
bez ucinkovitog nadzora. Nazalost, svega 25% poljoprivrednih povrsina uvedeno u nacionalni sustav iden-
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tifikacije zemljisnih parcela, tzv. ARKOD, koji je osnova za financijsku potporu poljoprivrednoj proizvodnji
u Europskoj uniji, odnosno osnova za moguénost ostvarivanja poticaja sukladno specifi¢cnim pravilima Eu-
ropske unije. Priblizno 2/3 od spomenutih povrsina koristi moguc¢nost ostvarivanja poticaja sukladno speci-
ficnim pravilima i posadenim kulturama (Tablica 1). Navedeni podaci nazalost nisu dobra pozicija za daljnji
razvoj poljoprivredne proizvodnje i preradivackih kapaciteta u delti Neretve, a poziciju dodatno narusava
intenzivno i samoinicijativno provodenje melioracijskih zahvata teskim gradevinskim strojevima od strane
lokalnog stanovni$tva ¢ime se nanosi viSestruka $teta ukupnoj bioraznolikosti i vodnom rezimu u delti.

Tablica 1. Odnos ukupnih i za potpore prijavljenih poljoprivrednih povrsina po gradovima i op¢inama na
podrucju delte Neretve

Grad/ Kula Metkovi¢ | Opuzen Ploce Pojezerje | Slivno | Zazablje | ukupno
Opéina Norinska (ha)
oranice 19,79/ 170,22/ | 111,57/ | 289,8/ 4464/ 27,88/ 78,11/ | 742,01/

7.7 64,71 54,53 183,07 30,68 17,32 28,32 386,33
staklenici na 25/ 25,36/ 12,35/ 3,38/ 0,04/ 1,2/0,71 2,15/ 46,98 /
oranici 0,53 7,34 7,79 1,0 0,04 0,33 17,74
livade 1,36/ 30,13/ 456/ 6,27 / 1,83/ 0,28/ 6,59 / 51,02/
1,14 20,65 1,78 3,53 1,37 _ 5,38 33,85
krski paSnjaci 1,51/ 3,68/ 1,44/ 1,3/ 0,36/ 0,14/ 370,51/ | 378,94/
0,55 0,13 0,39 1,21 0,36 _ 237,77 240,41
vinogradi 2,36/ 28,78/ 4,62/ 262,11/ | 397,84/ 77,95/ 4,19/ 777,85/
0,38 14,04 2,67 235,06 | 351,76 77,71 2.7 684,32
iskréeni vinogradi 0,12/ -/ 0,77/ -/ 0,4/ -/ -/ 1,29/
- 0,05 - 0,7 0,4 - - 1,15
voénjaci 94,39/ 207 6/ | 1068,33/ | 380,71/ | 27,92/ 351,68/ | 62,13/ |2192,76/
41,0 77,99 789,6 261,42 20,38 202,39 34,66 1427.,44
maslinici 37,67/ 16,38/ 15,57/ 88,68 / 3,07/ 80,09/ 11,47/ | 252,93/
22,12 5,2 8,44 43,01 2,39 58,59 4,21 143,96
mjes. viseg. 4,16/ 13,16/ 18,39/ 21,25/ 11,21/ 8,11/ 1,17/ 77,45/
nasadi 1,53 2,93 12,63 10,85 8,82 4,94 1,06 42,76
rasadnici -/ 10,72/ 2,29/ 0,29/ 0,1/ -/ 2,41/ 15,81/
. 8,42 2,29 0,29 0,1 . 1,06 12,16
ostale vrste 0,23/ 1,63/ 0,77/ 35,43/ 27,97/ 2,15/ 0,43/ 68,61/
zemljista . 0,82 0,67 28,6 27,71 0,05 . 57,85
ukupno (ha) 163,97/ | 507,78/ | 1239,89/ | 1089,99 | 515,38/ | 549,48/ | 539,16/ | 4605,65/
74,95 202,28 880,79 | /768,74 | 444,01 361,71 315,49 | 3047,97

Zakljucak

Resursni potencijali delte Neretve omogucili su tisucljetnu opstojnost lokalnog stanovnistva, a prije svega
se ogledaju kroz specifi¢cne mikroklimatske uvjete, dostupnost velikih koli¢ina slatke vode i plodno tlo po-
godno za uzgoj razli¢itih povrtlarskih kultura i juznog voca. Nije zanemariv ni turisticki potencijal ovog
podrucja koji se ogleda u bioraznolikosti delte Neretve te u posebnosti bocatih laguna rijetkim u danasnjoj
Europi, kao i samom geografskom polozaju delte.
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Nazalost, navedeni potencijali delte Neretve, danas vi$e no ikad, zna¢ajno su ugrozeni brojnim i nesustav-
nim hidrotehni¢kim zahvatima izvedenim duz cijelog toka Neretve koji narusavaju vodni rezim u delti
$to za posljedicu ima porast saliniteta voda u delti i zaslanjenju izrazito plodnog tla. Nastavkom nebrige i
provodenjem ekoloski neprihvatljivih postupaka koristenja potencijala Neretve, njenih pritoka i delte te bez
primjene koncepta prekograni¢nog integralnog upravljanja utemeljenog na znanstvenoj i stru¢noj osnovi,
delta Neretve nesumnjivo je osudena na daljnju devastaciju koja ¢e, izmedu ostalog, rezultirati nepopravlji-
vom S$tetom u ekoloskom i gospodarskom smislu te smanjenjem potencijala i vrijednosti ovog jedinstvenog
mocvarnog podrudja na isto¢noj obali Jadranskog mora.
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RESOURCE POTENTIAL OF THE NERETVA DELTA
Abstract

Neretva Delta today presents the largest and most valuable remnants of the Mediterranean wetlands,
which are, due to its biodiversity, designated wetlands of international importance and protected
under the Ramsar Convention. Neretva Delta originally was consisted of twelve channels and six
lakes, but today, due to decades of intensive and unsystematic economic activities and hydrotechnical
operations along its basin, is in the form of irrigated fields and basin of Neretva.

Although devastated, Neretva Delta, nowadays still has significant resource potential in the form
of biodiversity, specific microclimate and water and agricultural potential. The usage of all those
resources demands the application of a carefully planned concept of the Croatian-Bosnian cross-
border integrated management which should be based on the active participation of all stakeholders
and strengthen the institutional, financial and other to safeguard the sustainable further development
of the Neretva Delta.

Keywords: Neretva delta, water resources, the concept of integrated management
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ABSTRACT

Trials were carried out in the years 2014-2015 in an isolated peach orchard of 1 ha in the Fruit
Growing Institute, Plovdiv — Central South Bulgaria. Mating disruption (MD) was tested as an
alternative method for controlling oriental fruit moth (OFM), Cydia molesta, Busck and peach
twig borer (PTB) Anarsia lineatella, Zell. from post-bloom until harvest. CIDETRAK" OFM/PTB
pheromone dispensers were installed before the start of OFM and PTB flights. PHEROCON" VI
Delta traps with changeable sticky liners were used to monitor target insects in this experiment. The
pheromone dispensers, traps and lures are products of Trécé, Inc. USA. A conventionally managed
orchard was used for reference. And 4-7 insecticide treatments were applied to control oriental
fruit moth, peach twig borer, aphids and other pests. The fruit damage in the reference orchard by
OFM ranges from 3.4 to 3.6 % and by PTB from 1.2 to 2 % in the successive years. The percentage
of damage in the orchard treated with Cidetrak OFM/PTB was 0.1 and 0.2 %, by OFM and 0.1%
by PTB, or significantly below the economic threshold. Therefore, the MD method, with use of the
CIDETRAK'OFM/PTB dispensers, proved to be an effective means of control even in a small size
orchard lots. The results obtained may open the possibilities of practical use of the method of mating
disruption in Bulgaria. This method should favour preservation of the natural environment and
enable production of healthy fruits, not polluted by chemicals.

Key words: oriental fruit moth, peach twig borer, mating disruption, pheromone traps, damage

Introduction

Oriental fruit moth (OFM) Cydia molesta, Busck (Lepidoptera: Tortricidae) is a major worldwide pest of
peach and nectarine Prunus persica (L.) (Rothschild and Vickers, 1991). Originally from northwestern
China, oriental fruit moth is now a widely distributed pest throughout the world among the major stone-
fruit growing regions of Europe, Asia, America, Africa, Australia and New Zealand (Chapman and
Lienk, 1971). In Australia, this insect is a key pest damaging commercial stone and pome fruit, including
peaches, nectarines, apricots, plums, pears and apples. (II'ichev A. et al., 2006). In Bulgaria OFM is the
most important pest of peach and nectarine in commercial orchards. Its larvae cause damage by infesting
shoots and fruit. The larvae of early OFM generations damage current season shoot tips, then feed in the
developing and mature fruit. The larvae of summer generations damage mainly fruit. Peach twig borer
A. lineatella, Zell is an Eurasian species that has spread extensively worldwide; it’s larvae can develop
on many plant species belonging to the genera Cydonia, Malus, Prunus and Pyrus. The main hosts are,
in order of preference: Prunus dulcis (Miller) Webb (almond), Prunus armeniaca L. (apricot), P. persica
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(peach) and Prunus domestica L. (plum) (Crop Protection Compendium, 2002). In Bulgaria the main
hosts are Prunus armeniaca L. (apricot) and P. persica (peach). PTB develop 3 full generation per season
in Bulgaria. The overwintering larvae of peach twig borer cause damage, inside of the buds and tip of the
shoots. The larvae of summer generations damage mainly fruit, however the key pest in Bulgaria in the
peach orchards is the oriental fruit moth.

Chemical pest control in peach and nectarine fruit orchards of Bulgaria has consistented of a broad spectrum
of organophosphate and pyrethroid insecticides. Recently their effectiveness has decreased, apparently due
to the development of resistance in the pest. However, this is not well documented. Although quite effective,
environmental problems and consumer concerns have arisen. Deregistration of many of the insecticides
used in the control of these insects along with public demand for residue free products, has increased
the interest for innovative tools in pest management. Behaviour modifying pheromones can be used
for environmentally safe insect management. And the technique has become one of the most important
treatments for controlling the main insects in orchards. Mating disruption technology has been successfully
used for control of oriental fruit moth - as reported by (Barnes and Blomefield, 1997), (Trematerra et al.,
2000), (Sexton and Ilichev, 2000), Kovanci (2003), (Rot and Blazi¢, 2005), Molinari (2007), (Lo and Cole,
2007), (Kutinkova et al., 2010, 2011, 2012).

The use of sex pheromones for mating disruption of C. molesta can be an effective control strategy and
has been widely adopted (Cardé and Minks, 1995). Commercialization and adoption of PTB-MD for A.
lineatella has been more recent (Pickel et al., 2002; Molinari et al., 2008).

The objective of our research, carried out in the years 2014-2015, was to evaluate the efficacy of dispensers of
oriental fruit moth and peach twig borer, as an alternative method for control of both pests under Bulgarian
conditions.

Material and methods

Trials were carried out in the years 2014 - 2015 in an isolated peach orchard of 1 ha in the Fruit Growing
Institute, Plovdiv - Central South Bulgaria. Mating disruption (MD) was tested as an alternative method
for controlling oriental fruit moth, Cydia molesta (OFM) and Anarsia lineatella (PTB) from post-bloom
until harvest. CIDETRAK" OFM/PTB pheromone dispensers of Trécé Inc., USA were installed prior to the
emergence of OFM and PTB flights and were hung in the upper third of the tree canopy at a density 400 per ha.

These dispensers are remarkably fast to apply and designed to deliver long-lasting performance for the full
season. Aphicide treatments (one or two per season) were applied during each year of study.

Another 2 hasite, located in the same region, served as a reference orchard and was treated in a conventional
way. Four to seven chemical treatments (were applied there during each season, to control OFM and other
pests. Four to six of them were timed against OFM and PTB. Monitoring of OFM and PTB flight was carried
out by sex pheromone trapping in the years of study. Four Pherocon® VI, Delta traps with sticky liners
were installed in the trial orchard. Two of them were baited with a standard Pherocon® OFM L2 orfamone
capsule and other two with Pherocon® PTB L2 anemone capsules. The traps and lures were products of
Trécé Inc., USA. The traps were installed on a scheme given from the producer before OFM and PTB flight
started. For comparison, 4 Pherocon® VI, Delta traps were installed in the conventionally treated reference
orchard. All pheromone traps were checked twice a week.

Early in the season sampling of damaged shoots was carried out on 20 trees, randomly chosen in the trial
plot and the reference orchard. During the season, fruit damage was assessed in the trial and reference plots
on 1000 fruits each time. At harvest, 1000 fruits were sampled in both orchards, to evaluate the final damage
rate. Significance of differences in damage rate between the trial and reference orchards was estimated by
use of Chi-square tests.

Results and discussion

Oriental fruit moth flights in the reference orchard in 2014 - 2015 began in the first week of April and
finished in the second week of October (Fig. 1,2). OFM developed 3 generations during each year of study.
The population density of OFM increased season to season.

Accordingly, the traps installed in the reference orchard caught in total 677 moths in 2014 and 852 in
2015.
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Fig 1. Flight dynamics of oriental fruit moth (Cydia molesta, Busck) in the reference peach orchard in 2014.

Fig 2. Flight dynamics of oriental fruit moth (Cydia molesta, Busck) in the reference peach orchard in 2015.

Peach twig borer ( PTB) flights in the reference orchard in 2014 -2015 began in the first week of May and
finished fom the end of September until the 10th of October (Fig. 3,4). PTB developed 3 generations in each
year of the study The population density of PTB decreased season to season. Accordingly, traps installed in
the reference orchard caught in total 359 moths in 2014 and 191 in 2015.

Humber of moths caught

Fig 3. Flight dynamics of oriental peach twig borer (Anarsia lineatella, Zell.) in the reference peach
orchard in 2014.

Mumber of moths caught

Fig 4. Flight dynamics of oriental peach twig borer (Anarsia lineatella, Zell.) in the reference peach
orchard in 2015.

Cidetrak’ OFM/PTB dispensers almost completely inhibited OFM captures in the pheromone traps, installed
in the trial plot, indicating at a high level of disruption.

In 2014 in the trial plot, where the Cidetrak" OFM/PTB was applied, the damage of shoots by OFM was
nil on May 9, 19 and June 11 and stayed at the same level until the fourth week of June (Table 1). The
economic threshold for bearing orchards is 20%. Damage rates of shoots were significantly different between
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the treated plot and the reference. (Chi-square test, p < 0.01). Only two damaged fruit was found in the
trial plot at the end of the season; at harvest the fruit damage rate amounted to 0.2%. Fruit damage in the
reference orchard progressed from 3.0% on August 5 up to 3.4% at harvest of the later ripening cultivars.
The economic threshold in Bulgaria is 4-6% damaged fruits at harvest time. Damage rates were significantly
different between the treated plot and the reference orchard already on August 5 (Chi-square test, p < 0.01),
and thereafter until harvest (Chi-square tests, p < 0.001).

In 2014 in the trial plot, the damage of shoots by PTB was nil on May 9, 19 and June 11 and stayed at the
same level till the 23" of June (Table 2). Damage rates of shoots were significantly different between the
treated plot and the reference orchard on May 19 and June 11. (Chi-square test, p < 0.01).

Only one damaged fruit was found in the trial plot at the end of the season; at harvest the fruit damage rate
amounted from 0.0 to 0.1%.

Fruit damage by PTB in the reference orchard progressed from 1.3% on July 21 up to 2.0% at harvest.
Damage rates were significantly different between the treated plot and the reference orchard already on July
21 (Chi-square test, p< 0.01), and thereafter until harvest (Chi-square tests, p< 0.001).

In 2015 in the trial plot, the damage of shoots by OFM was nil on May 8 and 18 and stayed at the same level
till the end of fourth week of June. (Table 1). Damage rates of shoots were significantly different between the
treated plot and the reference orchard on May 18 (Chi-square test, p < 0.01).

Only 1 damaged fruit was found in the trial plot at the end of the season; at harvest the fruit damage rate
amounted from 0.0 to 0.1%.

Fruit damage in the reference orchard progressed from 2.4% on July 20 up to 3.6% at harvest. Damage rates
were significantly different between the treated plot and the reference orchard already on July 20 (Chi-
square test, p< 0.01), and thereafter until harvest (Chi-square tests, p< 0.001).

In 2015 in the trial plot, the damage of shoots by PTB was nil on May 8, 18 and June 15 and stayed at the
same level until the 22" of June (Table 2). Damage rates of shoots were significantly different between the
treated plot and the reference orchard on May 18 and June 15. (Chi-square test, p < 0.01).

Only one damaged fruit was found in the trial plot at the end of the season; at harvest the fruit damage rate
amounted from 0.0 to 0.1%.

Fruit damage by PTB in the reference orchard progressed from 0.4% on July 20 up to 1.2% at harvest.
Damage rates were significantly different between the treated plots and the reference orchard already on July
20 (Chi-square test, p< 0.01), and thereafter until harvest (Chi-square tests, p< 0.001).

Table 1. Evaluation of shoot and fruit damage (%) by Cydia molesta in the trial plot and in the
conventionally treated orchard in 2014 — 2015.

Index Date Damage (%) | Damage Index Date Damage Damage
2014 (%) 2015 (%) (%)
trial reference trial reference

May 9 0.0 3.5 May 8 0.0 2.5

shoot ( %) May 19 0.0 17.1 shoot ( %) May 18 0.0 18.1
June 11 0.0 19.5 June 15 0.0 19.6
June 23 0.0 20.1 June 22 0.0 20.2

fruit July 7 0.0 1.0 fruit July 6 0.0 1.1

damage(%) |July 21 0.0 2.2 damage(%) |July 20 0.0 2.4
July 30 0.0 2.7 July 28 0.0 2.8
August 5 0.0 3.0 August 6 0.0 3.0
August 12 0.0 3.1 August 13 0.0 3.2
August 21 0.0 3.2 August 24 0.0 3.5
September 3 [0.2 3.4 September 4 |0.1 3.6
at harvest 0.0-0.2 1.0-3.4 at harvest 0.0-0.1 1.1-3.6
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Table 2. Evaluation of shoot and fruit damage (%) by Anarsia lineatella in the trial plot and in the
conventionally treated orchard in 2014 — 2015.

Index Date Damage | Damage Index Date Damage | Damage
2014 (%) (%) 2015 (%) (%)
trial reference trial reference
May 9 0.0 0.2 May 8 0.0 0.1
shoot (%) May 19 0.0 1.2 shoot (%) May 18 0.0 0.8
June 11 0.0 1.4 June 15 0.0 1.0
June 23 0.0 2.3 June 22 0.0 2.1
fruit July 7 0.0 0.0 fruit July 6 0.0 0.0
damage(%) |July 21 0.0 1.3 damage(%) |July 20 0.0 0.4
July 30 0.0 1.4 July 28 0.0 0.5
August 5 0.0 1.5 August 6 0.0 0.7
August 12 0.0 1.7 August 13 0.0 0.7
August 21 0.0 1.8 August 24 0.1 0.8
September 3 |0.1 2.0 September4 |0.1 1.2
at harvest 0.0-0.1 0.0-2.0 at harvest 0.0-0.1 0.0-1.2

Conclusions

CIDETRAK OFM/PTB are effective, when used at dosage of 400 dispensers per ha, applied once during the
season, before the onset of OFM and PTB flights.

CIDETRAK OFM/PTB dispensers, proved to be an effective means of control even in a small size orchard
lots.

For controlling the both important pests in peach orchards - Cydia molesta, Busck and Anarsia lineatella,
Zell. combined dispensers used are excellent.

Mating disruption is a perspective alternative to chemical treatments in the peach orchards of Bulgaria.
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SAZETAK

Cilj ovog rada je usporedba dvije metode proracuna nedostatka vode u tlu (programi Hidrokalk
i Cropwat 8.0) za krumpir, luk, raj¢icu i Secernu repu. Istrazivanje je provedeno na dva lokaliteta:
Tovarnik, tlo visokog sadrzaja gline i Jagodnjak, tlo visokog sadrzaja pijeska. Razlike u nedostatku
vode izmedu lokaliteta posljedica su razli¢itih vrijednosti ulaznih meteoroloskih parametara i
vrijednosti referentne evapotranspiracije po lokalitetima. Nedostatak vode u prosje¢noj godini
kretao se od 121,4 mm kod krumpira do 249,6 mm kod $ecerne repe. Nedostatak vode u susnoj
godini kretao se od 214,0 mm (krumpir) do 361,5 mm (Secerna repa).

Statistickom obradom je utvrdena znacajna korelacija (r= 0,95; p<0,01) izmedu dvije metode
proracuna manjka vode, te je utvrden prosje¢no 34,1 mm ve¢i nedostatak vode koristenjem
programa Cropwat 8.0 u odnosu na Hidrokalk.

Kljucne rijeci: Hidrokalk, Cropwat, nedostatak vode, navodnjavanje

Uvod

Navodnjavanjem dodajemo nedostatak vode s ciljem osiguranja optimalnih potreba biljaka za vodom u
slu¢aju izostanka oborina. Koli¢ina dodane vode ovisi o klimatskim prilikama i hidropedoloskim svojstvima
tla odredenog podrucja te potreba uzgajanih usjeva za vodom. Temeljnu vrijednost u utvrdivanju potreba
biljaka za vodom predstavlja evapotranspiracija (Vuci¢, 1976.), a definirana je kao koli¢ina vode koja je po-
trebna usjevu tijekom vegetacije radi postizanja maksimalnih prinosa tj. postizanja genetskog potencijala
rodnosti uzgajanih kultura. Brojnim istrazivanjima (Vuci¢, 1976., Doorenbos, Pruitt W.O., 1977. i Vidacek,
1981.) je utvrdeno kako je evapotranspiracija usjeva uvelike ovisna o vremenskim prilikama, vrsti i stadiju
razvoja biljke te tipu tla.

Za izracunavanje potreba biljaka za vodom se koriste razne metode, no samo neke imaju Siru primjenu u
navodnjavanju. Preciznost pojedine metode povecava se koristenjem viSe parametara te se tako u danasnje
vrijeme najcesce koristi modificirana Penman-Monteith (PM) metoda, odnosno FAO PM metoda (Ondra-
$ek i sur., 2015.), koja koristi ¢itav niz klimatskih parametara (srednja temperatura i relativna vlaga zraka,
brzina vjetra, insolacija) te nadmorsku visinu i zemljopisnu duzinu i $irinu meteoroloske postaje. Postoji niz
modela utvrdivanja potrebne koli¢ine vode za navodnjavanje koje koriste razli¢ite ulazne parametre te je cilj
ovog rada bio usporediti dvije najcesce koristene metode u Republici Hrvatskoj.

Materijal i metode

Istrazivanje je provedeno na dva lokaliteta (Tovarnik i Jagodnjak) na podrucju Isto¢ne Hrvatske te je obu-
hvatilo terenska i laboratorijska istrazivanja. Na svakom lokalitetu otvoren je po jedan pedoloski profil i
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odredene endomorfoloske znacajke tla (Skori¢, 1982.) te su iz orani¢nih i podorani¢nih horizonata uzeti
uzorci za odredivanje pedofizikalnih, pedokemijskih i hidropedoloskih znacajki u narusenom i nenaruse-
nom stanju (JDPZ, 1971.). Za interpretaciju analitickih podataka tla kori$tene su referentne grani¢ne vrijed-
nosti prema Skori¢ (1982. i 1991.), Gracanin (1947.) i Loncari¢ (2005.). Interpretacija kvantitativnog udjela
mehanickih elemenata obavljena je na temelju americke klasifikacije teksture prema teksturnom trokutu
(Soil Survey Staft, 1951.).

Za potrebe istrazivanja koristeni su meteoroloski podaci Drzavnog hidrometeoroloskog zavoda Republike
Hrvatske, s meteoroloskih postaja Valpovo, Osijek, Ilok i Gradiste za tridesetogodisnje razdoblje od 1981.
do 2010. godine.

Prosjecno susna godina odredena je kod 75 %-tne vjerojatnosti pojave oborina po Hazenu. Vrijednosti
efektivnih oborina za prosjecnu i prosjecno susnu godinu izra¢unate su USBR metodom, a referentna eva-
potranspiracija po mjesecima prema metodi Penman-Monteith pomocu racunalnog programa Cropwat
8.0 (Smith M., 1992.).

Nedostatak vode za krumpir, luk, raj¢icu i Secernu repu je odreden pomocu ra¢unalnog programa ,,Hidro-
kalk® (Izvorna metoda Palmer W.C., 1965, korigirana i kalibrirana prema Vidaceku, 1981.) izracunavanjem
vodne bilance tla, te pomoc¢u racunalnog programa Cropwat 8.0 (Smith M., 1992).

Statisticka obrada podataka provedena je pomocu aplikacije MS Excel.

Rezultati i rasprava

Istrazivana tla pripadaju odjelu hidromorfnih tala. Tlo na podrucju Tovarnika je u klasi glejnih tala, tipa rit-
ska crnica, karbonatna, drenirana. Tlo Jagodnjaka pripada klasi inicijalnih (nerazvijenih) hidromorfnih tala,
tipa fluvisol, beskarbonatna, vrlo duboka, pjeskovita, nezaslanjena, obranjena od poplava (Skori¢, 1986.).

Na lokalitetu Tovarnik utvrden je vrlo visoki sadrzaj gline (44,12 %) u orani¢nom horizontu. Po teksturnom
sastavu, ovo tlo je praskasto glinasta ilovaca. Ukupna poroznost u orani¢cnom horizontu iznosi 45,45 % te
je horizont ocijenjen kao porozan. Kapacitet tla za vodu je osrednji (44,23 % vol.), vrijednost tocke venuca
visoka (31,5 % vol.), kapacitet za zrak vrlo mali (1,23 % vol.), gustoca pakovanja ukazuje na jaku zbijenost
(1,84 gcm™), dok je propusnost mala (5*10°cms™).

Teksturna oznaka orani¢nog horizonta na lokalitetu Jagodnjak je pjeskovita ilovaca s 8,20 % cestica gline.
Na podrucju Jagodnjaka utvrdena je mala poroznost (40,38 % vol.), vrlo mali kapacitet za vodu (19,12 %
vol.), vrijednost tocke venuca niska (10,5 % vol.), vrlo velik kapacitet za zrak (21,26 % vol.), dok je gustoca
pakovanja (1,65 gcm™) ukazivala na srednju zbijenost. Propusnost je bila umjereno brza u orani¢nom hori-
zontu s vrijednosti 224*10°cms™ .

Tablica 1. Prosjecna godiSnja dnevna evapotranspiracija i ulazni meteoroloski podaci

Prosjecna godi$nja vrijednost

Lokalitet

Sred.temp. Rel.vlaga zraka Brzina vjetra Insolacija Radijacija ETo

°C % ms! sati MJm=2dan’! mm dan’!
Jagodnjak 11,1 80 2,4 53 12,7 2,05
Tovarnik 11,3 73 1,9 5.8 13,3 2,23

Izmedu mjesec¢nih vrijednosti referentne evapotranspiracije (ETo) i efektivnih oborina vidljiva je znacajna
razlika u vegetacijskom razdoblju §to upucuje na znacajan nedostatak vode u tlu za vec¢inu kultura. Ova ra-
zlika je posebno izrazena tijekom ljetnih mjeseci, a pogotovo u susnoj godini (Tablica 2.).
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Tablica 2. Referentna evapotranspiracija i efektivne oborine u prosjecnoj i susnoj godini na dva lokaliteta

Jagodnjak Tovarnik
Mjesec ETo Efektivne oborine ETo Efektivne oborine
jesec’! Prosj ?éna Su$na godina jesec’! Prosj fe(‘fna Sus$na godina
mm mjesec godina g mm mjesec godina g
Sijecanj 11,8 452 26,7 15,8 41,0 24,6
Veljaca 18,5 35,6 20,5 22,1 33,6 18,0
Ozujak 40,6 42,8 32,2 45,6 44,1 28,5
Travanj 67,8 49,7 38,7 72,0 48,8 33,7
Svibanj 103,5 55,0 32,2 110,7 52,2 32,2
Lipanj 116,4 77,8 52,5 124,8 78,8 48,8
Srpanj 131,4 56,4 34,7 140,4 50,1 24,4
Kolovoz 115,9 59,0 36,2 122,1 57,0 37,3
Rujan 72,0 57,0 38,1 77,7 57,1 26,1
Listopad 42,5 53,7 24,8 47,1 57,1 22,1
Studeni 19,8 57,8 35,8 23,7 51,6 27,7
Prosinac 12,1 49,8 24,6 15,8 44,0 26,7
Suma 752,4 639,6 396,9 817,9 615,3 350,0

Nedostatak vode u prosjecnoj godini kretao se od 121,4 mm kod krumpira do 249,6 mm kod $ecerne repe.
Nedostatak vode u susnoj godini kretao se od 214,0 mm za krumpir do 361,5 mm za $ecernu repu (Tablica
3.i4.).

Tablica 3. Nedostatak vode u prosjecnoj i susnoj godini na lokalitetu Tovarnik

Nedostatak vode (mm)

Tovarnik Hidrokalk Cropwat 8.0
Prosje¢na godina Susna godina Prosje¢na godina Susna godina
Krumpir 151,6 242,1 2014 293,8
Luk 159,5 264,4 192,7 293,3
Rajcica 158,6 273,8 172,2 280,9
Seéerna repa 200,8 287,8 249,6 361,5

Tablica 4. Nedostatak vode u prosjecnoj i susnoj godini na lokalitetu Jagodnjak

Nedostatak vode (mm)

Jagodnjak Hidrokalk Cropwat 8.0
Prosje¢na godina Su$na godina Prosje¢na godina Su$na godina
Krumpir 121,4 214,0 167,1 252,8
Luk 129,0 232,0 156,6 251,1
Rajcica 127,0 233,4 138,5 239,4
Seéerna repa 169,5 262,1 210,6 311,2
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Dobivene vrijednosti nedostatka vode koristenjem programa Hidrokalk i Cropwat 8.0 odgovaraju vrijedno-
stima koje su proracunate za podrucje Vukovara (Josipovi¢ i sur. 2013.) kori$tenjem programa Hidrokalk,
kao i vrijednosti koje navodi Ondrasek (2015.) za podru¢je Osijeka koristenjem programa Cropwat 8.0.

Utvrdena je vrlo visoka statisticki znac¢ajna korelacija (r=0,95, P<0,01) izmedu dva modela proracuna manj-
ka vode s tim da su vrijednosti proracunate modelom Cropwat 8.0 u prosjeku vise za 34,1 mm u odnosu na
Hidrokalk (Grafikon 1.).
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Grafikon 1. Korelacija proracunatih vrijednosti nedostaka vode izmedu modela Hidrokalk i Cropwat

Cropwat 8.0 prorac¢unava nesto vecu pocetnu potrebu za vodom u ranijim fazama razvoja, sredinom vege-
tacije potreba za vodom gotovo jednaka kod oba programa, dok je krajem vegetacije proracunata potreba
koristenjem programa Cropwat 8.0 niza u odnosu na Hidrokalk. Ulazni parametri koje koristi Cropwat 8.0
razlikuju se u odnosu na Hidrokalk, najvazniji su visina usjeva te dubina ukorijenjivanja. Cropwat 8.0 ko-
riStenjem tih parametara proracunava nesto drugaciju potrebu za vodom u odnosu na program Hidrokalk.

Zakljucak

Na temelju provedenih istrazivanjanja i nedostatka vode u vegetaciji istrazivanih kultura u prosjecnoj i sus-
noj godini, navodnjavanje se istice kao nuzna melioracijska mjera.

Razlike u nedostatku vode izmedu lokaliteta posljedica su razli¢itih ulaznih vrijednosti efektivnih oborina i
referentne evapotranspiracije.

Nedostatak vode u prosjecnoj godini kretao se od 121,4 mm kod krumpira do 249,6 mm kod $ecerne repe.
Nedostatak vode u susnoj godini kretao se od 214,0 mm za krumpir do 361,5 mm za Secernu repu

Statistickom obradom podataka je utvrdena znacajna korelacija (r= 0,95; p<0,01) izmedu vrijednosti nedo-
statka vode, te je koristenjem programa Cropwat 8.0 utvrden ve¢i nedostatak vode u prosjeku za 34,1 mm u
odnosu na Hidrokalk.
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COMPARISON OF SOIL WATER DEFICIT METHODS ON THE DIFFERENT
SOIL TYPES

Abstract

The aim of this paper was to compare two methods for calculating soil water deficit (Hidrokalk
and Cropwat 8.0) for potato, onion, tomato and sugar beet. Research was carried out at two sites:
Tovarnik, soil with high clay content, and Jagodnjak, soil with high content of sand. Difference in
water deficit between sites was a result of different input values of meteorological parameters and
reference evapotranspiration across investigating sites. Water deficit in the average year ranged from
121.4 mm in potato to 249.6 mm in sugar beet, while in dry year from 214.0 mm to 361.5 mm for
the same crops.

Statistical analysis of data demonstrated significant correlation (r= 0,95; p<0,01) between two used
methods. With Cropwat 8.0 greater lack of water (34.1 mm) was determined compared to Hidrokalk.

Key words: Hidrokalk, Cropwat, soil water deficit, irrigation
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ABSTRACT

In vitro bioavailability of Zn and Fe in wheat grain was examined in 17 wheat genotypes. Average
Zn concentration in whole grain was 25.28 mg kg " while average Zn concentration in samples after
in vitro digestion was 4.84 mg kg . The average Fe concentration in whole grain samples was 46.36
mg kg " while in samples after in vitro digestion average Fe concentration was 11.42 mg kg . A high
variability in Zn and Fe bioavailability among examined wheat genotypes was observed. Based on
hierarchical clustering, genotypes with different patterns of Zn and Fe in vitro bioavailability could
be selected for further research on Zn and Fe in vitro bioavailability.

Key words: digestibility, bioavailability, zinc, iron, antinutrients

Introduction

In the underdeveloped parts of the world, wheat is a one of the basic foods in every day diet. Due to low Zn
and Fe concentrations in whole wheat grain as well as to low bioavailability of Zn and Fe from cereal grains,
cereal based diet cannot provide sufficient amounts of Zn and Fe for absorption in organism. Consequently,
over two billion people in the world is affected by Zn and Fe deficiency. For adults, recommended daily
intake of Zn ranges between 10 — 15 mg while recommended daily intake of Fe ranges between 5 — 20 mg
depending on the age (https://ods.od.nih.gov/factsheets/Iron-HealthProfessional/#en5).

Recommended strategies to increase wheat grain Zn and Fe concentrations are genetic and agronomic bio-
fortification (La Frano et al., 2014, Hussain et al., 2013, Bouis and Welch, 2010, Rosado, 2009). In general,
Zn and Fe from cereals have low bioavailability in human organism due to high amounts of phytic acid that
restricts their bioavailability (Afify et al., 2010). Bioavailability of Zn and Fe from wheat grain can be tested
in static in vitro digestion models that comprises of three stages: simulation of digestion in mouth, simula-
tion of digestion in stomach and simulation of digestion in small intestine (Kiers, 2001, Fairweather-Tait et
al., 2005, Egger et al, 2015).

The aim of this paper was to examine differences in in vitro bioavailability of Zn and Fe in the wheat grain.

Material and methods

In this research, whole grain Zn and Fe concentrations and Zn and Fe concentrations after in vitro digestion
were examined in 17 wheat genotypes. Selected wheat genotypes were grown in the field in vegetation sea-
son 2013/2014 (within the Installation project Creating wheat for the future — quest for the new genes in the
old gene pool, financed by Croatian Science Foundation) at location Nemetin, near Osijek. List of genotypes
included in this research is shown in Table 1.

1 Agroecology, Organic Agriculture and Environment Protection
82 52" CROATIAN AND 12" INTERNATIONAL SYMPOSIUM ON AGRICULTURE | February 12-17, 2017 | Dubrovnik, Croatia



In vitro bioavailability of zinc and iron in wheat grain

Table 1. Name, origin, pedigree and year of release of selected genotypes

Name Origin Pedigree Year of release

Triticum aestivum

Tena Croatia Libellula/Bezostaya-1 1973
Atena Croatia Sason/Perla 2005
Srpanjka Croatia Osk. 4.50-1-77/Zg 2696 1989
Katarina Croatia OSK-5-B-4-1-94/0SK-5-140-22-91 2006
Sana Croatia Zlatna-Dolina/TP-114-1965-A//Sanja 1983
Divana Croatia Favorit/5/Cipriz/4/]. Kwang/2/Atlas66/ 1995
Comanc./3/Velvet
Ana Croatia Osk-4.216-2-76/2G-2877-74 1988
SW Maxi Austria - 2002
Bezostaja Russia Skorospelka 2/Lutescens 17 1963
Triticum durum
Inverdur Austria -
Auradur Austria - 2004
Coradur Austria - 2006
Wild relatives

Triticum compactum
Triticum dicoccoides
Triticum monococcum
Triticum spelta

Triticum sphearococcum

A Zn and Fe concentrations in whole grains samples were determined by standard procedure. After wet
digestion (Kingston and Jassie, 1968), Zn and Fe concentrations in samples are determined by ICP-OES
technique.

Simulation of in vitro digestion was carried out according to Kiers (2001). Concentrations of Zn and Fe in
supernatant after centrifugation were determined by ICP-OES technique.

Bioavailability of Zn and Fe in examined samples was calculated according to equation:

a*100

B (%) =

, where B (%) — percentage of bioavailability, a - concentration in the sample after in vitro
digestion, b - concentration in the whole grain.

Statistical analysis of data was carried out using SAS 9.3. for Windows, Copyright (c) 2002-2010 by SAS
Institute Inc., Cary, NC, USA. and Sas Enterprise Guide 5.1 Copyright © 2012 by SAS Institute Inc., Cary,
NC, USA.

Results and discussion

A whole grain Zn concentrations were in range between 16.16 — 39.07 mg kg™ while Fe concentrations were
in range between 28.88 — 68.85 mg kg™'. Similar ranges of Zn and Fe concentrations in wheat grain were
reported elsewhere (Rengel et al., 1999, Zhao et al., 2009, Eded, 2011). In samples after in vitro digestion Zn
concentration was in range between 3.31 - 6.72 mg kg while Fe concentration was in range between 6.67
-18.56 mg kg (Table 2). In the examined set of genotypes whole grain Zn and Fe concentrations as well as
Fe concentration in samples after in vitro digestion were similarly variable (25%, 28% and 29% respectively)
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while Zn concentration in samples after in vitro digestion was less variable (19%) in comparison to other

examined traits.

Table 2. Whole grain Zn and Fe concentrations (mg kg?) and Zn and Fe concentrations (mg kg?) after in

vitro digestion

Genotype

Tena
Atena
Srpanjka
Katarina
Sana
Divana
Ana

SW Maxi
Bezostaja
Inverdur
Auradur
Coradur
T. compactum

T. dicoccoides

T. monococcum

T. spelta

T. sphearococcum

Whole grain concentration

(mgkg')

Concentration after in vitro digestion (mg

kg!)

Zn
27.27
30.41
19.19
16.16
17.46
26.86
22.09
27.69
18.93
26.09
19.39
20.13
25.47
29.03
35.04
29.45
39.07

Fe
68.95
60.08
46.63
42.21
43.52
50.87
67.96
64.05
43.13
30.66
28.88
30.52
33.97
40.33
51.96
38.72
45.71

Zn
3.70
6.33
4.10
4.43
5.36
4.47
3.31
5.94
4.89
6.72
5.54
3.61
4.35
4.88
4.72
5.36
4.65

Fe
12.47
17.66
11.17
12.19
18.56
12.48
11.02
13.02
9.50
8.25
9.70
9.24
6.67
7.44
13.07
13.53
8.25

Significant relationship has been found between whole grain Fe concentration and Fe concentration after in
vitro digestion (Table 3). However, only 26% of variability in Fe concentration after in vitro digestion could
be explained by whole grain Fe concentration indicating that bioavailability of Fe is influenced by other fa-
ctors too. Potential inhibitors of Zn and Fe absorption in human organism are phytates. Effects of phytates
on Zn and Fe bioavailability as well as Zn and Fe molar ratio to phytic acid are reported elsewhere (Schlem-

mer et al., 2009, Gibson et al., 2010).

Table 3. Spearman’s correlation coefficients for whole grain and after in vitro digestion Zn and Fe
concentrations (mg kg*) (n =17)

Whole grain After in vitro digestion
Zn Fe Zn Fe
Zn -
Whole grain
Fe 0.31 -
Zn 0.24 -0.21 -
After in vitro digestion
Fe 0.10 0.51 0.25 -

* correlation is significant at the 0.05 level

On the other hand, significant relationship has been found between bioavailability of Zn and Fe (rS =(0.63;

p<0.01;n=17).
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Examined wheat genotypes were grouped according to their similarity in bioavailability of Zn and Fe (Fi-
gure 1). Genotype Sana stood out as a genotype that has highest bioavailability of Zn and Fe in comparison
to all other examined genotypes. At the same time, genotype Sana had low Zn (17.46 mg kg ') and Fe (43.52
mg kg ) concentration in whole grain. Based on calculation of average daily bread intake in Croatia, only
1.12% of Zn and 3.90% of Fe recommended daily intake would be satisfied by consumption of the bread
made from whole flour of genotype Sana.

Dendrogram using Average Linkage (Within Groups)
Rescaled Distance Cluster Combine

o] 3 10 15 20 25
T. compactum 11 . 4 : ! L
T. dicoccoides 12—
Tena 15—
T. sphearococcum 17
Ana 14—
Divana 13
T. monococcum 16
SW Maxi G
> Srpanjka T
Berostaja 4
Atena g
Coraclur 10
T. spelta 2]
Katarina 3
Inverdur [ J
Auracur 2
Sana 1

Figure 1. Hierarchical cluster diagram based on bioavailability (%) of Zn and Fe, using average linkage
within groups

Conclusions

There is a large variability in whole grain Zn and Fe concentrations as well as in Zn and Fe concentrations
after in vitro digestion. Based on cluster diagram, there are genotypes with similar patterns of Zn and Fe
bioavailability that could be chosen for further research of Zn and Fe in vitro bioavailability. Since there is
no evidence of significant relationship between whole grain Zn concentration and Zn concentration after
in vitro digestion role of antinutrients, primarily phytic acid in Zn and Fe bioavailability should be further
investigated.
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SAZETAK

U radu se prikazuje primjena bio enzima i kompostnog ¢aja od komposta koji je dobiven od
vermikulture. Istrazivanje je provedeno na kulturi kukuruza, zobi, salate, mrkve i trave. Iz provedenih
istrazivanja vidljivo je da najbolje rezultate u ishrani daju kulture dva puta tretirane kompostnim
¢ajem. Drugo mjesto zauzimaju kulture koje su tri puta tretirane bio enzimom, a najlosiji rezultati
su dobiveni na kulturama u kontrolnim, ne tretiranim poljima.

Kljucne rijeci: kompostni ¢aj, bioenzim, bioloski pripravci

Uvod

Ekoloska poljoprivreda danas je sve vise zastupljena u svijetu jer nema $tetno djelovanje na covjeka, biljke i
okolis. Oslanja se na prirodne resurse tla, biljaka, koriste¢i plodnost tla i raspolozive vode, prirodna svojstva
biljaka, zivotinja i krajobraza uz povecanje prinosa i otpornosti biljaka. Mineralna se gnojiva u ekoloskoj
proizvodnji zamjenjuju organskim gnojivima, korov se uklanja mehanickim putem, a zarazeni dijelovi biljke
i vocke redovito se uklanja. Prevencija protiv Stetocina i bolesti temelji se na prirodnoj otpornosti biljaka.
Takoder, u ekoloskoj poljoprivredi u pravilu nema otpadaka. Istrazivanja americke Radne skupine za zastitu
okolisa (2003.) su komparativnom analizom dokazala da je ekolosko voce i povrée u ¢ijoj je proizvodnji ko-
ri$teno organsko gnojivo zdravije u usporedbi s vo¢em i povréem iste vrste gnojene mineralnim gnojivom.
Iz tog razloga je hrana organski uzgojena neusporedivo boljeg i prirodnijeg okusa. Kod ekoloskog uzgoja
biljaka obrada tla se obavlja samo prorahljivanjem.

Vukadinovi¢ (2011.) tvrdi da se u ekoloskoj poljoprivrednoj proizvodnji za gnojidbu uzgajanih kultura naj-
Ce$ce koriste razlicite vrste organskih gnojiva. Organska gnojiva su po svom sastavu i svojstvima vrlo razno-
lika skupina koja obuhvaca uglavnom razlicite otpatke biljnog i zivotinjskog podrijetla. Osim toga, organska
gnojiva osim $to hranjivima opskrbljuju biljne kulture, one predstavljaju i izvor hranjivih tvari za faunu i
mikroorganizme tla koji su neophodni za preradivanje organskih i humusnih tvari u tlu ¢ime se zatvara
ciklus kruzenja tvari i energije u ekosustavu (Vugrinovi¢, 2013).

S obzirom na to da se u eko-poljoprivredi ne koriste mineralna gnojiva, sva hranjiva potrebna biljkama na-
doknaduju se organskim gnojivima, medu kojima kompost zauzima znacajno mjesto. Jedan od u¢inkovitih
nacina kompostiranja organske tvari je i vermikultura. Lonéari¢ (2005) i suradnici navode da je vermikom-
post (lumbripost ili biohumus) organsko gnojivo ili supstrat koji se dobiva mikrobioloskom razgradnjom
organske tvari djelovanjem kalifornijske gliste te da je ovakvo gnojivo pokazalo vece bogatstvo nutrijentima,
i to dusika, fosfora i kalija, nego sam kompost dobiven tradicionalnim metodama. Kreuter (2008.) navodi da
su kompostni ¢ajevi ili tekuca organska gnojiva, gnojiva koja nastaju namakanjem proizvedenog komposta
ili drugih biljnih ostataka u vodi dok se pripravak ne obogati hranjivim tvarima i korisnim bakterijama.
Tako dobivenim pripravkom biljke se mogu tretirati zalijevanjem ili folijarno prskanjem, putem lista. Kom-
postni ¢aj od vermikomposta je otopina humusa od kalifornijskih glisti i vode. Znaor (1996) navodi da se
tako pripremljeni kompostni ¢aj razrijedi s vodom u omjeru 1:10, zbog velikog sadrzaja dusika i kalija te se
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jednostavno zalije po tlu oko korijena biljke ili se dobro profiltrira te se pomocu prskalice moze se koristiti
i za folijarnu prihranu biljaka tako da biljka upija hranjiva putem lista.

Otpadni bio enzim (eko enzim) je viSenamjenski, bioloski pripravak za prihranjivanje biljaka te obogaciva-
nja tla bez $tetnog djelovanja na okolis. Otpadni bio enzim je organska otopina koja nastaje jednostavnom
fermentacijom ostataka svjezeg voca i/ili povréa, smedeg Secera i vode kroz 3 mjeseca. Horvat (2016) navodi
da je danas sve vi$e zastupljenija primjena ovog organskog pripravka. Osim $to posjeduje snazna antibakte-
rijska svojstva djeluje i u zastiti bilja kao prirodni pesticid (insekticid i fungicid). Isti autor navodi kako za
pripremu otpadnog bio enzima treba koristiti: 1 dio smedeg Secera ili melase, 3 dijela organskog otpada, te
10 dijelova vode. Cilja rada je dokazati povoljan utjecaj primjene bioloskih pripravaka i kompostnog ¢aja
na rast kukuruza, zobi, salate, mrkve i trave.

Materijal i metode

Kompostni ¢aj od vermikomposta napravljen je postupkom mijesanja 10 1 vode i 1 1 vermikomposta (kom-
post od kalifornijskih glisti), pomije$anog s 400 g $ecera. Takvu otopinu je nakon mijesanja potrebno poklo-
piti folijom na kojoj su probusene rupice za dovod zraka. Za dovod zraka potrebnog za razvoj mikroorgani-
zama u kompostnom caju kori$tena je akvarijska pumpica. Tako napravljena otopina ostavi se stajati 24 sata
uz Cesto mijesanje. Prije prihrane, kompostni ¢aj se razrijedi vodom u omjeru 1:10.

Za izradu otpadnog bio enzima prikupljen je organski otpad (zdravi i svjezi otpatci voca, najvise agruma).
Otpadni bio enzim pripremljen je mijeSanjem 1 dijela $ecera, 3 dijela otpadaka voca i 10 dijelova vode. U
3 plasti¢na kanistera od 5 litara stavljeno je 300 g smedeg $ecera, 900 g otpadaka voca te 3 | vode. Takva
smjesa stajale je u dobro zatvorenim kanisterima najmanje 3 mjeseca. U prvom mjesecu stajanja kanister je
otvaran 2 puta dnevno, a u drugom i treCem mjesecu jednom dnevno kako bi se otpustio nastali plin CO,
koji se stvara uslijed fermentacije. Drveni kalupi (40x40x15) postavljeni su na poravnatu travnatu povrsinu
s koje je prethodno otkopan povrsinski sloj (5 cm) u obliku i veli¢ini drvenih kalupa. Kalupi su postaljeni u
5 redova po 5 kalupa. Na dno kalupa postavljena je crna PVC folija sa rupicama za odvod moguceg suviska
vode iz kalupa. Unutar svakog kalupa na foliju nasipana je zemlja do vrha kalupa. U prvi red kalupa zasaden
je kukuruz, u drugi red zob, u treci salata, u cetvrti mrkva i u peti red trava. Polja su tretirana s dvije vrste
bioloskih pripravaka i to bio enzimom i kompostnim ¢ajem.

Shema postavljenog pokusa prikazana je na slici 1.
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Primjena bio enzima i kompostnog ¢aja na pojedine biljne vrste

Pod rednim brojem 1 zasadena je kukuruz, 2 zob, 3 salata, 4 mrkva i 5 trava. Svako polje je tretirano biljnim
pripravcima tijekom lipnja u fazi intenzivnog porasta pocevsi od 03.06.2016., kada je provedeno prvo treti-
ranje na kukuruzu i zobi, do 25.06.2016., do kada su se pratile posljednje promjene na biljkama. Koristeni
su bioloski pripravci otpadnog bio enzima i kompostnog ¢aja od vermikomposta. Tretiranje je vr§eno razri-
jedenim bioloskim pripravkom u omjeru 1:10. Od 25 polja, 5 polja je ostavljeno ne tretirano (kao kontrola
radi usporedbe rasta s ostalim tretiranim poljima), 5 polja je jednom tretirano otpadnim bio enzimom, 5
polja je dva puta tretirano otpadnim bio enzimom, 5 polja je tri puta tretirano otpadnim bio enzimom i 5
polja je dva puta tretirano kompostnim ¢ajem od vermikomposta.

Rezultati i rasprava

Tablica 1. Rezultati tretiranja na rast kukuruza

R.b. tretiranja Al Bl C1 D1 El
1. 14,8 14,8 16,7 19,1 21
2. 16,6 17,6 21 24,5 26
3. 18,8 21 26 30 34,5
Tablica 2. Rezultati tretiranja na rast zobi
R.b. tretiranja A2 B2 C2 D2 E2
1. 39 53 6,1 6,8 10,3
2. 6,4 7,2 8,2 9,1 14,5
3. 14,3 16,1 21,6 22 24
Tablica 3. Rezultati tretiranja na rast salate
R.b. tretiranja A3 B3 C3 D3 E3
1. 32 34 39 4,2 4,3
2. 4,6 5 5,6 6,1 7,3
3. 10,3 12,5 14 15 17,6
Tablica 4. Rezultati tretiranja na rast mrkve
R.b. tretiranja A4 B4 C4 D4 E4
1. 2,3 2,9 32 3,8 3,8
2. 34 4 4,8 5,9 6,5
3. 5 7,8 9 14,1 15,2
Tablica 5. Rezultati tretiranja na rast trave
R.Db. tretiranja A5 B5 C5 D5 E5
1. 14,8 14,3 16,2 17,4 17,5
2. 16,5 17,9 22,8 23,2 23,6
3. 18,3 22,2 25,1 26,6 27,3

Mjerenja visine provodena su po 3 puta i to tjedan dana nakon prvog tretiranja, tjedan dana nakon drugog
tretiranja i tjedan dana nakon treceg tretiranja. Kod ne tretiranog kukuruza na kontrolnom polju visina u
odnosnu na tretirane kukuruze 3 puta bio enzimom i 2 puta kompostnim ¢ajem, manja je za 12,2 cm tj 15,7
cm. Kod zobi, visina ne tretirane zobi u odnosnu na tretiranu 3 puta bio enzimom i 2 puta kompostnim
¢ajem, manja je za 7,3 cm tj. 9,3 cm. Kod ne tretirane salate visina je u odnosnu na tretiranu 3 puta bio en-
zimom i 2 puta kompostnim ¢ajem manja za 4,7 tj. 7,3 cm.
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Kod ne tretirane mrkve visina je manja u odnosu na tretiranu 3 puta bio enzimom i 2 puta kompostnim
¢ajem manja za 9,1 tj. 10,2 cm. Kod trave je takoder vidljivo da je ne tretirana trava manja u odnosu na tre-
tiranu travu 3 puta bio enzimom i 2 puta kompostnim ¢ajem za 8,3 tj. 9,0 cm. Osim visine rasta biljnih vrsti
zamjetno je da je kod svih biljnih vrsti najbujnije i vizualno najljepse peto polje (“E polja“) u kojem je svaka
biljna vrsta tretirana 2 puta kompostnim ¢ajem.

Zakljucak

Uzimajudi u obzir rezultate visine mjerenja biljaka , mozemo zakljuciti da bioloski pripravci svakako imaju
utjecaja na rast svih zasadenih biljnih vrsta poboljsavajuci njihov rast. Na svim istrazivanim biljnim vrstama
najveci porast bio je na poljima tretiranim kompostnim ¢ajem, a zatim na onima tretiranim 3 puta bioenzi-
mom. Primjenom ovih pripravaka ne $tetimo i ne narusavamo, ve¢ potpomazemo i pridonosimo ¢ovjeku,
okolisu i svim zZivim organizmima jer su potpuno prirodni i bezopasni. Samom izradom ovakvih biologkih
pripravaka rjesavamo probleme nastalog otpada ¢ime se takoder pridonosi okolisu, a osim toga bitna je i
¢injenica da je izrada bioloskih pripravaka financijski isplativija od kupovine umjetnih pesticida i fungicida.
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APPLICATION OF ECO ENZYMES AND COMPOST TEA ON INDIVIDUAL
PLANT SPECIES

Abstract

The paper shows the application of the waste eco enzymes and compost tea vermiculture in the
process of plant nutrition.The research was conducted on the culture of corn, oats, lettuce, carrots
and herbs.From the research conducted, it is evident that the best results in the nutrition given
culture twice treated with compost tea. Second place is occupied by cultures that have been treated
three times the eco enzyme, and the worst results were obtained on cultures in control, not treated

fields.

Key words: compost tea, eco enzyme, biological preparations
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Mercury bioaccumulation by wild edilbe mushrooms
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ABSTRACT

Mercury (Hg) contents was determined in ten species of edible mushrooms in Zrin mountain,
Croatia. The analyses of mercury were carried out by AAS mercury analyzer (Atomic Adsorption
Spectrophotometer). The greatest mercury mean concentration of 2.28 mg kg' was determined in
ectomycorrhizal species Boletus edulis. In terms of the anatomical parts of the fruiting body (cap-
stipe), a considerably greater concentration of mercury was found in the cap then in other parts for
all mushroom species. According to calculated bio-concentration factors, all the examined species
were found to be bio-accumulators of mercury. The possibility of toxicological effects on human
health consumption of investigated species are negligible.

Key words: mercury, edible mushrooms, bioconcentration factor, ecology

Introduction

Emissions of heavy metals from anthropogenic sources have been constantly increasing in recent decades.
Heavy metals are very persistent in the environment and, due to the ability of accumulation, may affect living
organisms. Mercury (Hg) along with other elements such as arsenic (As), lead (Pb) and cadmium (Cd) are
important to consider in terms of food-chain contamination (McLaughlin et al., 1999.). The past 2-3 decades
have witnessed increasing publications evaluating the Hg levels in both food and the environment at a
national or a regional level. However, the recent publication of the United Nations Environment Programme
indicated that this concern is a global issue as these contaminations result mostly from anthropogenic
emissions of Hg (UNEP, 2013). Mercury is a trace element, natural and ubiquitous in the lithosphere
and hydrosphere, with predilection to combine with sulphur (S) and selenium (Se) in the environment.
Consequently it occurs in food and feedstuff. Mercury is readily biomethylated into methylmercury, which
is then bioaccumulated (usually together with Se for which MeHg is an antagonist in selenocysteine) in
the aquatic food chain (Falandysz and Borovicka, 2013.). Differences in Hg distribution in soils is due
to airborne Hg pollution (accumulation in litter and organic layer of soils) or from geogenic Hg (which
occurs under the organic horizon layer). Important variables that determine the amounts of Hg observed
in mushrooms depends on its availability to the mycelia, genetic factor, and adaptation to the geochemical
composition and anomalies of soil background (Falandysz and Bielawski, 2007., Arvay et al.,, 2014., Wiejak
et al,, 2014., Falandysz and Drewnowska, 2015., Krasifiska and Falandysz, 2016.). Both the mycorrhizal
and non-mycorrhizal mushrooms are efficient in mobilizing and subsequently sequestering Hg and other
elements from soil/litter substratum into their fruiting bodies. The mushroom mycelia can very efficiently
mobilize Hg from mushroom substratum (soil, litter or wood) and translocate the same to the mushroom
fruiting bodies thereby resulting in the observation of elevated amounts of Hg in the morphological parts
of the mushroom (the cap and stipe) compared to the Hg levels in the substrate in some cases. However,
mercury is one of the most toxic and dangerous environmental contaminants. Mercury can be efficiently
bioaccumulated by many mushroom species, even if scarcely present in forest soils. For example, values
of bioconcentration factors (BCF) for the genus Boletus can vary from 126 to 421 (Melgar et al., 2009.).

1 Agroekologija, ekoloska poljoprivreda i zastita okolisa
52. HRVATSKI i 12. MEDUNARODNI SIMPOZI) AGRONOMA | 12.-17. veljace 2017. | Dubrovnik, Hrvatska 91



Ivan Siri¢, Ivica Kos, Ante Kasap, Ana Kai¢, Valentino DrZai¢, Luka Raki¢

Species of the genus Boletus are capable of accumulating several times greater amounts of mercury than
any other mushrooms species. Therefore, the objectives of this study were to (a) determine the mercury
concentrations in wild edible mushroom species and the substrate on which they grow, (b) determine the
accumulation capacity (bioconcentration or exclusion) of mercury in fruiting bodies of mushrooms, (c)
determine the distribution of mercury in anatomical parts of fruiting bodies (cap and stipe).

Materials i methodes

The study was carried out in the area of Zrin mountain, Croatia. Mercury levels have been analysed in 80
samples of 10 edible mushroom species (8 samples per species). Among the sampled species, there were
four terrestrial saprobes (Agaricus campestris L., Clitocybe inversa (Scop. ex Fr.) Pat.; Clitocybe nebularis
Batsch. ex Fr. and Macrolepiota procera (Scop.) Singer, one lignicolous saprobe of the Armillaria mellea
(Vahl) P. Kumm. group, and five ectomycorrhizal species (Boletus aestivalis Paulet ex Fries, Boletus edulis
Bull,, Lactarius deterrimus Groger, Tricholoma portentosum (Fr.) Quelet, and Tricholoma terreum (Schaeft.)
P. Kumm. At the same time, forest topsoil samples (0-10 cm layer) with organic and mineral parts were
collected at the mushroom sampling sites. Collected specimens and topsoil samples were documented,
oven dried (48 h; 60°C), ground with a laboratory Retch SM 2000 and placed into clean glass vessels
until analysis. Laboratory glassware used for the preparation of samples for the determination of mercury
was cleaned by soaking for 24 hours in a solution of ethylene-diamine-tetra-acetic acid (EDTA; Kemika,
Croatia; 5% v/v) and subsequently for 24 hours in HNO, (10% v/v; TTT Ltd., Holy Sunday, Croatia). Soil
samples, of 0.5 g weight were digested with 5 ml of HNO, (65%, Suprapur, Merck, Germany) in sealed
PTFE vessels in a microwave oven for decomposition (Milestone microwave laboratory system, MLS
1200 mega, USA). After matrices decomposition in a microwave oven, the samples were cooled in a water
bath, transferred quantitatively to plastic flasks and diluted to 25 mL using deionized water. The samples
were transferred from volumetric flasks to plastic test tubes. Mercury content in samples of mushroom
was measured without acid digestion using an AAS mercury analyzer (AMA 254 Advanced Mercury
Analyser, Leco, Poland) that uses direct combustion of the sample in an oxygen rich atmosphere. The
quality of analytical procedures was controlled by using blank samples, freshly prepared calibration curves
and standards, and certified reference materials. Statistical analysis and all chartings were performed
with the R Statistical Software by using two integral and three external statistical packages. The values of
bioconcentration factors were calculated as a ratio between the mercury content in the mushroom and in
the soil in which the mushroom grew

Results and discussion

Soil properties (pH value and organic matter content) and concentration of Hg in the area of Petrova gora
are summarized in Table 1. The mean pH value of the soil substrate at Zrin mountain was 6.42, ranging
between 4.21 and 7.52. Organic matter content of the soil underneath various mushroom species and areas
in this study ranged from 2.38 % to 13.31 %, with a mean value of 6.21 %. The results of analysis of mercury
concentration in the soil substrate show mean value of 0.054 mg kg.

Table 1. pH, organic matter and mercury concentration (mg kg-1 dry matter) in soil from the study area.

Zrin mountain
Mean + sd Min. Max. C.V. %
pHH,0O 6.42 £ 1.01 421 7.52 15.73
O.M. % 6.21 £3.34 2.38 13.31 53.78
Hg 0.054 + 0.02 0.05 0.09 37.03

Mean - mean value; Sd - Standard deviation; Min. - Minimum value;
Max. - Maximum value; CV - Coeficient of variability.

Descriptive statistics of mercury concentrations and factors of bioconcentrations (BCF) are given in Table
2. It shows that mushroom species have various abilities to accumulate mercury. The highest concentration
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of mercury was determined in B. edulis (2.28 mg kg™). In contrast, the parasitic fungus A. mellea had the
lowest mercury content of 0.22 mg kg'. All species of mushrooms in this study accumulated mercury and
BCF values were higher than one (Table 2). The highest BCF value of 45.19 was determined for B. edulis,
while the lowest bioconcentration factor (BCF) of 3.89 was calculated for T. terreum. The determined BCF
value in B. edulis was 12 times higher than the lowest value in T. terreum. The distribution of Hg between
anatomical parts of the fruiting bodies (cap and stipe) of the investigated mushrooms are given in Table 2. A
considerably higher accumulation of heavy metals in caps than in stipes was determined in all mushroom
species.

Table 2. Mercury concentrations in the analysed species of mushrooms (mg kg* dry matter); mean + SD
(n=10), quotient (Qc/s) of cap to stipe, bioconcentration factor (BCF).

Mecury BCF
Species Qc/s

Cap Stipe Cap Stipe
Agaricus campestris 1.43 £0.24 1.05+0.12 1.36 26.48 19.44

Armillaria mellea 0.31+£0.14 0.13+£0.05 2.38 * *
Clitocibe inversa 1.52+0.10 0.86 +0.08 1.77 28.15 15.93
Clitocibe nebularis 1.13 +0.07 0.74 + 0.06 1.53 20.93 13.70
Macrolepiota procera 1.51 £ 0.08 0.95 £ 0.07 1.59 27.96 17.59
Boletus aestivalis 2.33+0.11 1.75+0.21 1.33 43.15 32.41
Boletus edulis 244 £0.17 2.11+0.11 1.16 45.19 39.07
Lactarius deterrimus 0.81 £ 0.09 0.66 = 0.07 1.23 15.00 12.22
Tricholoma portentosum 091 +£0.16 0.70 £ 0.07 1.30 16.85 12.96
Tricholoma terreum 0.40 £ 0.16 0.21+£0.11 1.91 7.41 3.89

*wood-decaying

The highest concentration levels of mercury were found in species of the genus Boletus, which is
in accordance with those of Melgar et al. (2009.) and Siri¢ et al. (2014.). However, there is still no
scientifically based explanation for this phenomenon, although Falandysz et al. (2007.) consider that
the tubes, which are part of the carpophore, are extremely rich with mercury. The species A. mellea and
T. terreum had lowest average mercury contents (significant, p<0.05) (Figure 1), which is in agreement
with the results of Falandysz et al., (2013) for Armillaria solidipes. Higher deposition of mercury in
caps versus stipes of fruiting bodies determined in our study is in agreement with the results of Siri¢
et al. (2016.). The caps (hymenophore) may generally accumulate higher amounts of mercury because
it contains more mercury binding proteins and enzymes than the rest of fruiting body (Melgar et al.,
2009.). The BCF for mercury of all mushroom species was greater than one. This result implies that all
the investigated mushroom species are active bio-accumulators for Hg in soil substratum. In general,
metal (mercury) levels in fruiting bodies of wild mushrooms are influenced considerably by the age of
mycelium, interval between fructifications, and the species of mushrooms. These factors cause wide
variability in mercury concentrations.
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Figure 1. Box and whisker plots representing the distribution of Hg concentration in mushroom species:
Agaricus campestris; Armillaria mellea, Clitocybe inversa, Clitocybe nebularis, Macrolepiota
procera, Boletus aestivalis, Boletus edulis, Lactarius deterrimus, Tricholoma portentosum and
Tricholoma terreum. Letters represent the results of Tukey’s post-hoc comparisons of mean
values among the species (p<0.05).

Conclusion

The mercury contents in the analysed mushrooms are mainly affected by the fungal species. All
mushrooms species were bio-accumulation for mercury. The average concentrations of mercury metals
were considerably different between the anatomical parts of the fruiting body (cap and stipe). Based on
the determined concentrations of mercury and according to the regulations on maximum levels of certain
contaminants in foodstuffs (NN 146/2012), it can be concluded that the consumption of the examined
species of mushrooms do not pose a toxicological risk to humans. Nevertheless, the mercury concentration
of wild edible mushrooms should be analysed more frequently in order to identify, evaluate and control the
possible danger of exposure at the local or regional scale.
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SAZETAK

S ciljem utvrdivanja zbijenosti tla u prirodnim uvjetima na luvisolu i rendzini u Sumskom i livadnom eko-
sustavu u 2013. godini na podrucju Kalnika obavljena su mjerenja mehanickog otpora i trenutne vlaznosti
tla te su odredeni sadrzaj humusa i mehanicki sastav tla. Znacajno vece vrijednosti mehanickog otpora tla
utvrdene su kod luvisola u sSumskom ekosustavu u odnosu na rendzine. Vece vrijednosti trenutne vlaznosti
tla utvrdene su kod rendzina s ve¢im sadrzajem humusa u usporedbi s luvisolima.

Kljuc¢ne rijeci: mehanicki otpor tla, prirodni ekosustavi

Uvod i ciljevi istrazivanja

Kod nas i u svijetu veliki broj autora istrazuje utjecaj antropogenog zbijanja tla na njegove znacajke, odnosno
na degradaciju tla (Hamza i sur., 2005; Kozlowski i sur., 2008; Krebstein i sur., 2013; Spolj arisur., 2015.), a
prema dostupnim izvorima manje je istrazivanja provedeno u prirodnim ekosustavima (Islam i Well 2000;
Handayani i sur., 2004.). Islam i Well (2000.) navode kako prenamjena sumskog u poljoprivredno zemljiste
rezultira znac¢ajnim povecanjem zbijenosti tla te smanjenjem ukupnog poroziteta, stupnja stabilnosti mikro-
agregata i sadrzaja organske tvari. Indeks pogorsanja znacajki kultiviranog tla, kako navode autori, ukazuje
na to da se kvaliteta tla umanjila za znacajnih 44%. Najvece vrijednosti volumne gustoce tla, kao indikatora
njegove zbijenosti, utvrdene su kod kultiviranoga tla, a manje su bile u Sumskom i livadnom ekosustavu.
Handayani (2004.) utvrduje najmanje vrijednosti gustoce pakiranja cestica (Gp) u prirodnim $umama, a
najvece su zabiljezene kod obradenih tala. Autor takoder dobiva najpovoljnije stanje sadrzaja trenutne vlage
i ukupnog poroziteta u Sumskom ekosustavu. Sands i sur., (1979.) navode kako zbijanje tla nepovoljno utjece
na ukupni porozitet i dovodi do neznatnog povecanja sadrzaja vlage u tlu. Smanjenje sadrzaja organske tvari
u tlu, kako navode autori, uzrok je manjih vrijednosti ukupnog poroziteta i sadrzaja vlage.

Iz ovog kratkog pregleda literature, vidljivo je, da se istrazivanja zbijenosti tla uglavnom provode na obra-
divim povrsinama. Stoga su na podrucju Kalnika u 2013. godini provedena istrazivanja mehani¢kog otpora
tla na rendzini i luvisolu u Sumskom i livadnom ekosustavu. Ciljevi istrazivanja obuhvatili su: utvrdivanje
zbijenosti tla u prirodnim ekosustavima i utvrdivanje korelacijskih odnosa izmedu mehanickog otpora tla,
trenutne vlaznosti tla i sadrzaja humusa.

Materijal i metode

Na luvisolu i rendzini (Husnjak, 2014.) u $umskom i livadnom ekosustavu u 2013. godini na podrucju
Kalnika obavljena su mjerenja mehanickog otpora i trenutne vlaznosti tla te su za obje sistematske jedinice
odredeni sadrzaj humusa i mehanicki sastav u natrijevom pirofosfatu. Pedoloska istrazivanja provedena
su prema prihvacenim medunarodnim standardima (Pernar i sur, 2013.). Mjerenja mehanickog otpora tla
izvrdena su u dvanaest ponavljanja na dubini A horizonta u tri navrata tijekom vegetacijskog razdoblja
upotrebom digitalnog penetrometra (Penetrologger, Eijkelkamp). Istovremeno je za istu dubinu odredena
trenutna vlaznost tla ,Theta probe® senzorom u Cetiri ponavljanja. Uzorci tla za potrebe analize sadrzaja
humusa uzeti su na pocetku istrazivanja. Izradeni su korelacijski odnosi izmedu mehanickog otpora tla,
trenutne vlaznosti tla i sadrzaja humusa. Rezultati mehanickog otpora tla obradeni su statisticki analizom
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varijance jednostavnim modelom. Srednje vrijednosti testirane su LSD testom. Statisticka analiza provedena
je pomocu programskog paketa Statistica 12 (StatSoft, Inc. 2012.).

Rezultati i rasprava

Istrazivanja su provedena na luvisolu pjeskovito glinasto ilovaste teksture i na rendzini ilovaste teksture,
Tablica 1.

Tablica 1. Mehanicki sastav tla

Tip Dubina tla, Mehanicki sastav tla u Na pirofosfatu, %

tla cm 2-0,2 mm 0,2-0,02 mm 0,02-0,002 <0,002 mm
LSL 0-30 2,70 44,47 29,50 23,10
LSS 0-30 3,16 49,84 25,15 21,85
RZL 0-20 9,82 39,58 29,25 21,35
RZS 0-20 9,83 39,07 31,25 19,85

Tumac kratica: LSL - lesivirano livada, LSS - lesivirano §uma, RZL - rendzina livada, RZS - rendzina $uma

Statisti¢ku analizu istrazivanih znacajki tla po sistematskim jedinicama tla s na¢inima koristenja (varijanta-
ma) prikazuje Tablica 2.

Tablica 2. Analiza varijance istrazivanih znacajki tla po sistematskim jedinicama tla

" Varijanta
Varijabla - -
LSL LSS RZL RZS
Mehanicki otpor tla, MPa 2,20% 2,52¢ 1,930 2,09
Sadrzaj humusa, % 2,934 3,56° 5,05° 8,23
Trenutna vlaznost, % vol. 15,19 11,74° 17,512 15,60°

Tuma¢ kratica: LSL - luvisol, livada; LSS — luvisol, $uma; RZL - rendzina, livada; RZS - rendzina, $uma
*** Vrijednosti u redovima oznacene razli¢itim slovima znacajno se razlikuju (p<0,05)

Statisti¢ki opravdano vece vrijednosti mehanickog otpora tla utvrdene su kod luvisola u sumskom ekosu-
stavu u odnosu na rendzine. Manje vrijednosti mehanickog otpora tla bile su kod rendzina kod kojih su
zabiljezene i vece vrijednosti sadrzaja humusa i trenutne vlaznosti tla. Znacajno veca vrijednost sadrzaja
humusa bila je kod rendzina u Sumskom ekosustavu u odnosu na druge varijante. Utvrden je sljedeci re-
doslijed sadrzaja humusa po istrazivanim varijantama: LSL < LSS < RZL < RZS. Veée vrijednosti trenutne
vlaznosti tla utvrdene su kod rendzina s ve¢im sadrzajem humusa u usporedbi s luvisolima. Iz podataka je
vidljivo, da vrijednosti mehanickog otpora tla u prirodnim uvjetima manje ovise o nacinu koristenja, a vise
su pod utjecajem drugih okolisnih ¢imbenika, odnosno vise su znacajka tipa tla. Koli¢ina humusa osim $to
je znacajka tipa tla ovisi i o na¢inu koristenja pa su tako kod istrazivanih varijanata vece vrijednosti sadrzaja
humusa utvrdene u Sumskom ekosustavu. Tablica 3. prikazuje analizu varijance mehanickog otpora i trenut-
ne vlaznosti tla tijekom vegetacijskog razdoblja.

Tablica 3. Analiza varijance mehanickog otpora i trenutne vlaZznosti tla tijekom vegetacije

Varijabla Mjerenje Varijanta
LSL LSS RZL RZS
Mehanicki otpor tla, MPa 1. mjerenje 2,62° 3,26 1,90 1,69°
Mehanicki otpor tla, MPa 2. mjerenje 3,892 3,332 2,032 2,432
Mehanicki otpor tla, MPa 3. mjerenje 1,64 2,37° 1,86° 1,95
Trenutna vlaznost, % vol. 1. mjerenje 19,10 15,44 22,66 20,11°
Trenutna vlaznost, % vol. 2. mjerenje 8,00° 6,25° 10,00° 8,00°
Trenutna vlaznost, % vol. 3. mjerenje 17,22° 12,80¢ 18,88¢ 17,63

Tumac¢ kratica: LSL - luvisol, livada; LSS — luvisol, $uma; RZL - rendzina, livada; RZS - rendzina, $uma
*** Vrijednosti u stupcima za istu znacajku oznacene razli¢itim slovima znacajno se razlikuju (p<0,05)
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Kod drugog mjerenja utvrdene su vece vrijednosti mehanickog otpora tla i manje vrijednosti trenutne vlaz-
nosti tla u odnosu na prvo i tre¢e mjerenje. Povoljan utjecaj prirodnih ekosustava na volumnu gusto¢u
tla, kao indikatora zbijenosti, i sadrzaja vlage u tlu utvrduju Li i sur., (2006.). Celik (2005.) u istrazivanju
$umskih tala i travnjaka utvrduje ujednacene vrijednosti sadrzaja humusa kod oba nacina koristenja, a bolje
rezultate glede zbijenosti tla autor dobiva u $umskim ekosustavima. Najnepovoljnije stanje istrazivanih fizi-
kalnih znacajki tla autor utvrduje kod obradenih tala.

Korelacijske odnose po istrazivanim sistematskim jedinicama tla s nac¢inima koristenja (varijantama) iz-
medu mehanickog otpora, trenutne vlaznosti i sadrzaja humusa prikazuje Tablica 4. Po svim istrazivanim
varijantama utvrdeni su negativni korelacijski odnosi izmedu mehanickog otpora tla i trenutne vlaznosti
(p>0,05), a najveca vrijednost negativnog korelacijskog koeficijenta utvrdena je kod rendzine u Sumskom
ekosustavu (r = -0,80). Takoder su na svim varijantama utvrdeni negativni korelacijski odnosi izmedu me-
hanickog otpora tla i sadrzaja humusa, a najveca vrijednost negativnog korelacijskog koeficijenta zabiljezena
je kod rendzina u livadnom ekosustavu (p<0,05).

Tablica 4. Korelacijski odnosi izmedu mehanic¢kog otpora tla, trenutne vlaznosti tla i sadrzaja humusa

Trenutna Sadrzaj
Varijabla Varijanta
vlaznost tla, % vol. humusa, %
L. mjerenje (29. svibnja 2013.)
LSL -0,29 -0,19
Mehanicki otpor tla, MPa LSS -0,26 -0,23
RZL -0,40 -0,13
RZS -0,01 -0,16
2. mjerenje (24. srpnja 2013.)
LSL -0,05 -0,12
Mehanicki otpor tla, MPa LSS -0,02 -0,16
RZL -0,24 -0,74*
RZS -0,01 -0,41
3. mjerenje (24. rujna 2013.)
LSL -0,22 -0,07
Mehanicki otpor tla, MPa LSS -0,33 -0,29
RZL -0,10 -0,17
RZS -0,80 -0,25

Tumac kratica: LSL - luvisol, livada; LSS - luvisol, $uma; RZL - rendzina, livada; RZS - rendzina, $uma; p > 0,05, *p < 0,05

Negativni korelacijski odnos izmedu volumne gustoce tla i sadrzaja organske tvari u tlu takoder dobivaju
Askin i Ozdemir (2003.). Lii sur., (2006.) navode kako se u tlu s porastom sadrzaja organske tvari dogada
niz pozitivnih promjena, smanjuje se volumna gustoca tala, povecavaju se ukupni porozitet i stabilnost
strukturnih agregata, a dakako da se i znatno povecava sadrzaj vlage u tlu.

Temeljem navedenoga moze se konstatirati da su povoljniji uvjeti zbijenosti tla utvrdeni kod rendzina u
odnosu na luvisole. Mehanicki otpor tla u prirodnim ekosustavima manje ovisi o nacinu koristenja, a vise
je pod utjecajem drugih okolisnih ¢imbenika, odnosno vise je znacajka tipa tla. Utvrdeni su negativni ko-
relacijski odnosi izmedu mehanickog otpora tla i trenutnog sadrzaja vlage u tlu, kao i izmedu mehanickog
otpora tla i sadrzaja humusa.

Zakljucci
Znacajno vece vrijednosti mehanickog otpora tla utvrdene su kod luvisola u $umskom ekosustavu u odno-
su na rendzine. Znacajno veca vrijednost sadrzaja humusa bila je kod rendzina u Sumskom ekosustavu u

odnosu na druge varijante. Vrijednosti mehanickog otpora tla u prirodnim uvjetima manje ovise o nacinu
koristenja, a vise su pod utjecajem drugih okoli$nih ¢cimbenika, odnosno vise su znacajka tipa tla. Koli¢ina
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humusa, osim $to je znacajka tipa tla, ovisi i o nacinu koristenja pa su tako kod istrazivanih varijanata vece
vrijednosti sadrzaja humusa utvrdene u Sumskom ekosustavu. Vece vrijednosti trenutne vlaznosti tla utvr-
dene su kod rendzina s ve¢im sadrzajem humusa u usporedbi s luvisolima. Utvrdeni su negativni korelacij-
ski odnosi izmedu mehanickog otpora tla i trenutnog sadrzaja vlage.
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MECHANICAL RESISTANCE OF SOIL IN NATURAL ECOSYSTEMS

Abstract

In order to determine soil compaction in natural conditions on luvisol and rendzina in forest
and meadow ecosystem in 2013 at the Kalnik area, measurements of mechanical resistance and
current soil moisture were conducted and the content of humus and soil texture were determined.
Significantly higher values of the mechanical resistance of the soil were determined on luvisols in the
forest ecosystem in relation to rendzinas. Higher values of the current soil moisture were determined
at rendzinas with higher humus content in comparison with luvisols.

Keywords: mechanical resistance of the soil, natural ecosystems
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Sazetak

Nedostatak kalcija je znacajan fizioloski poremecaj za raj¢icu, a rezultira nekrozama cvjetova, listova,
pupova i korjenci¢a. Nedostatno uzimanje kalcija od strane biljke, posljedica je nedostatnih koli¢ina
kalcija u supstratu, slabe transpiracije, te prevelike primjene kalijevih i dusi¢nih gnojiva. Izradili
smo mikrokapsule temeljene na izolatu Trichoderma viride STP i obogacene kalcijem. Mikrokapsule
su stimulirale razvoj presadnica, pupova te plodonosenje, broj i tezinu plodova te dozrijevanje.
Povecanje uroda rajc¢ice postignuto jednokratnom primjenom mikrokapsula u presadivanju ¢ini
ih potencijalnim bio-gnojivom. Prema nasim saznanjima ovo je i u svijetu jedinstveni pokusaj
inkapsulacije bio- i kemijskog ¢imbenika u formulaciju koja bi bila od vaznosti posebice za ekoloski
uzgoj.

Kljucne rijeci: bio-kapsule, eko-uzgoj, inkapsulacija, nedostatak hranjiva.

Uvod

Agrikulturalni znacaj filamentozne gljive Trichoderma viride Pers. donedavno se ocitovao iskljuc¢ivo u bi-
ologkom suzbijanju fitopatogenih gljiva. Tijekom istrazivanja antagonistickih mehanizama primijecena je
sposobnost stimulacije biljnog rasta (SBR), povecanje biljne mase, lisne mase te suhe mase (Topolovec-Pin-
taric¢ i sur., 2013; Topolovec-Pintaric¢ i sur., 2011; Inbar i sur., 1994; Ousley i sur., 1994; Baker, 1988; Chang
isur., 1986). Sposobnost SBR od strane T. viride najprije je smatrana postranim efektom koji se javlja zbog
odli¢nog antagonistickog i mikoparazitskog djelovanja na fitopatogene gljive koje su prisutne u rizosfernom
sloju te stoga biljni korijen moze snaznije rasti i usvajati hranjiva (Ousley i sur., 1993). BiljeZeni su i drugi
pozitivni efekti poput stimulacije produkcije fitohormona (Baker, 1988; Chang i sur., 1986; Windham i sur.,
1986) te povecanje biljci pristupacnih hranjiva i minerala zbog saprofitske aktivnosti T. viride (Ousley i sur.,
1994a). Takoder, zabiljezen je i pozitivan utjecaj na povecanje energije klijanja sjemena, kao i nicanja (Topo-
lovec-Pintari¢, 2010; Celar i Vali¢, 2005; Koch, 2001; Gupta i Sharma, 1995). Danas se smatra kako je SBR
nezavisna i jednako izuzetna sposobnost T. viride, kao i njezina antifungalna sposobnost te jednako znacajna
jer je zabiljezena u istrazivanjima provodenim u uzgoju biljaka u sterilnim supstratima (Topolovec-Pintari¢
i sur., 2013; Celar i Vali¢, 2005; Altomare i sur., 1999). Stovise, sposobnost SBR se danas smatra izuzetno
znacajnim za poljoprivredu te razumijevanje uloge T. viride u prirodnim i poljoprivrednim ekosistemima.

Nedostatak kalcija je znacajan fizioloski poremecaj za raj¢icu s posljedicama paleza cvjetova te nekrozama
listova, pupova i korjenci¢a. Dodavanjem kalcija u rizosferu problem se ne¢e nuzno rijesiti, obzirom da nedo-
statno usvajanje kalcija od strane biljke, nije samo posljedica nedostatnih koli¢ina kalcija u supstratu ve¢ slabe
transpiracije ili prevelike primjene kalijevih i dusi¢nih gnojiva. Oportunisticki simbiont, Trichoderma viride,
moze stimulirati biljku na uzimanje hranjiva te pomoc¢i uspostavi uravnotezene ishrane, a time i uroda.
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Formulacija na osnovu izolata T. viride ovakvih sposobnosti ponajprije bi bila od velike vaznosti za ekoloski
uzgoj. Inkapsulacija propagula T. viride se intenzivno istrazuje jer treba izraditi formulaciju koja ¢e omogu-
¢iti da se inokulum gljive visoke gustoce odrzi vijabilnim kroz transport, skladistenje i aplikaciju. Osnovno
je odabrati odgovarajuci nosa¢ inokuluma gljive, a do sada se najboljim pokazao alginatni matriks (Topolo-
vec-Pintari¢ i sur., 2013, 2011; Topolovec-Pintari¢, 2010; Mafia i sur., 2003; Lestan i Lamar, 1996). U nasim
istrazivanjima (Vincekovi¢ i sur., 2016) kreirali smo mikrokapsule temeljene na autohtonom izolatu T. viride
STP i obogacene kalcijem te testirali utjecaj na plodono$enje rajcice, broj i tezinu plodova. Prema nasim
saznanjima ovo je jedinstveni pokusaj simultane inkapsulacije bio- i kemijskog ¢imbenika te smo istrazivali
i primjenjivost formulacije.

Materijal i metode

Autohtoni izolat T. viride STP porijeklom je sa sklerocija Sclerotinia sclerotiorum (Topolovec-Pintari¢ i sur.,
2010). Izolat STP je kultiviran na PDA (Biolife, Italija) u petrijevkama promjera 10 cm, pri 24 °C. Mikrokap-
sule s biorazgradivim matriksom od kitozana i alginata obogacene su kalcijem. Formulacija mikrokapsula
izradena je prema metodi Vincekovi¢ i sur. (2016). Oblik mikrokapsula je granula prosje¢nog promjera 4
mm, dok je boja njezno zelena zbog pigmenta u konidijama ove gljive (sl. 1).

Pokus je postavljen po slucajnom bloknom rasporedu s dvije varijante: 1) mikrokapsule-STP+Ca i 2) kon-
trola. Svaka varijanta bila je zastupljena s 15 biljaka ,,cocktail raj¢ice. Mikrokapsule-STP+Ca jednokratno
su primijenjene u presadivanju presadnica rajcica krajem travnja u ilovasto tlo (odredeno prema Gracanin,
1947). Prilikom sjetve polozeno je 4 g mikrokapsula-STP+Ca po sjetvenom mjestu, uz korijen presadnica.

Utjecaj mikrokapsula-STP+Ca vrednovan je temeljem broja plodova po biljci i tezini plodova te interpre-
tiran kao postotni Indeks promocije (I) prema sljedecoj formuli (Topolovec-Pintari¢ i sur., 2013): I = 100
(T-C) C' gdje je C je broj/tezina plodova na kontroli, a T je broj/tezina plodova tretiranih biljaka varijante
mikrokapsule STP+Ca.

Slika 1. Mikrokapsule na osnovu Trichoderma viride STP obogacene kalcijem.

Rezultati i rasprava

Vrednovanje utjecaja mikrokapsula-STP+Ca na rast i razvoj plodova rajc¢ice temeljem broja plodova poka-
zalo je kako su test biljke tretirane formulacijom Mikrokapsule STP+Ca donijele vise plodova od kontrolnih,
netretiranih biljaka. Na dan prvog ocitanja (4. srpnja) ukupan broj plodova po biljci kretao se od 2 - 5 te je
prosjecan broj plodova na varijanti Mikrokapsule STP+Ca iznosio 1,6.

Ukupan broj plodova po biljci na Kontroli kretao se od 2 - 12, prosjecan broj plodova bio je 4,4. Na dan
drugog ocitanja (22. srpnja) ukupan broj plodova po biljci na varijanti Mikrokapsule STP+Ca kretao se od
10 - 17, a prosjecan broj plodova bio je 13,8. Ukupan broj plodova po biljci na Kontroli kretao se od 4 - 13, a
prosjecan broj plodova bio je 10,3. Na dan treceg ocitanja (23. rujna) ukupan broj plodova po biljci na vari-
janti Mikrokapsule STP+Ca kretao se od 10 - 21, a prosjecan broj plodova bio je 29,3. Ukupan broj plodova
po biljci na Kontroli kretao se od 8 - 19, a prosjecan broj plodova bio je 23,9. Dobiveni rezultati prikazani
su u Tablici 1.
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Vrednovanje utjecaja mikrokapsula-STP+Ca temeljem mase plodova izvr$eno je u trecem ocitavanju (23.
rujna) tj. na trznim plodovima. Formulacija je i ovdje polucila odlican utjecaj. Ukupna masa plodova s bi-
ljaka varijante Mikrokapsule STP+Ca iznosila je 23.256 g, na 255 plodova tj. prosje¢no 91,2 g po plodu, a po
biljci 1550,4 g na 17 plodova.

Ukupna masa plodova s biljaka varijante Kontrola iznosila je 14.684 g. Ubrano je ukupno 195 plodova tj.
s prosje¢cnom masom ploda od 75,3 g, a po biljci 978,9 g na 13 plodova. Dobiveni rezultati prikazani su u
Tablici 1.

Tablical. Dinamika razvoja plodova rajcice izrazena brojem i masom plodova po varijanti.

mikrokapsule kontrola mikrokapsule  kontrola mikrokapsule kontrola
STP+Ca STP+Ca STP+Ca

BROJ PLODOVA OCITANJE 4.SRPNJA Ocitanje 22.srpnja Ocitanje 23.rujna
z 24,5 65,6 207 154 255 195
sX 1,6 4,4 13,9 10,2 17 13
MASA PLODA (g)
z 23.256 14.684
sX 91,2 75,3

U provedenom istrazivanju autohtoni izolat Trichoderma.viride STP inkapsuliran je u biopolimerne mikro-
kapsule zajedno s kalcijevim ionima. Kalcij je vazan za normalan razvoj raj¢ice te njegov nedostatak rezul-
tira propadanjem cvjetova, nekrozama listova i terminalnih pupova te korijenovih dlacica. U ishrani rajc¢ice
nedostatak kalcija najcesce je posljedica nedovoljne kolic¢ine u tlu, slabijeg usvajanja hranjiva od strane biljke
ili pri neuravnotezenoj, pogotovo prekomjernoj primjeni dusi¢nih i kalijevih gnojiva. Nedostatak kalcija ne
moze se nadoknaditi dodatkom kalcija u rizosferu uz korijen.

Oportunisticki simbiont kao $to je T.viride moze pomoci biljci u harmoniziranju usvajanja hranjiva, kao
i boljem iskoristavanju usvojenog hranjiva $to u konacnici rezultira bujnijim rastom biljke ali i plodono-
$enjem. Jacina biljnog rasta ovisi o biljnoj vrsti, ali i o izolatu Trichoderma vrste. Primjerice, u istrazivanju
Changa i sur. (1986) konidijska suspenzija Trichoderma spp. dodana u tlo rajcice, paprike i krastavca pove-
¢ala je tezinu suhe mase ali ne i kod graha i rotkve. Takoder, vazna je i formulacija u kojoj je inkapsuliran
inokulum Trichoderma izolata. Tako je dodatak Trichoderma sp. u supstrat u formi perlitnih granula pove-
¢ao tezinu suhe mase rotkvice naspram primjene istog izolata u formi suspenzije spora. Nadalje, koliko ¢e
snazna biti promocija biljnog rasta ovisi i o koncentraciji u kojoj je izolat primijenjen (Lynch i sur., 1991).

Pozitivni utjecaj Trichoderma vrsta na promociju rasta raj¢ice proucavan je od samih pocetaka istrazivanja
utjecaja mikorize s Trichoderma vrstama na biljni rast te je i potvrden (Baker i sur., 1984; Chang i sur., 1986;
Paulitz i sur. 1986; Baker, 1988). Inokulum Trichoderma vrste dodavan je u vecini tih istrazivanja u obliku
suspenzije spora.

Interesantno istrazivanje utjecaja nekoliko izolata vrste T. longibrachiatum na rast rajéice proveo je Abadi
(2008). Sjeme rajcice tretirano suspenzijom spora 1. longibrachiatum izolata Lib1 i Lib3 omogucilo je 60-100
postotnu klijavost sjemena (Abadi, 2008). Rast biljaka pracen je tijekom tri tjedna od nicanja. Ustanovljene
su razlike u jacini rasta razlicitih sorata no, uvijek je visina tretiranih biljaka bila veca od netretiranih bilja-
ka. Ustanovljen je i ve¢i broj listova po biljci kod sorte S. Marzano tretiranih izolatom T. longibrachiatum
Lib2, kao i kod sorte Corbarino tretirane izolatima T. longibrachiatum Lib1 i Lib2. Takoder, ustanovljena je
i signifikantno veca svjeza masa korijena sorte Corbarino tretirane izolatima Lib1 i Lib3 te s T. harzianum
T22 (Abadi, 2008).

U istrazivanju Topolovec-Pintari¢ i sur. (2013) testiran izolat T. viride STP primijenjen u formulaciji alginat-
nih peleta pokazao se dobrim promotorom rasta kupusa i cikle. Isti autohtoni izolat primijenjen je takoder
u formulaciji alginatnih peleta i u istrazivanju utjecaja na rast presadnica salate sa odli¢nim uc¢inkom (To-
polovec-Pintari¢ i sur., 2011). Formulacija alginatnih peleta u tlu se sporije razgradivala te su pelete ostajale
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u tlu do naredne vegetacije iako ih gljiva viSe nije nastanjivala. Slaba topljivost mogla bi odbiti potencijalne
korisnike bio-pripravaka no, iako vidljivi, ovi ostaci nemaju negativnih posljedica.

Zakljucak

Formulacija mikrokapsula na osnovu T. viride omogucava obogacivanje ionima. Inkapsulirani makroele-
ment gljiva moze uciniti odmah dostupnim biljci te je time i utjecaj na biljni rast brzi, kao sto to potvrduju
rezultati ovog istrazivanja. Temeljem provedenog istrazivanja moze se zakljuciti kako se formulacija Mi-
krokapsule STP+Ca pokazala potencijalnim promotorom rasta i plodonosenja raj¢ice. Za preporuciti je
nastavak istraZivanja.

Zahvala

Istrazivanje je provedeno u sklopu HRZZ projekta New biopolymer based micro- and nanocapsules for con-
trolled release of protection/nutrition agents (nositelj M. Vincekovic).
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PROTOTYPE OF TOMATO BIOFERTILIZER: TRICHODERMA VIRIDE AND
CALCIUM BASED MICROCAPSULES

Abstract

The calcium deficiency in tomatoes is heavily plant disorder resulting in blossom end rot, necrosis
of leaves, terminal buds and root tips. The deficiency can be caused by insufficient calcium in the
growth medium, low plant’s transpiration or by excessive usage of potassium/nitrogen fertilizers. The
problem cannot be cured by the addition of calcium to the roots. We created microcapsules based
on Trichoderma viride isolate STP and enriched with calcium. Microcapsules stimulated seedlings
growth, budding, fruiting and ripening. Increment of tomato yield by one microcapsules application
to seedlings root show they bio-fertilizer qualities. This is unique attempt of simultaneously
encapsulation of bio- and chemical- agent into formulation that can be of great importance for eco-
farming.

Key words: bio-capsules, eco-farming, encapsulation, nutrient deficiency.
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IstraZivanje botanicki vrijednih vrsta na podrucju Turjak- MaliS¢ak-Plis-Lapjak u Parku prirode Papuk

IZVORNI ZNANSTVENI RAD

Istrazivanje botanicki vrijednih vrsta
na podrucju Turjak- Malis¢ak-Plis-Lapjak u Parku prirode Papuk

Dinko Zima

Veleuciliste u Pozegi, Vukovarska 17, PoZega, Hrvatska (dzima@vup.hr)

SAZETAK

Podrucje Plis- Malis¢ak — Turjak- Lapjak nalazi se u juznom dijelu parka prirode Papuk. Istrazivanja
su obuhvatila obilazak terena te biljezenje GPS tocki na kojima su evidentirane biljne svojte, a koje
su u nekoj od kategorija zastite. Zabiljezeno je 29 GPS toc¢aka kojima je obuhvaceno 19 botanicki
znacajnih svojti od kojih se isticu Pulsatilla grandis Wender, Fritillaria orientalis Adams, Epipactis
helleborine (L.) Crantz, Ophrys insectifera L. i Platanthera bifolia (L.) Rich. Odreden je stupanj
istraZzenosti, brojnost te procjena veli¢ine populacije. U cilju o¢uvanja vrsta potrebno je provoditi
uklanjanje drvenaste i grmolike vegetacije koja nadire na travnjacku povrsinu.

Kljucne rijeci: Park prirode Papuk, travnjaci, ugrozenost

Uvod

Na podrucju Pozeske kotline do sada je utvrdeno 1588 svojti vaskularne flore (Tomasevi¢, 1998, 2006). Kao
njezin dio posebno bogat rijetkim i zasticenim svojtama istice se podrucje Turjak — Mali$¢ak — Pli§ — Lapjak
koje se nalazi u juznom dijelu Parka prirode Papuk sjeverno od naselja Velike i Radovanaca. Podrucje se naj-
ve¢im dijelom nalazi na karbonatnim naslagama srednjeg trijasa. Takve naslage prvenstveno su zastupljene
na dolomitima, a manje dolomiti¢nim vapnencima i vapnencima. Prevladava dolomitna podloga na tlima
redzinama (neutralnog do slabo bazi¢nog pH) cesto i sa stijenama koje su gole i izviruju na povrsinu te
stvaraju manje kamenjare. Po teksturnoj oznaci to su krupno pjeskovite ilovace. Tla ne sadrze karbonate,
jako su humozna, bogata dusikom te slabo opskrbljena fosforom i kalijem. Ve¢inom su to izolirana stanista
kontinentalnog krsa, na kojem su mjestimicno prisutna otvorena, kamenjarska stanista, netipicna i rijetka
u istocnom dijelu Hrvatske. Dominantna $umska zajednica na istrazivanom podrudju su Sume hrasta me-
dunca i crnog jasena koje su se razvile na strmim obroncima s pojedina¢nim otvorenim travnjackim sta-
nistima (Samardzi¢, 2005). Suhi kontinentalni travnjaci razvijaju se na malim povrsinama koji nisu obrasli
$umom, ali su u postupku sukcesije. Na njima se nalazi veliki broj zasti¢enih i rijetkih biljnih vrsta. Podrucje
zauzima oko 190 ha.

Materijal i metode

Istrazivanja su obuhvatila obilazak terena te biljezenje GPS tocki na kojima su evidentirane biljne svojte
znacajne za ovaj tip stanista, a koje su u nekoj od kategorija zastite. Obilazak terena izvr§en je u pet navrata
tijekom vegetacijske sezone, a vrste su fotografirane te determinirane pomocu ,.kljuceva®. Odreden je stu-
panj istrazenosti, brojnost te procjena veli¢ine populacije na sitrazivanom podruéju. Zabiljezeno je 29 GPS
tocaka kojima je obuhvaceno 19 botanicki znacajnih svojti od kojih se isti¢cu Pulsatilla grandis Wender, Fri-
tillaria orientalis Adams (F tenella Bieb.), Epipactis helleborine (L.) Crantz, Ophrys insectifera L. i Platanthera
bifolia (L.) Rich.

Rezultati i rasprava

Tijekom istrazivanja zabiljeZena je prisutnost brojnih ugrozenih ili rijetkih biljnih svojti (tablica 1., karta 1.)
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Tablica 1. Popis ugroZenih i rijetkih biljnih svojti zabiljeZenih tijekom istraZivanja

Svojta X Y Crveni Zakon |EU Ostali
popis RH | o zastiti | legislative | medunarodni
prirode propisi
Orchis simia Lam. 589186,02 | 5036625.50 VU SZ CITES Dodatak IT

589163,71 | 5036665,31
589035,87 | 5037335,52

590262,50 | 5037317,46
Platanthera clorantha 589159,34 | 5036741,83 NT SZ CITES Dodatak IT

(Custer) Rehb. 589113,63 | 5037008,95
Dictamnus albus L. 589069,45 | 5037388,91 Z
Orchis simia Lam.f. albi- 589087,31 | 5037381,49 VU SZ CITES Dodatak IT
flora
Neottia nidus avis (L.) 588979,72 | 5037478,89 SZ CITES Dodatak II
Rich.
Ophrys insectifera L. 588944,36 | 5037579,76 vU Sz CITES Dodatak IT
Limodorum abortivum (L) | 588933,61 | 5037637,63 SZ CITES Dodatak II
Sw) 589233,86 | 5037970,90
Thymus serpyllum L 588808,19 | 5037895,73 Z
Cephalanthera longifolia | 588785,32 | 5037992,44 NT SZ - CITES Dodatak IT
(L.) Fritsch)
Platanthera bifolia (L.) 589165,18 | 5038214,79 VU SZ CITES Dodatak II

L.C.M. Richard 589027,46 | 5037234,26

589026,62 | 5037232,13
Iris graminea L 589228,09 | 5038124,21 Sz

Centaurea triumfetti All. | 589250,96 | 5038072,07 DD
590206,14 | 5037609,87

Digitalis grandiflora Mill. | 589042,95 | 5037249,82 Z
Epipactis helleborine 588865,26 | 5037825,62 SZ CITES Dodatak IT
Anacamptis pyramidalis | 588817,34 | 5037885,19
(L) Rich) 590249,16 | 5037336,72
Lilium martagon L 588889,69 | 5037778,73 VU SZ
Pulsatilla grandis Wender. | 589246,47 | 5038003,94 LC SZ DS Do- BE Dodatak I

588661,07 | 5038217,59 datak ITi IV

588804,61 | 5037913,98

Fritillaria orientalis Ad- 588948,48 | 5037530,67
ams ( E tenella Bieb.)

Na karti 1. prikazana su nalazista svojti zabiljezenih na istrazivanom podrucju.
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Karta 1. Nalazista svojti zabiljeZenih tijekom istraZivanja

Zabiljezeno je 18 svojti od kojih su neke zabiljezene samo na jednom lokalitetu sa jednom jedinkom, a neke
na vide lokaliteta u velikom broju jedinki.

Podrucje Plis — Malisc¢ak — Turjak - Lapjak vrlo je vazno zbog iznimnih floristickih vrijednosti (Zima, 2008).
Obuhvaca izolirana stanista kontinentalnog kr$a, na kojem su mjestimi¢no prisutna otvorena, kamenjarska
stanista, netipi¢na i rijetka u istoénom dijelu Hrvatske. Unutar Suma hrasta medunca i crnog jasena koje
su se razvile na strmim obroncima s pojedina¢nim otvorenim travnjackim stanistima nalazi se specifi¢na,
rijetka i ugrozena flora. Ovo je podrucje jedino staniste svojte Pulsatilla grandis Wender - modre sase dosad
zabiljezeno u panonskom dijelu Hrvatske. Osim ove svojte na ovom podrucju raste jo$ 51 ugrozena i/ili
za$ticena biljna svojta. Najvaznije biljne svojte na opisanom podrucju su crveni uskolisni likovac (Daphne
cneorum L.), njezna kockavica (Fritillaria tenella MB.), zecica (Phyteuma orbiculare L.), kavkaski divokozjak
(Doronicum orientale Hoffm.), zlatan (Lilium martagon L.) te vrste iz porodice kacuna (Orhidaceae): vrati-
zeljka (Anacamptis pyramidalis (L.) Rich.), bijela naglavica (Cephalanthera damasonium (Mill.) Druce), du-
golisna naglavica (Cephalanthera longifolia (L.) Fritsch), kokica musica (Ophrys insectifera L.), blijedi ka¢un
(Orchis pallens L.), majmunov kac¢un (Orchis simia Lam.). Zbog iznimne vaznosti ovog lokaliteta potrebno
je provoditi smjernice i mjere zastite sukladno principima zonacije parka iz ove stru¢ne podloge. Na istra-
zivanom podrudju zabiljezeno je 16 ugrozenih biljnih svojti na nacionalnoj razini (Nikoli¢, Topi¢, 2005).
Jedna vrsta svrstana je u kategoriju ugrozenih vrsta (EN) za koje postoji vrlo visoki rizik od izumiranja: cr-
veni uskolisni likovac (Daphne cneorum L.). Cetiri vrste svrstane su u kategoriju rizi¢nih vrsta (VU) za koje
postoji visok rizik od izumiranja: zlatan (Lilium martagon L.), kokica musica (Ophrys insectifera L.), blijedi
kac¢un (Orchis pallens L.) i majmunov ka¢un (Orchis simia Lam.). Jedanaest vrsta svrstano je u kategoriju
niskorizi¢nih vrsta (NT) koje nisu pred izumiranjem ali bi uskoro mogle biti: vratizeljka (Anacamptis pyra-
midalis (L.) Rich.), puzavi $a§ (Carex michelii Host), bijela naglavica (Cephalanthera damasonium (Mill.)
Druce), dugolisna naglavica (Cephalanthera longifolia (L.) Fritsch), obi¢ni likovac (Daphne mezereum L.),
zuckasti naprstak (Digitalis grandiflora Mill.), kavkaski divokozjak (Doronicum orientale Hoftm.), Sumski
sréanik (Gentiana asclepiadea L.), $arena perunika (Iris variegata L.), zeleni vimenjak (Platanthera chloran-
tha (Custer) Rchb.), sirokolisna veprina (Ruscus hypoglossum L.).

Prema Pravilniku o proglasavanju divljih svojti zasticenim i strogo zasticenim (NN 99/09) 20 svoijti prisut-
nih na istrazivanom podrucju uvrsteno je u popis strogo zasti¢enih biljaka:
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Anacamptis pyramidalis (L.) Rich, Carex michelii Host, Centaurea triumpfettii All., Cephalanthera damaso-
nium (Mill.) Druce, Cephalanthera longifolia (L.) Fritsch, Daphne cneorum L., Epipactis microphylla (Ehrh.)
Sw., Epipactis helleborine (L.) Crantz, Iris graminea L., Iris variegata L., Lilium martagon L., Limodorum
abortivum (L.) Sw., Ophrys insectifera L., Orchis pallens L., Orchis simia Lam., Platanthera chlorantha (Cu-
ster) Rchb., Pulsatilla grandis Wender., Senecio thapsoides DC. ssp. visianus (Papaf. ex Vis.) Vandas, Thymus
serpyllum L. 1 Veratrum nigrum L.

Tablica 2. Stupanj istrazenosti svojti i procjena veli¢ine populacije na istrazivanom podrucju

Naziv vrste Stupanj is- Procjena veli¢ine
trazenosti populacije
Crveni uskolisni likovac (Daphne cneorum L.) 2 A%
Njezna kockavica (Fritillaria orientalis Adams (= F. tenella Bieb.) 2 A%
Zlatan (Lilium martagon L. ) 3 A%
Jasenak (Dictamnus albus L.) 3 C
Triumfettijeva zecina (Centaurea triumfetti All.) 3 R
Uskolisna pernukia (Iris graminea L.) 3 R
Bijela naglavica (Cephalanthera damasonium (Mill.) Druce) 3 R
Dugolisna naglavica (Cephalanthera longifolia (L.) Fritsch) 3 R
Crvena vratizelja (Anacamptis pyramidalis (L.) Rich.) 3 R
Zelenkasti dvolist (Platanthera clorantha (Custer) Rchb.) 3 C
Majmunov ka¢un (Orchis simia Lam.) 3 R
Mubhina kokica (Ophrys insectifera L.) 2 \%
Siljorep (Limodorum abortivum (L) Sw.- Siljorep 3 C
Modra sasa (Pulsatilla vulgaris Mill. ssp. grandis) 4 \%
Puzava majéina dusica (Thymus serpyllum L.) 3 R
Crna ¢emerika (Veratrum nigrum L.) 3 C
Bijeli vimenjak (Platanthera bifolia (L.) L.C.M. Richard) 3 R
Velecvjetni naprstak (Digitalis grandiflora Mill.) 3 R
Sirokolisna kruscika (Epipactis helleborine (L.) Crantz) 3 A%

1- nije istraZena; 2- slabo istrazena; 3 - dobro istraZena; 4-odli¢no istrazena; C- Cesta; R- rijetka; V-vrlo rijetka

Zakljucak

Travnjaci kao sekundarni tip vegetacije znatno obogacuju floru i faunu. Danas su mnoge travnjacke povrsi-
ne napustene te podlijezu procesu prirodne progresivne sukcesije, zarastaju u $ikare te naposljetku u sumu.
Na taj nacin se smanjuje bioloska raznolikost jer se potiskuju mnoge vrste prilagodene zivotu na travnjaku.
Travnjaci na podruc¢ju PP Papuk zauzimaju vrlo male povriine u odnosu prema prevladavajucoj sumskoj
vegetaciji. To su stanista na kojima obitavaju brojne ugrozene biljne i Zivotinjske vrste kojima su travnja-
ci nuzni za opstanak. Upravo iz tog razloga je potrebno zaustaviti procese zarastanja travnjaka. Na njima
obitavaju, izmedu ostalih vrsta, brojne orhideje te modra sasa (Pulsatilla vulgaris Mill. ssp. grandis) koja u
kontinentalnoj Hrvatskoj raste samo na malim povr$inama na podrucju Plisa i Turjaka.

U cilju ocuvanja vrsta koje se nalaze na travnjackim povrsinama te travnjackih stanista potrebno je provo-
diti uklanjanje drvenaste i grmolike vegetacije koja nadire na travnjacku povr$inu. Selektivnim kré¢enjem
posebice borovice potrebno je o¢uvati povoljni omjer izmedu travnjaka i $ikare, ukljucujudi i sprjecavanje
procesa sukcesije. S obzirom na mjestimi¢no strmi teren za odrzavanje travnjaka ko$njom, preporuca se
uvodenje ispase. Da bi se doslo do bolje evidencije pojedinih svojti na istrazivanim lokalitetima potrebno
je vrsiti kontinuirana istrazivanja, posebice svojti koja su manje brojnosc¢u te kontinuirano pratiti njihovu
brojnost. Potrebno je i pojacati edukativne aktivnosti koje bi bile usmjerene na sve potencijalne osobe koje
bi mogle utjecati na smanjenje brojnosti rijetkih, ugrozenih i zasti¢enih svojti.
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RESEARCH BOTANICAL VALUABLE SPECIES IN THE AREA PLIS-
MALISCAK-TURJAK-LAPJAK IN NATURE PARK PAPUK

Abstract

Area Pli§ - Mali$c¢ak - Turjak - Lapjak is located in the southern part of the Nature Park Papuk. The
research included field investigations and recording of GPS points that where characteristic plant
species for this type of habitat were spotted, and which are in one of the categories of protection.
We recorded 29 GPS points which included 19 botanical taxa. Some of the most significant ones
are: Pulsatilla grandis Wender, Fritillaria orientalis Adams (F tenella Bieb.), Epipactis helleborine (L.)
Crantz, Ophrys insectifera L. and Platanthera bifolia (L.) Rich. There has been some level of research,
quantity and estimate of population size. In order to preserve species that are found in the grassland
areas at different stages of succession, it is necessary to carry out the removal of woody and bushy
vegetation encroaching the grassland.

Key words: Nature Park Papuk, grasslands, vulnerability
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ABSTRACT

The spirit drinks sector has significant importance for producers, consumers and the agricultural
sector in the European Union and Croatia. In order to provide a high level of quality of spirit drinks
and diversity in the sector quality policy scheme is used. In applying a quality policy spirit drinks
sector has its own rules apart from food sector. The present research aimed to explore the possibility
of distinguishing sensorial properties of spirit drinks with protected geographical indication (PGI)
vs. spirit drinks without PGI using advanced data approach. The results have shown that the most
important properties in the sensorial detection of PGI spirit drinks are the taste and nose quality,
taste typicality, taste harmonious persistence and the harmony - overall judgement.

Key words: advanced data analysis, protected geographical indication (PGI), sensorial properties,
spirit drinks

Introduction

The production of spirit drinks represents a major output for agricultural sector of European Union. The
estimate of the PGI sales in spirit drinks sector was €8.3 billion in 2010 and GIs represented about 30% of the
EU spirits sales volume (Chever et al., 2012). Geographical indications identify spirit drinks as originating
in the territory of a country or a region or locality in that territory, where a given quality, reputation or other
characteristic of the spirit drink is essentially attributable to its geographical origin. They are listed in the
Annex III of Regulation (EC) No 110/2008 in accordance with the rules set in the Regulation. Spirit drinks
bearing a geographical indication should comply with the specifications of the technical file giving detailed
description of the spirit drink including the principal physical, chemical and/or organoleptic characteristics
of the product as well as the specific characteristics of the spirit drink as compared to the relevant category,
the definition of the geographical area concerned; a description of the method for obtaining the spirit drink
and, if appropriate, the authentic and unvarying local methods as well as the details bearing out the link with
the geographical environment or the geographical origin.

Protected designation of origin (PDO) and protected geographical indication (PGI) resulted from an
increased demand for high level quality from one side and growing consumer protection and information
from the other side. Giving recognizable quality PDOs and PGIs are main purchasing motivation for buyers
with an excellent knowledge of the EU quality policy schemes (Vecchio and Annunziata, 2011). Consumers
are also willing to pay higher price for the products labelled in line with EU quality policy schemes (Aprile
at al. 2012; Fotopoulos and Krystallis, 2003; Skuras and Vakrou, 2002). Spirit drinks with PGI are products
of high quality, however it is difficult to determine what is exactly the difference between the spirit drinks
with or without the PGI (in the same category).

The objective of the research is to investigate whether there is possibility to distinguish the spirit drinks with
GI vs. spirits drinks without GIs applying advanced data analysis approach based on organoleptic evaluation
and to determine what are distinctive sensorial properties.
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Material and methods

Three different spirit drinks were analysed and one of them was with PGI. All spirit drinks were in category of
liqueurs. Analysis was performed in blind as a part of international spirits quality testing by educated panel
of five Croatian experts (sensory evaluators) according to the standard of the International Organisation
for Wine and Vine (OIV) defined in Resolution OIV from 2009. Following sensorial properties were
evaluated: visual (limpidity, colour) nose (typicality, quality, and positive intensity), taste (typicality, quality,
harmonious persistence) and harmony - overall judgement.

Statistical Analysis

To investigate the sensorial properties of spirit drink with protected geographical indication (PGI) vs.
spirit drinks, descriptive and multivariate tools were used. Descriptive analysis is used to determine the
average, median and standard deviation of the sensorial properties of examined spirit drinks. Advanced
Data Analysis (ADA) makes it possible to run multiple tables methods. These methods are useful for a
variety of applications, such as quality analysis. ADA was conducted in the program XLStatcontains features
as Canonical Correspondence Analysis (CCA), Generalized Procrustean Analysis (GPA), Multiple Factor
Analysis (MFA), Redundancy Analysis (RDA) and Principal Coordinate Analysis. Multiple Factor Analysis
(MFA) was used to simultaneously analyse several tables of variables and to obtain results, particularly
charts, that allow studying the relationship between the observations, the variables and the tables (Geelen
et al., 2015). Within a table the variables must be of the same type (quantitative or qualitative), but the
tables can be of different types. The Correspondence analysis was used as a statistical technique that provides
a graphical representation of cross tabulations. Cross tabulations arise whenever it is possible to place events
into two or more different sets of categories (Yelland, 2010).

The basic principal of the multivariate tool - Principal Component Analysis is to convert collections of
variables into a system of orthogonal variables. Newly created variables represent a new coordinate system
obtained by the rotation of the initial axis of the system. PCA can be applied when observed variables are
correlated (Grané and Jach, 2014).

Results and Discussion

If a spirit drink with a protected geographical indication (PGI) is produced or sold in the EU market, some
set of requirements must be followed. The objective of the research was to detect whether the educated tasters
will be able to distinguish a spirit drink with a PGI from other spirits drinks (without PGI). Descriptive
statistics as well as multivariate tools were used in order to achieve the objective.

Taking into account the OIV scale for sensorial evaluation of the spirit drinks the average values with
additional standard deviation are presented in table 1. According the results presented, the visual appearance
of all spirit drinks was evaluated with the maximal points, but the main differences started with the Nose,
Taste and Harmony evaluation. Differences were reflected in the final assessment in favour of the first spirit
drink, which indeed was a spirit drinks with PGI.

Applied descriptive statistic gives us also the overview of the average evaluations of the sensorial evaluators.
As Geelenand and his co-workers suggest (2015), when simultaneously several tables of variables are analysed
the Multiple Factor Analysis (MFA) should be used to study the relationship between the observations, the
variables and the tables. Our observations are PGI spirit drinks and non PGI spirit drinks with the variables
in the form of sensorial properties, and the each evaluation of the five tasters was presented in a separate
table. MFA presents separately the variables (Figure 1A) and the professional taster’s evaluations (Figure
1B).

Table 1. Sensory evaluation points assigned to visual, nose, taste, harmony and the total score.

Spirit drink 1 Spirit drink 2 Spirit drink 3

Evaluated sensorial properties
mean mode SD mean mode SD Mean mode SD

(Limpidity) 4.8 5 0,5 4,8 5 0,5 4.8 5 0,5
Visual

(Colour) 4,8 5 0,5 5 5 0 5 5 0
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Spirit drink 1 Spirit drink 2 Spirit drink 3
Evaluated sensorial properties
mean mode SD mean mode SD Mean mode SD
(Typicality) 5,6 6 0,6 4,4 5 0,9 3,8 3 0,8
Nose (Quality) 13,4 13 0,9 11,8 11 1,1 11,4 11 0,9
(Positive intensity) 7,4 7 0,9 6,6 7 0,9 5 5 0
Taste (Typicality) 7,8 8 0,5 6,2 6 0,5 6,4 6 0,6
(Quality) 18,8 18 1,1 14,8 14 1,8 15,6 14 2,2
(Harmonious persistence) 11,6 12 0,89 8 8 1,4 8,8 8 1,1
Harmony - Overall judgement 18,8 18 1,1 14,8 14 1,8 14,8 14 1,8
Total 93 92 76,4 75 75,6 71
Observations (axes F1and F2: 97,69 %) Observations (axes F1and F2: 69,41 %)
0,5 1
P1 '/’ _____ P. 2; ______ \‘\
03 L Harmony - 0:5 P3. ° 3 : o P4 PEO :
overall Ple i o !
Nose [Positive Judgement s _m P2 ! P1 '
intensity) o i L :1 T
= 0 . . T ose (Quali & pa p3 ! :
§ * Vi\s(:;tllal(izlour] o Taste (Typicality) " LQ " E : 1
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farmonios o mo
0,5 -2
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Figure 1. (A)Multiple Factor Analysis (MFA) of the observed sensorial properties; (B) Multiple Factor
Analysis (MFA) of observed sensorial properties evaluated for the spirit drinks with (o) and
without PGl (m,0) by professional tasters

The MFA of the sensorial properties has reviled that the dominant properties in the first component (F1) are
the Taste Quality (29%) and the Harmony (27%) while the Harmony of the Taste is dominant in the second
factor (F2) with 41,3%. However, this kind of analysis has not shown the objectivity of the tasters and their
ability to distinguish the PGI from a non PGI spirit drink. This was possible when the MFA is presenting
the five evaluators - the sensorial evaluation of the PGI spirit drink regardless of the evaluator (Figure 1B),
has grouped in the first and fourth quadrant, and separated from the non PGI spirits that have not build any
groups (spirit drink 2 did not separate from the spirit drink 3).

Next step was to determine the correspondence of the taster evaluations in a form of a graphical representation
of cross tabulations by use of the Correspondence analysis because the cross tabulations arise whenever it
is possible to place events into two or more different sets of categories (Yelland, 2010), in this case PGI and
non PGI category. This is presented in Figure 2, where the PGI category formed a group in the top part of
the chart, 1*and 2" quadrant, with the dominance of the Taste (i) quality, (ii) typicality and (iii) harmonious
persistence, quality of the Nose and Overall judgment Harmony. These sensorial properties seem to be the
most important sensorial properties in the sensorial detection of PGI spirit drinks.
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Correspondence Analysis
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Figure 2. Correspondence analysis (CA) of sensorial properties of spirit drinks with and without PGl and

the sensorial evaluations of professional tasters
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Figure 3. Principal Component Analysis of sensorial properties of spirit drinks with and without PGl and

the sensorial evaluations of professional tasters

Table 2. PCA, contribution of the variables (%) after Varimax rotation:

D1 D2
Visual (Limpidity) 0.6222 44.9326
Visual (Colour) 1.6570 30.1943
Nose (Typicality) 9.5070 16.9679
Nose (Quality) 14.6143 0.0618
Nose (Positive intensity) 12.4762 1.0820
Taste (Typicality) 16.4509 1.8469
Taste (Quality) 13.2649 2.3698
Taste (Harmonious persistence) 14.7408 1.6038
Harmony - Overall judgement 16.6666 0.9410
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In order to confirm the findings based on the Correspondence Analysis results, the Principal Component
Analysis was applied to convert collections of the variables into a system of orthogonal variables crating
variables that represent a new coordinate system obtained by the rotation of the initial axis of the system
(Grané and Jach, 2014). PCA results are presented in Figure 3 where the PGI spirit drink again formed a
separate group in the right part of the chart, based on the sensorial properties evaluated by the professional
evaluators. The hypothesis of these findings have confirmed the diversity of drinks with or without the PGI
based on the sensory qualities. The PCA contribution of sensorial variables confirmed all sensorial properties
allocated in the Correspondence analysis, again confirming the necessity of a multivariate approach, either
in a form of a PCA or CA test.

Conclusions

The Taste and Nose quality, Taste typicality, Taste harmonious persistence and the Harmony as an overall
judgment are confirmed to be sensorial properties that will distinguish the spirit drinks with PGI from those
without it. Those finding are based on the applied Multiple Factor Analysis Correspondence analysis and
Principal Component Analysis that have proven to be powerful tools in separation and detection of food
and drinks. The application of correspondence analysis helped to differ samples of spirits based on the set
categories; PGI and non PGI category. At the same time application of correspondence analysis has showed
which sensorial properties are the most important sensorial properties in the sensorial detection of PGI
spirit drinks (quality of the Nose and Overall judgment Harmony). The PCA results confirmed the diversity
of spirit drinks with or without the PGI based on the sensory qualities.
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SAZETAK

Cilj rada bio je utvrditi financijske vrijednosti ekoloske proizvodnje smilja na povrsini od 1 ha za
gospodarstva na podrucju BiH u dvije sezone uzgoja smilja 2014/2015 i 2015/2016. Prikupljeni
podaci s analiziranih gospodarstava predstavljali su podlogu za utvrdivanje troskova i prihoda, te
kalkulacijama utvrdene financijske pokazatelje poslovanja. Analizirana gospodarstva ostvarila su
financijski rezultat od 74.595,51 kn, te pozitivne vrijednosti ekonomskih pokazatelja ekonomic¢nosti
i proizvodnosti rada. Rezultati istrazivanja ukazuju da je proizvodnja smilja na podruc¢ju BiH
ekonomski efikasna.

Kljucne rijeci: smilje, financijski rezultat, ekonomic¢nost, BiH

Uvod

Smilje kao autohtona ljekovita biljka na podrucju Republike Hrvatske (RH) i Bosne i Hercegovine (BiH), od
davnina uzgaja se medu lokalnim stanovnistvom u najvecoj mjeri kao lijek za zdravstvene tegobe, u manjoj
mjeri kao dodatni izvor prihoda. Smilje je trajnica iz roda Helichrysum, porodice Asteraceae (Compositae),
odnosno glavocike. Rod Helichrysum je veoma heterogen i obuhvaca vise od $est stotina vrsta rasirenih
po cijelom svijetu (Guinoiseu i sur., 2013), a oko 25 vrsta roda Helichrysum porijeklom je s Mediterana. U
nasim krajevima najzastupljenije je primorsko smilje (Helichrysum italicum ssp italicum). Od poznatih lje-
kovitih uc¢inaka smilja na zdravlje, najistaknutiji su antialergijsko, antikoagulantno, antisepti¢no, diuretsko,
fungicidno i inflamantorno djelovanje (Pohajda i sur., 2015). Smilje se koristi u prehrambenoj, farmakolos-
koj i kozmetickoj industriji.

Obje drzave, i RH i BiH imaju velike potencijale (agroekoloske uvjete) za proizvodnju smilja, medutim
dovoljno ih ne koriste. Razlozi leze u ¢injenici da unazad desetak godina smilje je raslo samoniklo, nije bila
prepoznata njegova industrijska iskoristivost, te neadekvatne cijene otkupa i potraznje na trzistu za eko-
nomski opravdanu proizvodnju. Obzirom na globalno povecanje potraznje kako inozemnog, tako i doma-
¢eg trzista za smiljem u posljednjem desetlje¢u, kada zahtjeve potraznje nije mogao zadovoljiti otkup divljeg
samoniklog smilja (u najvecoj mjeri za uljem od smilja), rezultiralo je intenzivnim podizanjem nasada pod
smiljem i u RH i u BiH. Nasadi pod smiljem podizali su se neplanski uslijed velike otkupne trzi$ne cijene,
nedovoljnog znanja poljoprivrednika o smilju (agro-tehnike u uzgoju, njege nasada, zastite od $tetnika) i
nedostupnih ekonomskih pokazatelja proizvodnje smilja. Povrsine pod smiljem su u konstantnom porastu,
ali literaturnim pregledom i pregledavanjem sluzbenih baza podataka, nismo pronasli povr$ine pod smiljem
za obje drzave.

Materijal i metode

Cilj istrazivanja je utvrditi financijski rezultat ekoloske proizvodnje smilja na podru¢ju BiH. Svi podaci
potrebni za ekonomske izra¢une u ovom radu prikupljeni su na poljoprivrednim gospodarstvima (N=43) u
BiH kroz dvije sezone uzgoja smilja 2014/2015 i 2015/2016.
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Anketiranjem proizvodaca prikupljeni su podaci o proizvodnim povrsinama pod smiljem, prinosima, otku-
pnoj cijeni smilja, koristenoj poljoprivrednoj mehanizaciji za proizvodnju smilja, potrebnoj koli¢ini rada sa
poljoprivrednom mehanizacijom, podaci o investicijskim ulaganjima u podizanje nasada smilja, podaci o
materijalnim troskovima proizvodnje, te o koli¢ini potrebnog ljudskog rada. Otkupna cijena bila je prosjec-
na cijena kod otkupljivaca smilja u BiH iz 2016 godine (3,00 KM/kg ili 11,49 kn/kg").

Temeljem prikupljenih podataka, kalkulacijama su izrac¢unati ekonomski pokazatelji proizvodnosti rada,
ekonomi¢nost i rentabilnost. Cijene u analizama su trenutne trzi$ne cijene (u BiH za 2016 godinu) ulaznih
sirovina i materijala za proizvodnju, cijene radne snage, energije, otkupne cijene smilja i drugo.

U dijelu koji obraduje ekonomske pokazatelje, koristena je literatura o troskovima i izradi kalkulacija u po-
ljoprivredi (Majcen, 1988; Jelavi¢ i sur.,1998; Kari¢, 2002; Ivankovi¢, 2007).

Rezultati i rasprava

Analizirana gospodarstva (N=43) bave se raznovrsnom poljoprivrednom djelatnos¢u (uzgoj voca, povréa,
ukrasnog i ljekovitog bilja), a posluju kao fizicka osoba i nisu u sustavu PDV-a i poreza na dohodak. Prili-
kom prikupljanja podataka za ekonomske analize, uzeta su u obzir samo gospodarstva koja sade smilje na
razmak 0,9 x 0,4m, s gustocom sklopa od 27.778 biljaka/ha, kojih je od ukupno anketiranih bilo 35 gospo-
darstava. Jesenska sadnja presadnica smilja krece se u razdoblju listopada i studenoga, dok se proljetna sad-
nja obavlja tijekom ozujka i travnja, kako bi se iskoristila vlaga tla u tom razdoblju. Sadnja moze biti strojna
ili ru¢na, a gustoca sklopa prilagodava se mehaniziranom izvodenju radnih operacija, prije svega medured-
noj obradi tla i Zetvi. Anketirana gospodarstva su sadnju obavljala ru¢no. Ru¢nom sadnjom potrebno je 12
radnih dana za sadnju 27.778 biljaka smilja na 1 ha, s razmakom sadnje 0,9 x 0,4m. Prije sadnje, potrebno je
provesti pripremu tla za sadnju (jesensko duboko oranje). Tabl